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NOTES 
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By Jacques REBERGA 

INTRODUCTION 

AS/C Design Center MOS Division 

This application note is a complement to the "Application Note AN-061" which 

introduced the range of switched capacitor filters manufactured by Thomson 

Semiconducteurs and discussed the following topics 

► Anti-aliasing & Smoothing filters 

► Ground pin biasing techniques using a single supply voltage 

► de output level adjustment 

The present application note outlines and provides an in-depth discussion of 

other important factors related to the use of switched capacitor filters, l'lamely 

► Gain adjustment 

► de output level locklng 

► Oscillators 

► Regulated power supply 

► Wiring & Layout recommandations 

Information contained in various sections will yield cost-effective solutions and 

enable the designer to take full advantage of the outstanding performances 

offered by Thomson Semiconducteurs' range of Switched Capacitor Filters; TSG 85XX, 

TSG 86XX, TSG 87XX Standard Series and Semlcustom Filters. 

2 - GAIN ADJUSTMENT 

Majority of standard Thomson Semiconducteurs filters have an inherent pass band 

gain of approximately O dB. ln certain applications however, a larger gain value 

combined with the gain adjustment possibility is required. 

Gain adjustment can ·be accomplished using one of the operational amplifiers 

available in the same package as the filter circuit. 

Two cases are discussed next : 

► Operational amplifier used for gain adjustment 

► Sallen-Key Cell wlth gain adjustment 

TltOMSON SEMICONDUCTEURS 
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Switched Capacitor Filters 

2_ 1 - Using an Operational Amplifier 

This is the most straightforward solution. Amplifier configurations are 

commonplace and well-known. The two main arrangements are illustrated next. 

FIGURE 1 

R2 

R1 

Input 

FIGURE 2 

R? 

Gain 

INVERTING CONFIGURATION 

Gain 

NON-INVERTING CONFIGURATION 

G=-~ 
R1 

G = R1 + R2 
Rl 

= 1 +g 
Rl 

This type of configuration yields high gain values. Only limitations are those 

related to the electrical characteristics of the operational amplifiers such as 

gain-bandw i dth-product "2MHz typ." or the output voltage range" -4.2V ,+3.SV" 

(values measured using symmetrical - SV,+ SV power supplies). 

Figure 3 illustrates the arrangement of a non-inverting configuration. 

ln order to obtain an enhanced signal-te-noise ratio, the amplifier is directly 

coupled to the filter output which will reduce the noise spectrum. 

lltOMSON SEMICONDUCTEURS 
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• 5V NC 

-S V - EA 

T 
1.-VL s SA 

SIGNAL G 
IN •EA 

(l npvt ) SIGNAL 

8 (Outpu t ) 

GND • EB 

5 
OUT 1 

0 
Clock CL K 

PWF 

FIGURE 3 - GAIN ADJUSTMENT 

2.2 - Sallen-key cell with gain adjustment 

ln some applications, the operational amplifiers available within the filter circuit 

may be already used to implement anti-aliasing and smoothing filters generally 

required for switched capacitor filters. 

ln this case, the smoothing filter can be implemented using a second order Sallen-key 

cell with a gain higher than 1- Figure 4 depicts this arrangement and Figure 5 

illustrates an example of the actual configuration. 

C 

aR 

Cut-off Frequency : t = 
c 2 1R C 

>--~~-- Output Damping Factor f,; = 1-~ 
2 

Gain G=1+a 

FIGURE 4 - GENERAL ARRANGEMENT OF A SALLEN-KEY CELL 

(With gain adjustment) 
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,511 NC 

- SV - EA 

T 
LVL s 

SIGNAL 

SIG NAL G {Output } 

(l ripvt ) • EA 

8 
GNO •ES 

5 
1 
0 

Clock - ES 

PWF PWA 

FIGURE 5 SALLEN-KEY CELL (with gain adjustment) 

Figure 6 outlines the response curves of the Sallen-key cell obtained at various 

poten tiometer settings , i.e. at different gain values. 

~ ;Ç.~:: _:: ·,· c:::.... 
::.CGCC::3 

:o 

-;J:V 
s.cccc::a 

: cc 
S 7 f .R -:" : ::: . OCCH :., 

:-;,.1.~j,( ER : OCG. OOOH::: 
VAG C9 , -~ ) 9 . C1 3d9 

IK ! OK 
S TO? 100 0 0 0 .00 0Hz 

-

I OOK 

f\ : IOkQ 

C : ll80 pF 

Potentlomete, : 22 k0 

FIGURE 6 FREQUENCY RESPONSE OF SALLEN-KEY CELL (with gain adjustment) 

lt is clear that the damping factor varies as a function of a;. 

Thi s configurati on pr ovides gain values of up to 6 dB without any appreciable 

overshoo t in the response curves. 
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3 FIL TER OUTPUT DC LEVEL LOCKING 

Sw i tched capacito r filters m anufactured by Thomson Sem iconducteurs feature a 

"Level" (LVL) terminal for the adjustment of the output de level. 

This function is accomplished by applying to this pin, a de signal corresponding 

to the desired output de level. Characteristic curves labeled "Output voltage 

versus voltage on LVL pin" are used to determine the value of the voltage to 

be applied to LVL terminal. This curve is available in each filter technical data 

sheet. ln general, the voltage applied to "LVL" pin and hence the filter output 

level, i s set by a potentiometer inserted between V - and V+- potentials. 

The output level is generally set at OV or at "Ground" (GND) pin pbtential. 

ln this case, an "automatic offset compensation" feature may be implemented 

as illustrated in Figure 7. 

Signal 
Input 

FIGURE 7 AUTOMATIC OFFSET COMPENSATION 

The detector has a very low eut-off frequency in order to detect the 

output de level and to control it through "LVL" pin. 

Acco rding to the filter type, two cases are possible : 

3.1 - The de output voltage is directly proportional to the voltage applled to "LVL" pin 

ln this case, the output signal polarity should be inverted for feed-back functions. 

A conventional integrator configuration using operational ampl i f i er may be used 

for this purpose. This configuration is given in Figure 8. 

The feed-back loop behaves as an integrator at frequencies very much higher 
1 

than the eut-off frequency 
2

" x R
2 

x C 

The de gain is " -~ " and may be adjusted by m odifying the value of the 
Rl 

either resistor; thus all o w ing accurate control of pre c ision and respon~e. 

ntOMSON SEMICONDUCTEURS 
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Input 

FIGURE 8 

Switched Capacitor Filters 

J----~--• Output 

R2 

C 

GND 

Output de level is inverted end fed back to "LVL" pin 
for Automatic Offset Compensation 

Here, we have chosen to adjust the value of R2 resistor, so that when R2 value 

is increased the gain also increasc, but the eut-off frequency falls. 

Therefore, any risk of instability occurrence at high gain 1s eliminated. 

Figure 9 depicts the practical application diagram. As shown, the feed-back 

network is readily implemented using one of the operational amplifiers available 

within the fi lter package. 

FIGURE 9 

SIGNAL 
( ,~: vrn•.1t) 

GNO 

OUT 

PWF 

T 
s 
G 

8 
5 
1 
0 

100kQ 

•EA 

•EB 

- EB 

PWA 

AU TOMA TIC OFFSET COMPENSATION 
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3.2 - The de output voltage is inversely proportional to the voltage applied to "LVL" pin 

The output signal no longer requi res polarity inversion and the arrangement is 

simplified ta a conventional RC integrator as shown in Figure 10. 

Input 

>---------- Output 

R 

GNO 

FIGURE 10 - Only a R-C Cell (1st order low-pass) is needed for 
Automatlc Offset Compensation 

The RC time constant should be selected to be high in comparison to the period 

of the signal transmitted through filter. Due to low output filter impedance and 

high input impedance of R-C cell, the output signal is not subjected to any 

disturbance. 

Figure 11 outlines the practical application diagram. 

,Sv 

-SV 

SIGNAL 

Clock 

FIGURE 11 

SIGNAL 
( Output ) 

LVL 

GND 

OUT 

T 
s 
G 

8 
5 
1 
3 

NC 

- EA 

SA 

+EA 

•EB 

se 

AU TOMA TIC OFFSET COMPENSATION 
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::>w1tcneo l,apac,tor t,tters 

A non-inverting operational amplifier configuration may be used, if feed-back 

loop gain control is required. 

Note "LVL" pin voltage can be locked onto any variable voltage by following 
the same procedure as mentioned earl ier - i.e. output signal detection 
followed by the amplification of the difference signal measured between 
the output voltage and the adjustable control voltage. 

1------------~---- Output 

R 

1 f 

Then VLVL = ~(V - V ) R1 0 C 

4 - CLOCK OSCILLA TORS 

Switched capacitor filters require an external clock for operation. This clock sets 

the internai sampling frequency of the filter and also determines the frequency 

range. The clock circuit is generally implemented using logic gates. 

The Mask Programmable Filters of Thomson Semiconducteurs feature two 

uncommitted operational amplifiers integrated on the same silicon chip that are 

available for functions related to filtering. 

The objective of this section is to illustrate how one of these operational 

amplifiers may be configured as oscillator thereby providing the clock required 

for the switched capacitor filters. 

Two types of oscillator will be discussed 

► RC-type free-running relaxation oscillators 

► Crystal-controlled oscillators (Quartz or Ceramic Resonator) 

THOMSON SEMICONDUCTEURS 
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sw1tched t;apacitor Filters 

4.1 - F ree-running Relaxation Osci li a tors 

This type of oscillator relies on the principles of a capacitor "C" charge~up 

and discharge through a resistor "R" as shown in Figure 12. 

R 

FIGURE 12 - FREE-RUNNING MUL TIVIBRATOR 

When the output voltage is positive, the voltage at the non-inverting terminal is 

V R1 
O R1 .- R2 

and the capacitor C begins charging through resistor R until the 

the voltage at the inverting terminal becomes equal to the voltage at the non­

inverting terminal i.e., v
O 

R1 . The amplifier is then triggered, its output 
R1 + R2 

falls to low saturation level, C is discharged via R until the inverting input 

becomes once again negative with respect to the non-inverting input. Then the 

output voltage returns to the high saturation value and the entire cycle is 

repeated. If high and low saturation levels have the same absolute values, the 

oscillator output signal would have the following characteristics : 

► 

► 

Duty Cycle 

Period 

0.5 

T ~ 2 R C log (1 + 2 R 
1

) 
R2 

lt is clear that since C has a fixed value, the frequency of this multivibrator is 

readily set by adjusting the value of R (potentiometer). 

If high and low saturation voltages are not identical, these values will be taken 

into consideration in the above expression for period calculation and the value 

of the duty cycle will no longer be 0.5 . ln addition, the frequency and the 

amplitude of the output signal will bath vary as a function of the operational 

amplifier power supply. A good frequency and amplitude stability is achieved 

using two zener diodes to limit the output signal excursion. 

ln the case of Thomson Semiconducteurs filters, the saturation voltages have 

different absolute values as illustrated by the oscillogram of Figure 14 and the 

duty cycle has a value different from 0.5 mentioned earlier. This is not however 

an important matter as the filter circuit . ·ains a clock shaping stage and 

can therefore accept directly the operational amplifier output signal. 

TliOMSON SEMICONDUCTEURS 
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Switched Capacitor Filters 

ln this case. the oscillator period is 

v• [ 
T = R C log l 1 + :~ ( 1 v:at ) j + R C log 1 + :~ 

sat 

( 1 _ ~~at ) ] 

sat 

Where v• and V are respectively high and low saturation voltages of the 
sat sat 

operational amplifier. v• and V- are given in data sheets 
sat sat 

v:at = +3.sv , v~t - 4.5 V for TSG 85XX and + 5V , - SV power supply. 

Electrical configurations are given ,n Figures 16 and 17 that illustr_ate how by 

using currently available components, a low-cost and perfectly stand-alone filter 

application is implemented. 

Figure 17 illustrates the application using a single + 10V or + SV power supply. 

ln this case, the second operational amplifier is configured as voltage follower 

and used to bias "Ground" and "Level" pins. 

Clock signal waveforms generated by this type of multivibrator are depicted in 

Figures 14 and 15. 

The oscillogram of Figure 14 is the waveform obtained using - SV , + 5V power 

supplies and shows in particular how the output signal may go negative. 

Thanks to its integrated clock shaping stage, the filter can accept this negative 

going signal - thus offering an outstanding flexibility for the implementation of 

clock osci llators. 

The TSG 8550 fil ter was tested in various oscillator configurations and response 

curves obtained are depicted in paragraph 4.4 at the end of this section. 

With reference to these curves , it is observed that the filter circuit operates 

ideally with the free-running oscillator discussed earlier. 

Sorne curves aise illustrate the filter response characteristics obtained using 

an external clock generated by conventional logic gates. Note that bath curves 

are perfectly superimposed. 

The foregoing discussion demonstrated that this type of oscillator offers satisfactory 

results irrespective of the power supply type : - SV , + SV OV , + 10V 

OV , + SV. 

Note aise that this type of oscillator can operate at r elatively high frequencies . 

ln fact, the response curves of the TSG 8550 were obtained at oscillator frequencies 

of up to 1.2 MHz approximately. ln this case however, one should use a low value 

biasing resistor (here, RPWA = 10kO), to obtain appropriate "slew rate" at 

the operating frequency. 

ntOMSON SEMICONDUCTEURS 
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FIGURE 13 

EXTERNAL TTL-type CLOCK 

(Generated by Logic Gates) 

2 volts/ division 

2 µs / division 

FIGURE 14 

:.w1tcnea 1.,;apac1tor t-ilters 

RC-type FREE-RUNNING OSCILLATOR 

(U sing one of the filter op - amps) 

[- 5V , + 5V power supplies] 

2 volts/ division 

2 µs / division 

FIGURE 15 

RC-type FREE-RUNNING OSCILLATOR 

( 0 , + 10 V power suppl y) 

2 volts/ division 

2µs / division 

TllOMSON SEMICONDUCTEURS 
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Switched Capacitor Filters 

, SV 

SV -EA 
T 
s 
G 

ov 
8 

GND 
5 

OUT X 
X 

v' 

FIGURE 16 - RC- TYPE FREE-RUNNING OSCILLA TOR 

(+ SV , -SV power supplies) 

• 10V 

OV 

v' 

FIGURE 17 

T 
LVL s 

G 
•EA 

8 
GND •EB 

5 

X 
X 

- EB 

PWF 

AC-TYPE FREE-RUNNING OSCILLATOR 

(O , + 10V or O, + SV power supplies) 
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4.2 - Crystal-controlled Oscillators (or Ceramic Resonator) 

The multivibrator circuit described above is a fow-cost oscillator providing 

satisfactory operation of the switched capacitor filters. 

lt has however two drawbacks : 

► Frequency adjustment by a potentiometer 

► Frequency variation with device power supply 

Better frequency stability combined with simplicity of use will be obtained if a 

crystal-controlled oscillator is used for clock generation. 

This solution is particularly interesting in applications not requiring any adjustment 

of the clock frequency; as is the case of the most applications built around filters. 

Note however that if frequency adjustment is required, one may either switch 

between various resonators or implement a master oscillator followed by a 

frequency divider circuit. 

4.2_ 1 - Translstor-based Osclllator 

ln untuned oscillators, the crystal is most often operated in its fundamental mode. 

Figure 18 illustrates the arrangement of the oscillator to be discussed next. 

--.....------------,,----- v' 

IOOl<Sl 

To filter clock input 

S6k0 

------~--------~----V 

FIGURE 18 - CRYSTAL-CONTROLLED OSCILLATOR 

This is a Colpitts-type parallel resonance oscil lator. The operating point of the 

crystal is such that it behaves like a high Q choke. A capacitive bridge 

provides the energy required to initlate the oscillation. 

This oscillator does not require any adjustment - its frequency is highly stable 

whatever the power supply mode ( - SV , + SV OV , + SV OV , + 10V). 

Due to the operating frequency value of this application, a small signal "general 

purpose" transistor will be suitable. 

TltOMSON SEMICONDUCTEURS 
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Switched Capacitor Filters 

Here, we have employed a Ceramic Resonator whose fundamental frequency is 

t
05

c = 5-40 kHz. This is a popular resonator used in particular as oscillator for 

Thomson Semiconducteurs range of television circuits (time base, switching power 

supplies, chroma decoder, etc .. ) and is therefore available at low-cost "consumer" 

price. 

The oscillogram of Figure 19 illustrates the output signal waveform of this 

oscillator. Although its shape differs from that generated by a TTL clock as 

illustrated in Figure 13, this is a negligible drawback as switched capacitor filters 

manufactured by Thomson Semiconducteurs feature a built-in signal shaping stage 

on clock inputs. 

FIGURE 19 

COLPITTS OSCILLATOR WAVEFORM 

(Ceramic Resonator) 

[O , + 5 V power suppl y] 

1 volt/ division 

0.5µs / division 

Various response curves obtained employing this oscillator in combination with 

TSG 8550 filter operated at different power supply modes, are given at the end 

of this section in paragraph 4.4 . 

Similar procedure was applied but using an external clock generated by TTL-type 

logic gates. lt is seen that there is no significant difference between the curves 

obtained in this case and those obtained previously. 

lt is therefore obvious that the filter operates satisfactorily with an external 

Colpitts-type oscillator. 

ntOMSON SEMICONDUCTEURS 
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Switched Capacitor Filters 

4.2.2 - Operational amplifier-based Oscillator 

Figure 20 shows the general arrangement of this oscillator. 

FIGURE 20 

R2 

Filtet 
>----+--t► Clock 

Input 

CR YST AL-CONTROLLED OSCILLA TOR 

The above figure illustrates how a crystal-controlled osci!lator is readily configured 

using one of the operational amplifiers available within the package of the switched 

capacitor filters of Thomson Semiconducteurs. 

The resonator is directly inserted within the positive feed-back loop. The oscilla­

tion ·is initiated when the transmission through crystal is at its maximum value, 

i.e. when the series resonance of the crystal occurs. High input impedance of 

the operational amplifier together with the blocking capacitor Cl contribute 

towards oscillator stability. The feed-back ta inverting input through resistor R2 

ensures oscillator start-up and de stability. 

The negative feed-back at hlgh frequencies is attenuated by capacitor C2 whose 

value should be so selected to prevent the resonator from locking onto a partial 

mode. The non-inverting input is biased with respect to filters "Ground" pin 

potential. 

Application diagrams are depicted in Figures 21 and 23. 

TllOMSON SEMICONDUCTEURS 
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.sv 

- SV 

T 
s 
G 

10kn 

8 

5 
X 
X 

v• v• 

FIGURE 21 - CERAMIC RESONATOR - CONTROLLED OSCILLATOR 

(- SV , + SV power supplies) 

FIGURE 22 

OSCILLATOR CONTROLLED BY 

CERAMIC RESONA TOR 

(using one of the filter op-arnps) 

[ - 5 V , +S V power supplies] 

2 volts/ division 

O.Sµs / division 
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Switched Capacitor Filters 

F igure 23 lilustrates t he appli cati on usi ng a sing l e power supply . 

ln thi s arrangement , the second op erational amplifier configured as voltage follower 

is used t o bias f i lter ' s "Ground" and "Level" pins . 

Once aga in, the same "consumer" ce ramie resonator running at f = 540 kHz 
ose 

has been employed in this application. 

• 10 V NC 

ov - EA 

T 
s 22 kn 

v' 

G 
10 k'1 

8 
GNO • EB 

5 
OUT X 

X 22k0 
- EB 

v• PWA v• 

FIGURE 23 - CERAMIC RESONATOR-CONTROLLED OSCILLATOR 

(0, + 10V or O, + SV power supplies) 

Oscillogram of Figure 22 shows the clock signal waveforrn obtained from the 

application depicted in Figure 21. Sirnilar waveforms are obtained from the s ingle 

supply voltage application illustrated in Figure 23 - only the output voltage levels 

are different. 

A s shown in response curves of paragraph 4.4, the TSG 8550 fi lter opera tes 

sati sfactorily with this type of oscillator. Once again, note that there is 

no difference between the curves obtained using this oscillator and those 

using an ex ternal TTL-type oscillator. 

Obvi ous ly , operation at other frequen c ies i s possible by using di fferent cerarnic 

resonators . Th e ba si c configuration remains the sam e however . 

THOMSON SEMICONDUCTEURS 
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4.3 - Conclusion 

The discussion throughout this section dernonstrated how, a clock osci l lator is 

readil y built, and a perfectly stand-alone filter irnplernented, using only a single 

integrated circuit. 

► ln applications where frequency adjustment facility is required and price is 

the prime objective, RC - type free-running oscillators are recommended. 

► Crystal-controlled oscillators are suitable for applications requiring highly 

stable fixed osc i llator frequencies. 

► Finally, the oscillator using a single transistor allows use of an 8-pin filter 

package or to save the two operational amplifiers of the filter for other 

functions - thereby simplifying the application configuration. 

These results have been obtained thanks to the highly efficient and flexible 

clock input terminal of Thomson Semiconducteurs' Switched Capacitor 

Filters. 

Ali of the oscillators covered in this section, are in addition to TSG 8550, also 

suitable for use with other standard filter types and semicustom filters. 

4.4 - TSG 8550 Response Curves using Different Clock Oscillators 

REF LEVEL 
C . COCc..'.8 
0.000d8 

/ OIV 
:O.C00c9 
10.000dB 

\ 
1 
1 
i 

/ 1 \ ' 
~ ' 

/i \ 
' 

V \ , ( 

1 1 ' , 
i , 

~--t-·- f---j 
1 1 i 

~ - 1 1 1 

i - ! 

1 ! 
! i 

1 
1 

1 --~r i 

1 

1 

1 
1 

1 f-- ---r 
i 1 

The 2 CUf'l'H .,. 3uperimposed. 

L 
1 

1 i 
1 

1 
i 
1 

1 

1 

TSG8550 

Power Supply: - SV, +SV 

Clock Frequency : 153 kHt 

1 - Extem■I Cloc.k 

2 - FrN-runntno Osc.Ulator 

R : 2.SkO 

C : 3.3nF 

The AC Multivibrator ls implemented with 
an internai Operational Amplifier 

S TART l 000.000Hz STOP Il 000 . 000Hz 
f "1P"'."0 - 20. OdBm 

FIGURE 24 RC MUL TIVIBRA TOR OPERATION 
(at 153kHz and +SV, -SV power supply) 
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' ' ' ~--- - --+-- --- ---,-- ~---< 

- - ·- :- - ·-·- - - : ---i--- -1 -
1 

- - +--~-----+---~--, 

' 1 ' -11----H-~-~--:~~~:.~-=· ~-~~~-~:r-!_-~-~-~~;, ;;-r-~,;-J 
' ' 

+- ·· -+-·· t . •• ------L- _j__ --- J_ __ .. -1 .. - + ---+---l 
1 1 

1 
1 i ; ! The 2 curves are superimposed. 

--- -~-- - ! - -1-· - ·1 1 r - ·1 
1 1 _J_--+'-- +---+---<--+-- --+---l 

1 1 

S TART 1 o c o.ccoHz 
AM PT D -20.0dBm 

STOP li 000.000Hz 

TSG8550 

Power Supply : OV 1 ♦ 10V 

Clock Fr_,cy : 153 kHz 

1 - External Clock 

2 - FrN-running Oscillator 

R : 2.5kQ 

C : 3.3nF 

FIGURE 25 RC MULTIVIBRATOR OPERATION 
(at OV , + 10V power suppl y) 

REF LEVEL 
G .ê. □Odn 

□. OOCdB 

{\1 

- - +-1 
V 1 

/O[V 
! O. 000 d8 
10.DOOdB 

1 
1 

1 
1 

! 

( 
1__J 

7 1 

- .. 

The 2 curYM are -.c,erlmposed. 
1 __ 1 ___ --~ 

___ i _ 

! 
S TART 1 000.000Hz 
AMPTO - 20.0dBm 

[Note th• chanv• ot frequency] 

! 
STOP Il 000.000Hz 

TSG8550 

Power Supply : OV , • 5 V 

Clock Fr_,cy : 123 kHz 

1 - Extemal Clock 

2 - FrN-runnfng C>aclllator 

R : 2.5kQ 

C : 3.3nF 

FIGURE 26 RC MUL TIVIBRA TOR OPERATION 
(at OV , + SV power suppl y) 
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, ':Jrv 
. -. ----'.) 

c .cc c8 , □ .D□Cd8 

1 i 
' 1 ' --- ;- - ----,-- f-· . 
1 

The 2 curve, are supenmposed. 

S TART 1 000. 0 00Hz 
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5 REGULA TEO POWER SUPPLIES 

Sorne applications rnay require a high power supply rejection ratio. This can be 

achieved by regulating the filter power supply. 

The objective of this section is to cover various regulation rnethods resorting 

to a mini rnum number of cornponents. 

The subjects discussed are the following 

► Zener Diode Regulation 

► Regulation using one of the filter's operational amplifiers 

Also, the efficiency of each regulation and its influence on the powér- supply 

rejection ratio will be outlined. 

5.1 - Zener Diode Regulation 

This is the most straightforward method of voltage regulation. ln general, since 

the current provided by the zener diode is not sufficient, it is consequently 

impractical to power the device directly by zener voltage. Figure 33a illustrates 

the solution to overcome this problem. 

v; 

,.7 kO 

,---
' -­.... 
L--

FIGURE 33a 

5000 

ZENER REGULATION 

From the unregulated voltage v;, a stable voltage independent from v; variations 

is obtained across the zener diode. A voltage follower transistor delivers the 

current required by the device. The output voltage is : VZ - v
0

E and therefore 

independent from v; . V BE varies as a function of IE current flowing through 

the transistor. This variation is almost negligible due to the fact that : 

KT 
1
E v

8
E = -- log-

1
- (where l<l is the base-emitter junction saturation current), 

Q a 

that is, v
8

E increases by 18 mV when the current doubles. The optional 5000 

resistor limits the current and protects the transistor against possible short-circuits. 

A capacitor may be connected across the zener diode so as to filter the noise 

inherent to this type of diode. 
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If a variable power supply is required, a potentiometer may be connected across 

the zener diode as shown in Figure 33b. 

v; ------~--

4 . 7 kO 

100 nF 

v;" o.Vz - VBE 

FIGURE 33b VARIABLE ZENER POWER SUPPL Y 

This arrangement is equally applicable to a negative power suppl y (v: ). ln this 

case a PNP transistor is used as shown in Figure 33c. 

r--
' = 1 
L--

◄ .7 kO soon 

v;-......_ __ _____. __ 

FIGURE 33c NEGATIVE ZENER REGULATION 

A symmetrical power supply may thus be implemented using this method. 

Note This type of regulation is not temperature-compensated. One should 

expect an approximately + 3mV / °C drift in output voltage value. 

Generally, this value is acceptable for the supply of integrated circuits 

such as Thomson Semiconducteurs Filters. 
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5.2 - Regulation using an Operational Amplifier 

With the Mask Programmable Filters (M P F ), independent and uncommitted 

operational amplifiers are available to implement functions related to 

filtering. 

One of this amplifiers can be used ta achieve power supply regulation as 

illustrated in Figure 34. 

This configuration offers an excellent regulation thanks ta the high open loop 

gain of the operational amplifier. 

4. 7 kD 

' ..L. 

' L.-

( GND + LVL) 

2N2222 

.-----v~a 9.7V 

I
10_.,F 

vss 

V+ _ (R 1 + R2) V 
0. R1 . Z 

FIGURE 34 - POWER SUPPLY REGULATION 
(using an internai op-amp) 

The reference voltage is generated by a zener diode. Since the amplifier is located 

within the fil ter :JaCkage, it is aise powered by the regulated output voltage V~. 

The 6.8 IGI resistor connected between the collector and the base of the ballast 

transistor ensures start-up. This transistor does net need ta be of power type 

as the output current value remains low. A zener diode connected in series with 

the amplifier output is necessary to provide for a sufficient voltage excursion 

ta enable the regulation. 

The output voltage can be accurately adjusted by setting the values of the bridge 

elements R 1 , R2 and using the rel.itionship : v• = (R 1 + R2) . V 
0 R1 Z 

The regulation performed following this procedure, takes into account bath, 

the input voltage "V1" and the "load variations" . This power supply is therefore 

particularly suitable for complete applications built around Thomson 

Semiconducteurs' MPFs. 
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av 

NC 
v;:: 12V 

4.7 kQ 

, av T 
LVL s SA 

G 
,EA 

8 6.2V 
GNO •EB 

5 
OUT X ov 

X 
CLK -EB 

v• v• 

FIGURE 35 FIL TER WITH SINGLE POWER SUPPL Y REGULATION 

A symmetrical regulated power supply can be implemented using the other 

operational amplifier of the filter circuit to perform negative supply regulation. 

One can obviously use the previous configuration and adapt the arrangement to 

negative voltage while also replacing the NPN ballast transistor by a PNP type. 

Figure 36 illustrates the appropriate solution. The objective is to obtain two 

regulated V~ and v0 voltages with their absolute values as close to each other 

as possible. The positive regulated voltage V~ is obtained using the configuration 

described earlier. The negative voltage regulation resorts to an additional 

operational amplifier, operating in unity gain inverting configuration. Since the 

regulated V; voltage follows accurately the variations of the V; voltage, a 

unique reference voltage is sufficient. 
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v; 

4. 7 kO 

3.3 V 

0 V ~ GND • LVL -----.....-----------------+---+---, 

v• 

10k0 
10,uf 

v;------------------------+--
FIGURE 36 - SYMMETRICAL REGULA TED POWER SUPPL Y 

10,.F 

T 
s 
G 

8 
GNO 

5 
X 
X 

NC 

- EA 

,EA 

• EB 

v' 
0 ~-------v; :e. ,v 

3.3V 

6.8kO 

'--->--- v; • -)V 

FIGURE 37 - FILTER WITH SYMMETRICAL POWER SUPPLY REGULATION 
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As shown in Figure 38, a symmetrical power supply can be built using, 

a single regulated power supply, a resistor bridge and an operational amplifier 

configured as voltage follower. The symmetrical accuracy of this configuration 

is determined by the precision of the bridge. 

v; ---+-----<-----~----

10k0 

10k0 

ov 

FIGURE 38 

GND=~ 
2 

SPLIT POWER SUPPL Y 

Note This configuration can be simplified by replacing the operational amplifier 

with a transistor operating as voltage follower. ln this case, ~he ~esistor 

bridge must be readjusted taking into consideration the voltage shift due 

to the transistor base-emitter voltage drop. 

5.3 - Power Supply Rejection Ratio 

Figures 39 thru 44 given at the end of this section in paragraph 5.5 depict 

suppl y rejection characteristics of the TSG 8550 filter. 

lt is seen that in general V rejection ratios are approximately - 10 dB less 

than those measured for V+ supply. 

A single power supply filtering capacitor (electrolytic) located close to the device 

will appreciably improve the rejection ratio (approximately - 15 dB reduction). 

1 
A zener diode used for regulation will further improve the results and with the 

addition of filtering capacitor, one can obtain excellent results (up to - 60 dB). 

The method of using a voltage follower transistor following the zener diode 

results in an improved rejection ratio compared to the rejection ratio obtained 

with a zener diode without filtering. Note that the quality of the zener diode 

used has a significant influence on the results - e.g. the rejection ratios 

obtained using a 5.6 V zener diode are much better than those obtained using 

a 4 .7V zener diode. This is due to the tact that the 5.6V zener diodes exhibit 

a much steeper breakdown characteristics. 
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Finally, the symmetrical voltage regulator using operational amplifiers discussed 

earl,er (F,gure 36) yields an excellent rejection ratio of less than - 60 dB. lt is 

a difficult task to further improve this ratio as at lower values, other sources 

of noise will be also measured. 

5.4 - Conclusion 

To improve power supply rejection ratio, supply voltage filtering by capacitor or 

using a zener diode are simple and efficient solutions. 

ln addition, if perfect power suppty regulation for an application built around 

a Thomson Semiconducteurs MPF is also requi red, it would then be interesting 

to implement the regulator using the operational amplifiers available within the 

filter package. 

5.5 - Supply Rejection Characteristlcs of TSG 8550 Filter 

The response curve of TSG 8550 is drawn on each plot with a dotted 

line trace. 

~E!=" :.....EVEL 
··. :.:::;:;,:,J 
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SPAN 5 000.000Hz 
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Symmetrlcal Power Supply : ! 5 V 
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FIGURE 39 v+ REJECTION RATIO (with a single filtering capacitor) 
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FIGURE 40 V REJECTION RATIO ( with a single filtering capacitor) 
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FIGURE 41 v+ REJECTION RATIO (with a zener diode and a filtering capacitor) 
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FIGURE 43 v• REJECTION RATIO (Operational amplifier s,mmetrical regulator) 
[Filtering capacitor : 33pF] 
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FIGURE 44 V REJECTION RATIO (Operational amplifier symmetrical regulator) 

6 WIRING RECOMMENDATIONS 

This last section details the practical application considerations applicable to 

Thomson Semiconducteurs' range of Switched Capacitor Fitters. The discussion 

will enable the designer to attain remarkable performances and ta obtain in 

particular excellent signal-ta-noise ratio. 

Layout rules are sub-divided into 3 important sections 

Power supply decoupling 

- Ground connections 

Operational amplifiers layout considerations 
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6.1 - Power supply decoupling 

Power supply voltages "V+" and "V-" as well as "LVL" pin voltage (that in order 

to set the output de level is generally amplified within the device) must be 

carefully decoupled. 

Similarly, in the case of a single power supply operation, the de voltage applied 

to "Ground" (GND) pin must be efficiently decoupled. 

For decoupling purposes, one can use a high quality capacitor located very close 

to the fil ter package pin under consideration (V+ , V- , L VL or GND). A capacitor 

of a few tens of nF will suffice. 

Also, decoupling PWA and PWF pins will improve the signal-ta-noise ratio . 

These pins determine the biasing current of , either ope rational amplifiers, or the 

filter and consequently have an influence on the overall device performance. 

A capacitor of approximately 30pF coupled to PWF pin and connected in parallel 

with the fil ter biasing resistor RPWF' will in particular, prevent the occurrence 

of the so called "clock feedthrough" phenomenon. Clock feedthrough is defined 

as the "presence of the clock frequency harmonies at the fi lter output" and can 

give rise to disturbances within the stop band region. 

6.2 - Ground Connections 

Conventional printed circuit board layout rules must be respected. 

Ground connections must be wide enough to avoid occurrence of stray resistances 

that can cause ground pin (GND) voltage to fluctuate as a function of the 

current flowing through ground connections. 

Star connection, starting from the GND pin and going to various application 

ground terminais, must be used as often as possible. 

Particular attention must be paid to appropriate separation between the filter 

proper ground and the ground of complementary functions (clock, amplifier, 

comparator, .. ) built using the on-chip operational amplifiers. 

6.3 - Operational amplifiera layout considerations 

The two operational amplifiers available within the filter package are generally 

used for building anti-aliasing and smoothing filters connected to the switched 

capacitor filter input and output terminais. 

Consequently, connections such as : common ground, too close p c board adjacent 

tracks, etc .. - susceptible to cause interaction between input and output signais, 

must be avoided. 
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Non-inverting terminais (+E) need special precaution. ln tact, these inputs are 

of t11gh impedan.ce type and located next to each other in standard filter pinout 

configurations. ln the case of standard Sallen-Key cells performing anti-aliasing 

and smoothing funct,ons, since the filter input and output signais are routed via 

these two inputs, there will be risk of interaction between the signais. Therefore, 

tracks connecting to +E inputs must be separated by as much as possible and the 

capacitor values of the Sallen-Key Cell must be selected large enough so as to 

minimize the loading impedance on these pins. Low value resistors are used to 

achieve the latter requirement - R = 10 kO will in general enable the selection of 

suitable capacitor values. 

6-4 - Conclusion 

Excellent application performances using Thomson Semiconducteurs Switched 

Capacitor Filters will be obtained by observing the foregoing rules and 

recommendations. 

Information contained in this application note is applicabl!" to any of 

the standard and semicustom filters; i.e. the entire range of Mask 

Programmable Filters. 
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Signal Detection & Sinewave Generation 

INTRODUCTION 

The present note outl 1nes the specifications of h,gh selectiv ity facto r (0 > 1 l 

ba nd -pass filte rs such as standard TSG 8551 and TSG 8550 devices. 

SubJects covered are . 

■ Signal Detection 

■ lmplementation of a very low distortion sinewave oscillator. 

These application fields cave r a w1de r ange of practical configurations built 

around the swi tched capacito r f i l te r s - few examples of which will be described 

in deta i l . 

2 SIGNAL DETECTION 

Thi s sect ion discusses various types of the signal detect,on techniques and 

gives an application example of each. 

The following top, cs wlll be covered successively 

• Amplitude detection 

• F requency detection 

• Burst duration detection 

The TSG 8551 standard fil ter is best suited to thi s t ype of application. Th is is 

a selective band-pass 8th order swi tched capacitor filter with selectivity 

factor Q equal to 35. ln addition, it has a relatively high gain (30 dB typ.) at 

center frequenc y . The attenuat1on within the stop band region is typically 70d8. 

Co nsequent to the forego1ng, it is obvio us that the TSG 8551 is perfectly sui table 

for sig n al detection app l icat ions. Since the clock frequency to filter center 

frequency ratio is cons tant , the T SG 8551 can be accurately locked onto the 

signal to b e detected , by adjust ing the external clock frequency. 
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2.1 - Amplitude Oetection 

2.1.1 -

2.1.2 -

The objective Is to measure the amplitude of a gIven signal selected by 

the TSG 8551 filter. 

lrrespective of the signal shape, the filter del1vers a sInewave frequency of wh,ch 

corresponds to the f1lter center frequency. This Is part,cularly useful when 

measuring a signal super ,mposed on a carrier or lost within interference signais. 

The detected amplitude level depends on the filter gain at center frequency. 

As spec,fied in technical data sheet. the TSG 8551 filter has a f1xed ga,n -

guaranteed gain value of 28 ta 32 dB at 400 kHz clock frequency. 

This application requires an extremely stable "Quartz or Ceramic Resonator"­

controll ed clock generator. 

ln tact, any clock frequency drift will cause center frequency displacement and 

thus detected signal amplitude variation. 

We shall demonstrate in the present application note, how it is possible to Iock 

the clock frequency onto the frequency of the signal to be detected (section 2.1.3). 

Filter offset compensation is necessary in order ta obtain an error-free 

measurement of the signal amplitude. 

This function Is easily implemented using "LEVEL" pin of the TSG 8551 which 

contrais the output clc lf'vel and can therefore be used to bring this level down 

to zero. Same as for all other Thomson Semiconducteurs switched capac,tor 

filters, an automatic offset compensation feature can be also implemented 

(refer to application note "AN-069" for detailed discussion of this tapie). 

Sensitivity of Switched Capacitor Filters 

Minimum signal amplitude detectable by TSG 8551 is around 1 mV peak-to-peak. 

Signais of lower amplitude can be processed provided that they go through a 

pre-amplifier before entering the filter input. The pre-amplifier can be 

implemented usIng one of the on-chip operational amplifiers. ln this case, the 

signal level at amplifier input must be at least 100µV peak-to-peak. 

Rectification 

ln order to measure the amplitude, the signal is generally first rect1fied 

(half- or full-wave rectification). 

Cnce again, the on-chip operational amplifiers can be used to perform th1s task. 

THOMSON SEMICONDUCTEURS 

3 



Signal Detection & Sinewave Generation 

2_ 1.2_ 1 - Half-wave Rectification 

Figure 1 ,llustrates the operating principles of thi s rectifier. 

FIGURE 1 

A Dl 

A D2 

[\ Q (\ 

HALF-WAVE RECTIFICATION PRINCIPLES 

Di ode Dl conauc t s ciuring the input signa l positi ve 
ho/ f cyc le w hile aioac D 2 i s rever se biaseo ona 
ther c i s thc r e f or c no signal o t the ou tpu t. 

Ouring the ncgati vc hol f cycl e, diode 0 1 is r everse 
biased and aiode 0 2 conauc ts - the am pl if ier 
opcrote s in unit y ga in inver t i ng con ( i gur o ti on and 
conse quently in vert s the negoti vc goin g input si gnal 
and oelivers o positive output sign al . 

The gain o f thi s configuration can be set by adjusting the. value of the feed-back 

res istor - ther eby allowing signal amplification if necessary . 

As depict ed in Figure 2, practical configuration using one of the on - chip 

operat i onal amplifiers is readi ly implemented. The output signal offset can be 

suppress ed by routing the signal through a capac i tor before its applic a tion to 

the rectifier. 

FIGURE 2 
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THOMSON SEMICONDUCTEURS 
4 



Signal Detection 8. Sinewave Generation 

2_ 1 _2_2 - Full-wave Rectification 

Figure 3 depicts the operating princ,ples of th,s rectifier. 

FIGURE 3 

vv 
10k0 

FULL-WAVE RECTIFICATION PRINCIPLES 

The first amplifier (AIJ opcrates os holf-wnv, · 
rec tifier - the two rcctifica holf-cycles or<! 
forworaca ta the sccona amplifier ( A2) thQt 
invcrts once ogoin the positive holf-cyclc~ 
ana tronsmi ts dirccily the ncgotivc hnlf- cyc lcs 
of the input signal . 

This configuration uses two operational amplifiers. The arrangement is straight­

forward, while resistors are of identical value 3nd therefore easily matched -

yielding accurate rectification. 

Figure 4 illustrates the practical configuration using the on-chip operational 

amplifiers of the switched capacitor filter. 

Since rectifier configurations are sensitive to input signal offset, a 4.7 uF 

capacitor is inserted between the filter output and the rectifier. 

A simple R-C network arrangement at filter output allows de level extraction 

from the rectified signal. 

FIGURE 4 
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2. 1.3 -

Signal Detection & Sinewave Generation 

Clock frequency locking 

As ment ,oned ea r l,er, amp li tude detect,on using a highly selec t,v e f,lter such 

as TSG 855 1 requires perfect frequency stab 1lit y o f ba t h, t>ie signa l t o be 

detected and t he filter c lock fr equency which determines the band-pass center 

fr equency. O tt,erw ise, frequency bea tir,g between the f1lter center frequency 

and the signal frequency would be produced - resu lting in amplitude m odu lation 

of th e f ilter output si gna l . 

I f the signa l frequency is stable, it is an easy task t a imp lement a c lock 

oscil lator us,ng either o f suft i c i ently s table quartz or ceramic resonators. 

ln general , the signal to be detec ted is also subjec t to frequency variations. 

Thi s requires th e fi l ter center frequenc y to be locked on t o the sign a l frequen cy. 

The easiest solution to ach ieve this requirement is t a use a Ph ase Locked Loop 

( PLL) operating pr,nciples of which are depicted in Figure 5 . 

S,gnal 
detec:ted 

by TSG 8551 

FIGURE 5 

By M 
O ivîdet 

f /M Phase 
Compa,ato, 

By N 
Oivider 

TSG 8551 
Cl ock Signal 

Low -pass 
F,1te, 

v co 
Oscillator 

PHASE LOCKED LOOP BLOCK DIAGRAM 
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::>1gna1 Uetect1on Il. :,,newave Generat1on 

Phase lock,ng y,elds : 

f fH 
M = N 

fH 
N 

i.e. 
M 

The only requi rement ,s therefore to select N and M values such as to make 

~ to correspond to the constant clock frequency-to-TSG 8551 center f requency 
M 
ratio i.e. "187.2+ 1%". 

Thus if one se lects M = 5 the correspond,ng N value would be 936. 

As illustrated in Figure 6, the PLL black diagram outlined in Figure 5 can be 

simplified by removing the frequency divider networks. 

Signal 
detected 

by TSG8551 

Ph~e 
Compa,ator 

FIGURE 6 

Low-pa35 
Filtcr 

vco 
Oscillalor 

Match1ng 
Stage 

SIMPLIFIED PLL BLOCK DIAGRAM 

vco 
Osc1llator 

TSG 8551 
Clock Signal 

ln this case, the phase is locked onto the frequency of the s,gnal to be detected. 

and any variation of this frequency will produce an errer voltage at the output 

of low-pass filter . This error voltage goes through a matching stage (amplification. 

filtering , . . ) and is then applied to a Voltage-Controlled Osc1llator (VCO) 

output frequency of which is used as clock for the TSG 8551. 

Figure 7 depicts the practical application diagram of this arrangement. 
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2.2 

Signal Detection & Sinewave Generation 

The 4046 (CMOS) device fulfils PLL functions while the ï4 S 124 (TTL) c rrcu,t 

generates the clock signal. Th,s application is well suited to amplitude detect,on 

of medium frequen cy signais "190 Hz". 

The component values given ,n F,gure 7 allow the PLL to rema,n l ocked w,thin 

a frequency range of !25 Hz around the 190 Hz and if the ,nput si gnal ampl it ude 

is constant, the amplitude of the detected signal would re main constant w ,thin 

a ! 10 Hz range around the 190 Hz . 

lt is obvious that the PLL operates ideally within the latter frequency range and 

as a consequence, the implemented filter is a true tracking filter. 

However, filter;ng of the 4046 device output voltage produces a t,me constant 

of approximately 0.2 second. Consequently, the given configuration can f o ll ow 

only relatively low frequency variations of the signal to be det ected - "about 

10 Hz/ sec max." - which corresponds to the charactertstics of this type of 

application (frequency drift with aging and temperature). A drawback associated 

to this type of PLL is the ri sk of locking onto an undesired interference signal 

the frequency of which falls within the capture range. For this reason and in 

order to limit the noise spectrum, the signal goes through an anti - aliasing filter 

before entering the filter input. Similarly, a smoothing filter is inserted between 

the filter output and the phase comparator input. These filte rs are implemented 

by Sallen-Key Cells using the filter operational amplifiers. If required , the PLL 

capture range can be readily reduced. 

Frequency Detection 

The most frequent application is the detection of presence or the absence of a 

signal a.t a given frequency. 

Thanks to its high se le c tivity and gain, the TSG 8551 is particularly sui table for 

this type of applications. By adjusting its clock frequency, the TSG 8551 center 

frequency can vary from a few tens of Hertz (22 Hz typ.) to few tens of kilo Hertz 

(20.3 kHz typ.). As outlined in the previous section, a h,ghly stable clock osc,llator 

together with pre cautions to avoid parasitic signais are the major requirements 

for appropriate and error-free signal detection. 

ln general, the detected frequency must, after filtering, go through a s,gnal 

shaping stage in o rder to become suitable for use by other devices. 

The TSG 8551 output signal can be made TTL -compatible by using one of the 

on-chip operational amplif iers configured as Schmitt T rigger . 

Figure 8 outlines the operating fundamental s of the Schmitt trigger. Sel~ · ti1>g a 

low hysteresis ratio, the amplifier output flips between the two sa turati on voltages 

at low amplitude input signais. 

TltOMSON SEMICONDUCTEURS 
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Signal Detection & Sinewave Generation 

v,~v 
. 0 

fll 

f\2 

---+--+----+---+ V 1 

FIGURE 8 

-,..._--~-Hysteresis 

SCHMITT TRIGGER OPERATING FUNDAMENTALS 

A low posi li ve feea-back is opplicd to the amplifier by 
feeding the reference input with o fraction of the output 
voltage. Due to hysteresis, the ou t put voltage level change 
<1oes not occur ot the same voltage l evel for input voltoge 
rising or folling. The hysteresis ra tio is <1etermine<1 by : 

R2 
VO Rl+R2 

Note thot the illustroted trigg er is of inverting type. 

Figure 9 illustrates the practical application diagram with TSG 8551 configured 

for frequency detection. 
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2.3 

Signal Detection & Sinewave Generation 

The 100k'1 and 10kO resistors set the hy st eresi s at 1 /10 th o f the ampl,f,er 

sa turation voltage. Trigger thresholds are therefore - 450 mV and • 300 mV 

approximately. Consequently, the trigger will operate satisfactorily when the 

T.SG 8551 output signal reaches 1V peak-t o-peak (500 mV amplitude) . 

The 1 V peak-to-peak output level corresponds to an approximately 30 mV peak-to­

peak filter signal input. The voltage at trigger output swings between - SV and 

+3.SV for TSG8551 symmetrical power supply of -SV, .-SV. 

A diode connected to the output stops the negative half-cycle and makes the 

signal compatible for use with TTL devices (typical levels : - 0.6V , .- 3.5V). 

Note that in order to avoid offset problems at the filter output, the signa l 

goes through a 470 nF capacitor before entering the trigger. 

The output signal is sampled by the switched capacitor filter and needs smoothing 

before going through the Schmitt trigger for shaping. 

Burst Duration Detection 

Another application of signal detection at a given frequency is the measurement 

of the signal burst duration. ln this case, the burst must be detected without 

introducing any delay. One must therefore select a filter the group delay of 

which is compatible with the burst duration at the frequency under consideration. 

Generally, a group delay equal to 1/10 th of the burst duration is acceptable. 

Oscillogram of Figure 10 illustrates the burst detect,on of a 190 Hz signal 

frequency using TSG 8550 fil ter particularly sui table for this type of application. 

The TSG 8550 is a band-pass filter with its gain at center frequency and 

select ivi ty f acter equal to O dB and 7 respec tivel y. 

lts group delay at 190 Hz center frequency is about 22 ms - making it sui table 

for burst detection of at least 250 ms dura tion as shown in Figure 10. 

The application confïguration used is a straightforward typical arrangement of 

the switched capacitor filters and does not ,nclude any anti-aliasing or 

smoothing fi lter. 

TltOMSON SEMICONDUCTEURS 
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Signal Detection & Sinewave Generation 

FIGURE 10 - BURST DURA TION DETECTION 
us1ng TSG85SO 

■ Signal f requenc y HK) Hz 

■ Waiveform 1 (upper) 

• Frlte-'r input : 200mV / div 

■ Waveform 2 (lowitr) 

•Filter output: 50mV/diw 

■ t = 50ms/dlY 

Comment : The filter ,s suitable for signal detection 
at thi s frequency. 

The oscillogram of Figure 11 depicts the results obtained using TSG 8551 filter 

the group delay of which is about ten times higher than that of TSG 8550; 

i.e. about 200 ms at 190 Hz frequency. 

lt can be seen that the output burst is distorted beacause of an important 

delay during rising and fallinA phases. 

FIGURE 11 - BURST DURATION DETECTION 
uslng TSG IISSI 

■ Signal fr.quency 110 Hl 

■ W...,cwm 1 (upper) 

• Fil ter i nput : '200 mV / dlrt 

■ Waweform 2 (low•r) 

• Fil ter output : 2 V/ dl• 

■ t=SOmo/dlv 

~ : The filter uhibits a rel•tlYely hlgh group 
delay for this frequency . 
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Note that the group delay is independent of the signal amplitude and inversely 

proportional to the signal frequency - as indicated by the oscillogram of 

Figure 12 where the measured settling time is 20 ms for a 2 kHz signal frequency 

filtered by T SG 8551. 

FIGURE 12 - BURST DURA TION DETECTION 
us1ng TSG 85St 

• Signal frequency : 2 kHz 

■ Wawefo,m 1 (upper) 

• Fil te, input : 100 mV / cfü, 

■ Waweform 2 (lowe,) 

•Filter output 1V/dlw 

■ t = S ms/ div 

~ : The group delay is independent of 
the signal amplitude and irweruly 
proportional to the signal fraquency . 

. --
" . 
···-•--·-----. . •------
__l_L_ _LL 

As the foregoing discussion demonstrated, a switched capacitor filter can be 

used to detect the presence and the burst duration of a signal. This type of 

application is used for data detection - e.g. detection of a binary code 

transmitted using on-off frequency modulation technique as shown below 

0 0 0 0 0 0 

A microprocessor unit can be used to process the signal and, for example, to 

compare it with the contents of a ROM. After detection by switched capacitor 

fil ter, a single R-C low-pass cell is sufficient to extract the signal envelope. 

Applications are numerous : remote-control, data tr:;insmission on teleprinters, 

etc .• 

THOMSON SEMICONDUCTEURS 
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2. 4 Conclusion 

3 

3.1 

Wide range o f cur rently ava i lable Thomson Semiconducteurs Switched Capacitor 

Filters provide for appropriatc selec t ion of su itab le filters meeting the 

requ i remen ts of every spec i fic signal detection application. 

The types most often used are standard band-pass filters, which in combination 

with the on-chip operational amp lifiers, greatly simplify the design of signal 

detection applications. Also , such configuration arrangement offers the possibility 

of implementing additional functio ns rel ated t o signal de tection such as rectifica tion , 

signal shaping, signal amplification, etc ... 

A true track ing filter is implemented by locking the filter clock onto t he 

frequency of the signa l t o be detected. 

The signal detection topic covers a wide range of applications - few examples of 

which were detailed throughout the present discussion. A single integrated filter 

associated to a few low-cost components, enables the design of complex functi ons. 

VERY LOW DISTORTION SINEWAVE GENERATOR 

Introduction 

Thanks to ils high coefficient o f selectivity, the TSG 8551 filter is best sui ted 

to thi s application. This filter can extract from a complex signal, the component 

located at the filte r cen ter frequency. 

ln ail cases, the TSG 8551 output signal is nearly a pure frequency waveform, 

i .e. a sinewave. 

We shall use th is property to implement a sinewave generator, using only a single 

TSG 8551 package. 

Var ious configuration arrangements will be discussed and it will be demonstrated 

tha t thanks to the remarkable characteri stics of the switched capacitor filters, 

there is a tremendous number of application possibilities for this type of oscillators. 

lltOMSON SEMICONDUCTEURS 
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Signal Detection & Sinewave Generation 

3.2 Operating Principles 

External Clock 
(FrcQuency f e) 

Smoothing 

S,newave Signal 
f 
e 

(F< equency 
t8i .2 

Attenuation 

FIGURE 13 SINEWAVE GENERATOR BLOCK DIAGRAM 

If a TSG 8551 filter is configured in closed-loop, it begins oscillating at it s 

center frequency . 

Due to high filter gain and in order to avoid the saturation of the output stage , 

it is necessary to insert an attenuator within the feed-back loop. 

With suitable attenuation, the filter output signal will be a sampled sinewave, 

and must go through a smoothing filter to obtain the final sinewave - the 

frequency of which will be proportional to the clock frequency. 

3.3 lmplementation 

3.3.1 

The most delicate task of this configuration is the design of the feed-back 

loop attenuator . ln fact, an ordinary potentiometer cannot fulfil this requirement 

since too low an attenuation will cause the filter output signal amplitude to rise 

to the sauration level, while excessive attenuation will result in the signal 

amplitude falling gradually until the oscillator is completely halted, lt is thus 

clear that the position of balance is quite unstable using a potentiometer. 

Alternative l (Figure 14) 

The appropriate solution is to design a true Automatic Gain Contrai (AGC). 

A simple configuration can be obtained resorting to the properties of the Field 

Effect Transistors (FET) which behave as variable resistors as a function of the 

voltage applied to the gate. 

The FET is used as a potentiometer, the gate biasing voltage is supplied by 

the negative amplitude of the output signal which is rectified by a diode and 

filtered by a capacitor . An N-channel FET is used here, so that, when tt ~ 

output signal rises, the gate voltage becomes more negative and therefore the 

FET conducts less , resulting in filter input signal attenuation. 

TllOMSON SEMICONDUCTEURS 
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Signal Detection & Sinewave Generation 
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FIGURE 14 - SINEWAVE GENERATOR 
(with AGC) 

lnversely, when the output signal level falls, the transistor conducts more and 

as a consequence, the input signal amplitude rises. A potentiometer placed 

before the FET attenuates the output signal sa as to enable the FET ta operate 

at low drain-source voltage levels, i.e. within characteristic area where drain to 

source resistance varies linearly as a function of the gate voltage. 

This configuration delivers a stable output signal amplitude of approximately 

5 V peak-to-peak irrespective of the clock frequency within the operating 

frequency range of the TSG 8551 (center frequency : 20 Hz to 20 kHz). Sinewave 

smoothing is performed by one of the filter operational amplifiers configured 

in second-order low-pass (Sallen-key structure). 

Alternative 2 (Figure 15) 

ln this case, the output signal is clipped by two inverse-parallel connected 

diodes. This arrangement results in constant signal amplitude whatever the 

output signal amplitude (provided that it is higher than the diode threshold). 

A potentiometer allows ta set the input level at a constant value and therefore 

adjust the output amplitude so as to avoid saturation. 

ntOMSON SEMICONDUCTEURS 
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Signal Detection & Sinewave Generation 
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FIGURE 15 SINEWAVE GENERATOR 
(with Amplitude Adjustment) 

This simplified arrangement gives satisfactory results within the entire frequency 

range . The output sinewave distortion is about 0..2 '%, (total harmonie distortion). 

Alternative 3 

TSG8551 

Attenuation 

47 kQ 
OUT 

TSG8551 

CLOCK ~ (f) ,.._ _ ___. ____________ __, 

• 
FIGURE 16 

Smoothing 
SINEWAVE 

SIGNAL 
(f) 

AJ\P 

This solution if of simple implementation - attenuator adjustment does not 

involve any complication, but the configuration requires two TSG 8551 filter 

packages. 

The first TSG 8551 is configured in closed - loop and therefore delivers a constant 

amplitude square waveform with its frequency equal to the filter center frequency. 

The filter power supply voltages determine the saturation voltages of the output 

amplifier and hence the signal amplitude. If this signal is sufficiently attenuated 

and then filtered once again by another TSG 8551 centered on the same frequency, 

then a pure sinewave corresponding to the fundamental signal component would 

be obtained. Beth TSG 8551 filters are therefore driven by the same clock 

frequency and the smoothing is performed as previously using one of the filter 

operational amplifiers . 
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3.4 

Signal Oetection & Sinewave Generation 

Applications 

• Since the frequency of the output 5inewave is readily adjustable by the clock 

frequency, the first applicati on of this osc il lator is Low Frequency Signal 

Generator. 

• Using an ope rational amplifier, the generated sinewave can be easily converted 

t o square and triangular waveforms. 

• If a VCO is used for clock generation, then the sinewave frequency can be 

modified by the voltage applied to the VCO. This property can be used for 

frequency (or phase) modulation. 

• An interesting application using two TSG 8551 filters is as follows 

Osc,llator 
(Frequenc y 'c ) 

Sinewan 
Signal r-7 

Equipment 
under TMt 

L - ......J 

Fîltered Signal 
(to )'Tleasuring instru:-nent) 

Transmitted Sinewave 

Noise 

FIGURE 17 NETWORK ANALYZER 

The first filter operates as sinewave oscillator as discussed earlier while the 

second filter being driven by the same clock frequency, is automatically 

tuned at a center frequency _,quai to the oscillator frequency. 

This configuration can be used to imptement a selective voltmeter or a network 

analyzer. The oscillator signal is applied to the input of the device under test 

the output signal of which goes through the second TSG 8551 and is then 

transmitted towards a measuring or recording instrument. Modifying the clock 

frequency, the entire low frequency range is scanned while the analyzing filter 

remains tuned on the input signal frequency. 

3.5 Conclusion 

Section 3 covered original design ideas built around switched capacitor filters 

which depart slightly from typical applications. This should enable the designer 

to explore new applications by taking full advantage of the flexibility of use 

inherent to switched capacitor filters. These fitters can be undoubtedly integrated 

into other application configurations thus offering design simplification and 

performance enhancement. 
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O. LEENHARDT- Applications laboratory 

Object of this application note: 

The approach of THOMSON SEMICONDUCTEURS regarding filtering is aimed at providing all the information 
required for designing the tiller best tailored for a given application. The first step in this approach, and undoubtedly 
the most important since il is essential for all the others, therefore consists in indicating how, starting from this 
application. the complete system specifications of a tiller must be written . This is the purpose of this application note. 

Remlnders about the present status 
of the THOMSON SEMICONDUCTEURS filters 

The THOMSON SEMICONDUCTEURS approach consists in manufacturing Mask Programmable Filters (M.P.F.). 
These filters are of the switched capacilor type. They all have the same structure, up to the last mask level 
(interconnection level) . This level is therefore the only one differenciating these filters !rom one another. We will not 
describe in full detail the structure of these filters. but simply remind their main features, and then briefly describe the 
presently available M.P.F.'s. 

MAIN FEATURES: 

The main features of these M.P.F.'s are as follows: 

• Technology HCMOS1 (high-density linear CMOS) 

• Available orders: 2 to 8 (whatever the type of M.P.F.) 

• Input signal frequency: C to 30 KHz 
• Internai sampling frequency: 500 Hz to 1 MHz (depending on the M.P.F. considered) 

• Internai sampling frequency/cut-off frequency ratio: 10 to 200 (depending on the M.P.F. considered) 

• The response curves (amplitude and phase) may be translated by changing the sampling frequency 
• Signal/noise ratio: 70 to 85 dB (depending on the internai structure of the M.P.F. considered) 

• Power supplies: ± 5 V or O - 10 V 
• Consumption may be adjusted between 0.5 to 20 mW per order 

• Accuracy of the capacitor rat ios: 0.1 % 

• Accuracy of the eut-off frequencies: 0.5 % (max.). 

STANDARD M.P.F.'S AND CUSTOM M.P.F.'S: 

THOMSON SEMICONDUCTEURS manufactures two types of M.P.F.'s: 

• Standard M.P.F.'s: 

They make up a family presently consisting of 10 models, but this fam ily will expand in the future. according to the 
evolution of requirements. These M.P.F.'s are the following: 

5 Low-pass M.P.F.'s: 

TS 8510 (CAU ER, 5th order: 32 dB attenuation) 
TS 9511 (CAU ER, 7th order: 50 dB attenuation) 
TS 8512 (CAUER, 7th order: 75 dB attenuation) 
TS 8513 (CHEBYCHEV, 8th order) 
TS 8514 (BUTTERWORTH, 8th order) 

3 High-pass M.P.F.'s: 

TS 8530 (CAUER. 3rd order: 15 dB attenuation) 
TS 8531 (CAUER, 6th order: 15 dB attenuation) 
TS 8532 (CHEBYCHEV, 6th order) 

1 Notch M.P.F."s : 

TS 8540 (8th order: 0=7) 

- 2 Band-pass M.P.F.'s: 

TS8550 (CAUER, 3rd order: 0=5) 
TS 8551 (high-selectivity filter: 0 =35) 

NOTE: The detailed description of these M.P.F.'s has been the subject of a previous application note. 
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• Custom M.P.F.'s: 

THOMSON SEMICONDUCTEURS commils ilself 10 supply the firsl samples 6 10 8 weeks alter the customer's 
definition of lhe lemplate. Ali types of fi lters may be provided (BUTTERWORTH, LEGENDRE, CHEBYCHEV, BESSEL, 
CAUER), for conventional applications (low-pass. high-pass, bandpass. notch Ïilters. group delay equalizers) or for 
simultaneous optim,zation of lhe amplitude and the phase templates. 

How to define the complete system specificatlons of a filter 

e FIL TER SYSTEM SPECIFICATIONS: 

The system specifications of a filter are complete when they indicate: 

- lhe amplitude template (amplitude response curve) 
- the phase template (phase response curve) 
- the group delay curve 
- the pulse and step responses 

the dynamics 
the no,se factor 
the input and output impedances 
the load impedance (resistance and capacitance) 
the type of signais to filter (level. spectrum, ... ) 
the value of the power supply sources 
the operating temperature range 
the size (lhe dimensions) 
the price 

Amongst ail these parameters. the knowledge of three of them is essential from the technical point of view: 

the amplitude template 
- the phase template 
- the group delay curve. 

As we shall see later on, the following delinitions may be used, with miner modifications. for ail types of filters. 
Our delinitions are given only for low-pass filters, since we can always relate back ta this type when studying 
any other kind of filter (see 3. 8) . 

• Amplitude templale (figure 1 ): 
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Passband Transition Stop band ig 
i----------1-band-f.----'--'-'--'----~ ~ -

ë ' 
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FIGURE 1: DIFFERENT PARAMETERS USEO FOR OEFINING AN AMPLITUDE TEMPLATE 
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We cannot expect two filters, assumed to be similar, to have exactly identical response curves. This is the 
reason why we use the concept of template, which is a sort of envelope of the response curve limits in terms of 
the frequency. The amplitude lem plate is therefore the graphical representation of the filter's 
"amplilude - frequency" limiting conditions. Ils definition is based on the following parameters (low-pass filter): 

- maximum passband attenuation (or gain) (Ga): maximum level the signal may reach within the passband 
(in dB) 
- minimum passband attenuation (or gain) (Gb): minimum level the signal may reach within the passband 
(in dB) 

- minimum stopband attenuation (Ge): minimum attenuation level of the signal within the stopband (in dB) 

- passband: band of frequencies for which the attenuation (or the gain) must fall between G3 and Gb 

- transition band: band of frequencies for which the attenuation must fall between Gb and Ge 

- stopband: band of frequencies for which the attenuation must be less than Ge 

- eut-off frequency (Fa): passband upper limit 

- selectivity factor k: equal to the ratio Fa/Fb, it defines the width of the template transition band, and 
therefore of the filter selectivity. lt is always less than 1. 

Other parameters must be added when the response curve considered falls within this template: 

- passband transfer factor (K): attenuation (or gain) factor of the response curve within the passband, relative 
to the O dB (in dB) 

- passband ripple: maximum amplitude differen.ce between two points of the response curve within the 
passband 

- eut-off frequency (Fe): frequency corresponding to a 3 dB attenuation relative to the passband transfer 
factor. 

Note: The template of a filter is therefore completely determined once the values of Ga, Gb, Ge, Fa and Fb are 
known. 

• Phase lemplate: 

Within a real filter, ail the frequencies are not transmitted at the same velocity. A non-constant phase shift 
resulls (and therefore a distortion) between the output signal and the filter input signal. The phase response 
curve of a filter is the phase shift curve due to this filler, in terms of the frequency. As with the amplitude 
response curve, il must be within a phase template, sort of graphical representation of the "phase - frequency" 
limiting conditions of the filler. 

• Group delay curve: 

As a consequence of what we have seen above, the group delay concept is preferred to that of propagation 
velocity of each of the frequencies of a spectrum. We shall thus no longer speak of the propagation velocity for 
a given frequency, but for a group of frequencies. This group delay is related to the phase shift by the following 
relationship: 

r; = __ d_<l> __ 

dw 
with w = pulsation. 

We may inter from this relationship that the steeper the slope of the phase response curve in terms of the 
frequency, and therefore the more abrupt the tiller eut-off, the greater the group delay of a filter will be. 

Note: On the group delay curve of the different filters shown below (see 3. D), the value to read on the y-axis 
corresponds to a normalized group delay we . T equal to T 0 , that is an actual group delay expressed in seconds 
equal to: T = T of we, with we = eut-off pulsation of the tiller. 

• Other parameters: 

- pulse and step responses: 

The pulse response of a filter is its response to a DIRAC pulse. lt can be shown that: 

• x(t) any type of signal: y(t) = h(t) * x(t) with * = convolution product 
- Y(p) = H(p). X(p) with H(p) = transfer lunction 

• x(t) DIRAC pulse (ô(t)) : Yô (t) = h(I) * 6(1) 

- Yô (p) = H(p) 

The pulse response Yô (t) of a filter is the time representation of ils transfer function H(p). lt is an intrinsic 
feature of the filter. Il contains all the information relative to the response of the filter to any type of signal. 
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The step response of a filter is its response to a HEAVISIDE step (un it step). On figure 2, we can see the 
concept of t ilter settling lime. ln effect, if a signal having a spectrum with in the filter passband is appl ied to the 
t iller, the settling t ime is equal to the time elapsed between the time the signal was applied at the filtef input 
and the output signal obtained, to within a given percentage of the final value (1 %). This settling time is closely 
related to the width (B) of the filter passband (1/B for a bandpass, 1/2B for a low-pass) 

- dynamics: 
The dynamics of a fi lter is the ratio between the maximum level of the output signal and ils minimum level, that 
is, the noise levet. Il is expressed in dB. 

- noise factor: 

The noise factor is the ratio between the total filter output noise power and the output noise power due only to 
the noise applied at the input. Il is expressed in dB. For a given structure, the filter output noise mainly 
depends on the amplitude template, since it is an exponential function of the overvoltage factor Q (see 3. C). ln 
the active filters, the noise is not "white", or at least not throughout the band considered. lt is therefore 
necessary to split this band up into several frequency areas, and to define the corresponding noise features for 
each of them . We may then~eak of a noise power (or voltage) per Hertz (or Hertz square root), for a given 
frequency (nW/ Hz or nV/,/Hz). The noise optimization of a filter is not always easy, and this shOuld be kept in 
mind at system specifications definition time, especially for filters requiring high dynamics (> 60 dB). 

- type of signais 10 be filtered: 

Although this may seem obvious. it is not useless to remind the importance of knowing accurately the type of 
signal to filter , before defining the system specifications of the filter. The signal amplitude curve must be 
studied in detail (regarding the compatibility with the authorized filter input swing), as well as ils frequency 
spectrum, in order to suppress the possible interact ion of undesired frequencies (50 Hz, various harmonie 
components, ... ) during system specifications definition lime. 
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0.7 

0.6 

0.5 

04 

0.3 

0.2 

01 

Va 

± 1 %ofV0 

FIGURE2: SETTLING TIME lt,I OF THE STEP RESPONSE OF A Fil TER (Vol FOR A UNIT $TEP tV1I 
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e PROTOTYPE LOW-PASS FIL TER: 

• Frequency standardlzalion: 

By standardizing the frequency units, the template of any fil ter may be related back to an template for which 
only the frequency ratios intervene. 

Examples: 

- low-pass: 

Gain 

- hlgh-pass: 

Gain 

---~~ 

----if i- -
1 

1 

1 

1 

Freq 

s 

Gain 

Gai--------~ 

fa= ~ < 1 
Fe 

1b=~ >1 
Fe 

. . 
Freq 

_r.ormalited (:ul-oll 

rrequencies of lhe 1empra1e 

Gain 

Ga ---~ 

---rr1-

Freq 

Same relationships as above 
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- bandpass: 

Gain 

F0 = J Fcb . Fch characteristic frequency 

B = F ch - F co passband 

b = ~ relative band 
fo 

k = F"b - F'b selectivity factor 
F"• - F'a 

- notch: 

Gain 

Same relationships as above 

6 

Gain 

Ge 

f' _ Fa a---
Fo 

fcb - Fcb 
Fo 

f'b=~ 
Fo 

Gain 

f'a fcbf'b f"b fch f"a 

<1 I" - F"a a---
Fo 

< 1 fch - Fch 
Fo 

< 1 f"b~ 
Fo 

f'a fcb f'b f 'b fch f"a 

Same relat ionships as above 
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• Prototype low-pasa filter: 

Once the standardizations above have been performed, some transformations allow the high-pass, bandpass 
and notch lifter template to relate back to that of a so-called "prototype" low-pass !iller. These frequency 
transformations are as follows: 

- low-pass - high-pass: 
lt consists in replacing p by 1/ p in the low-pass filter transfer funclion. Thus, conversion from the low-pass 
template to the high-pass template is performed in the lollowing way: 

18 - f'8 = 1/18 

lb -,. fb = 1/fb 

- low-pass - bandpass: 
/t consists in replacing p by 1 . (p + 1/p) in the low-pass filter transfer lunction. Thus, conversion !rom the 

low-pass template to the bandpass template is performed in the following way: 

fcb · fch = l'a· f'a = fb · l "b = 1 

- low-pass -,. notch !iller: 

Il consists in replacing p by 
1 

1 in the low-pass filter transie, function. Thus. conversion from the 
A . (p+ 1/p) 

low-pass template to the notch filter template is performed in the following way: 
fcb · fch = f'a • f'a = f'o • f"b = 1 

Therefore, in the remaining parts of this notice, ail the calculations and examples will be related back to a 
(prototype) frequency-standardized low-pass fil ter template, since conversion to the template of any other type 
of filler can be obtained using the transformatiol)s above. 

e FIL TER TRANSFER FUNCTION: 

• Generat definlllons: 

The transler function is the mathematical representation of the !iller amplitude response curve. lt is an 
obligatory intermediate, allowing the calculations of the different !iller factors to be carried out. /t is expressed 
as a ratio between the output level and the input level of the filter, in terms of the lrequency. This ratio may be 
expressed as a lunction of the complex variable p: 

H( ) = K N(p) 
p D(p) 

(1) 

with N(p) and D(p): p polynomials. 

This expression may therelore be written in the lollowing way: 

H(p) = K am · pm + ...... + a1 . p+ao 

b,, . pn + ...... + b1 p+bo 
(2) 

ln this form, the oriler of the filter is defined as being equal to the degree of the denominator D(p) (in this case, 
n). The stability criterium for a !iller dictates that the degree of D(p) (the order of the fil ter) be greater or equal 
to the degree of N(p). On the other hand, the higher the order of a !iller, the more abrupt its eut-off, as can be 
seen on the relationship providing the asymptotic slope of a lilter al the eut-off, in terms of ils order: 

P = 6.n (dB per octave) 

We may atso express the transie, function in another way, by replacing the coefficients a0 , .. . am, b0 , .. , bn by 
the roots z1 .... , zm; p1, ... , Pn of the N(p) and D(p) polynomials: 

H(p)=K (P-Z1) ........ (p-Zm) (J) 

(p - P1) · ...... · (p - Pn) 

The zeros of the transler lunction are the z1, ... , Zm constants and the poles are the p1, ... , Pn, constants. These 
constants are either real or i,naginary conjugated. 
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Il can be shown that if n is even, the poles of H(p) are ail imaginary conjugated, two by two; and that if n is odd, 
there is a single negative rea! root. D(p) may therefore be written in the form of a product of 2nd order factors, 
if n is even; and in the form of a product of 2nd order factors and of a 1st order factor, if n is odd. A new 
expression can then be obtained for the transfer function: 

H(p) = K _______ (p_-_z_1)_._._ .. _ .. _· _(p_-_z_m_) _____ _ 

(p - Po) (p2 + 2 0-1 P + Pf} ........ (p2 + 2. 0-k. P + Pn 
(4) 

with k = ___ri__--=-2._ if n is odd, and k = _ri_ and without (p - p0 ) if n is even 
2 2 

Il can then be shown that any lifter can be obtained by cascading 2nd order cells if n is even, or 2nd order 
cells and one 1 st order cell if n is odd. 

• General transfer funclion lor a 1st order cell: 

Il may be expressed as: H(p) = K N(p) 

1 +a. p 

with: • p complex pulsation 
• a time constant 

This last parameter allows the eut-off pulsation (and therefore lhe eut-off frequency) of the cell to be defined as 
its reciprocal (wc = 1/a and Fe= 1/ (2. rr. a)). 

a is a time value such that 3.a (5.a) characterises the time after which the response has reached 95% (99%) of 
its final value. 

Note: The expression of N(p) depends on the type of filter considered: 

polynomial low-pass lifter: N(p) = 1 

polynomial high-pass filter: N(p) = p/a (with p - 1/p) 

• Gene rai transfer function for a 2nd order cell: 

lt rnay be written as follows: H(p) = K N(p) 

1 + 2 . { . p/w0 + p2/w02 

with: - p: complex pulsation 
- K: passband transfer factor 

- low-pass and high-pass cells: 

The relationship above allows the following parameters to be defined: 

• the undamped natural pulsation w0 (or characteristic pulsation) used as a standardization pulsation 
(F 0 : characteristic frequency) 

• the damping factor { , magnitude without units specifying the shape of the filter responses: 

if { < 0.707 distinct. transient, wp pulsation oscillations for the unit response; resonance on the 
frequency response, 

if 0.707 < ~ < 1 not very distinct, transient oscillations; the final value of the unit response is overstepped. 
No resonance on the frequency response, 

damping factor critical value, il~ = 1 

if { >1 no oscillation, aperiodic response without overstepping the final value of the unit response. 

• the natural pulsation of the tiller wp = w0 . ~ characterising the pulsation of the lifter transient 
osc,llalions, 

• the resonance pulsation w, = w0 . J 1 - 2 . 2, specilying the resonance position, 

• the overvoltage or resonance factor Q = 1 H(jwr)I 

1 H (O)J 2 . ~ ~ 
specilying the value of the gain of the !iller for the resonance pulsation. 

• the relative band 6. related to the overvoltage factor by the relationship Q = _l_ 
6. 

Note: The expression of N(p) depends on the type of lifter considered: 
polynomial low-pass lifter: N(p) = 1 

polynomial high-pass tiller: N(p) = p2 / w2 

low-pass elliptic filter: N(p) = p2 + w~ with w~ > w0 

high-pass elliptic !iller: N(p) = p2 + w~ with w~ < w0 

bandpass and notch tiller cells: 
8 
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The relationships above are slightly different for a bandpass and notch filter, 2nd order cell. ln this case: 

• F0 = J Fcb. Fch with Fcb and Fch: low and high eut-off frequencies of the cell. 

• Q = Fr) t.F with t.F = Fch - Fcb, called relative band 

We may inter !rom this relationship: 

a = Fch-Fcb 

Fo 

Note: The expression of N(p) (epends on the type of filter considered: 

bandpass tiller: N(p) = 2. . p/w0 

- notch filter: N(p) = p2 + w2 

• Conclusion 

Figure 3 shows the shapes of the amplitude response curves of the 1st and 2nd order low-pass cells, -for 
different values of ~. Let us keep in mind that a 2nd order filter presenting interesting features is obtained for 
( = O. 707. ln effect, the transient oscillations and the resonance (Q = 1) no longer appear, and the frequency 
response presents a passband equal to the value F0 = wrJ(2. ,r). 
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FIGURE3: AMPLITUDE RESPONSE CURVES OF A 1ST AND A 2ND OROER LOW PASS CELLS IN TERMS OF 

THE CAMPING FACTOR tCALLED Z ON THIS FIGURE) 

e CHARACTERISTIC FUNCTlONS: 

The major problem when designing a filter consists in factorising N(p) and O(p), in order to write the transfer 
function in the form shown on expression 4. To simplify the calculations, it is olten preferrable to start from the 
template considered and to try to have a well known characteristic function pass within it. As there are a great 
number of functions that may be inscribed within a given template, the selection of one of them will depend on 
the following features: 
- il must be possible to synthesize it 

- il must be possible to split it up into a product (or an addition) of functions, and it must be possible to carry 
each one out 

- il must comply with the filter system specifications (phase. group delay, ... ) 

The fil ter designer must therefore optimize his selection, taking into account all these constraints. A relatively 
great number of well known characteristic functions simplifies this task. · 
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• Low-pass polynomial lilters: 

Their transfer functions comply with N(p) = 1. The following are the most often used: 

- BUTTERWORTH fillers: 

They correspond to amplitude response curves wilh the lollowing features (figure 4) : 

0 
01 
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in 
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E n=4 <{ 

- 30 n=5 

n~6 

-40 
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FIGURE 4 , AMPLITUDE RESPONSE CURVES OF THE BUTTERWORTH LOW PASS FILTERS 

- no ripple within the passband 

- not very rapid eut-off near the eut-off frequency. 

The phase response curves of these filters present relatively small phase rotations (figure 5). 
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FIGURE 5 : PHASE RESPONSE CURVES OF THE BUTTERWORTH LOW PASS FILTERS 
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The group delays are relatively constant within the passband and their ratio with the group delays of the 
frequencies around the eut-off frequency is equal to 1/2 (figure 6) . 

Note: The higher the order n of the tiller, the closer the amplitude response curve will be to the ideal curve 
(rectangular template) . 
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FIGURE 6: GROU' DELAY CURVESOF THE BUTTERWORTH LOWPASS Fil TERS 

- LEGENDRE filters: 
They correspond to amplitude response curves having the following features (figure 7): 

- eut-off as rapid as possible near the eut-off frequency 
- ragular attenuation within the stopband 
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FIGURE 7: AMPLITUDE RESPONSE CURVES OF THE LEGENDRE LOW PASS FILTERS 
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The phase response curves are practically identical to those of a BUTTERWORTH filter (figure 8) . Aegarding 
the group delays for a given order, they are relatively constant within the passband, and their ratio with the 
group delays lor the frequencies around the eut-off frequency is equal to 1/2 (figure 9). But since the slopes of 
these curves are very sleep for this frequency, lhese lime are in general higher !han those of the 
BUTTERWORTH filters. 
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FIGURE 8: PHASE RESPONSE CURVES OF THE LEGENDRE LOW PASS FILTERS 
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FIGURE 9: GROUP DELAY CURVES OF THE LEGENDRE LOW PASS FILTERS 
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- CHEBYCHEV lilters: 

They correspond to amplitude response curves presenting the following features (figure 10): 

- ripples within the passband (up to 2dB) 
- rapid eut-off near the eut-off frequency (al least in the first octave) 
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FIGURE 10: AMPLITUDE RESPONSE CURVES OF THE CHEBYCHEV LOW PASS FIL TERS 
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The phase response curves presenl grealer rotations than those of lhe BUTTERWORTH filters (figure 11) . The 
group delays within the passband are not identical for a given order, and their ratio with lhe group delays of the 
frequencies around the eut-off frequency is equat to 1/3 (figure 12). 

Note: The order of a CHEBYCHEV filter is equal to the number of extrema of the amplitude response curves 
tocated within the passband. 
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FIGURE 11: PHASE RESPONSE CURVES OF THE CHEBYCHEV LOW PASS FILTERS 
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- BESSEL filters: 

They correspond to amplitude response curves presenting the following featu res (figure 13): 

- very slow eut-off near the eut-off frequency 

- small attenuation within the stopband 
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The phase response curves are practically identical to those of the BUTTERWORTH filters (figure 14). These 
filters are mainly interesting because of their group delays, strictly constant within the passband until beyond 
the eut-off frequency (figure 15). They therefore have a very close to a pure delay characteristic, and they must 
be used in all applications for which the non-distortion of the signal is an essential factor. 
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FIGURE 15: GROUP DELAY CURVES OF THE BESSEL LOW PASS FILTERS 

• Low-pass elliptic filters; 

Their transfer lunctions are such that N(p) may be expressed in.the lollowing way: 

N(p) = (p2 + wf) . . .. (p2 + wJ) with ( 

and w 1,. . . , Wk: transmission zeros. 

- CAUER filters: 

k = _ n_ il n is even 
2 

k = ~ il n is odd 
2 

They correspond to amplitude response curves presenting the lollowing features (figure 16): 

- ripples within the passband 

- very rapid eut-off near the eut-oit lrequency 

- presence of one or several transmission zeros (N(p) roots) 
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The phase response curves have greater rotations than the CHEBYCHEV filter ones (figure 17). 
The group delays are very different for a given order, from one area of the passband to another, and their ratio 
with the group delays of the frequencies around the eut-off frequency is equal to 1/10 (figure 18). 
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• Conclusion: 

A number of nomographs, tables and curves provide, for each type of function and according toits order, the 
amplitude response eurves, the phase response eurves, the group delay eurves, and also the pulse and step 
responses. Ali these characteristics, and a few others, are summarized in the table on figure 19. 

Regarding our subject, we will keep in mind the follow,ng : 

- The BUTTERWORTH filters are interesting beeause of the regularity of their passband (no ripple) but their 
eut-off is not very abrupt 

- The LEGENDRE filters assoeiate a eonvenient regularity of the amplitude response curve with a eut-off 
abruptness and a transient behaviour that are of good quality 

- The CHEBYCHEV filters present. al least within the first octave, an abrupt eut-off, but their transient 
behaviour is net very performing 

- The BESSEL filters present a very good transient behaviour, but their eut-off is not very abrupt 

- The CAUER filters allow an extremely abrupt eut-off be obtained, but their group delay regularity is 
mediocre. They present transmission zeros. 

Figure 19: Comparison between the performances of the different kinds of lilters 

Kind of performance 

Cut-off abruptness 
for a given order 

Regularity of the 
amplitude response 
curve 

Regularity of 
the group delay 

Sensitivity 

T ransient condition 

distortions 

Transmission zeros 

Recuired overvoltage factors 

• • • . Very mediocre 
• • : Mediocre 

• : Medium 

Bullerworlh 

•• 

■ ■ ■ 

■ 

■■ 

■■ 

None 

Very low 

■ ■ ■ . Excellent 

■ ■ Very good 

■ . Good 

Legendre 

• 

■■ 

• 
■ ■ 

■■ 

None 

Low 
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Kind of lllter 

Chebychev 

■■ 

Ripple within 
the passband/ 
regular within 

the notch 

•• 
• 
•• 
None 

Medium 
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Bessel 

••• 

■■ 

■■■ 

■ ■ 

■■■ 

None 

Medium 

Cauer 

■■■ 

Ripple within 
the passband 
and the notch 

••• 
•• 
••• 

Yes 

High 



Sorne ideas conceming filters design 

We will assume for the following that the future designer has a comprehensive knowledge of the system specifications 
of the fil ter required for his application. We wilt show briefty how. starting from these system specifications , he may 
design the filter required . Since this study is beyond the scope of this application specification, this approach will 
necessarily be very brief. 

The design of a filter is performed in four steps: 

- determining the characteristic parameters of the filter 

- selecting the type of filter 

- calculat ing the filter transfer function 

- filter synthesis. 

A) DETERMINING THE CHARACTERISTIC PARAMETERS OF THE FIL TER: 

From the amplitude template related back to the prototype tiller template (standardized low-pass), the 
foltowing parameters are assumed to be known: 

- G8 : maximum gain within the passband 

- Gb: maximum attenuation within the passband 

- Ge: minimum attenuation within the stopband 

- k: selectivity 

- 6. relative band (only for the bandpass and the notch filters) 

The knowledge of these parameters will allow the complete design of the filter to be performed. 

B) SELECTING THE TYPE OF FIL TER: 

We have seen the different features of the BUTTERWORTH, LEGENDRE, CHEBYCHEV, BESSEL and CAUER 
filters. Let us keep in mind that the main criteria used for selecting a given type of filter are the following: 

- the eut-off abruptness 
- the passband regularity 

- the group delay regularity 

- the existence of transmission zeros 

the behaviour under transient cond itions 

C) CALCULATING THE FIL TER TRANSFER FUNCTION: 

Let us assume that the type of filter is known. We must now determine its transfer function. Three steps are 
required to this end: 

a) delermining the degrec of lhls function: 

Thé desired amplitude template is related back to the prototype filter template (standardized low-pass): by 
placing the ditterent response curves of the above filters within this template, we obtain not only a type of tiller 
but also its order, and thereby the degree of the corresponding transfer function. 

b) delermining the transfer functlon of the prototype tiller: 

Oepending on the different values of the parameters of the prototype amplitude template desired, a number of 
nomographs and tables allow the calculation of the transfer function corresponding to lhis template to be 
carried out. • 

c) lransposlng the transfer funcllon: 

If the tiller to be designed is nota low-pass (high-pass, bandpass, notch !iller) , the transfer function determined 
above may be transposed to the corresponding transfer function, using the transformations defined above. 
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D) FIL TER SYNTHESIS: 

Il mainly consists in factorising the final transfer function in the form of a producl of 1st and 2nd degree 
factors. The desired filter may then be easily designed, by cascading the 1st and 2nd order elementary filters 
corresponding lo each of lhese factors. 

Conclusion: 

ln most - not to say all - electronic applications, the fillering portion has become one of the mosl important. We 
have lound out lhal il also was the least well known. By defining ail the paramelers specified in the system 
specificalions of a filler, and by providing a selection guide amongst the di Herent exist,ng types, we offer anybody 
who wishes to do so the possibility of making up for lost time, and seeing how this may be inserted into his general 
application. 
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NOTES 

Information contained in this applicat ion note has been carefully checked and is believed to be emirely reliab le. 
However. no responsibility is assumed for inaccuracies. 

Printed in France 
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O. LEENHARDT: Applications laboratory 

INTRODUCTION 

At a time when increased miniaturisation is the vogue, the problems posed by the filtering of electrical 
parameters are on an upward trend . The increase in filter order, progressively improved performances 
mean generally that in order ta salve these problems, a considerable increase in components (also generally 
their size) has ta be used . The adjustments in consequence become also more difficult to effect. 
ln this gloomy context, the advent of switched capacitor techniques has considerably widened the scope 
of classical filters . Not content to rest here, THOMSON SEMICONDUCTEURS goes even further and 
offers an even new concept in filtering: the M .P.F. (Mask Programmable Filter). 
This application note has therefore several objectives: to explain the switched capacitor principle (appli ­
cation, advantages), to describe the M.P.F. general circuit (structure, black diagram, principal 
characteristics), to present the THOMSON SEMICONDUCTEURS approach (standard, custom) 
and tofinish by a quick description of ail the possible applications of the M .P.F. and more specially 
one amongst them: the frequency detection. 

THE SWITCHED CAPACITOR 

Principle: 

Consider figure 1. When the switch is in position 1, the charge at the capacitor terminais is 01 = C x Vl. 
If the switch is now moved in position 2, the charge at the terminais of C becomes 02 = C x V2. 
This switching allows a charge transfer Q = 02 - 01 = C x (V2 - Vl) = C x t. V between the points 1 and 
2 of the circuit. 
This charge transfer in equivalent to the flow of a current 1 = .::lO/T = .::lO x F = C x t. V x F where F is 
the commutating frequency of the switch. (F = 1 /T) 
If we compare now the previous expression with Ohm law applied to a resistance (t = t. V/ R), then we 
can deduce an electrical equivalence between the resistor and the switched capacitor: 

R=-1-
CxF 

The technique of switched capacitors enables us therefore to simulate resistors with capacitors . Addi­
tionnally, the values of these resistors vary with the sampling frequency employed. These two key points 
offer considerable advantages ta this technique . 
This relationship leads ta an important comment. ln effect, the equivalence "transfered charge= discrete 
quantity of current" is only valid for high switching speeds. This is certainly the case for switched capa ­
citor filters where, in order to avoid aliasing and smoothing problems inherent in all sampling systems, 
relatively high sampling frequencies are used, sufficiently high, in any case, for the previous relations­
hip to remain valid. 

Example of the application with an integrator: 

ln order to understand the operation of a switched capacitor integrator, consider the case of a standard 
inverting integrator as shown in figure 2. 
Remember that the time constant of this circuit (r = R x C') determines, in active filter circuits, parame­
ters such as bandwith and eut-off frequency. 
However, in this example, this time constant presents a major obstacle: the total lack of correlation 
between the values of R and c·. The eventual variations or drifts of these two values not necessarily­
moving in the same direction, leads to a relatively high and difficult ta handle innacuracy when associa­
ted with the values mentioned above. 
Consider now the switched capacitor integrator shown in figure 3. According to the equivalence pre• 
viously mentioned, the time constant of this integrator is equal to: 

C' 
T=---

C x F 
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1 2 

v,~---V2 

C 

~ 
FIGURE 1 - PRINCIPLE OF THE SWITCHED CAPACITOR 

1: C produces the charge 01 = C x V1 
2: C produees the charge 02 = C x V2 

R 

FIGURE 2 · STANDARD INVERTING INTEGRAT0R (r = R x C'J 

where F is the switching frequency 

1 . -
(F = - w,th î =<l>+<P I 

T 

FIGURE 3 - SWITCHED CAPACIT0R INVERTING INTEGRAT0R (r = ~ ) 
C x F 
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Then, we show in a standard integrator, accuracy depends upon the absolute values of the compo­
nents, when in a switched capacitor integrator, only the relative values are considered. 

Advantages of the switched capacitor technique: 

The preceeding result shows three major advantages. 
The first concerns the relative ease with which an MOS technology can supply excellent precision of 
capacitor ratio (0.1 %). Also, since it is not difficult to obtain good sampling frequency accuracy, the 
accuracy of the global time constant can attain, with the switched capacitor technique and no external 
adjustments, values better than 0.5%. lt is this precision that we find over the complete frequency 
range of M .P.F. 
The second advantage concerns the equivalence "resistance= switched capacitor" and the possibility 
otfered by this relationship of being able to integrate, in MOS technology, high values of resistance 
on a small surface area. 
Finally, the use of a clock offers considerable scope for modification of the time constant by simple 
sampling frequency adjustment. Since this time constant is proportional to the cutt-off frequency, we 
can deduce that a constant ratio exists between the sampling frequency and the eut-off frequency of 
the M.P.F. lt is possible therefore, using this technique, to offset the cutt-off frequency of the M .P.F. 
by simply modifying the sampling frequency. This fast point highlights the extreme flexibility of use 
of the M.P.F. 
Other advantages of equal importance such as the almost total absence of external components, low 
power consumption, no adjustment and high temperature stability confer on the M . P. F. extreme flexi­
bility of use and very high operating reliability. 

THE TS85XX PRODUCT 

The M.P.F. structure: 

The problems encountered now in filtering (varied requirements, prohibitive costs, long lead times) lead 
THOMSON SEMICONDUCTEURS to choose a pre-ditfused technique where the final characterization 
of the filter is defined by the interconnection mask (last level of masking). 
This structure, shown in figure 4, consists of 8 elementary cells each formed by a switched capacitor 
integrator and two capacitor areas CE and Cl. Each area contains a high number of incremental capaci­
tors each of value 0.1 pF. Thus, according to the type and filter order of M . P. F. required, the integra­
tors can be interconnected, and according to the " Gain-Frequency" response curve required, the 
various incremental capacitors are also interconnected. The number of incremental capacitors 
thus connected varies from one area to another and de pends upon the different coefficients of the 
transfer function that the M .P.F. is required to execute. 
N.B.: Generally, the number of integrators interconnected is equivalent to the filter order obtained. 
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Blockdiagram: 

~~ _@p -~ -~ 
-®-0>--®D>--®ü>--®ü>-

Cl 

-~ ~~ . Ep -~ . ~ 
~ -8-D>- -®D>--®{)>-

FIGURE 4 - A filtering unit consisting of 8 elementary cells each 
containing a switched capacitor integrator. 
Each capacitance area (Cl and CEi contains an optimum 
number of incremental capacitors of 0.1 pF. 

The black diagram of the M.P.F. structure utilised is shown in figure 5. The principal internai 
functions are: 
• a filtering unit composed of 8 switched capacitor integrators interconnectable between each other 
at the final mask level (interconnection level), 
• a clock generator producing the various phases required for the internai switching of the capacitors. 
These phases are imperatively non-overlapping. The internai clock is obtained via a divider, equally mask 
programmable, and which matches the external clock defined by the user to that of the M. P. F. As 
the clock input is TTL compatible, a TTL-MOS level interface is provided, within the circuit, in order 
to obtain the correct voltage swings, 
• a sample and hold unit before the filtering unit, 
• a sample and hold amplifier tied to the output of the filtering unit and which en ables low impedance 
signais to be available at the output of the M.F. P. 
• the adjustment of the DC ouput level of the M.P.F. by an external voltage source (for example a 
divider connected between the positive and the negative power supplies and whose mid-point is con-
nected to the LVL pin of the M.P.F.), · 
• two general purpose and independant operational amplifiers available and destined to be used by 
the customer for other applications associated with the M. P. F. (anti-aliasing, smoothing, comparator, 
oscillator, ... ) in association with external components (R, C, crystal), 
• the adjustment of the power consumption of the filter by means of the external resistance tied bet­
ween the positive supply terminal v+ (or ground) and the corresponding pin of the circuit (PWF). The 
power consumption can thus be choosen to match the particular application. 
The stand-by mode is obtained by strapping pin PWF to the negative supply terminal V - , 
• the adjustment of the power consumption of the two operational amplifiers, obtainable exactly as 
for the previous case but via the pin PWA of the circuit. 
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PWA PWF LVL 

adjustment of adjustment of adjus1men1 
OP.Amp power filter power of filter DC 
consumption consumption output level 

1 

1 1 

OUT 
+EA 

-EA 

sample filtering sample 

? 
- and ,___ 

unit - and hold 
hold amplifier 

TC 
SA 

clock generator 

+ EB 

- EB ~ -clock divider 
lmask programmable) -

v+ 

v-

SB 
TTL-CMOS interface - GND 

IN CLK 

FIGURE 5 - BLOCK DIAGRAM OF THE CONSTRUCTION CHOSEN BY THOMSON-SEMICONDUCTEURS 

Principal characteristics: 

The principal characteristics of product TS85XX are as follows: 
e technology: HCMOS1 (high density linear CMOS) 
• available order: 2 to 8 (whatever the type of M.P .F.) 
• input signal frequency: 0 to 30 kHz 
• internai sampling frequency: 0.5 ta 1000 kHz (depends upon the M .P.F. under consideration) 
• ratio between internai sampling frequency and eut-off frequency: 10 to 200 (depends upon the M.P.F. 
under consideration) 
• response curves (amplitude and phase) translatable by changing the sampling frequency 
• signal ta noise ratio: 70 to 85 dB (depends upon the internai construction of the M.P.F.l 
• power supply: ± 5 V or 0-10 V 
• power consumption adjustable from 0.5 to 20 mW per order 
• capacitor ratio tolerance: 0.1 % 
• eut-off frequency tolerance: 0.5% (max) 
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THE THOMSON SEMICONDUCTEURS APPROACH 

The THOMSON SEMICONDUCTEURS approach is to produce two types of M.P.F.: custom M .P.F.'s 
and standard M.F.P.'s. 

Custom M.P.F.'s: 

THOMSON SEMICONDUCTEURS undertakes to deliver the first samples within 6 to 8 weeks maxi­
mum after the definition of the overall specification by the customer . Ali types of filters can be desi­
gned (BUTTERWORTH, LEGENDRE, BESSEL, CHEBYCHEV, CAUER, ... ) according ta the general 
applications (low-pass, high-pass, band-pass, notch, group delay time correctors) or by simultaneous 
optimisation of the response curve both in amplitude and in phase. A special application note on the 
custom M . P. F. will expia in later now to define all the specifications required to design a filter and how 
to choose among them according to the desired application. 

Standard M.P.F.'s : 

These constitute a family, currently of 11 circuits, which will expand in the future according to the 
evolution of the market requirements. Here is the description of this family: 

Part Number Function Type Order Clock ta cutt-off Stopband 
freq . ratio attenuation 

T58510 Low-pass CAUER 5 75.3 33 dB(typ) 

TS8511 Low-pass CAUER 7 75.3 55 dB(typ) 

TS8512 Low-pass CAUER 7 100 85 dB(typ) 

T58513 Low-pass CHEBYCHEV 8 60 80 dB(typ) 

TS8514 Low-pass BUTTERWORTH 8 80 74 dB(typ) 

T58530 High-pass CAUER 3 320 15 dB(typ) 

TS8531 High-pass CAUER 6 400 32 dB(typ) 

TS8532 High-pass CHEBYCHEV 6 500 60 dBltyp) 

T58540* Notch 10=7) 8 930 

TS8550* Band-pass CAUER (0=5) 8 60 

TS8551 Band-pass 0=35 8 187.2 70 dB(typ) 

• Preliminary 

N .B.: For other information, please consul! the corresponding data sheets. 

APPLICATIONS 

General applications around M.P.F.: 

With this new concept of M.P.F., THOMSON SEMICONDUCTEURS is looking to caver all applica­
tions covering standard filters (passive, active) involved in the processing of analog signais. 
Amongst these, telecommunications (modem, PABX, telephone line, signaler, mobil telephone), data 
acquisition (before A/ D conversion and after D/ A conversion), speech (detection, analysis, 
storage), portable instrumentation (geophysics, biomedical) and specially industriel applications 
(process control. servomotor contrai, remote control). For all these applications, each filter 
function is reduced to one M.P.F. derived either from the standard range of M.P.F. or from custom 
design M.P.F.'s, according to the requirements of the equipment. 
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Hardware implementation around M.P.F.: 

Typical use of the M.P.F. (figure 61: 

The M.P.F. is fed in dual supply: ±5 V. 
The adjustment of the OC output level of the M.P.F. is achieved by an external voltage source (for 
example, a bridge divider connected between the positive and the negative power supplies and whose 
the middle point is connected to the LVL pin of the M .P.F.) . If no output DC adjustment is required, 
the LVL pin can be directly connected to GND. 
The consumption of the filter can be also adjusted by means of an external resistance connected bet­
ween v+ (or GND) and the PWF pin of the circuit . 
The consumption can thus be chosen to match the particular application . 
The stand-by mode is obtained by strapping the PWF pin to v- (or non connectedl. 
The adjustment of the power consumption of the two operational amplifiers can be achieved exactly 
like for the previous case, but via the PWA pin of the circuit . The stand-by mode is also obtained by 
strapping the PWA pin to v- (or non connected). 
The clock levels are TTL, but CMOS levels are accepted. 
With these previous conditions, the output linear dynamic range of the M .P. F. is about 8 V. between 
- 4.5 and 3.5 V. 

- 5V + 5 V 
PL 

v+ 

v -

LVL 

IN 

TS85XX 
GND 

5V 
OUT 

oSUL CLK 

PWF 

RF 

GNDorv+ 

PL= 20 kfl (multiturn) 
10 kO ~ RF, Rop ~ 75 kO 

NC 

- EA 

SA 

+ EA 

+ EB 

SB 

- EB 

PWA 

R~P 

GND or v+ 

• If the OP. AMPS. are not used. Rop must not be connected between PWA and GND (or v•1. 

FIGURE 6 • TYPICAL USE OF THE M .P.F. ( ±5 V) 
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Use of the M.P.F. with 0-10 V (figure 7): 

The M .P.F. is fed in single supply: 0-10 V. 
ln this case, v- is the reference ground of the circuit and GND must be adjusted ta + 5 V by means 
of the potentiometer PL ((v+ .v-)/2). 
The adjustments of the OC output level of the M.P.F., of the power consumptions of the filter and 
of the operational amplifiers can be achieved exactly like previously. 
The high level of the clock must be at least 1.4 V upper the GND level. 
With these previous conditions, the output linear dynamic range of the M.P.F. is about 8 V between 
0.5 and 8.5 V. 

+ 10 V 

v+ NC 

v- -EA 

v+ 
LVL SA 

IN +EA PL 
TS85XX 

GND + EB 

10 V OUT SB 

oJuL CLK - EB 

PWF 

RF 

GND or v + 

PL= 20 k!I (multiturnl 

10k!"l,SRF, R0 p ( 75kC) 

PWA 

Rop 

v + 

FIGURE 7 - USE OF THE M .P.F. WITH 0-10 V 
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Use of the M.P.F. with 0-5 V (figure 8) : 

The M .P.F. is fed on in single supply: 0-5 V . 
ln this case, v- is the reference ground of the circuit and GND must be adjusted to + 2.5 V by means 
of the potentiometer PL ((V+ -v- )/2). 
The other adjustments are achieved exactly like previously except for bias resistances of the filter and 
of the operational amplifiers (Rf and Rop), whose must be exclusively connected to V+. 
The clock levels must be TIL levels. With these previous conditions, the output linear dynamic range 
of the M .P.F. is about 2.2 V, between 1.2 and, 3.4 V. 

+5V 

v+ NC 

v- -EA 

LVL SA 

IN +EA 
TS85XX 

GNO + EB 

5V OUT SB 

o_f1S1_ CLK -EB 

PWF 

RF 

v+ 

PL = 20 kfl (multiturnl 
10 kfl ,.; RF, Rop ,.; 75 kO 

PWA 

Aop 

FIGURE 8 - USE OF THE M .P.F. WITH 0-5 V 
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Anti-aliasing and smoothing : 

• Anti-aliasing: the switched capacitor filters are sampled systems and must verify the SHANNON 
condition imposing a sampling frequency (Fs) equal, at least, to the double of the upper frequency 
(Fe) contained in the spectrum to transmit. With this condition, no information is added or lost on the 
transmitted signal. This theorem describes the well-known phenomenon called spectrum aliasing shown 
figure 9, where the entire spectrum to transmit appears around Fs, 2 Fs, 3 Fs, .. . and so on. Thus, ail 
spectrum components of the signal contained around these frequencies are transmitted by the M. P .F., 
oppositively to the desired result . 
To cancel the effects of this phenomenon, it is required, before ail sampled system, to filter ail the 
spectrum components of the input signal upper than Fs-Fc. An analog filter, called "anti-aliasing fil­
ter", must be therefore applied before the M.P.F. 
The selectivity of this filter depends upon the Fs/ Fe ratio. 

If Fs/Fc>200, a RC filter (first order low-pass) is sufficient. 
If Fs/Fc<200, a SALLEN-KEY structure !second order low-pass) must be used . 

This structure and its relationship are described figure 10. ln these relationship, Fe is the eut-off fre­
quency desired of the anti-aliasing filter and t its damping coefficient. For a cut-qff as tight as 
possible and without overvoltage around it, t must have a value around 0.7 . 
N.B. : If Fs/Fc<2 (figure 11), the spectrurn to transmit and the spectrum aliased have a part in corn­
mon and it becomes impossible to share the useful signais from the undesirable signais. 

• Smoothing: as the signal obtained as the output of the M.P.F. is a sampled and hold signal, it is 
often required to smooth it . This smoothing filter can be achieved from the SALLEN-KEY structure 
previously described (figure 9) . 

Gain anti-aliasing 
filter template 

Without anti-aliasing filter, 
the spectrum components a round Fs, 2 Fs . ... ·~ are not s oppe y t e samp e , ter t dbh ldfl 

-------7 1 1 

1 1 1 
1 1 1 
1 1 1 

spectrum 1 
1 aliasing of the spectrum aliasing of the spectrum 

10 1 to transmit around Fs to transmit around 2 Fs 
transmit 

1 1 1 1 1 1 1 
1 1 Fre 

1 --Fe Fs- Fe Fs Fs+ Fe 2 Fs 2 Fs+Fe 

• Without anti-aliasing filter: spectrum to transmit* transmited spectrum 
• With anti-aliasing filter : spectrum to tronsmit ~ transmited spectrum 

FIGURE 9 - PHENOMENON OF THE SPECTRUM ALIASING 
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R 1 = R2 = arbitrary value 
Fe= eut-off frequency desired 
~ = darnping coefficient 

Cl v-• 
FIGURE 10 - SALLEN-KEY (SECOND ORDER LOW-PASS FIL TERI 

FOR ANTI-ALIASING AND SMOOTHING 

Gain 

----~~-~---------, 

spectrum 
to 

transmit 

Fs- Fe Fe 

1 
1 
1 

aliasing of the 1 
spectrum around F5 1 

Fs 

1 
1 
1 

Fs + Fe 

Freq. 

FIGURE 11 - WHEN Fs/Fc < 2, THE SPECTRUM COMPONENTS INCLUDING 
BETWEEN Fs-Fc AND Fe AND WHICH ARE DUE TO SPECTRUM ALIASING 

ARE NOT STOPPED BY THE SAMPLED FILTER 
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• Hardware implementation: in order to make easier anti-aliasing and smoothing, THOMSON .. 
SEMICONDUCTEURS has designed, on the even chip of the M .P.F., two general purpose opera­
tional amplifiers. A few external components are therefore sufficient to achieve these functions 
(figure 1 2). 

-5 V 

PL 

5V 

o___fl__Jl_ 

v + 

v_ 

LVL 

IN 

TS85XX 
GND 

OUT 

CLK 

PWF 

GND or v + 

PL=20 kfl (multiturn) 

10kfl,Rf, Rop , 75k0 

NC 

- EA 

SA 

+ EA 

+EB 

SB 

- EB 

PWA 

GND or v+ 

R 1. R2, C 1. C2 ( see anti -aliasing 

C2 

R2 

c,~ 

R'1 , R'2, C't, C'2 f and smoothing considerations 

R1 

OUT 

FIGURE 12 - M .P.F. WITH ANTI-ALIASING AND SMOOTHING FtLTERS 
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On the other hand, it the most M .P.F.'s, a special integrated cell is included in the chip (cosine filter) 
to reduce the aliasing effects around Fs . 
Nonetheless, if the application allow it, these two operational amplifiers can be used to implement other 
functions (gain, comparator, oscillator, .. . ) . 
ln this case, the circuit shown figure 13 can be used as anti-aliasing or smoothing filter . This structure 
is the same as the SALLEN-KEY structure described figure 9 (second order low-pass), in the same way 
as the corresponding relationship. 

+5 V 

.--------1C2 Ir----
-----1==r--.,_-c=J-----l.2N 2222 

c, 
10 k{l 

-5 V 

FIGURE 13 • SECOND OROER LOW-PASS FILTER (SALLEN-KEY STRUCTURE) 
WITH A TRANSISTOR REPLACING THE OPERATIONAL AMPLIFIER 

lmplementation of the M.P.F. clock from external components (figure 14): 

A mouting with a minimum of external components allowsto achieve the clock required for the M.P.F .. 
The value of the frequency obtained with this mounting depends upon C value, as shown on the 
following board : 

C (nF) 47 15 6.8 2 .2 1 0.47 0 .33 0 .22 

F5 min (kHz) 1.5 4.3 6.7 30 44 84 126 172 

F5 max (kHz) 16 48 183 305 1020 1750 2430 3010 

N.B.: The accuracy of these values is 20%, according to the usual resistor and capacitor accuracy. 

C r 

+5 V 
390 fi 5 k{l 

PR Voo CL 

"X>-----+---1 CL K O 1----- M . p. F. 
clock 

74LS14 
D 0 

FIGURE 14 - M.P.F. CLOCK ACHIEVEO FROM EXTERNAL COMPONENTS 
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Application example: frequency detection: 

The principle of this type of application is as follows: a sinewave (amplitude x, frequency f) modulated 
by digital information is superposed to an other signal, that we shall call the main signal. To better 
understand and illustrate this example, we shall take the hypothesis of a main signal equally sinoidal 
(amplitude X, frequency F) and we shall assume that X>> x and F < f (T > t).Thus, the main signal is 
modulated by frequency f du ring high level ( + 5 V) and not modulated during low level (0 V) of the 
bit to be transmitted . These wave trains can, for example, correspond to commands that must be received 
and then understand by a microprocessor in a suitable format for their processing. 
Therefore, these wave trains must be detected and then applied to the microprocessor in form of logic 
pulse, of which high levels 1 + 5 V) correspond to the presence and low levels (0 V) to the absence 
of the waves . 
ln this type of application, two factors are of prime consideration, namely: selectivity and size. Both 
transmission channel and transferred data being prone to noise, the M.P.F. must be adequately selec­
tive to reject the unwanted frequencies close to the center frequency f. On the other hand, as far as 
the industrial aspect of the application is concerned , the size is considered to be of major importance 
sin ce it is impractical to envisage a large area to accomodate only the filtering section . 
Let's consider the general diagram of figure 15. By using a suitable sampling frequency (Fs), the M .P.F. 
can have a center frequency equal to f . 
Since TS8551 is a highly selective filter and the modulated wave has a very stable frequency, the M. P. F. 
will only filter out the main signal (frequency F) and let through the modulated signal ffrequency f). 
An attenuator stage and an anti-a:iasing ana log filter are required preceeding the M . P. F. The attenua­
tor stage is used to match the amplitude of the main signal (X) to the input characteristics of the M. P. F ., 
and the analog filter to prevent the M.P.F. from passing the frequency spectrum of the incident wave 
aliased around Fs. At the output of the M.P.F., the combination of a first order high pass CR filter 
and a negative voltage clipping diode will produce a sinewave of frequency f and amplitude v. Follo­
wing this filter, an amplifier of gain G > 1 also delivers a sinewave signal of frequency f but of 
amplitude V= G • v. 
The following first order low pass RC filter detects the enveloppe of the amplified signal and then com­
pares it with a reference voltage Vref. 
If V> Vref, the output of the operational amplifier goes to the positive saturation state ( + Vsat) thereby 
indicating the presence of the wave, whereas if V < Vref, then the amplifier goes to the negative satura­
tion state ( - Vsat) to indicate the absence of the wave . A negative voltage clipping diode at the output 
of the comparator will provide a succession of high ( + 5 V) and low (0 V) states producing a pulse 
train . The period and the duration of this pulse train inform the microprocessor of the precise nature 
of control signal sent. 

CONCLUSION 

This unique example is sufficient to demonstrate the outstanding application possibilities offered by 
the M .P.F. Many other features were also discussed in various sections of the present article. Relying 
on these established tacts, THOMSON SEMICONDUCTEURS is ready to provide an answer to every 
filtering problem in any application. Due toits remarkable and unlimited possibilities, the M.P.F. con­
cept is estimated to become, in a very near future, as widely employed as gate-arrays and mask pro­
grammable ROM microcomputer devices are nowadays. 
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ADVANCE INFORMATION 

PCM TRANSMIT/RECEIVE FIL TER 

The EF87912 is a monolithic device containing the two filters of a 
PCM line ortrunk termination and isdesigned to minimize power dissipation. 
ma xim ize rel iability and provide a low-cost alternative to hybrid filters. 
The device consists of two switched-capacitor filte rs, transmit and receive, 
and power ampl ifiers which may be used to drive a hybrid transforme r 
(2-to-4 wire converter) or an e lectronic hybrid (SLIC) . If an electronic 
hybrid is used . the power ·amplifiers are not needed and may be deactivated 
to minimize power dissipation . The transmit fil ter is a band-pas5 filter which 
passes frequencies between 300 Hz and 3200 Hz and provides rejection 
of the 50/60 Hz power line frequency as well as the antialiasing needed in 
an 8 KHz sampling system . The receive filter is a low-pass filter which 
smooths the voltage steps present in the decoder output waveform and 
provides the sin x/x correction necessarv to give unity gain in the passband 
for the decoder•and-receive-filter pair. 

• Monolithic device includes both transmit and receive filters 
• CCI TT G 712 and AT & T 03/04 com.patible 
• Transmi t filter includes. anti-al iasing , 50/60 Hz rejecti on, output 

smoothing 
• Receive filter includes sin x/x compensation 
• External gain adjustment, both transmit and receive f il ters 
• Direc t interface with transformer or electronic telephone hybrids . 
• ± 5 % power supplies. 5V. -5V 
• Low power consumption : 

- 50 mW max without power amplif iers 
5 mW max power down mode 

• CMOS techno logy 
• Standard 16 pin package 
• Direct interface to the Efcis EFB7356 A -l aw PCM Codec 
• Pin to pin compatible with standard 2912 PCM filters . 
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PWR ! 5 12 CLK 
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PWAO 7 ID VfRI 
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-
ABSOLUTE MAXIMUM RATlNGS' 

Rating Symbol Véllue Unit 

Sur:ip!y voltage v• • 7 V V 

Sunply vol t.:ige V -
- 7 V V 

An~Iog 1npui range Vin V - ~Vin :s;;;v+ V 

O191 tal i npu1 range v, v- ~ V1 '!:{,_V• V 

Operat1ng tempe,a:ure range T,~ 0° C to 70° C oc 
S torJge tempe rature range T s tg - 55 :::i C ro + 1 25 ° C " C 

Pin temperature (Sotden ng , 10 s) 260° C oc 

"St res~es clbove 1hose lisred under "Absolute Maximurn Aatings" may cnuse ptHmanent damage to the dev1œ. T"is is astres.s rat1ng only 
and funct 1onal operation of the device at these or any other conditions beyond those indicated 1n 1he operar,onal sections of thi s speci• 

fication 1s no1 implied. Exposure to abso lute maximum rating conditi ons for extended pe riods may affect device rel,abditY. Standard 
CMOS handling p rocedures sh ould be ernployed 10 .1void possible damage ta device, 

ELECTRICAL OPERA TING CHARACTERISTICS 

Parameter Symbol Min Nominal Ma< Unit 

Positi ve Supply Voltage V• 4.75 5.0 5 .25 V 

Negat ive Supp!y Voltage V- -5.25 -5.0 - 4 .75 V 

D.C. AND OPERATING CHARACTERISTICS 
IT A= 0° C to • 70° C. v• =• 5 V± 5 %. v- = - 5 V ± 5 %, GNOA = 0 V , GNDD = 0 V. unless otherwise noted) . 

DIGITAL INTERFACE 

Param1.:ter Symbol Min Typ 111 Max Unit 

Input Current, CLKS ,, -- - ±10 µA 

V 1L min ~ V1 :s;: V1H max 

Input Low Level Curren t, C LK 11L - ±iO µ,\ 

V1L min "¾ V1 ¾ V 1L ma:< 

Input H1gh Level Cu rrent , CLK 11H -500 - µA 

V1H min ¾ V1 ¾ V1H ffi;)X 

Ir.pu t currenl , POWN 11 - 100 - - µA 

V1Lmin ¾V 1 ~V IHrna,. +--- - - -
lnpuc L aw Vottagt! (excep t CLKS) VIL -- - 0 .8 V 

Inpu t H igh Voltage (except CLKS~ V1H 2 .4 - v• V 

tnpu1 l.ow VoJ_~age, C LKS V1L V - - -V •05 V 

Input lr. 1ermediate Voltage, CLKS V 11 GNDD-0.8 - GNDD+ 0.8 V 

Input High Vo l t;ige, CLKS V11, v· -0.5 - v• V 
-- ~ -

POWER DISSIPATION 

Parametcr Symbol Min Ty p (1) r Max U:-,11 

V+ Standby Current 1cco 1 - 1 --
1 

500 µA 

PDWN = V IH min 

v- Standby Cu r re:it 1oBo -- - 500 µA 

F'DWN= V1H min 

v "" Operatinq Cum?nt, Power Amphfie,s Inactive (2) i 1cc1 - - 5 mA 

PWAI = V 

-
V Operating Cu rrent, Povver P..mplifie1s inact ive (21 'as, - - 5 mA 

PWRI= V 

V+ Or;er.ar ◄ ng Current (31 1cc2 ·- - 8 mA 

-
V Operat1ng Current (3) 1B82 --- - 8 mA 

Note : t - T y pica/ values are for TA., 25° C and nominal powe, s;,_,•op!y vaiues. 

2 - GSx , VFxO, VFRO outputs lo~ded by a 10 k!"? resisto r. 
3 - PWRO+, PWAO- outputs connected by a 1 .2 k H resis:tor. GSx , VFxO, VFRO outputs loaded by a 10 kn resistor, at nominal levels. 
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D.C. AND OPERATING CHARACTERISTICS (continued) 
(TA=0° Cto+70°C,V+=+5V±5%,V- =- 5 V± 5 %, GNDA = 0 V, GNDD = 0 V, unless otherwise noted). 

ANALOG INTERFACE, TRANSMIT FIL TER INPUT AMPLIFIER 

Pûramctcr Symbol Min Typ 11) Max Unit 

Input LeakageCurreot . VFxt. VFxl· , v- ¾ Vin~ v .. TBx1 -100 - 100 nA 

!()put Res1stance, VFxl .... VFx1·. IV- ,:;; Vin .;; V') _ A1x1 10 - - Mn 

Output Offset Voltage VoGSx - - :t 30 mV 

VFxl .. Connected to GNOA Input Op Amp at Unity Gain 

DC Open loop Voltage Gain, GSx . IRL;;, 10 k n) AvoL 60 80 - dB 

Open Loop Unity Gain Bandwidth, GSx fç - 1 - MHz 

Output Voltage Swing, GSx Vox1 ± 2.3 - - V 

RI? 10Kfl 

Load Capaci tance. GSx CLXI - - 20 pF 

Load Resistance. GSx RL X f 10 - - Kn 
Common Mode Voltage Rang~ VçM -2 .3 - + 2.3 V 

Common Mode Reiection ratio CMRR - 50 - dB 
- 2.3 V .;; v,n .;;2.3 V 

ANALOG INTER.FACE. TRANSMIT FIL TER 

Paramoie,. Symbol Min Typ 11) MOK Unit 

Output A~s, siance, VFxO Rox - 1 5 n 
Output OC Offset, VF xO vosx • 200 - • BOO mV 

Vfxl .. Coruiected 10 GNDA Input Op Amp at Unity Gain 

load capacnance, VFxO CLX - - 20 pF 

Load Resistance, VFxü RLX 3 - - Kfl 

Output Voltage Swing (1 KHz, VFxO, e;-o;cept DC offset) Vox1 :t3 .2 - - V 

RLX ;;;, 10 kfl 

Output Voltage swing (1 KHz, VFxO. except OC offset} Vox2 ± 2.5 - - V 
RL X ;;;, 3 kfl 

0 
Note: 1 - Typical values for TA = 25 C and nominal power supp1y 1,1a lucs 
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D.C. AND OPERATING CHARACTERISTICS (continued) 
(TA; 0° C to, 70' C. V'=• 5 V :t 5 %, v - = - 5 V ± 5 %. GNDA = 0 V. GNDD = 0 V, unless otherwise noted). 

ANALOG INTERFACE RECEIVE FIL TER 

PorrimP.:ter Symbol Min Typ (11 Max Unit 

Input Leakage Current, VFRI 1BR - - 3 µA 

-3.2<V;n< 3.2V 

Input Resistance, VFRI RrR 1 - - M!1 

Output Resistance, VF RÛ RQR - 1 5 n 
Output DC Offset, VF RÜ VosR - - ±.300 mV 

vrRr Connected to G N DA 

Load Capacitance, VFRO CLR - - 20 pF 

Load Resistance, VF RÜ RLR 10 - - K!1 

Ouq.>ut Voltage Swing VFRÜ VQR ±32 - - V 

ALR ~ 10 kH 

ANALOG INTERFACE. RECEIVE FIL TER DRIVER AMPLIFIER 

Parame1e r Symbol Min Typ Max Unit 

Input Leakage Current, PWRI 1BRA - - 1 µA 

-3.2 v <v;0 <3.2 v 

Input Resistance PWRI RIR A 10 - - M!1 

Output Resistance. PWRO+ PWRO- RQRA - 1 - n 
iour < 10 mA. - 3.0 v <vour <3.0 v 

Output DC Offset, PWRd PWRO- Vos RA - - ! 75 mV 

PWRI connected ta GNOA 

loact Capacitance, PWRô'. PWRO- CLRA - - 100 r,F 

Outpur Voltage Swing Across AL, PWRO PWRO- Single Ended VoAA1 
Conner:iion 

R1_=10K!1 ±3.2 - - V 

PL=600!1 AL Connec ted 10GNOA ± 2.9 - ·- V 

RL = 300 !1 ± 2 .5 - - V 

Ditferent ial Output Voltage Swi1,9, PWRO" PWRO 
-

Balance Outpu, Co11nec1ion VoAA2 
RL = 20K!1 !6.4 - - V 

AL ' 1200 !1 AL Connecte<I 8 e tween PWRO♦ and PWAO 
-

±5.8 V - -

RL •600!1 ± 5 .0 - - V 

Nole ; 1 - Typical va lues a re ~or TA= 25° C and nominal power supply values. 
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AC CHARACTERISTICS 
(TA = 0° C to. 70° C, v· =. 5 V ± 5 %, v- = - 5 V ± 5 %, GNDA = 0 V, GNDD = 0 V, unless otherwise noted) . 

C1ock Input Frequency : CLK = 1.536 MHz± 0.1 % CLKS = Vil (Tied to v - ) 
CLK = 1.544 MHz i 0.1 % CLKS = V11 (Tied to GNDD) 
CLK = 2.048 MHz ± 0.1 % CLKS = V1H (lied to v•) 

TRANSMIT FIL TER TAANSFEA CHAAACTEAISTtCS 

·Parameter Symbol Min Typ Max Unit 

Gnir1 Rerauve t o Ga,n at I KHz GRX 
OdBm0 Input Signal, Gain Seuing Op Amp at Non lnverting Unity Gain 

Bel ow 60 Hz - - -25 dB 

200 Hz OdBmOSignal• 1. 1 V RMS et GSx - 1.8 - - 0 . 125 dB 

300 Hz 10 3000 Hz • 1.6 VRMS at VFxO - 0 125 - • 0 . 125 dB 

3300 Hz -0.35 - +0. 125 dB 

3400 Hz -0.7 - • a 125 dB 

4000 Hz - - -14 dB 

4600 Hz and Above - - - 32 dB 

Abso lute Passb.&nd Gain dt 1 KHz. VFxO GAx + 2.85 3 .0 3 . 15 dB 

RL '" 00
• No ie 3 

Gain Variation w1th Supplies at I KHz GAXS - 0 .04 - dB/V 

OdBmO Signal Jevel, Supplies± 5 % 

Cross T~lk. Aeceive to Transmit, Meosured at VFxO CTRX - - - 70 d8 

1 
20 log (VFxO / VFAO) 

1 
VFRI ... 1.6 VRMS , 1 KHz Input VFx(, VFxl- Connected to 

i GSx . GSx Connected through 10 KS1 to GNOA 

Oifferen1ial Envelope Delay. VFxO. t KHz 10 2 .6 KHz Oox - - 120 µs 

Absol u tC Delay at 1 KHz . VFxO DAX ·- - 200 µs 

Single F requency Dis1ortion Products DPx1 - - - 48 dB 

Od8m l~put Signal at 1 KHz 

Single Frequency D istonion Products at Maximum Signal Level of DP x2 - - - 45 dB 

... 3 dBmO 

1.6 VAMS , 1 KHz Input Sign.il &t GSx . Input Op Amp 

at 20d8 Gain. The .. 3 dBmOsignal at VFxO is 2 .24 VRMS · 

v• Power Supply Rejec1ion Aatro at • KHz, VFxl= O VRMS PSRRl 30 - - dB 

v- Power Supply Rejec1ion Ratio at 1 KHz. Vfxl = 0 VAMS PSRR2 35 - - dB 

Notes : 1 - Typical values are for TA ,, 25° C and nominal pov~1H supply val ues. 

2 - A no,se measurement of 16 dBrnCo into a 600 n load at th~ filter outPUl is eQuivalent to 10 dBrnCo. 
3 - For preci se gain calculation refer to figure page 9. 

NOISE CHARACTER ISTICS at VFxO Gain Setting Op•Amp at Unity Gain 

Pararneter Symbol Min Typ Max Unit 

Total C Message Noise 

OdBmO Signal • 1.25 VAMS at VFxO Ncx1 - - 12 dBrnCo 
OdBmO Signal • 1.6 VAMS at VFxO Ncx2 - - 10 dSrnCo 

Total Psophometric Noise 

OdBmO s;gnal " 1.25 VRMS Mpx1 - - - 78 dBmOp 
OdBmO Signal • 1.6 VAMS Nrx2 - - - BO dBmOp 
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AC CHARACTERISTICS (continued) 
(TA~ 0° C to, 70° C, v· = , 5 V± 5 %, v- = - 5 V± 5 %, GNDA = 0 V, GNDD = 0 V, unless 01herwise noted) . 

Cl ock Input Frequency . CLK = 1.536 MHz !: 0 .1 % CLKS ~- VIL (Tied to v-) 
CLK = 1.544 MHz -t 0.1 % CL KS = V11 (Tied 10 GNDD) 
CLK = 2.048MHz :!:01 % CLKS = V 1H (Tied to v·) 

RECEIVE Fil TER TRANSFER CHARACTERISTICS 

Paramc1er Syrnbol Min Typ 111 

Gain Re lative 10 Gain at 1 K Hz with sin x/x Carrectiùn of Codec liRR 

OdBmO Input Signa l 

Below 200 Hz (OdBmO Signa!= 1.6 V RMS I - -
200 H , - 0 .5 -
300 Hl l0 3000 H z - 0 )25 

3300 Hz - 0 ,35 -
3400 Hz - 0 .7 -

4000 Hz -
4600 Hz a, 7600 Hz - -
7600 H z al 8400 Hz - -
8400 >·'4.z and ahove - ... 

.. 
Absolute Passband Gai n a, 1 KHz. V FRO GAR - 0 .15 0 

R L = c-o, Note 3 

Gain Varia1io n with Suppl ies ot 1 KH2 GARS - 0,04 

Od8m0 Sion.il level, Supplies± 5 % 

Cross T alk, Transm it to Receive. Meélsured at VFRO CT x R - -
20 log IV FR OiV F xOI 

VFxl = 1.6 V RMS, 1 KHz . lnpu1 V F RI Connec,ed 10 GN OA -- --- - - ~--
D1fferen1 1a1 Envelope Delay, VFRO. l KHz 10 2.6 KHz DDR - -

Absolu te Delay at ! KHz, VF RÜ 1 DAR - -
Single Frequency Dist ornon Products DPR 1 - -

Od8m Input Si gnal m 1 KHz 

Single Frequency Diswn ion Produc1s at Max,mum Sign al Leve l ol DPR2 - -
• 3 dBm0 (2.24 V RMSI, l KHz 

v• Power Supply Re1ect1on Ratio at 1 KHz. VF RI= 0 VRMS PSRR1 30 -
V- Power Supply Aej ec tion R atio at l KHz, VFRI "' 0 VRMS PSRR2 35 -

Notes : 1 - Typ1ca l values afe for T A= 25° C c:nd nomi na l p ower supply vatues. 
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· 2 - A noise measurement of 16 dBmCo in to a 600 n load at the filler outpu t is equ,valent to 10 dBrn Co . 
3 - For precise ga in ca lcu lation refer m figure page 9. 

NOISE CHARACTERISTICS at VFRO Output or PWRO• and PWRO" Connected with Unity Gain 

Parameter Symbol Min Typ 

T 01a l C Message Noise 

0dBm0 s;gnal • 1. 25 VRMS at V FRO Nc R1 - -
0dBm0 Signal :..: 1.6 VRMS at VFAO NcR2 - -

Total Psophometric Noi se 

0dBrn0Signal • 1.25V.RMS•1 VFRO NPR1 - -
0d8m0 Signal• 1.6 VRMS al VFRO NpR2 - -

1HOMSON- EFCIS Integrated Circuits 

Max IJn1t 

• 0. 125 dB 

• O. 125 dB 

.. O. 125 dB 
"0. 125 dB 

f- Q 125 dB 
- 14 dB 

- 30 dB 

-40 dB 

-30 dB 

• 0 . 15 dB 

- dB /V 

- 70 dB 

130 µs 

)50 µs 

- 48 dB 

- 45 dB 

- dB 

- dB 

Max Unit 

12 dBr n Co 

10 dBrnCo 

- 78 dBmOp 

- 80 dBmOp 



TRANSMIT FIL TER TRANSFER CHARACTERISTICS 
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PIN DESCRIPTION 

NAME No FUNCTION OESCAIPTION 

VFxl+ 1 Input Pin 1 is the non-inverting input of the gain adjustment op amp in the transmit 
filter section. The signal applied to this pin typically cornes !rom the transmit 
leg of a 2·to-4 wire hybrid . This input may be AC or OC coupled. This signal 
passes through'-the op amp to the transmit (band-pass) switched-capacitor 
filter which will pass frequencies betwee,1 300 and 3200 Hz, provide rejection 
of the 50/60 Hz power line frequency and provide antialiasing for an 8 KHz 
sampling system . 

VFxl- 2 Input Pin 2 is the inverting input of the ga in adjustment op amp on the transmit 
filter. A return path for the op amp output is provided by GSx. Pin 3. Pins 2 
and 3 may be used to provide gain up to 20 dB without degrading the noise 
performanc.e of the filters . 
This op amp has a common mode range of ± 2.2 V, low DC offset and 
an open loop voltage gain greater than 1000. The unity gain bandwidth 
is approximately 1 MHz. The transmit filter, excluding the input op amp, 
provides a gain of+ 3 dB. 

GSx 3 Output Pin 3 is connected to the output of the gain adjustment op amp in the ' transmit filter section. For proper operation, the load impedance connected 
ta the GSx output should be greater than 10 k!1 in parallel with 20 pF . 
This pin is also the input of the transmit filter. 

TRANSMIT AND RECEIVE GAIN ADJUSTMENT 

VFxl'" 1 

t>i-- TRANSMIT 16 VFxO VFxl 2 Fil TER 

GSx 3 

= 
R2 

= R1 GAIN= 1 .. ~ , RLx = RH R2;;. 10 kfl R1 

----

VFAO 4 RECEIVE 10 
F IL TER 

VFRI 

: R3 

f A4 
R~R= R3+ R4 ZL ;;,. 10 kn 

~ R4• ZL - -

VFRO 4 Output Pin 4 is analog output of the receive filter. This output provides a direct 
interface to electronic hybrids. For a transformer hybrid application VFRO 
is tied to PRWI and a dual balanced output is provided on pins PWRO+ and 
PWRO-. 

PWRI 5 Input Pin 5 provides the input to the power driver amplifiers which interface the 
receive filter to a transformer hybrid. PWRI is a high impedance input which 
can be driven by VF RÜ directly. The input voltage range is :t 3.2 V and the 
gain for a bridged output is 6 dB. The power amplifiers may be deactivated 
when not being utilized by tying PWRI to v-. 

9112 
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PIN DESCRIPTION (continued) 

NAME No FUNCTION DESCRIPTION 

PWRO• 6 Output Pin 6 is the non-inverting side of the power amplifiers. Power driver output 
is capa!:lle of directly driving hybrid tran sformers. 

PWRO- 7 Output Pin 7 is the inverting side of the power amplifiers. Power driver output is 
capable of directly driving hybrid transformers. 

-

V 8 Supply Prn 8 is the negative supply pin. The voltage appl ied to th is pin shou Id be 

-5V ±5%. 

v• 9 Suppl y Pin 9 is the positive supply pin. The vol tage app lied to this pin should be 

• 5 V± 5 %. 

VFRI 10 l~put Pin 10 is the anarog input to the receive filter. The receive signal is typically 

generated by the decoder section of a µ or A law companding Codec. The 
receive filter is a low-pass swîtched-ca;:>acitor filter whîch will pass frequencies 
up to 3200 Hz and p rovides the 1in x/ x correction needed to give the Codec 

decoder and receive filter pair unity gain over the passband . 

GNDD 11 Ground Pin 11 serves as the digital ground return for the internai clock . The d igital 

ground is not internally connec ted to the analog grour,d. The digital ar>d 

analog grounds shou ld be tied together as close as possible to the system 

supply ground. 

CLK 12 Input The digital clock signal shou·ld be supplied to pin 12. Three clock frequencies 
(1.536 MHz. 1.544 MHz , 2.048 MHz) may be used. The desired clock 
frequency is selected by the CLKS input ( Re fer to Table 1). For 
proper operation this clock should be tied to the receive clock of the Codec. 

TABLE 1 

Codec Clock Clock Bits/ F rnme FIL TER CLK , Pin 12 Fil TER CLKS, Pin 14 

1.536 MHz 192 1.536 MHz V (-5V) 

1.544 MH, 193 1.544 MHz GNDD 

2.048 MHz 256 2.048 MHz V'~ 5 V) 

NAME N" FUNCTION DESCRIPTION 

PDWN 13 Input This contra i input is used to place the filter in the standby power·down 
mode. Power·down occurs when the signal on this input is pulled high. 
Standard TTL lev~ls may be used. An internai pull-up to the positive 
suppiy is provided. A se ttling time of 15 ms (typ) should be allowed alter 
power is restored. 

CLKS 14 Input Clock (pin 12, CLK) frequencv selection. If tied lO v-. CLK frequency 
should be 1.536 MHz . If tied to Ground, CLK should be 1.544 MHz. If 
tied to v•, CLK shou ld be 2.048 MH,. 

GNDA 15 Ground Pin 15 serves as the ground return for the analog circuits of the transmit 
and receive section. The analog ground is not internally connected to the 
digital ground. The digital and analog ground 1hould be tied together as 
close as possible ta the system suppl y ground. 

VFxO 16 Output Pin 16 is the analog output of the transmit filter. The output voltage range 
is ± 3.2 volts and the DC offset is less than 300 mV. This output should be 
AC coupled ta the transmit (encoder) sectior. of th e Codec . 
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TYPICAL APPLICATION 

A typical application of the EFB7912 used in conjunc­
tion with the EFB7356 PCM filter is shown below. The 
values of resistor R1 and DC blocking capacitor C1, are 
non-critical. The capacitor value should exceed 0.1 µF, 
R 1 shou Id be less than 50 H'l, and the product R 1 x C 1 
should exceed 4 ms. 

The Power Supply decoupling capacitors should be0.1 µF. 
ln order to take advantage of the excellent noise per­
formance of the EF87356 and EFB7912, care must be 
ta ken in board layout to prevent coupling of digital noise 
into the sensitive analog lines. 

f 
XMrT 

SLrC 
or 

Rcv) 
HYBRro 

□ 

A4 A5 

- XMIT GAIN= 20 x LOG (R3~
2
R2)+ 3 dB 

· RCV GAIN = 20 x LOG (__!:!L) 
R4+ R5 

CLK Cl 
VFxl- VFxO ANALOG MASTER 

IN CLOCK 

GSx Rl DrG OUT 

vFxr' GNOA ANALOG XMIT 
GND SYNC 

EF87912 EF87356 
XMIT 
CLK 

PWRO-

PWRO' POWN POWER RCV SYNC 
OOWN 

PWRr ACV CLK 

VFRO VFAr 
ANALOG 
OUT DrG IN 

v- GNDD v· v- GNOD v· 

DIGITAL 
TRUNK 

V 

- - --- ------ - - -POWN 

HYBAIO INTERFACES TO THE EF87912 AND \/REF INTERFACES TO EFB7356 

R2 A3 
GSx 

VFxl- ~ DIGITAL TRUNK ~ ~ 

r-J· 
VFxl• 

Ro 
PWRO-

R6 EF87912 + EF87356 

RQ - Il R7 ü: -,: "-
UJ 0 UJ * MATCHED TO ± 0.1 % 

PWRO' a: z a: 
-48V > "' > V 

. 

• 2.5 V 

TO 
OTHER COOEC GNDA 
IN THE BOARD ----+--<.,_-+--'----+--.---".------.---1 GNOA 

-2.5 V 

Ro = 600 or 900 li V 
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C SUFFI X 
CERAMIC PACKAGE 

508 .-10, 
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0508 

CASE CB-79 

J SUFFIXE 
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This is advance information and specifications are subjecl to change wit hout notice . 
Please inquire with our sales offices about the availability of the different packages. 

Prioted in France 
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THOMSON 
SEMICONDUCTORS 

SINGLE CHIP MICROCONTROLLERS 

The ETL9444/ L9445 and ETL9344/L9345 Single-Chip N-Channel 
Microcontrollers are fully compatible with the COPS® family, 
fabricated using N-channel, silicon gate XMOS technology. They 
are complete microcomputers containing ail system timing, internai 
logic, ROM, RAM and 1/ 0 necessaryto impie ment dedicated control 
functions in a variety of applications. Features include single supply 
operation, a variety of output configuration options, with an instruc­
tion set, internai architecture and 1/ 0 scheme designed to facilitate 
keyboard input, display output and BCD data manipulation. The 
ETL9445 is identical to the ETL9444, except with 19 1/ 0 lines 
instead of 23 : They are an appropria te choice for use in numerous 
human interface control environments. Standard test procedures 
and reliable high-density fabrication techniques provide the medium 
to large volume customers with a customized controller oriented pro. 
cessor at a low end-product cost. 

The ETL9344/ L9345 are exact functional equivalents, but extended 
temperature range versions of the ETL9444/ L9445 respectively. 

• Low cost 
• Powerful instruction set 
• 2k x B ROM, 1 28 x 4 RAM 
• 23 1/ 0 lines (ETL9444) 
• True vectored interrupt. plus restart 
• Three -level subroutine stack 
• 16 µs instruction lime 
• Single supply operation (4.5-6.3V) 
• Low current drain (13mA max.) 
e Internai time-base counter for real-time processing 

• Internai binary counter register with MICROWIRE ® serial 1/0 
capability 

• General purpose and TRI-STATE®outputs 
• LSTTL/ CMOS c-,mpatible in and out 
• Direct drive of Ll:D digit and segment lines 
• Software/ hardwure compatible with other members of ET 9400 

family 
• Extended temperature rqnAe devices 

ETL9344/ l9345 (-40° C to + 85° C) 
• Wider supply range (4.5-9 .5V) optionally available 

THOMSON SEMICONDUCTORS 
S.l•s headq1,1arters 
45, av . de l' E1.uo0e · 78140 VELIZY · FRANCE 
Tel .: (3 ) 946 97 19 / Telex : 204780 F 

ETL9444 
ETL9445 
ETL9344 
ETL9345 

NMOS 
SINGLE ÇHIP 

MICROCONTROLLERS 

GND 

CKO 

CKI 

AESET 

L7 

L6 

L5 

L• 

IN1 

IN2 

Vcc 
LJ 

L2 

L1 

N SUFFIX 
PLASTIC PACKAGE 

N SUFFI X 
PLASTIC PACKAGE 

PIN ASSIGNMENTS 
(See page 8) 

DO 

o, 
D2 

4 03 

5 24 G3 

6 G2 

7 ETL9444 G1 

8 ETL9344 21 GO 
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12 so 
13 St 

14 LO 
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COUNTER 

!DIVIOE BY 10241 

PROGRAM MEMORY 
2 K x 8 ROM 

AOOAESS 

11 

SA 

SB 

SC 

3·LEVEL STACK 

INJ IN2 IN\ INQ 

!J 
11 

11 

DIVIDER 

8 

0 . 
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ETL9444/L9445 
ABSOLUTE MAXIMUM RATINGS 

Voilage at Any Pin Relative to GND 
Amblent Operating Temperature 
Amblent Storage Temperature 
Lead Temperature (Solderlng, 10 seconds) 
Power Dissipation 

Total Source Current 
Total Sink Current 

-0.5 V to + 10V 
o•cto +10°c 

-65°C 10 +1so·c 
300°c 

o. 75 Watt al 25•c 
0.4 Watt al 10°c 

120mA 
120mA 

Absolute maximum ratings indicale /imits beyond whlch damage 
to the dèvice may occur. DC end AC electrical specificalions are 
not ensured when operating the device al absolute maximum 
ratings . 

DC ELECTRICAL CHARACTERISTICS 0°C,; TA,; +70-C, 4.5V,;; Vcc,; 9.5V (Unless otherwise specilied) 

Parameter Conditions Min. Max. 

Standard Operatlng Voilage (Vcc) Note 1 ·4_5 6.3 

Optional Operaling Voltage (Vccl 4.5 9.5 

Power Supply Ripple peak to peak - 0.5 

Operatlng Supply Current ail inputs and outputs open - 13 

Input Voltage Levels 

CKI Input Levels 
Crystal Input (+32, +16, +8) 

Logic High (V,H) 2.0 -
Logic Low (V1L) -0.3 0.4 

Schmitt Trigger Input (+4) 
Logic High (V1H) 0.7Vcc -
Logic Low (V1L) -0.3 0.6 

RESET Input Levais Schmitt trlgger input 
Logic High o 7Vcc -
Logic Low -0.3 0.6 

SO Input Level (Test mode) 2.0 2.5 

Ali Other Inputs 
Logic High Vcc= Max. 3.0 -
Logic High with TTL trip level options 2.0 -
Logic Low selected, Vcc = 5V :!: 5% -0.3 0.8 
Logic High with high trip lever options 3.6 -
Logic Low seler,ted -0.3 1.2 

Input Capacitance - 7 

Hi·Z Input Leakage -t +1 

Output Voltage Levers 
LSTTL Operation Vcc=5V:t5% 

Log ic High (VoHl loH = -25µA 2.7 -
Logic Low (Vod loL=0.36mA - 0.4 

CMOS Operation 
Logic High loH = -IOµA Vcc-1 -
Logic Low loL = +l0µA - 0.2 

Note 1 : Vcc voltage change must be less than 0.5V in a 1 ms period 10 mainta in proper operation. 
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ETL9444/L9445 

DC ELECTRICAL CHARACTERISTICS (continued) O'C .;; TA" +70"C, 4,5V .; Vcc.;; 9.5V (Unless otherwise speci1ied) 

Para mater Conditions Min. Max. Unlts 

Output Current Levels 
Output Sink Current 

SO and si< Outputs (lod Vcc = 9.5V, Vol= 0.4V 1,8 - mA 
Vcc = 6.3V, Vol= 0.4V 1.2 - mA 
Vcc = 4.5V, Vol= 0.4V 0,9 - mA 

Lo· L7 Outputs and Slandard Vcc = 9.5V, Vol= 0.4V 0.8 - mA 
Go-G3, Do·D3 Outputs (loJ Vcc = 6.3V, Vol = 0.4V 0.5 - mA 

Vcc = 4.5V, Vol= 0.4V 0.4 - mA 

Go-G3 and D0-D3 Outputs with Vcc = 9.5V, Vol= 1.0V 15 - mA 
High Current Options ~où Vcc = 6,3V, Vol = 1.0V 11 - m,._ 

Vcc = 4,SV, Vol= 1.0V 7.5 - mA 

Go-G3 and Do-D3 Outputs with Vcc = 9.SV, Vol= 1.0V 30 - mA 
Vary High Current Options (loù Vcc = 6.3V, Vol= 1,0V 22 - mA 

Vcc = 4,5V, Vol= 1.0V 15 - mA 

CKI (Single-pin AC osclllator) Vcc = 4.SV, v ,H = 3.SV 2 - mA 
CKO Vcc = 4.5V, Vol= 0.4V 0.2 - mA 

Output Source Current 
Standard Configuration, Vcc = 9.5V, VoH = 2.0V -140 -800 i,A 
Ali Output s (loHl Vcc = 6.3V, VoH = 2.0V - 75 -480 µA 

Vcc = 4.5V, VoH = 2.0V - 30 -250 µA 

Push•Pull Configuration Vcc = 9.5V, VoH = 4, 75V -1 .4 - mA 
SO and SK Outputs UoHl Vcc = 8.3V, VoH = 2.4V -1.4 - mA 

Vcc = 4.5V, VoH = 1.ov -1,2 - mA 

LED Configuration, Lo·L7 
Outputs, Law Current Vcc : .9.SV, VoH = 2.0V -1 .5 - 18 mA 
Driver Option (loHl Vcc = 6.0V, VoH = 2.0V -1 .5 -13 mA 

LED Configuration, Lo-L7 
Outputs, High Current Vcc = 9.5V, VoH = 2,0V -3.0 -35 mA 
Driver Option (ioHl Vcc = 6.0V, VoH = 2.0V -3.0 -25 mA 

TAl•STATE® Conflguratlon, Vcc = 9.5V, Vo,-1 = 5.5V -0.75 - mA 
Lo·L7 Outputs, Law Vcc = 6,3V, VoH = 3.2V -0,8 - mA 
Current Driver Option (lo...J Vcc = 4.5V, v0,. = 1.5V -0.9 - mA 

TAI-STATE®Conllguration, Vcc = 9.5V, VoH = 5,SV -1 .5 - mA 
Lo·L7 Outputs, Hlgh Vcc = 6.3V, VoH = 3.2V -1.6 - mA 
Current Driver Option (10H) Vcc = 4.5V, VoH = 1.5V -1,8 - mA 

Input Load Source Current Vcc = s.ov, v,l = av -10 - 140 µA 

CKO Output 

RAM Power Supply Opt ion 
Power Aequirement IIR= 3,3V - 6.0 mA 

TAl·STATE® Output Leakage 
Current -2.5 +2.5 i,A 

Total Sink Current Allowed 

Ali Outputs Comblned - 120 mA 
D, G Ports - 120 mA 
L7-Lj - 4 mA 
L3-Lo - 4 mA 
Ali Other•Plns - 1,5 mA 

Total Source Current Allowed 
Ali 1/0 Combined - 120 mA 
L7-Lj - 60 mA 
L3-Lo - 60 mA 
Each L Pin - 30, mA 
Ali Other Pins - 1.5 mA 
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ETL9344/L9345 

ABSOLUTE MAXIMUM RATINGS 

Voltage at Any Pin Relative to GND 
Ambient Operatlng Temperature 
Ambient Storage Temperature 
Lead Temperature (Soldering, 10 seconds) 
Power Dissipation 

Total Source Current 
Total Sink Current 

ETL9444/9445 • ETL9344/9345 

-0.5V to +10V 
-4o•c to +es•c 

-65°C to +150°C 
Joo·c 

0.75 Watt at 25•c 
0.25 Watt at ss•c 

120mA 
120mA 

Absolute maximum ratings indlcate limits beyond which dam~;;! 
to the device may occur. DC and AC etectrlcal specilications are 
not ensured when operatlng the devlce at absolute maximum 
ratlngs. 

DC ELECTRICAL CHARACTERISTICS -4◊°C .; TA.; +85-C, 4.5V.; Vcc.; 7.5V (Unless otherwlse specified) 

Parameter Conditions Min. Max. 

Standard Operating Voltage (Vccl Note 1 4.5 5.5 

Optlonal Operating Voltage (Vccl 4.5 7.5 

Power Supply Ripple peak to peak - 0.5 

Operating Supply Current ail inputs aiid outputs open - 15 

Input Vo!tage Levels 

CKI Input Levels 
Crystal Input 

Loglc High (V1H) 2.2 -
Logic Low (Vu.) -0.3 0.3 

Schmitt Trlgger Input 
Logic Hlgh (V1Hl 0.7Vcc -
Logic Low (V1Ll -0.3 0.4 

RESET Input Levels Schmitt Trlgger Input 
Loglc High 0.7Vcc -
Loglc Low -0.3 0.4 

SO Input Level (Test mode) 2.2 2.5 

Ali Other Inputs 

Logic High Vcc = Max. 3.0 -
Logic High with TTL trip levai options 2.2 -
Logic low selected, Vcc = 5V ± 5¾ -0.3 0.6 

Logic High with high lrip level options 3.6 -
Logic Low selected -0.3 1.2 

Input Capacltance - 7 

Hi-Z Input Leakage -2 +2 

Output Voltage Levels 
LSTTL Operation Vcc=SV±S¾ 

Logic High (Vo11l loH = -20µA 2.7 -
Logic Low (Vod loL =0.36mA - 0.4 

CMOS Operation 

Logic High loH = -10µA Vcc-1 -
Logic Low loL = +101-'A - 0.2 

Note 1 : Vcc voltage change must be less than 0.5V in a 1 ms period to maintain prnper operation. 
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ETL9344/L9345 

DC ELECTRICAL CHARACTERISTICS (continued) - 400C .; TA c; +85<>C, 4.SV ,; V cc .; 7.SV (Unless otherwise specilied). 

Parameter Conditions Min. Max. Unlts 

Output Current Levels 
Output Sink Current 

SO and SK Outputs (loù Vcc = 7.5V, Vol= 0.4V 1.4 - mA 
Vcc = 5.5V, Vol= 0.4V 1.0 - mA 
Vcc = 4.5V, Vol= 0.4V 0.8 - mA 

Lo-L7 Outputs, and Standard Vcc = 7.5V, Vol= 0.4V 0.6 - mA 
Go-G3, Do-03 Outputs (loù Vcc = 5.5V, Vol= 0.4V ·o.5 - mA 

Vcc =4.5V, Vol= 0.4V 0.4 - mA 

Go-G3 and Do-03 Outputs with Vcc = 7.5V, Vol= 1.0V 12 - mA 
High Current Options (loù Vcc = 5.5V, Vol = 1.0V 9 - mA 

Vcc = 4.5V, Vol = 1.0V 7 - mA 

Go-G3 and Do-D3 Outputs with Vcc = 7.5V, Vol= 1.0V 24 - mA 
Very High Current Options (lol) Vcc = 5.5V, Vol= 1.0V 18 - mA 

Vcc = 4.5V, Vol= 1.0V 14 - mA 

CKI (Single-pin RC oscillator) Vcc = 4.5V, v,H =3.5V 2 - mA 
CKO Vcc = 4.5V, Vol= 0.4V 0.2 - mA 

Output Source Current 
Standard Configuration, Vcc = 7.5V, VoH = 2.0V -100 -800 µA 
Ali Outputs OoHl Vcc = 5.5V, VoM = 2.0V -55 -600 µA 

Vcc = 4.5V, VoH = 2.0V -28 -350 µA 

Push-Pull Configuration Vcc = 7.5V, VoH = 3. 75V -0.85 - mA 
SO and SK Outputs (loH) Vcc = 5.5V, VoH = 2.0V -1.1 - mA 

Vcc = 4.5V, VoM = 1.ov -1.2 - mA 

LED Configuration, Lo-L7 Vcc = 7.5V, VoM = 2.0V -1.4 -27 mA 
Outputs, Low Current Vcc = 6.0V, VoH = 2.0V -1.4 -17 mA 
Driver Option (loHl Vcc = 5.5V, VoM = 2.0V -0.7 -15 mA 

LED Configuration, Lo-L7 Vcc = 7.5V, VoH = 2.0V -2.7 -54 mA 
Outputs, High Current Vcc = 6.0V, VoM = 2.0V -2.7 -34 mA 
Driver Option (loH) Vcc • 5.5V, VoH = 2.0V -1.4 -30 mA 

TRI-STATE®Configuration, · ,Vcc = 7.5V, VoH = 4.0V -0,7 - mA 
Lo-L7 Outputs, Low Vcc = 5.5V, VoH = 2. 7V -0.6 - mA 
Current Driver Option (loH) Vcc = 4.5V, VoH = 1.5V -0.9 - mA . 
TRl·STATE®Configuration, Vcc = 7.5V, VoH = 4.0V -1.4 ~ mA 
LQ-L7 Outputs, High Vcc = 5.5\1, VoH = 2. 7V -1.2 - mA 
Current Driver Option (10 .,) Vcc = 4.5V, VoH = 1.5V -1.8 - mA 

Input Load Source Current Vcc = 5.0V, v,L = ov -10 -200 µA 

CKO Output 
RAM Power Supply Option 
Power Requirement VR = 3.3V - 8.0 mA 

TRl·STATE®Output Leakage 
Current -5 +5 µA 

Total Sink Current Allowed 
Ali Outputs Combined - 120 mA 

D, G Ports - 120 mA 

L7-L4 - 4 mA 

L3-LQ - 4 mA 
Ali Othe, Pins - 1.5 mA 

Total Source Current Allowed 

! Ali 110 Combined - 120 mA 

L7-L4 - 60 mA 

L3-LQ - 60 mA 
Each L Pin - 30 mA 
Ali Other Pins - 1.5 mA 
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ETL9444/9445 • ETL 9344/9345 

AC ELECTRICAL CHARACTERISTICS 

ETL9444/L9445: O"C < TA< 70"C, 4.5V < Vcc < 9.5V (Unless otherwise specified) 
ETL9344/L9345: -40"C < TA< +85°C, 4.5V < Vrx;.,; 7.5V (Unless othetwise speclfled). 

P•rameter Conditions Min. 

Instruction Cycle Time - te 16 

CKI 

lnpU1 Frequency - 11 +32 mode 08 
+16 mode 0.4 
+8 mode 0.2 
+4 mode 0.1 

Duty Cycle 30 
Aise Tlme f1=2MHz -
Fan Time -

CKI Uslng AC (+4) A=56kQ:t5% 
C = lOOpF :t 10% 

lnstrucllon Cycle Tlme 16 

CKO as SYNC Input 

tsvNC 400 

INPUTS: 

IN3-INQ, G3-Go, L7-LQ 
tsETUP -
tHOLD -

SI 
tserUP -

tHOLD -

OUTPUT PROPAGATION DELAY Test condition: 

CL=S0pF, RL=20kQ, VoUT=1.5V 
SO, SK Outputs 

lpdl, tpd0 -

Ali Other Outputs 
lpdl, lpd0 -

7123 
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Max. Unit• 

40 µs 

2.0 MHz 
1.0 MHz 
0.5 MHz 
0.25 MHz 

60 % 
120 ns 
80 ns 

28 µS 

- ns 

8.0 µ5 

1.3 µ5 

2.0 µS 
1.0 µ$ 

4.0 µS 

5.6 µS 



Pin 

L7-Lo 

G3-Go 

D3-Do 

IN3-INQ 

SI 

so 
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FIGURE 2- CONNECTION.DIAGRAMS 

GND DO 

CKO 2 D1 

CKI J D2 GND 24 DO 

RESET 4 00 CKO f 23 01 

L7 5 G3 CKI 3 22 D2 

Le 6 G2 RESET 4 21 03 

L5 ETL9444 G1 L7 5 G3 

L4 8 ETL9344 21 GO L6 6 ETL9445 19 G2 

IN1 9 IN3 L5 7 ETL9345 18 GI 

IN2 10 INO L4 8 17 GO 

Vcc 11 SK Vcc 9 16 SK 

L3 12 so L3 10 15 so 

L2 13 SI L2 11 14 SI 

LI 14 · LO L1 12 13 LO 

Description Pin Description 

8 bidirectional 1/0 ports with SK Logic-controlled clocl<. (or general 
TAI-ST A TE ® purpose outpul) 

4 bidirectional 1/0 ports CKI System oscillator input 

4 general purpose outputs CKO System oscillator output (or generat 
purpose input , RAM power suppiy, or 

4 general purpose inputs (COP444L only) SYNC input) 

Serial input (or counter input) RESET System reset input 

Serial output (or general purpose output) Vcc Power supply 

GND Ground 

f---1NSTRUCTION CYC LE TIME (tcl ---j 

CKI 

FIGURE 3 - INPUT/OUTPUT TIMING OIAGRAMS tCRYSTAL OIVIOE-BY-16 MODE) 

-1 1-•wo 
CK~ 

-1 1- 1W1 0 1- 1SYNC 

(IN~~~ \~----~..,_ _____ _ 

FIGURE Ja - SVNCHAONIZATION TIMING 
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FUNCTIONÀL DESCRIPTION 

A block diagram of the ETL9444 is given in Figure 1. 
Data paths are illustrated in slmplified form to depict 
how the various logic elements communicate with 
each other in implementlng the instruction set cif the 
devlce. Positive logic is used. When a bit Is set, lt is a 
loglc ··1" (greater than 2 volts). When a bit ls reset, it 
is a logic "O"" (less than 0.8 volts). 

Ali functional references to the ETL9444/L9445 · 
also apply to the ETL9344/ L934~ 

Program Memory 

Program Memory conslsts of a 2048 byte ROM. As 
can be seen by an examlnation of theETL9444/L9445 
instruction set, fhese words may be program Instruc­
tions, program data or ROM addresslng data. Because 
of the speclal characterlstlcs associated with the JP, 
JSRP, JID, and LOID instructions, ROM must often be 
thought of as being organlzed lnto 32 pages of 64 
words each. 

ROM addresslng Is accompli shed by a 11-bit ·Pc regls­
ter. lts blnary value selects one of the 2048 8-blt words 
contained ln ROM. A new address ls loaded lnto the 
PC register during each instruction cycle. Unless the 
instruction Is a transfer of control instruction, the PC 
reglster is loaded wlth the next sequential 11-bit blnary 
count value. Three levels of subroutlne nesting are 
lmplemented by the 11-blt subroutine save reglsters, 
SA, SB, and SC; providing a last-ln, flrst-out (UFO) 
hardware subroullne stack. 

ROM instruction . words are fetched, decoded and 
execuled by the Instruction Decode, Control and Skip 
Logic circultry. ' 

Data Memory 

Data memory consisls of a 512-bit RAM, organized as 
8 data reglsters of 16 4-blt digits. RAM addre_sslng ls 
implemented by a 7-bit B reglster whose upper 3 bits 
(Br) select 1 of 8 data registers and lower 4 bits (Bd) 
select 1 of 16 4-bit digits in the selected data register. 
While the 4-bit contents of the selected RAM digit (M) 
is usually loaded into or from, or exchanged with, the 
A reglster (accumulator), 11 may also be loaded lnto 
or !rom the a latches or loaded from the L ports. RAM 
addresslng may also be performed directly by the 
LOD and XAD instructions based upon the 7-blt con­
tents of the operand field of these instructions, The 
Bd register also serves as a source register for 4-bit 
data sent dlrectly to the D outputs. 

Internai Loglc 

The 4-bit A reglster (accumulator) is the source and 
destination register for most 1/0, arithmetic, logic 
and data memory access operations. lt can also be 
used to load the Br and Bd portions of the B register, 
to load and· input 4 bits of the 8-bit O latch data, to 
input 4 bits of the 8-bit L 110 port data and to perform 
data exchanges with the 510 register. 

A 4-bil adder performs the arithmetlc and logic func­
lions, storing its results in A. lt also outputs a carry 
bit to the 1-bil C reg,ster, most often employed to 
indicate arithmetic overflow. The C regisler, in con­
junction with the XAS instruction and the EN register, 
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also serves to contrai the SK output. C can be out· 
putted directly to SK or can enable SK 10 be a sync 
clock each Instruction cycle time. (See XAS instruc­
tion and EN register description, below.) 

Four general-purpose inputs, INrIN0 ,are provided. 

The D reglster provides 4 general-purpose outputs 
and is used as the destination register for the 4-bit 
contents of Bd. The D outputs can be directly con­
nected to the digits of a multiplexed LED display. 

The G reglster contents are outputs to 4 general­
purpose bldlrectional 110 ports . G 1/0 ports can be 
dlrectly connected to the digits of a multiplexed LED 
display. 

The Q reglster Is an internai, latched, 8-bit register, 
used to hold data loaded to or !rom M and A, as well 
as 8-blt data from ROM. lts contents are output to the 
L 1/0 ports when the L drivers are enabled under 
program contrai. (See LEI instruction.) 

The 8 L drivers,when enabled, output the contents of 
latched Q data to the Lï/0 ports. Also, the contents 
of L may be read dlrectly lnto A and M. L 1/0 ports can 
be dlrectly connected to the segments of a multlplexed 
LED display (using lhe LED Direct Drive output con­
figuration option) wlth a data bèing outputted to the 
Sa-Sg and declmal point segments of the display. 

The 510 regisler functions as a 4-bit serial-inlserial­
out shlft register or as a binary counter depending on 
the contents of the EN register. (See EN register 
desc<iption, below.) lts contents can be exchanged 
wlth A, allowing lt to Input or output a contlnuous 
serial data strealn. 510 may also be used to provide 
additional parallel 110 by connecting 50 to external 
se,ial-lnlparallel-out shift registers . 

The XAS instruction copies C lnto the SKL lat ch. ln the 
counter mode, SK is the output of SKL; in the shift 
register mode. SK outputs SKL ANDed with the 
clo~k. 

The EN reglster is an Internai 4-bit register loaded 
under program contrai by the LEI instruction. The 
slate of each bit of this register selects or deselecls 
the particular feature associaled with each bit ol the 
EN register (ENr ENo 1 

1. The least significant bit of the enable register, 
EN0 ,selects tne 510 register as either a 4-bit shift 
register or a 4-bit binary counter . With ENoset. 510 
is an asynchronous binary counter, decrementing 
its value by one upon each low-going pulse 1·· 1·· 10 
"Q"') ocurring on the SI input. Each pulse must be 
at least two instruction cycles wide. SK outputs 
the value of SKL. The SO output Is equal to the 
value of EN3. With ENo reset. SI0 ls a serial shitt 
regisler shifting left each instruction cycle time. 
The data present al SI goes inlo the least signifi­
cant bit of 510. 50 can be enabled lo output the 
most signi ficanl bit of 510 each cycle lime. (See 4 
below.) The SK output becomes a logic-controlled 
clock . 

2. With EN1 set the IN1 input is enabled as an inter · 
rupt input. lmmedialely following an inlerrùpl, EN1 
is reset 10 disable furtner inlerrupts. 
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3. With EN2 set, the L drivers are enabled to outp,,t 
the data in Q to the L 110 ports . Resetting EN2 
dlsables the L drivers, placing the L l/O ports in a 
high•impedance Input state . 

4. EN3 , in conjunct ion with ENo,affects the SO out · 
put. With ENo set (binary counter option selected) 
SO will output the value loaded into EN3. With ENo 
reset Cserial shlft register option selected) , setting 

EN3 enables SO as the output of the SIO shift regls­
ter, outputling serial shifted data each instruction 
time. Resetllng EN3 with the serial shirt register 
option selected dlsables SO as the shift reglster 
output ; data continues to be shlfted through SI0 
and can be exchanged with A via an XAS Instruc­
tion but SO remains reset 10 " 0". The table below 
provides a summary of the modes associated with 
EN3 and EN0 . .. 

Enable Register Modes - Bits EN3 and EN0 

EN3 ENo S1O SI so SK 

0 0 Shirt Register Input to Shift Register 0 If SKL = 1, SK = CLOCK 

If SKL = 0, SK = 0 

1 0 Shift Reg ister Input to Shift Register Serlal Out If SKL = 1, SK = CLOCK 

If SKL = 0, SK = 0 

0 1 Binary Counter Input to Binary Counter 0 If SKL = 1, SK = 1 

If SKL = 0, SK = 0 

1 1 Binary Counter Input to Binary Counte, 1 If SKL = 1, SK = 1 

lnterrupt 

The followlng features are assoclated with the IN, 
lnterrupt procedure and protocol and must be consi ­
dered by the programmer when utillzlng interrupts. 

a. The lnterrupt, once acknowledged as explalned 
below, pushes the next sequentlal program counter 
address (PC+ 1) onto the stack, pushing ln turn the 
contents of the other subroutine-save registers to 
the next lower level (PC+ 1 - SA - SB - SC). Any 
previous contents of SC are lost. The program 
counter ls set to hex address OFF (the last word of 
page 3) and EN1 is reset. 

b. An lnterrupt wlll be acknowledged only after the 
following conditions are met : 
1. EN1 has been set 

2. A low-going pulse (''1'' to "0" ) at least two 
instruction cycles wide occurs on the IN1 input. 

3. A currently executing instruction has been 
completed. 

4 . Ali successive transfer of contrai instructions 
and successive LBls have been completed (e.g ., 
If the main program is executing a J P instruc­
tion which transfers program contrai to another. 
JP instruction, the interrupt wilt not.be acknow· 
ledged until the second JP instruction has been 
executed . 

c. Upon acknowledgement of an interrupt, the skip 
logic status ls saved and later restored upon 
popping of the stack. For example, if an interrupt 
occurs during the execut ion of ASC (Add with 
Carry, Skip on Carry) instruct ion which results in 
carry, the skip logic status is saved and program 
contrai is transferred to the interrupt servic ing 
routine at hex address OFF. At the end of the 
interrupt routine, a RET instruct'.'in is executed to 
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If SKL = 0, SK = 0 

"pop" the stack and return program contrai to the 
instruction followlng the original ASC. At thls 
lime, the sklp loglc Is enabled and skips thls 
instruction because of the prevlous ASC carry. 
Subroutines and LQIO Instructions should not be 
nested withln the interrupt service routine, slnce 
their popplng the stack will enable any prevlously 
saved main prog_ram skips, interferlng wlth the 
orderly executlon of the interrupt routine. 

d. The first Instruction of the interrupt routine at hex 
address OFF must be a NOP. 

e. A LEI Instruction can be put immediately before 
the RET to re-enable interrupts. 

lnltlallzation 
The Reset Loglc will initialize (clear) the device upon 
power-up if the power supply rlse lime is less than 
1 ms and greater ttian ·1µs. If the power supply rlse 
time is greater than 1 ms, the user use provide an 
external RC network and diode to the RESET pin as 
shown below. If the RC network ls not used, the 
RESET pin must be pulled up to Vcc either bythe inter­
nai load or by an external resistor (;,4QkQ) to Vcc- The 
RESET pin is conflgured as a Schmitt trigger Input. 
lnltlalization wlll occur whenever a loglc "0" ls 
applied to the RESET input, provided il stays low for 
at least three instruction cycle times. 

p 

0 ·------~ 

il 
p 
L 
y 

Vcc 
RESET 
ETL9444 
GND 

AC > 5 >t p o l.-Ver suppl y 

Power up clea, circuit 

R,se time (A ~ 40 kl 
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Upon lnltializatlon, the PC reglster is cleared to 0(ROM 
address 0) and the A, B, C, D, EN, and G registers are 
cleared. The SK output is enabled as a SYNC output, 
provlding a pulse each Instruction cycle lime. Data 
Memory (RAM) is not cleared upon initialization. The 
lirst Instruction at address o must be a CLRA. 

Oscfllator 

There are four basic clock osclllator configurations 
avallable as shown by Figure 4. 

•· Crystal Controllad Oscillator. CKI and CKO are 
connected to an external crystal. The instruction 
cycle lime equals the crystal frequency dlvlded by 
32 (option al by 16 or 8). 

b. Externat Osclllator. CKI is an external clock Input 
signal. The external frequency 1s dlvlded by 32 
(optlonal by 16 or 8) to glve the Instruction cycle 
lime. CKO 1s now avallable to be used as the RAM 
power supply (VR), as a general purpose input, or 
as a SYNC Input. 

a 

CKI 

R2 

C 

C2 [I 

.I1.f" 
EXTERNAL 

CLOCK 

Crystal 
Value 

455kHz 

2.097 MHz 

(VR OR GENERAL 
PURPOSE INPUT 

OR SYNC PIN) 

Crystal Oscillator 

Component Values 

R1 {Q) R2 {Q) C1 {pf) 

4.7k 1M 220 

1k 1M 30 

CKO 

Vcc Î 
(VR OR GENERAL 
PURPOSE INPUT 

PIN) 

C2 {pf) 

220 

6-36 

c. RC Controlled Oaclllator. CKI is configured as a 
single pin RC controlled Schmitt trlgger osclllator. 
The instruction cycle equals the oscillation fre­
quency dlvided by 4. CKO is avallable as the RAM 
power supply (VR) or as a general purpose input. 

d. Extem■ lly Synchronlzed Oeclllator. lntended for 
use in multt-COP systems, CKO ls programmed to 
functlon as an Input connected to the SK output ol 
another COP chip operating al the same lrequency 
(COP chlp wlth L or C sulfix) with CKI connected 
as shown. ln thls configuration, the SKoutput con­
nected to CKO must provlde a SYNC {Instruction 
cycle) signal to CKO, thereby allowing synchronous 
data transter between the COPs using only the SI 
and SO serlal 1/0 pins ln conjunctlon with the XAS 
Instruction. Note that on power-up SK 1s automatl· 
cally enabled as a SYNC output. {See Functlonal 
Description, lnltlallzation, above.) 

CKI CKO 
SK 

$0 

SI 

d 

(SYNC) 

CKI CKO 

SI 

so 

RC Controlled Oscillator 

R (kQJ C {pf) 

51 100 
82 56 

Note: 200kQ;. R;, 25kQ 
360pF;. C;, 50pF 

Instruction 
Cycle Tlma 

û-<•J 
19:t 15% 
19:t13% 

FIGURE 4 - ETL9444/L 9445 OSCILLATOR 
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CKO Pin Options 

ln a crystal controlled oscillalor system, CKO ls used 
as an output lo the crystal network. As an option 
CKO can be a SYNC Input as described above. As 
another option CKO can be a general purpose Input, 
read into bit 2 of A (accÙmulator) upon executlon of 
an INIL instruction. As another option, CKO can be a 
RAM power supply pin (VR), allowing lts connecllon 
to a standby/backup power supply to maintaln the 
integrit"y of RAM data wilh minimum power drain 
when the main supply ls lnoperatlve or shut down to 
conserve power. Uslng elther option is appropriate in 
applications where the ETL9444/L9445 system timing 
configuration does not require use of the CKO pin. 

UO Options 

ETL9444 / L9445 outputs have the fo llowing optional 
configurations, illustrated in Figure 5 : 

a. Standard - an enhancement mode device to 
ground in conjunction wlth a depletion-mode devlèe 
to Vcc, compatible with LSTTL and ·c.MOS input 
requirements . Avallable on SO, SK, and ail D and 
G outputs. 

b. Open-Drain - an enhancement -mode devlce to 
ground only, allowlng external pull-up as required 
by the user's application. Available on SO. SK. and 
ail D and G outputs. 

c, Push-Pull - An enhancement-mode devlce to 
ground in conjunctlon with a depletion-mode device 
paralleled by an enhancement-mode device to Vcc­
Thls configuration has been provided to allow for 
fast rlse and fall limes when drivlng capacitive 
loads. Available on SO and SK outputs only. 

d. Standard L - same as a., but may be disabled . 
Available on L outputs only. 

e. Open Drain L - same as b., !lut may Ile disabled. 
Available on L outputs only. 

f. LED Direct Drive - an enhancement-rnode devlce 
to ground and to Vcc, meeting the typical current 
sourcing requlrements of the segments of an LED 
display. The sourclng device is clarnped to lirnit 
current flow. These devices rnay be turned off 
under program control (See Functional Descrip­
tion, EN Register), placlng the outputs in a high• 
irnpedance slate to provide required LED segment 
blanking for a multiplexed display. Available on L 
outputs only, 

g. TRI-STATE® Push-Pull - an enhancement-rnode 
device to ground and Vcc- These outputs are TAI· 
STATE outputs. allowing for connection of these 
outputs to a data bus shared by other bus drivers. 
Avallable on L outputs only. 
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ETL9444/ L9445 inputs have the following optional 
configurations : 

h. An on-chip depletlon load device to Vcc-

I. A Hi •Z input which must be d riven to a "1" or "0" 
by external components . 

The above input and output configurations share corn­
mon enhancernent-rnode and depletlon-rnode devices. 
Specifically, all configurations use one or more of six 
devices (nurnbered 1-6, respectively). Minimum and 
maximum currenl (loUT and Vour curves are glven in 
Figure 6 for each of these devices to allow the designer 
to effect ively use these 1/0 configurat ions in designlng . 
a system . 

The SO, SK outputs can be configured as shOwn in a., 
b., or c . The D and G outputs can be configured as 
shown in a. or b. Note that when lnputting data to the 
G ports. the G outputs should be set to " 1." The L 
outputs çan be configured as in d., e •• f . or g. 

An Important point to rernernber Il uslng configura­
tion d. or f. wlth the L drivers is that even when the L 
drivers are disabled, the depletion load device will 
source a small amount of current (see Figure 6, devlce 
2); however , when the L-lines are used as Inputs, the 
disabled depletion device can not be relled . on to 
source sufficient current to pull an Input lo loglc "1 ". 

RAM Keep-Alive Option 

Selecting CKO as the RAM power supply {VA) atlows 
the user to shut off the chip power supply (Vcc) and 
maintain data in the BAM. 
To insure that RAM data inlegrity is rnalntained, 
the followlng conditions must be met: 

1. ~ must go low before Vcc goes low durlng 
power off; Vcc must go high before RESET goes 
high on power-up . 

2. VR must be wlthin the operating range of the chip, 
and equal to Vcc :!: 1 V during normal operatlon. 

3. VA must be ;, 3.3V with Vcc off . 

ETL9445 

If the ETL9444 ls bonded as a 24-pin device, it beco­
mes the ETL9445, illustrated in Figure 2. ETL9444 
Connection Diagrams . Note that the ETL9445 does 
not contain the four general purpose IN inputs (IN3-
IN0). Use of this option precludes. of course , use of 
the IN options and the interrupt feature, which uses 
IN1. Ali other options are available for the ETL9445 . 
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a. Standard Output b. Open-Drain Output 

DISABLE~·Çl 

d. Standard L Output 
...,. 

è. Open-Drain L Output 

g. TRI-STATE®Push-Pull (L Output) h. Input wilh Load 

, Currenl for Inputs with Load 
Device 

1 o 1 O 30 4.D S.O li ,O 1.0 8.0 9.S 

V 1N (VOL TSI 

~o , .. 11ce Current for SO and SK 
1n Pvsh -Pull Configuration 

1.5 ~r-~~-,--;,--r-~--~ 

05 

o 1 2 3 4 5 6 7 8 10 
OEVICE <'2 

VQH!VOLTS) ANO •J 

FIGURE 5 - OUTPUT CONFIGURATIONS 

Input Current for L0 th,ough L7 
when Output Programmed Ofl 
by Soflware 

-100 ,-.,.... .... -,--,--,,--r-.,....-r--r~ 

-90 r-t-·+--+--+-+·-r-+-
.ao ,.__..._-+--+--+--+-1-+--+--+--< 

-)0 -~.,....~~~-1--, 
j -60 ---+---+---+--+-+-+--,--< 

ë 
E 
:ë 
S? 

-JO 

-20 1.-J..,.~-!-,.,/.""-l..,,.1--+-++-, 
-10 

1.0 

V l/0 

Source Currenl for Lo through 
L7 in TRI -STATE@Conflgura• 
lion fHigh Cuuenl Oplion) 

1.0 

,s,....~~~-,--,~r-~-r--.-~ 

1 0 

0 l 

IMJN If• 
VCC =4 .5V 

1 [ 

3 4 

VOHIVOLTSI 
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c. Push-Pull Output 

DISABLE 

# 2 

(.àlS OlPLErlOH DEVI(() ":"' 

1 
r 
0 

f. LED (L Output) . 

1N,uT 0------1 { 

i. Hi-Z Input 

Source Current tor Standard 
Output Configuration 

-1 000 ,-.,.... .... -,--,--,,-.--,--r---,-, 

-900 ,....+-+--+-+--,1--1---l 
-800 l---t>.+--+-+---,l--l--+-+---1-1 
-100 

-600 

-500 

~00 

-JOO 

-!00l-<;;:h'f'<:--t--t-
-100 b-->'-+-'1''0cf''-.:JE.' 

0 1 1 3 4 S 6 7 1 9.S 

VoH {VOL fSJ 

Source Cunent for Lo through 
L7 in TRI-STATE@Conligura · 
tlon (low Current Option) 

0 1 2 3 4 5 6 7 8 9 10 

VOH(VOLTS) 
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LED Output Source Currenl 
1101 High Cu:rent LED Option) 

ETL 9444/9445 • ETL9344/9345 

LED Output Source Current 
(lor Low Current LEO Option) 

-20 ,-.,...--...------r--,---,-.-~~~--. 

LED Output Direct Segment 
Drive 
High Current Options on Lo-L7 
Very High Current Options on 
D0-D3 o, Go-G3. 

O(VICE 1 •2 A.HO •4 
AND Of VICE I OR li •I 

4 -JO f--+--+--f---,,,F--- f---, 

1 -20 .,._,,,_.,__~-++-1---+----+---+----< .,o .s 
% 
0 

% 
0 

o~~::::f:,,,J::i.._~_,b.J._j_J 
2 ) 4 ~ 6 1 8 9 10 

V0H /V0lTSJ 

LEO Output Direct Segmen1 
Orivie-

\ltt !VOLTS) 

10 

Output Sink Cunent 
Go·G3 and 0o·D3 with Ve,y 
High Cuuent Option 

0 1 1 3 4 5 6 7 

VOU VOLTS) 

0 1 2 3 .~ S 6 7 I 9 10 

VOH !VOLTS> Vcc (VOLTS) 

Output Sink Currenl for SO 
an.4 SK 

Output Sînk Current for Lo-L 7 
and Standard Drive Option for 
Do•D3 and Go·G3 

9 10 

OEVICE u·l 
b..-1 AlrlO c...- 1 

vouvous1 

.; 
E 

~ 

Output Sink Current for G0-G3 
and Do·DJ (for Hlgh CuHent 
Option) 

120 ,--,-,.,--,-,---,r-r---C..--, 
OfVICE a111 

100 
AkO b• I 

80 

60 

40 

20 

0 1 1 3 4 ~ 6 7 9 10 

VOL(VOLTS) 

IMAX Q, VCC =_9.5V 

1 
1 OEVICEa*\ tl#l 
dN1, eN1. IN1 OR g#1 

vouvoL1s1 

FIGURE 6a - ETL9444/L9445 INPUT/OUTPUT CHARACTERISTICS 

14/23 

TllOMSON SEMICONDUCTORS 

,. 



! 
% 
C, 

0.5 

Input Current IN0 -IN3 

OE YICE li f6 

4 5 6 

Y1N (V OLf Sl 

Source Current for SO 
and SK in Push-Pull 
Configuration 

3 A 5 6 7 8 

V'OHiYOLl S1 

LED Output Source 
Current (for L6w Current 
LED Option) 

-30 ~~__,-,--~--,---.--.---, 

- 10 

- 15 

-10 

-5 

0 
0 -1 3 ' 

VOH {VOLTS! 

OfVICF 1 
-. ? ANO • 4 

' 
Output Slnk Current for 

8 

Lo - L7 and Standard Drive 
Option for 0 0 - 0 3 and Go - G 

VO L(YOLTS J 

Input Current for L0-L7 
when Output Programmed 
011 by Software 

~ - 80 

* - 60 1--->,-!->.--+--+---

.. 

-10 

1.5 

o.s 
Y1 , 0 rVOLTS • 

Source Current for L0-L7 
in TRI -STATE ® Conligura• 
l ion (High_ Current Option) 

OEVICE 9*5' 

1.0 >---+--<+-+--#--++-+--+--< 

1 IN :11 IMIN ,,, 
vcc=4.SV vcc=1.sv 

0.5 
· 1 1 1 

IMAX !, IMAX (11 
Vcç-.: A.S V VCC·c: 7.5V 

a>-~~,-~~~~~~~ 

0 1 1 3 4 6 7 8 

VQH !VOLTS1 

LED Output Sou rce 
Current (for High C4rrent 
LED Option) 

~ - JU l++-~.-rl+-+--t-+--+--1 

,oo 

BO 

VOH 111Dl1S1 

Output Sink Current G0-G3 
and Do - 0 3 with Very High 
Current Option 

1 60 l+lt---+--J,L 
§ 

10 

l , S 6 7 8 

YQLl VOUS I 

;; 
E 

Source Current for 
Standard Output 
Configuration 

i-0,6 

.. 

- 0.4 >--+> ...... -+--+-..... -+--+--< 

0 1 4 5 

VQH !VOLTS) 

Source Current for LO- L7 
in TRI-STATE® Configura• 
lion (Low Current Option) 

'-5 ~~~--,~~--,~o=rv-,c-r-
9
-,,~s 

) . 
VOH!VOLI SI 

Output Slnk Current for 
SO and SK 

a ~-~-~-~ --'---" 
0 

VQL(VO LI S) 

Outpui Sink Current tor 
G0 - G3 and Do - 03 (for 
Hlgh Current Opti on) 

110 ~~~-~~-~~~~ 

~ 60 >---11-J'-+-+--+---<-+--+-i 
§ 

0 
0 ) . 

YOll YOLTSl 

FIGURE 6b - ETL9444/L9445 INPUT/OUTPUT CHARACTERI STICS 
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ETL9444/L9445,ETL9344/L9345 Instruction Set 

Table 1 is a symbol table providing internai arctiitecture, 
instruction operand and operational symbols used in 
the instruction set table. 

Table 2 provides the mnemonic, operand, machine 
code. data flow. skip conditions, and description asso­
ciated wi1h each instruction in the ETL9444/ L9445 ins­
truction set. 

TABLE 1 - ETL9444/L9445 ETL9344/L9345 INSTRUCTION SET TABLE SYMBOLS 

Symbot Deflnillon 

INTERNAL ARCHITECTURE SYMBOLS 

A 4-bit Accumulator 
B 7-bit RAM Address Register 

Br Upper 3 bits of B (register address) 
Bd Lower 4 bits of B (digit address) 
C 1-bit Carry Register 
D 4-bit Data Output Port 
EN 

G 
IL 

IN 
L 
M 

PC 

Q 

SA 

SB 

SC 
SIO 
SK 

4·bit Enable Register 
4-bit Register to latcti data for G 110 Port 
Two 1-bit latcties assoclated witti ttie IN3 or 
IN'o inputs 
4-bit Input Port 

8-bit TRI-STATE" 1/0 Port 
4-bit contents of RAM Memory pointed to by 
B Register 
11·bit ROM Address Register (program 
counter) 
8-bit Regi ster to lat ch data for L 110 Port 
11•bit Subroutine Save Register A 
11-bit Subroutine Save Register B 
11-bit Subroutine Save Register C 

4-bit Stiift Register and Counter 
Logic•Controlled Clock Output 
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Symbol Deflnltlon 

INSTRUCTION OPERAND SYMBOLS 

d 4-bit Operand Field, 0-15 binary (RAM Digit 
Select) 

3-bit Operand Field, 0-7 binary (RAM Reglster 
Select) 

a 11-blt Operand Field, 0-2047 binary (ROM 
Address) 

y 4-bit Operand Field, 0-1-5 binary (lmmediate 
Data) 

RAM(s) Contents of RAM location addressed by s 

ROM(t) Contents of ROM location addressed by t 

OPERATIONAL SYMBOLS 

+ Plus 

Minus 

Replaces 

1s exch .. nged witti 

ls equal to 

Ttie one's complement of A 

Exclusive-OR 

Range of values 

fflOMSON SEMICONDUCTORS 



He• 
Mnemonlc Operand Code 

ARITHMETIC INSTRUCTIONS 

ASC 30 

AOO 31 

AOT 4A 

AISC y 5-

CASC 10 

CLRA 00 

COMP . 40 

NOP 44 

RC 32 

SC 22 

XOR 02 

ETL 9444/9445 • ETL 9344/9345 

TABLE 2 ~ ETL9444/L9445 INSTRUCTION SET 

Machine 
l.angù■ge Code 

iBlnary) 

1001 1100001 

10011100011 

10100110101 

101011 y 
1 

10001100001 

10000100001 

10100100001 

10100101001 

10011100101 

100101001 01 

100001001 01 

Data Flow Skip Conditions 

A+ C + RAM(B) - A Carry 
Carry - C 

A+RAMIB)- A None 

A+ 1010 - A None 

A+y - A Carry 

A+RAMIB)+C- A ca,ry 
Carry - C 

0 ""'. A None 

A-A None 

None None 

.. O .. - C None 

"1"- C None 

A• RAMIS) - A None 

TRANSFER OF CONTROL INSTRUCTIONS 

JIO FF 111 11111 1 11 ROM iPC10:8, A.Ml - PC7:0 None 

JMP • 6- 10 11 ~~•,0c•I - a - PC None 

-- 1 87:0 1 

JP a -- 1
1
1 "6:0 1 a - PCs:o None 

(pages 2,3 only) 

or 

-- 1111 •s:o 1 a - PCs:o 
all other pages) 

JSRP • -- 1101 •s:o 1 PC + 1 - SA - SB - SC None 
00010 - PC10:6 
a - PCs:o 

JSR a 6- 1011 ~!!1l••0c•I PC+ 1 - SA - SB - SC None 

-- 1 1 
a - PC 

17:0 

RET 48 10100110001 SC - SB - SA - PC None 

RETSK 49 1010011 oo 11 SC - SB - SA - PC Always Sk1p on Return 

-
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Desc,iption 

Add w11h Carry. Skip on 
Carry 

.C.dd RAM to A 

Add Ten lo A 

Add lmmedia1e . $kip on 
Carry IY • 0) 

Complemenl and Add wilh 
Car,y. Skip on Carry 

Clear A 

Ones complement ol A to A 

No Operation 

Reset C 

Set C 

E>c clusive-OR RAM w1th A 

Jump Indirect !Note 3) 

Jump 

Jump within Page (Note 4) 

Jump to Subroutine· Page 
!Note 5) 

Jump to Subtoutine 

Return from Subrovl ine 

Return trom Subroutine 
lhen Skip 



Hex 
Mnemonic Operand Code 

ETL9444/9445• ETL9344/9345 

TABLE 2 - ETL9444/L9446 INSTRUCTION SET (continuedl 

M\Chine 
Language Code 

(Binary) Data flow Skip Condilions 

MEMORY REFERENCE INSTRUCTIONS 

CAMQ 33 10011100 " I A-O7:4 None 

3C 10011111001 
RAM(B)-OJ:O 

COMA 33 100 111001 11 O7_4-RAM(BI None 

2C 10010111001 O3:0-A 

LO ' -5 1001'10101 1 RAM(B)-A. None 

11 •0·J) e,œ,-0, 

LOO r.<l 23 100101001 'I RAM(r.<l)-A None 

-- 1°1 
, 

1 <l 1 

LOIO BF 110 1 111111 1 ROM(PC10:o.A.M1-o .,._,one 
SB-SC 

RMB 0 4C 10 100111 001 0-RAM!Blo_ None 

1 45 1010010101 1 0-RAMIBl1 

2 42 10 100100101 0-RAM(B)2 

3 43 10, 00100 1 11 0-RAM(B)3 

SMB 0 40 1010 0111 o 11 1-RAM(BI0 None 

1 47 10 1 0011 1 o 11 1-RAM(B)i 

2 46 10100101 101 1-RAM(Bl2 

3 4B 10100110111 1-RAMi8l3 

STII y 7- 10 11 11 y 
1 

y-RAM(B) None 
8d-+ 1-Bd 

X ' -6 1001 r 10 1 1 01 RAM(B,-..A None 
,, : 0;3) Brœr-Br 

XAD r.d 23 10010100111 RAM(r.d)-A None 

-- 1
1
1 ' 1 

d 
1 

xos ' -7 1001 ' 10 1 1 11 RAM(BI-A Bd deoements pas! 0 

(r = 0:31 Bd - 1---.lld 
s,e, , -e, 

XIS r -4 1001' 101 001 RAM(BI- A Bd rncrements past 15 

(r = 0:3) Bd+l-Bd 
Br(&r - B, 

REGISTER REFERENCE INSTRUCTIONS 

CAB 50 1010110 0001 A - Bd None 

CBA 4E 10100111101 Bd -• A None 

LBI r .d -- 10 01 , 1 l<l - 111 r.d ·• B Sk,p onM not a L BI 

1, • 0·3. 
da O. 9 151 

or 

33 
1
001,

1
oo11r 

-- 1
1
1 

, 
1 a 1 

(any , . a: ny d) 

LEI V 33 10011100011 y - EN None 

6- 10 1101 y 1 

XABR 12 10001 100 101 A - Br 10 - A3) None 
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Description 

Capy A. RAM ta 0 

Capy Q ta RAM . A 

Load RAM inlo A. 
Exclusive.OR Br w11h r 

Load A w1th RAM po1n1ed 

IO duectty by r .d 

Load a lnd1<ec1 fNote J) 

Res et RAM Bi 1 

Sel RAM Sil 

Store Memory lmmed iate 
and lncrement Bd 

Exctiange RAM w1th A. 

Exclus1ve•OA Br wtlh r 

Exchange A WLlh RAM 

pointed to d1reclfy by r .d 

Exchange RAM with A 
and Oecrement Bd. 
Exclvsive•OR Br w11h r 

Exchange RAM wi1h A 
and lnc,ement Bd , 
Exclus1ve•OR Br with r 

Copy A to Bd 

Copy Bd to A 

Load B lmmechale with , .d 

(Nole 61 

Load EN lmmedia!e (Nole 71 

Exchange A wilh Br 



1 

Mnemonic Operand 

TEST INSTRUCTIONS 

SKC 

SKE 

SKGZ 

SKGBZ 

0 
1 

2 

3 

SKMBZ 0 
1 

2 

3 

SKT 

Hex 
Code 

20 

21 

33 

21 

33 

01 

11 

03 

13 

01 

11 

03 

13 

41 

INPUT/OUTPUT INSTRUCTIONS 

ING 33 

2A 

ININ 33 

28 

INIL 33 

2'3 

INL 33 

2E 

OBO 33 

JE • 

OGI y 33 
5-

OMG 33 

JA 

XAS 4F 

ETL 9444/9445 • ETL 9344/9345 

TABLE 2 - ETL9444/L9445 INSTRUCTION SET lcontinued) 

Machine 
Language Code 

(Binary) 

10 0 1 0100001 

10 0 1 010 0 0 1 1 

10 0 1 1100111 

10 0 1 010 0 0 1 1 

1001 1100111 ,,, ,,,,, " , l 
10 0 0 110 0 0 1 1 

10 0 0 010 0 i 1 

10 0 0 110 0 1 1 

10 0 0 010 0 0 1 

10 0 0 110 0 0 1 

10 0 0 010 0 1 1 

10 0 0 110 0 1 1 

10 t 0 010 o O 1 

10 0 1 110011 1 

10010110101 

10011100111 

10010110001 

10 0 1 110011 1 

100 1 0110011 

100 1 110 0 1 1[ 

100 1 011 1 1 0 1 

1001 110011 1 

10 0 1 111 1 1 0 1 

10 0 1 1100111 

10 1 0 11 y 1 

10 0 1 110 0 1 11 

10 0 1 111 0 1 01 

10 10011 111 [ 

Data Flow 

1st byte 

2nd byte 

G-A 

IN- A 

11.J. CKO,"0", >LQ - A 

l7:4 - RAM(B) 

LJ:0 - A 

Bd - o 

y - G 

-
RAM(B) - G 

A - SIO, C - SKL 

Skip Conditions 

C = "I" 

A = RAM(B) 

G3p = 0 

Go= 0 

G1 = 0 

G2 = C 

G3 = 0 

RAM(B)o = 0 

RAM(B)1 = 0 

RAM(B)2 = 0 

RAM(B)3 = 0 

A time•base counle, 
carry has occur,ed 
since last I esl 

None 

None 

None 

None 

None 

1 None 

-
None 

None 

Description 

Skip il C is T,ue 

Skip ,f A Equals RAM 

Skip i t G ,s Zero 
eau 4 bit s) · 

Skip 1f G Bit is Zero 

Sk1p if RAM Bil is Ze(o 

Sk1p on Timer 
(Note 3) 

Input G Ports to A 

Input IN Inputs 10 A 
!Nole 2) 

Input IL Lalches to A 
(Note 3) 

Input L Ports to RAM, A 

Outpul Bd lo O Outpuls 

Output to G Ports 
lmmediate 

Output RAM to G Ports 

Exchange A with S10 
(Note 3} 

Note 1 : Ali subscripts for alphabetical symbols indicate bit numbers unless explldtty dehned (e.g., Br and Bd are explicitly deHned). Bits are 
numbered O to N where O signifies the least significant bit (low-order, rlght-most bit). For ex ample, A3 indicates the most significant (lett-most) bit or 
the 4-bit A register. 
Note 2 : The ININ instruction is not available on the 24-pin ETL9445 or ETL9345 since these devices do not contain the IN inputs. 
Note 3: For addltlonal information on the operatlon of the XAS. JIO. LOUIO. INIL. and SKT lnstrucbons, see below. 
Note 4: TheJP instruction allows a Jump, white in subroutlne pages 2 or :i, to any ROM location within the Iwo-page boundary ot pages 2 or 3. The 
JP Instruction. otherwlse, pennits a jump ta a ROM location within the currenl 64-word page. JP may not jump to the last word of a page. 
Note 5: A JSRP transfers program contrai to subrouône page 2 (001 Ois toaded into the upper 4 bits of P). A JSRP may not be used 'when in pages 
2 or 3. JSRP may net Jump to the last word in pa_ge 2. 
Note&; L8I isa single-byte instrucUon if d = 0, 9, ,o.~ 1, 12, 13. 14or15. The machinecodetor1he lower4 bits equalsthe binary value of the "d" data 
minus 1. e.g .. to load the lower four bits of B (Bd) with the value 9 (1001,), the lower 4 bits of the LBI instruction equat 8(1000,). To load 0, the lower 4 
bits of the LBI instruction should equal 15 (1111,). 
Note 7: Machine code for operandfield y lorLEI instruction should equal the binaryvalue to be tatched into EN. where a "1" or"0" in each bll of EN 
corresponds wi1h the se/8Ctlon or deselectîon of a particulsr function associated with each bit (See Functional Description, EN Register). 
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The following information is provlded to asslst the 
user ln understanding the operation of several unique 
Instructions and to provide notes useful to program­
mers in writingETL9444/L9445programs. · 

XAS lnstruçtlon 

XAS (Exchange A with SIO) exchanges the 4-bit con­
tents of the accumulator wlth the 4-blt contents of 
the SIO reglster. The contents of StO wlll contaln 
serlal -ln/serlal-out shift reglster or blnary counter 
data, depending on the value of the EN register. An 
XAS instruction will also affect the SK output. (See 
Functlonal Description, EN Reglster, above.) If SIO ls 
selected as a shlft reglster, an XAS Instruction must 
be performed once évery 4 Instruction cycles to 
effect a continuous data stream. 

JID Instruction 

JID (Jump Indirect) ls an Indirect addresslng Instruc­
tion, transferrlng program control to a new ROM 
location pointed to lndlrectly by A and M. Il loads the 
lower 8 bits of the ROM address reglster PC wlth the 
contents of ROM addressed by the 11-blt word, 
PC10:8 A, M. PC10 ,PC9 and PCa are not attected by 
this instruction. 

Note that JID requlres 2 instruction cycles to execute. 

INIL Instruction 

INIL (Input IL Laiches to A) inputs 2 latches, IL3 and 
ILo (see Figure 7) and CKO into A. The IL3 and ILQ 
laiches are set If a low-golng pulse (" 1" to "0") has 
occurred on the IN3 and INo inputs since the last INIL 
instruction, provided the input pulse stays low for al 
least two Instruction limes. Execution of an INIL 
inputs ILJ and ILo into A3 and A0 respectively, and 
resets these latches to allow them to respond to sub­
sequent low-going pulses on the IN3 ·and INo llnes. If 
CKO Is mask programmed as a general purpose 
input, an INtl will Input the state of CKO into A2. If 
CKO has not been so programmed, a "\" wlll be 
placed in A2. A "O" is always placed in A1 upon the· 
eicecution of an INIL. The general purpose Inputs 
IN3 - IN0 are Input to A upon execution of an ININ 
instruction. (See Table 2, ININ instruction.) INIL is 
useful in recognizing pulses of short duration or 
pulses whlch occur too often to be read conveniently 
by an ININ Instruction. ' 

Note : IL latches are not cleared on reset : IL3 and ILQ 
not input on ETL9444/L9445. 

LQID Instruction 

LOID (Load a Indirect) loads the 8-blt a reglster .with 
the contents of ROM pointed to by the 11-bit word 
PC10 , PCg, PC5, A, M. LOID can be used for table 
lookup or code conversion such as BCD to seven­
segment. The LOID Instruction "pushes" the stack 
(PC+ 1 - SA - SB -SC) and replaces the least signi­
ficant 8 bits or PC as follows: A - PC7:4, RAM(B)--+ 
PC3:o. leaving PC1 o. PCg and PCs unchanged. The 
ROM data pointed to by the new address is fetched 
and loaded into the Q latches. Next, the stack is 
"popped" (SC - SB - SA -PC), restorlng the saved 
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!NIN 

.l 

INll 

FIGURE 7 - INIL HARDWARE IMPLEMENTATION 

value of PC to continue sequential program execu­
tlon. Since LOID pushes SB - SC, the previous 
contents of SC are lost. Also, when LOID pops the 
stack, the prevlously pushed contents of SB are left 
ln SC. The net result 1s that the contents of SB are 
placed ln SC (SB - SC). Note Illat LOID takes Iwo 
lnstrucllvn cycle limes to execute. 

SKT Instruction 

The SKT (Skip On limer) instruction tests the state of 
an Internai 10-blt lime-base counter. This counter 
div ides the instruction cycle clock. frequency by 1024 
and provides a latched indication of counter over­
flow. The SKt Instruction tests this latch, executing 
the r.ext program Instruction if the tatch is not·set . If 
the latch has been. set since the previous test, the 
next program instruction is sklpped and the latch ls 
reset. The features assoclated with thls Instruction, 
therefore, allow the ETL9344/L9345 to generate ils 
own lime-base for real-tlme processlng rather than 
relylng on an externat Input signal. 

For example, using a 2.097 MHz crystal as the lime­
base to the clock generator, the instruction cycle 
clock frequency wlll be 65kHz (crystal frequency .. 32) 
and the blnary counter output pulse frequency will be 
64 Hz. For time-ol-day or similar real-time processing, 
the SKT instruction can call a routine which incre­
ments a "seconds" counter every 64 ticks. 

Instruction Set NolH 

a. The first word of a ETL9444 / L9445program (ROM 
address 0) must be a CLRA (Clear A) Instruction . 

b. Although skipped Instructions are not executed, 
one Instruction cycle time ls devoted to sklpplng 
each byte of the skipped Instruction. Thus ail 
program paths except JID and LOID take the same 
number of cycle limes whether instructions are 
skipped or executed. JID and LOID instructions 
take 2 cycles If execuied and 1 cycle if skipped. 

c. The ROM ls organlzed into 32 pages of 64 words 
each. The Program Counter Is an 11-bit blnar·, 
counter, and wlll count through page boundaries. If 
a JP, JSRP, JID or LOIO instruction is located in the 
last word of a page, the Instruction operates as if 
il were in the next page. For exampte: a JP tocated 
in the last work of a page will jump to a location in 
the next page. Also, a LOID or JID tocated in the 
last word of page 3, 7, 11, 15, 19, 23, or 27 will access 
data in the next group of four pages. 
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OPTION LIST 
The ETL9444/ l9445 mask-progrnmmable options are 
assigned numbers which correspond with the ETL9444 
pins. 

The following is a list of ETL9444 options. When spe­
cifying ETL9445 chip, Options 9, 10, 19, and 20 must ail 
be set to zero. The options are programmed at the 
same time as the ROM pattern to provide the user with 
the hardware flexibility to interface to various 1/0 com­
ponents using little or no externat circuitry. 

Option t = 0: Ground Pin - no options ayailable 

Option 2: CKO Output 
= 0: clock generator output to crystallresonator 

(0 not allowable value if option 3 = 3) 
= 1: pin is RAM power suppl y (VR) input 
= 2: general purpose Input. load devlce to Vcc 
= 3: general purpose input , Hi•Z 
= 4: multl·COP SYNC input (CKI + 32, CKI + 16) 
= 5: multi ·COP SYNC ïnput (CKI + 8) 

Option 3: CKI Input 
= 0: oscillator input divided by 32 (2 MHz max.) 
= 1: oscillator input di•ided by 16 (1 MHz max.) 
= 2: oscillator input divided by 8 (500kHz max.) 
=3: single-pin AC controlled oscillator dlYided by 4 
= 4: oscillator Input dlvlded by 4 (Schmitt) 

Option 4: RESET Input 
= O: load device 10 Vcc 
= 1: Hi -Z input 

Option-5: L7 Driver 
= 0: Standard output 
= 1: Open-drain output 
= 2: High current LED direc t segment drive output 
=3: High current TAI-STATE® push-pull output 
= 4: Low-current LED direct segment drive output 
=5: Low-current TAI-STATE®push-pull output 

Option 6: 4, Driver 
same as Option 5 

Option 7: Ls Driver 
same as Option 5 

Option 8: 1..4 Driver 
same as Option 5 

Option 9: IN1 Input 
= 0: load device lo Vcc 
= 1: Hl·Z Input 

Option 10: IN2 Input 
same as Opt ion 9 

Option 11 : Vcc pin 
= 0 : 4.5 V to 6.3 V operation 
= 1: 4.5':' to 9.SV operalion 

Option 12: l3 Driver 
same as Ootion 5 

Option 14: L2 Driver 
same as Option 5 

Option 14: L1 Driver 
same as Option 5 

Option 15: Lo Driver 
same as Oplion 5 
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Option 16: SI Input 
same as Option 9 

Option 17: SO Driver 
= 0: standard output 
= 1: open-drain output 
= 2: push-pull output 

Option 18: SK Driver 
same as Option 17 

Option 19: !No Input 
same as Option 9 

Option 20: IN3 Input 
same as Option 9 

Option 21: Go 110 Port 
= C: very-high current slandard output 
= 1: very-high current open-drain output 
= 2: hlgh current standard output 
= 3: high current open-drain outpul 
= 4: standard LSTTL oulput Uanout = 1) 
= 5: open-drain LSTTL output (fanout = 1) 

Option 22: G1 1/0 Port 
same as Option 21 

Option 23: G2 1/0 Port 
same as Option 21 

Option 24: G3 1/0 Port 
same as Option 21 

Option 25: 03 Output 
same as Option 21 

Option 26: D2 Output 
same as Option 21 

Option 27: D1 Output 
same as Option 21 

Option 28: Do Output 
same as Option 21 

Option 29: L Input Levels 
= o: standard TTL input l•?vels 

("O" = O.BV, .. ,- = 2.0V) 
;::; 1: hig~er voltage input levels 

(' 0" = 12V. 'T = 3.6V) 

Opticn 30: IN Input Level s 
same as Opt ion 29 

Op lion 31: G Input Level s 
same as Option 29 

Option 32: SI Input le•els 
same as Opt ion 29 

Op11 on J3: RESET lnpu: 
= 0: Schmitt trigge, input 
= 1: standard T,L 1npu1 levels 
= 2: h1gher vollag~ input leve1$ 

Option 34: CKO Input Levcls (CKO =input· Option 2 = 2.3) 
same as Option 29 

Option 35 COP Bonding 
~ o: ETL9444 128-pin de•icel 
= 1: ETL9445 124-pin device l 
= 2: both 28 and 24 -p in •ersions 

1110MSON SEMICONDUCTORS 
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TEST MODE (Non-Standard Operation) 
The SO output has been configured to provlde for stan­
dard test procedures for the custom-programmed 
ETL9444. Wrth SO forced to logic "1 ", two test modes are 
provlded, depending upon the value of SI : 

a. RAM and Internai Logic Test Mode (SI= 1) 

b. ROM Test Mode (SI= 0) 

These speclal test modes should not be employed by the 
user ; they are intended for manufacturing test only. 

APPLICATION EXAMPLE : 
ETL9444 General Controller 

Figure 8 shows and interconnect diagram for a ETL9444 
used as a general controller. Operation of the system is as 
follows: 
1. The L7-Lo outputs are configured as LED Direct 

Drive outputs, allowing direct connection to the 
segments of the display. 

Vcc Vcc 

CKI. 

GND GND 

INPUT- CKO 

4 GENERAL 
. 1/0 

EVENT 
COUNTER 

INPUT 

Go- G3 

$1 

SK so 

Do 

2. The D3-Do outputs drive the digits of the multi­
plexed display directly and scan the columns of 
the 4 x 4 keyboard matrix. 

3. The IN.J -INo inputs are used to input the 4 rows of 
the keyboard matrix. Reading the IN lines ln 
conjunction with the current value of the D 
outputs allows detection, debouncing, and deco­
ding of any one of the 16 keyswitches. 

4. CKI is configured as a single-pin oscillator input 
allovying system timing to be controlled by a 
single-pin RC network. CKO is therefore available 
for use as a general-purpose input 

5. SI is selected as the input to a binary counter 
Input With SIO used as a binary counter, SO and 
SK can be used as general purposè outputs. 

6. The 4 bidirectional G 1/0 ports (G3-Go) are avai­
lable for use as required by the user's application. 

7. Normal reset operation is selected. 

8 SEGMENT 
DATA UNES 

4 DIGIT 
LED DISPLAY 

o, 1-------

021----+----+--+---
D3 

--+---if->---+--'--+-'--1-'-+- ~;Y~WITCH 
--+---1f->---+--'--+-'--t-'-+- MA TRIX 

2 GENERAL OUTPUTS 

FIGURE 8 - ETL9444 KEYBOARO/OISPLAY INTERFACE 

COPS , MICROWlRE and TRl •ST ATE are regis tered tradem arks o f Nat ional Semiconô.lc tor Corp. 
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PHVSICAL DIMENSIONS inches (millimeters) 

7 
0.550 ·li .OU 

lll.970 :0.111} 

D.OII 
fU1§) 

••• 
"" •D. \ IJID(IH 

............... ~~,..............J_ 

G.GJG 

(0.1121 G.16t O.~ 

a.&00-0.120 ~•u """ ~ _,,._ r-~) TVP 4.Sl mai 

Ir=~ ·· L 
D.OOI-D.011 J j r ........ ~ .. ,.-00, - ___] ..,. 

l......--~ ------1 0.075 :IU15 0 10D 0.011 ·0.003 ll.12l5 10.5011 

(1un~:~~~) ~) ~ ~ ~(1.MOI -!~,~ iDJS, MlN 
JV, MIH 

MOLDED DUAL-IN-LINE PACKAGE (N) 

OROER NUMBER ETL9444-N 
PACKAGE N 28 A 

D.s-40 ·0.00~ 

111.11& •0.1211 

~~~ _l 

0,040 

~ 
rv, 

1--
· 1 

0180 
,.57 n,ax 

0.015 -L <D.3111 

1~ 
t-""c1.wo1 

rv, 

MOLDED DUAL-IN-LINE PACKAGE IN) 
ORDE R NUMBE R ETL 9445-N 

PACKAGE N24 A 

=t: f MIN 

1
) D.011 ·O.DOJ 0. t2S 

-- t-- (0 .-tU :11 .076) .{~ 
Ml. 

These speci1îcations are subject io change vvithout notice. 
Plea59 inquire with our sales offices obout the availabilitv of the diffe,ent packages, 
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NOTES 

P11 nted in Franc(! 
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ADVANCE INFORMATION 

PCM TRANSMIT/RECEIVE FIL TER 

The EFB7912 is a monolithic device containing the two filters of a 
PCM line or trunk term ination and is designed to minim ize power dissipation, 
maximize reliability and provide a low-cost alternative to hybrid filters . 
The device consists of two switched-capacitor filters, transmit and receive, 
and power amplifiers which may be used to drive a hybrid transformer 
(2-to-4 wire converter) or an electronic hybrid (SLIC) . If an electronic 
hybrid is used, the power ampli fiers are not needed and may be deactivated 
to minimize power dissipat ion. The transm it fil ter is a band-pass fil ter which 
passes frequencies between 300 Hz and 3200 Hz and provides rejection 
of the 50/60 Hz power fine frequency as well as the antialiasing needed ir, 
an 8 KHz sampling system . The receive filter is a low-pass filter which 
smooths the voltage steps present in the decoder output waveform and 
provides the sin x/x correction necessary to give unity gain in the passband 
for the decoder-and-receive--filter pair. 

• Monolithic device includes both transmit and receive filters 
• CCITT G 712 and AT & T D3/D4 compatible 
• Transmit filter includes, anti-aliasing, 50/60 Hz rejection, output 

smoothing 
• Receive filter includes sin x/x compensation 
• External gain adjustment, both transmit and receive filters 
• Direct interface with transformer or electronic telephone hybrids. 
• ± 5 % power supplies. 5V. -5V 
• Low power consumption : 

- 50 mW max without power amplifiers 
5 mW max power down mode 

• CMOS technology 
• Standard 16 pin package 
• Direct interface to the Efcis EFB7356 A -law PCM Codec 
• Pinto pin compatible with standard 2912 PCM filters. 

••x BLOCK DIAGRAM 
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EFB7912 

CMOS 
PCM TRANSMIT/RECEIVE 

FIL TER 

CASE CB-79 

C SUFFI X 
CERAMIC PACKAGE 

J SUFFI X 
CERDIP PACKAGE 

PIN ASSIGNMENT 

VFxt 16 VFxO 

VFxt 2 15 GNDA 

GSx 3 14 CLKS 

VFRO 4 
EFB7912 

13 PDWN 

PWA I 5 12 CLK 

PWAO+ 6 11 GNDD 

PWAO 10 VFRI 

V 8 9 v• 
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ABSOLUTE MAXIMUM RATINGS • 

Aa l ing Symbo l Value Unit 

Supoly voilage v• •7V V 
-

Sup p ly \/O ltage V - 7 V V 

Ana log input range Vin V - ~ Vin ~-V+ V 

Di91ta( inpu t r.Jnge v, v- ~ V1 ¾V+ V 

Opera1«ng temperature range TA 0° C to 70° C 'C 

S1orc1ge tempera ture range Îstg - 55° C to ... 125° C 'c 

Pi,'1 temperat u~e (Soldering, 10 s) 260° C oc 

•su~sses above those 1is ted under "Absolu te Maxirnum Aâ11ngs·· may cause permanent dan~ag~ ta the dcv1ce. This ,sa stress ra1ing only 
and functional opefBtion of the device at these or any other cond i tions bcyond those 1nd1cated ir, 1he operational sec ti ons <.d t h1s speci-

1 f1cat ,on ,s no1 implied . E xposu re 10 absolu te max imum rating conditions lor extended periods may af fect dev 1ce rçhab1l1tv . Standard 

CMOS handling orocedures should be cr1p loyed lO avoîd possible damage to device. 

ELECTRICAL OPERATING CHARACTERISTICS 

1 
Parameter Svmbol M in Nominal Mox Unit 

Positive Supply Voltage V• 4. 75 5.0 5.25 V 

Negative Su pply Voltage V- -5.25 - 5.0 - 4. 75 V 

D.C. AND OPERATING CHARACTERISTICS 
ITA = 0° C to• 70° C, v• =• 5 V .i 5%, v - = - 5 V ± 5 %, GNDA = 0V , GN DD = 0V, unlessotherwise notedl . 

DIGITAL INTERFACE 

Parameter Sym()ol M in Typ CIi Ma< Uni t 

lnou , Cvrrent, CLKS 11 ·- - ±10 µA 

V 1L min ~V1 ~V IH ma>< 

Input low Level Cur ren1 , CLK I IL ·- ·- :t 10 µA 

VrLmin ~V I ~V!Lmax - -
lnpu1 H;gh Level CurrE:!nt, CLK 

1 111-1 ·· 500 - - µA 

V rH mi :, ,;; v, "¾V1H max 1 
lr.p1,,1 t current, PDWN 1, -100 - - µA 

V1Lmi,, ,;;v , ¾V1 Hmax 
1 

Input L ow Voltage {except CLKS } V tL i - - 0.8 V 
. 

Input High Vol 1ilge l""~cept C L KS) V1H 24 - V V 
--- -lnpu l L ow Vol tage , C LKS V I !. V - V • 0 ,5 " 1 

---
lnpu 1 lr:termcd:a tf; Voltage, C L KS V11 GN DD - 0.8 - GNOO• 0 .8 V --
Inpu t High Vo l t.lge, CLKS \/IH v· -o.s - v· V 

POWER D ISSIPATION 

Pa rame ter Symbol M:n Typ 111 ""j-""~ -- -· 
V-+ S:andby Cu~rent 1 1cco ! -- - 500 µA 

POWN = VIH min ~ v- Standby Currerq 1eso -

1 

- 500 µA 

POWN= VIH rni!"l 

V ... Operat 1ng Cu, re;1 1, Power Ampl ifiers lnac1ive t2> 
----------·-

1cc1 -· - 5 mA 
PWRI- V 

-
V Opera ting Cu rn?n t. Power Ampli lie, s inac tive (21 1aa1 ·- - 5 mA 

PWR l c V 
·- ----

V,.. Operôl1n9 Current 131 - 1cc2 - 8 cnA 

V k- Opernting Curren t (3) 1882 - · - 8 mA 

Not~ : 1 - Typical vêl!<Jes ar2 for TA=- 25::, C and nominal power supply value3. 
2 - GSx, VFxO, VFRO outputs lo;;:ided by a 10 k!.l res1stor. 
3 - PWROt-. PWRO- outputs connected by a 1,2 lc.H resistor. GSx, VFxO. VFRO outpu ts loaded by a 10 kn. resistor, at nomins l levefs. 
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D.C. AND OPERATING CHARACTERISlïCS (continued) 
(T)'\=0° C to• 70° C, v• =+ 5 V± 5%, v- = - 5 V± 5 %, GNDA = 0 V, GNDD = O V, unless otherwise noted). 

ANALOG INTERFACE, TRANSMIT FIL TER INPUT AMPLIFIER 

Parameter Symbol Min Typ 11) Max Unit 

Input leakage Cvrren1, VFx( Vfxl-, v- ~ Vin ~ v+ Tsx1 -100 - 100 nA 

Input Aesistance, VFxfT. VFxl-, tv- ~ V10 s;;; v•i R1x1 10 - - Mn 

Outpu1 Offs.et Voltage voGsx - - ±30 mV 
Vfxl ➔ Connec ted td GNOA Inp ut Op Arnp en Unity Gain 

OC Open loop Vo!lage Gain, GSx , (AL ;a: 10 k !!) AvoL 60 80 - dB 

Open Loop Un ity Gain Band ... , •id1h , GSx le - 1 - MHz 

Output Voltage Swing, Gsx Vox1 ±2.J - - V 

RL;;, lOKn 

Load Capacitance , GSx CLXI - - 20 pF 

Load Aes istance, GSx RLXI 10 - - KIT 

Common Mode Voilage Range VcM - 2.3 - + 2.3 V 

Comrnon Mode Reject ion ratio CMRR - 50 - dB 

-2.3 v ::;;;;vin ¾2 .3 v 

ANALOG INTERFACE. TRANSMIT Fll TER 

Parametef Symbol Min Typ (1) Max Unit 

Output Resistance, VFxO Rox - 1 5 n 
Output OC Offset, VF xO vosx • 200 - + 800 mV 

VFxl+ Connec1ec.t 10 GNDA Input Op Amp at Unny Ga:n 

Load capacitance, VFxO CLX - - 20 pF 

Load ResistanLe, VFxO RL X 3 - - K!1 · 

Output Voltage Swing (1 KH z, VFxO. except OC oftsë-tl Vox , ±3.2 - - V 
RLx :?!: 10 kn 1 

Outpo1 Voilage swing {1 KHz. V FxO. excep1 OC offse l) Vox2 ±2.5 - - V 
RLx ~ 3 kn 

0 
Note : 1 - Typ1cal values for TA "' 25 C Dnd nominal po~wr ::i•Jpply values 
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D.C. AND OPERATING CHARACTERISTICS (continuedl 
(TA = 0° C to • 70° C, V'= + 5 V ± 5 %, v- = - 5 V± 5 %, GNDA = 0 V, GNDD = 0 V , unless otherwise noted) . 

ANALOG INTERFACE, RECEIVE FIL TER 

Parameter Symbol Min Typ (1) M8X Unit 

Input leakage Current, VFRI 1BR - - 3 µA 

- J.2 < V;n < 3.2V 

Input Resistarice. VFRI R1R 1 - - Mn 

Output Resistaoce, VFAO RoR - , 5 n 

Outpu t OC Of fset , VFRO vosR - - ±300 ,nV 

VF RI Connected to GNDA 

l oad Capac11ance, VfRO CLR - - 20 pf 

Load Resistance, VF RÜ RLR ,o - - K.n 
Output Voltage Swing VF fiÛ VQR .!: 3.2 - - V 

RLR ;;, 10 kn 

ANALOG INTERFACE, RECEIVE Fil TER DRIVER AMPLIFIER 

Parame1er Symbol Min Typ Max Unit 

Input Le.,kage Current , PWRI 10RA - - , µA 

-3 .2 V < v,n <J.2V 

Input Resistance PWAI RIRA 10 - - Mn 

Output Resistance, .PWROt- PWRO- RoRA - 1 - !! 
louT < 10 mA. • 3.0 V <VouT <J.O V 

Output DC Offset, PWRO+ PWRO- VosRA - - ± 75 mV 

PWRI connected to GNDA 

Load Cap~citance. PWAOt- PWRO - CLRA - - 100 pF 

Output Voltage Swing Across RL , PWRO PWRO - Single Ended VQRAI 
Connection 

RL = 10 Kn ±3.2 - - V 

RL=600n R L Connected 10 G NO A t 2.9 - - V 

RL • JOOn t 2.5 - - V 

Oilferentiar Output Voltage Swing , PWAo* PWRO 

Balance Output Connection VQAA2 
R L = 20 Kn ±6.4 - - V 

RL• 1200n RL Connected Between PWRO .. and PYVRO 
-

± 5.8 - - V 

RL=600n ± 5.0 - - V 

Note : 1 - Typica/ values are for TA= 25° C and nominal power supply values. 

4/12 
THOMSON- EFCIS Integrated Circuits 



AC CHARACTERISTICS 
(TA= 0° C \O• 70° c. v· =• 5 V! 5 %. v- = - ·5 V ± 5 %. GNDA = O V, GNDD = 0 V. unless otherwise noted) . 

Clock Input Frequency : CLK = 1.536 MHz± 0.1 % CLKS = V1L (Tied to v- ) 
CLK = 1.544 MHz± 0 .1 % CLKS = V11 (Tied to GNDD) 
CLK = 2.048 MHz± 0.1 % CLKS = Vl/-l (Tied to V') 

TRANSMIT FIL TER TRANSFER CHARACTERISTICS 

Pa rame ter Symbol Min Typ Max Unit 

Gain Relative to Gain a1 1 KHz ·- GRx 
0dBm0 Input Signal, Gain Setting Op Amp at Non lnvercing Uni1y Gain 

Below 60 Hz - - - 25 dB 

200 Hz OdBmO Signal • 1.1 V RMS a1 GSx -1.8 -- - 0 . 125 dB 

300 Hz 10 3000 Hz = 1.6VRMS01 VF xO - 0 .125 - • 0.125 dB 

3300 Hz -0.35 - • 0.125 dB 

3400 Hz - 0 .7 - • 0 .125 dB 

4000 H z - - - 14 dB 

4600 Hz and Abave - - - 32 dB 

Absolu1e Passband Gain at 1 KHz. VF x O GAX + 2.85 3.0 3.15 dB 

Rl ~ 00• Note 3 

Gain Variation with SuJ)plies at 1 KHz GAXS - 0.04 - dB/V 

0d8m0 Signal level, Supplies± 5 % 

Cross Talk, Receive to Transmit. Measured at VFxO CTRx - - - 70 dB 

20 log (VFxO I VFROI 

VfRI " 1.6 VRMS, 1 KHz Input VFXI+. VFxl- Connected to 

GSx,GSx Connected through 10 Kn to GNOA 

OiHerenr,at Envel ope Delay, VF xO. , KHz to 2 .6 KHz Dox - - 120 µs 

Absolute Delay at 1 KH2. VF xO DAX - - 200 µs 

Single F requencv Disto n ion Produc~s DPx1 - - - 48 dB 

Od8m Input Signal at 1 KHz 

Single F requency D i~tortion Products at Maximum Signal Level of DPx2 - - -45 dB 
+ 3 dBmO 

1.6 VAMS , 1 KHz !nput Signal at GSx. Inpu t Op Amp 

at 20 dB Gain. The+ 3 dBm0 signal at VFxO îs 2 .24 VRMS · 

V .. Power Supply Aejec1ion Ratio at 1 KHz , Vf xi"' 0 VÂMS PSRR1 30 - - dB 

v - Power Supply Rejection Ratio a1 1 KHz. VFxl s 0 VRMS PSRR2 35 - - dB 

No1es : 1 - Typical values are lor TA= 25° C and nominal power supply values. 
2 - A noise measurement of 16 dBrnCo into a 600 n load at the filter output is cquivalent 10 10 dBrnCo. 
3 - For precise gain calculation refer to figu re page 9 . 

NOISE CHARACTERISTICS at VFxO Gain Setting Op·Amp at Unity Gain 

Paramet~r Symbol Min Typ Max Unit 

Tot.al C Mes.sage N oise 

OdBmO Signal - 1 .25 VRMS al VFxO Ncx, - - 12 dBrnCo 
OdBm0 Signal = 1.6 VRMS at '✓ FxO Ncx2 - - 10 dBrnCo 

Total Psophometric Noise 

OdBmO Signal = 1.25 VRMS Npx1 - - - 78 dBmOp 
OdBmO Signal• 1.6 VRMS Npx2 - - - 80 dBmOp 

îHOMSON- EFCIS Integrated Circuits 
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AC CHARACTERISTICS (continued) 
(TA = 0° C 10+ 70° C, v• = • 5 V ~ 5 %, v- = - 5 V ± 5 %. GNDA = 0 V, GNDD = 0 V, unless otherwise noted). 

Clock Input Frequency · CLK = 1.536 MHz ± 0 .1 % CLKS ·= V tl (Tied to v· l 
CLK = 1.544 MHz 1 0 .1 % CLKS ·= V11 (Tied to GN DD) 
CL K = 2.048 MHz± 0 .1 % CLKS = V1H {Tied 10 v•) 

RECEIVE Fil TER TRANSFER CHARACTERISTICS ------~ 
Paramete r Symbol Min Typ 11> 

Ga!n Relot ive 10 Gain at 1 KHz w i th sin xix Correction o f Coder: GRR 

OdBrnO Inpu t S ignal 

Below 200 H z (Odl1m0 Signa!= î .G VRMS l - -

200 Hi - 0 .5 -

300 Hz 'O 3000 Hz - 0 . 125 -
3300 Hz .. 0 .35 --

3400 Hz - 0,/ ·-
4000 H z -
4600 Hi dl 7600 Hz - -· 
7600 H z at 8400 Hz - -

8400 Hz and above - -

Absol u te ? assband Gain a1 1 KHz , V FRO GAR - !J.15 a 
R L: oo, Note 3 

G a ,n V -,Hiation with Supp11es .:at I K Hz GARS - o.o~ 
ûdBmû Signol level , Su pplies± 5 % 

Cross Tal k. Transmi( 10 Receive, Measu reef at VF RO CTxR - -

20 log (V FROIV F x O) 

VFxl = 1.6 VRMS, 1 KHz , Input VFR ! Connected 10 GNOA 
-

Oifferenti al En velope Delav , VFRO, 1 KH z to 2.6 KHz DDR - -

Abso tute Delay at 1 KHz , VFRO DAR - -

Single F requency Distortion Products DPR1 - -
OdBm Inp ut Signal at 1 KHz 

Single Fr~quency Disto,i ion Products at Maximum Signal Level of DPR2 - -
, 3 dBmO 12.24 V RMsl. 1 KHz 

-V PowerSupply ReJectîon A t1f io at 1 KH.!, VFAI= 0 VRMS PSRAl 30 -
v - Power Supply Re1ection R atio at l KHz, VF Rie: 0 VfiMS PSRR2 35 -

Notes : 1 - Typ1cal valu'es are for T A"' 25" C and nominal powe1 suppl y values . 
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2 - A noise me asurement of 16 dBrnCo inco a 600 n load at the fil ter oucpu 1 is equivarent to 10 dBrnCo . 

3 - For precise gain ca lculation ref~•· to figu re page 9. 

NOISE CHARACTERISTICS at VFRO Output or PWRO' and PWRO- Connected with Unity Gain 

Par.,meter Symbol Min Typ 

Total C Message Noise 

OdBmO S,gnal • 1 .25 VRMS at VFRO NCR1 - -
OdBmO Signal O 1.6 VRMS at VFRO NCR2 - -

Total Psophometric Noise 

OdBmO S,g nal • 1.25 VRMS at V FR O NPR1 - -
OdBmO Signal = 1.6 VAMS at VFAO NPR2 - -
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Max 

• 0 125 

• 0 . 125 

• 0 125 

• 0.125 
1- 0.125 

- 14 

-30 
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-

- 70 
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- 48 
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-
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dB 
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dB 

dB 
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dB 
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RECEIVE FIL TER TRANSFER CHARACTERISTICS 
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FUNCTION WHEN ADDED TO THE 
SIN x/x OUTPUT RESPONSE OF THE CODEC 
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PIN DESCRIPTION 

NAME No FUNCTION DESCRIPTION 

VFxl• 1 Input Pin 1 is the non-inverting input of the gain adjustment op amp in the transmit 
filter section. The signal applied to this pin typically cornes from the transmit 
leg of a 2-to-4 wire hybrid. This input may be AC or DC coupled. This signal 
passes through the op amp to the transmit (band-pass) switched-capacitor 
fil ter which will pass frequencies between 300 and 3200 Hz, provide rejection 
of the 50/ 60 Hz power line frequency and provide antialiasing for an 8 KHz 
sampi ing system. 

VFxl- 2 Input Pin 2 is the inverting input of the gain adjustment op amp on the transmit 
filter, A return path for the op amp output is provided by GSx, Pin 3. Pins 2 
and 3 may be used to provide gain up to 20 dB without degrading the noise 
performance of the filters. 
This op amp has a common mode range of :t 2.2 V, low DC offset and 
an open loop voltage gain greater than 1000. The unity gain bandwidth 
is approximately 1 MHz. The transmit filter, excluding the input op amp, 
provides a gain of+ 3 dB. 

GSx 3 Output Pin 3 is connected to the output of the gain adjustment op amp in the 
transmit filter section. For proper operation, the load impedance connected 
to the GSx output should be greater than 10 kS1 in parallel with 20 pF. 
This pin is also the input of the transmit filter. 

TRANSMIT AND RECEIVE GAIN ADJUSTMENT 

VFxt+ 1 

t>r - TRANSMIT 16 
VFxl 

- 2 VFxO 
Fil TER 

GSx 3 

R2 
: R1 GAIN., I• 

R2 , RLx=R1+R2;;, 10k!1 AÏ 
-~ 
-

VFRO 4 AECEIVE 10 
FIL TER 

VfRI 

R3 

f A4 
RLR = A3• A4 ZL;;, 10 k!1 

A4+ ZL - -

VFRO 4 Output Pin 4 is analog output of the receive tiller. This output provides a direct 
interface to electronic hybrids. For a transformer hybrid application VFRO 
is tied to PRWI and a dual balanced output is provided on pins PWRO+ and 
PWRO-. 

PWRI 5 Input Pin 5 provides the input to the power driver amplifiers which interface the 
receive fil ter to a transformer hybrid. PWR I is a high impedance input which 
can be driven by VF RO directly. The input voltage range is ± 3.2 V and the 
gain for a bridged output is 6 dB . The power amplifiers may be deactivated 
when not being utilized by tying PWRI to v-. 

9/12 
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PIN DESCRIPTION (continued) 

NAME No FUNCTION DESCRIPTION 

PWRO' 6 Output Pin 6 is the non-inverting side of the power ampliliers. Power driver output 
is capable of directly driving hybrid transformers . 

PWRO- 7 Output Pin 7 is the inverting side of the power amptifiers. Power driver output is 
capable of directly driving hybrid transformers . 

-V 8 Supply Pin 8 is the negative supply pin. The voltage applied to this pin should be 

-5 V± 5 %. 

v· 9 Supply Pin 9 is the positive suppl y pin. The voltage applied to this pin should be 

• 5 V± 5 %. 

V f RI 10 Input Pin 10 is the analog input ta the receive filter . The receive signal is typically 
generated by the clecoder section of a µ or A law companding Codec. The 

reseive fil ter is a low-pQss switched-capacitor fil ter which will pass frequencies 

up to 3200 Hz and provides the sin x/x correction needed to give the Codec 

decoder and receive filter pair unity gain over the passb.:ind. 

GNDD 11 Ground Pin 11 serves as the digital ground return for the internai clock . The digital 

ground is not internally connected ta th e analog ground . The digital and 

analog grounds should be tied together as close as possible to the system 
supply ground. 

CLK 12 Input The digital clock signal shoutd be supptied ta pin 12. Three clock frequenc,es 
-(1.536 MHz, 1.544 MHz, 2 .048 MHz) may be used . The desi red clock 
frequency is selected by the CLKS input (Refer to Table 1). For 
proper operation this clock should be tied to the receive clock of the Codec . 

TABLE 1 

Codec Clock Clock Bits/ Frame FIL TER CLK, Pin 12 FIL TER CLKS, Pin 14 

1.536 MHz 192· 1 .536 MHz V (-5 V) 

1,544 MHz 193 1.544 MHz GNDD 

2.048 MHz 256 2.048 MHz V-(• 5 V) 

NAME No FUNCTION DESCRIPTION 

PDWN 13 Input This control input is used to place the lifter in the standby power-down 
mode. Power-down occurs when the signal on this input is pulled high. 
Standard TTL levels may be used. An internai pull-up to the positive 
supply is provided. A settling time of 15 ms (typ) should be allowed alter 
power is restored. 

CLKS 14 Input Clock (pin 12. CLK) frequency selection. If tied to v-, CLK frequency 
should be 1 536 MHz. If tied 10 Ground, CLK should be 1.544 MHz. If 
tied to v•. CLK should be 2.048 MHz . 

GNDA 15 Ground Pin 15 serves as the ground rcturn for the analog circuits of the transmit 
and r~ceive section. The analag ground is not internally connected to the 
digital ground. The digital and analog ground should be tied together as 
close as possible to the system supp ly ground . 

VFxO 16 Output Pin 16 is the analog output of the transmit lifter . The output voltage range 
is ± 3 .2 volts and the DC offset is less than 300 mV. This output should be 
AC cou~led to the transmit (encoder) section of the Codec. 
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TYPICAL APPLICATION 

A typical application of the EFB7912 used in conjunc­
tion with the EFB7356 PCM filter is shown below. The 
values of resistor R 1 and DC blocking capacitor Cl, are 
non-critical. The capacitor value should exceed 0.1 µF, 
R1 should be less than 50 kD., and the product R1 x C1 
should exceed 4 ms. 

The Power Supply decoupling capacitors should be0.1 µF. 
ln order to take advar.tage of the excellent noise per­
formance of the EFB7356 and EFB7912, care must be 
ta ken in board layout to prevent coupling of digital noise 
into the sensitive analog lines. 

XMIT 

SLIC 
or 

HYBAID 
RcvJ 

RQ 

-48 V 

Ro = 600 or 900 Q 

R2 R3 

R5 

· XMIT GAIN= 20 x LOG (R3~
2
R2)+ 3 dB 

· RCV GAIN = 20x LOG (R
4
~4R

5
) 

CLK 

VFxI- VFxO ANALOG MASTER 
IN CLOCK 

GSx RI DIG OUT 

VFx1• GNDA ANALOG XMIT 
GND SYNC 

EFB7912 EFB7356 
XMIT 
CLK 

PWAO-

PWRO-t- PDWN POWER RCV SYNC 
DOWN 

PWRI ACV CLK 

ANALOG 
VFRÜ VFRI OUT DIG IN 

v- GNDD v• v- GNDD v• 

DIGITAL 
TRUNK 

~--------+------<>---------v 

~-~------------PDWN 

HYBRID INTERFACES TO THE EFB7912 AND VREF INTERFACES TO EFB7356 

~:::=========-◊ DIGITAL TRUNK 

* MATCHEO TO ± 0.1 % 
.v• 

+ 2.5 V 

TO 
OTHER CODEC GNDA 
1 N THE BOARD .._ __ ,__,,__,._.......,,....... _ _,_-.._---<1_--..----1 GNDA 

-2.5 V 
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C SUFFIX 
CERAMIC PACKAGE 

CASE CB-79 

.-s7.,,,._, 

.1 SUFFIXE 
CERDIP PACKAGé 

635 -· 

.R o,,.,., . 

t ' ' 
; 1 

%.ii; 761 

~:t:: ~ ~ ~ ~:1~ 
1 1 t' 

~ ◄-- - ;; ... ;- - ··----·- 16 Outputs 

' f 117 CB-79 
u, IEDfC THOMSON EFCJS 

This is advance information and specifications are subject ta change without notice. 
Please inQulre with our sales offices about the availability of the different packages, 

Printed in France 
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FILTERING: 

A NEW CONCEPT 

l1 r -· ·- -· -~ ·- -- - ·-. - . , :;~ l~~: .. t-1- ·;;.. 

g!~(~' ·o. G~~~~. ~. f\J~~ .. n<iH-.. 1 
\'~ ~c, · · .Ali 

~ ~ S \<. C ~ ! ,:r, · ,;-.~:!;!:'~~~t,;:;j 
-4 , ; H ·~1- ia:::f '-1 d -f rl R H 1, ' •· · 1,. ' . ' . "·· .. ' 

.......... 1fi~~~--:_:~----~ .. iiii:~~-;~~_it-_.:· \ ~ .~ 

STANDARD FILTERS: A catalogue of low-pass, high-pass, 
band-:pass, notch filters. 

SEMI CUSTOM FILTERS: Any kind of specifications with 
· 

1 order up to 1 2. 

43 , 46, Avenue de !"Europe 78140 VELIZY-FRANCE Toi. 11) 39. 46.97.19 Tolex : 240780F 



TltOMSON SEMICONDUCTEURS 
2 



-----MASTER SELECTION GUIDE-----

Page 

A MASK PROGRAMMABLE FILTERS FAMILY AND 
ITS "FILCAD" SOFTWARE PACKAGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . . . . . . . 5 

TSG8704, TSG8508, TSG8612 .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . . . . . . . . . .. . .. .. 6 
FILCAD ........................................ .. .. . . ........... . .. ........ .. ...... ... ...... .... ... ...... . 7 

TSG85XX 
General characteristics . . . . . . ... . . . . . .. . . . .. . . . .. . . . . . . .. .. . .. . . .. . . .. . .. . . . . . . . . . . . . . . . . . . . .. . . . . . . 9 

~/~cSe~~r~;~~n ·::::::::::::::::::::: :::::::::: :::::::::::::::::::::::::: :::::::::::::::::: ::::::: ::::::: ~ ~ 
Functional description . . . .. . . . . . . . . . .. . . . . . .. .. . .. . .. . .. .. .. . . .. . .. .. .. . . . . . . . . . . . .. .. . . .. . .. .. .. .. .. 12 
Switched Capacitor Filter generalities . .. . .. . . . .. .. . . .. .. . . .. .. . .. .. .. .. . .. .. .. .. .. . . .. . .. ... .. 15 
Typical application . . .. . .. . .. . . .. . .. . . . . . . .. . .. .. . .. . . .. .. . .. .. . . . . . . . .. .. .. . .. . .. . . .... . . .. . . . . . . .. .. . 19 
Antialiasing and smoothing ... . ....................... ..... .......... ... . ... .. .. .. ... ....... ..... . 21 
Physical dimensions . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . .. .. .. .. . . .. . . . . .. . .. . . . . . . . . . .. . . . . . . . . . .. . .. . . 26 

STANDARD FILTERS: TSG86XX (8th order M .P.F) ....... .. ... ......... .. ...... .. .. . ...... 27 
TSG8510 Low pass filter - CAUER type - 5th order ...... ... ..... ..... ... ................. 29 
TSG8511 Low-pass filter - CAUER type - 7th order .... ..... .... . .. .. ... ..... .. ... .. . .... . 35 
TSG8512 Low-pass fil ter - CAU ER type - 7th order . . . . . . . . .. . . . . . . . . . . . . .. . .. . . .. .. . . . . . . 41 
TSG8513 Low-pass filter - CHEBYCHEV type - 8th order . .. ... . . ... .. .... . .. . .. .. .... .. 47 
TSG8514 Low-pass fil ter - BUTTERWORTH type - 8th order . .. . . . . . .. .. . . . . . . . . .. . . . . 53 
TSG8530 High-pass filter - CAU ER type - 3rd order .. . .. . .. . . .. . .. . .. . ... .. . .. .. . .. . . .. . . 59 
TSG8531 High-pass filter - CAU ER type - 6th order ... . ...... .. ... .. . .. .... . ... .. .. ...... 65 
TSG8532 High-pass filter - CHEBYCHEV type - 6th order .. .. . . ...... ...... . . .. ........ 71 
TSG8550 Band-pass filter - CAU ER type - 6th order . . . ... .. . .. . . . . . . . . . . . . . . . . . . . . . .. . . . 77 
TSG8551 Band-pass filter - High Q type - 8th order .. ...... .. ... ...... ...... .. .. ... ...... 83 

SEMI CUSTOM FILTERS: 
TSGF0B/Customer identification (B1h order M.P.F).. .. ..... .. ..... .. ... .... ... . .. . .... ... . 89 

STANDARD FIL TER: TSG86XX (Advanced information on 12th order MPF) 
TSG8670 Voice-grade dual filter for telephone line interface . . . . . . . . . . . . . . . . . . . . . . . . . . 93 

QUALITY INFORMATION .. .... .. ... ... .... ..... .. .. ....... .... .. .... ..... .. . .. ... .. .. ... ........ ... 97 

ORDERING INFORMATION ................. ... ...... ... ......... .. ... .... ... .. . .. ............. ... 105 

TIIOMSON SEMICONDUCTEURS 



THOMSON SEMICONDUCTEURS 



~ THOMSON SEMICONDUCTEURS 

A MASK PROGRAMMABLE FILTERS (M.P.F) FAMILY 
AND ITS "FILCAD" SOFTWARE PACKAGE 

A CMOS M.P.F CHIP FAMILY WITH A "CAO PACKAGE" CAPABLE OF TRANSFORM ANY 
Fil TER SPECIFICATION INTO INTEGRATED CIRCUIT ON A SHORT LEAD TIME (4 or 8 weeks 
depending on filter specifications). 

Three M.P.F bases and a comptete software package adapted to Switched Capacitor Filter 
{S.C.F) designs have been developed by THOMSON SEMICONDUCTEURS to solve your filter­
ing problems: 

TSG8704 base: 
• S.C.F order between 2 and 4. 
• 1 optional internai clock oscillator. 
• Optional external driving of output sample and hold. 
• 1 uncommitted operational amplifier. 
• 2 package versions: 

8 pins: filter only. 
14 pins: filter + 1 op. amp. + oscillator. 

TSG8608 base: 
• S.C.F order between 4 and 8. 
• 2 uncommitted operational amplifiers. 
• 2 package versions: 

8 pins: filter only. 
16 pins: filter + 2 op. amplifiers. 

TSG8612 base: 
• S.C.F order between 8 and 12. 
• 2 filters possibilities on the same chip (I order,.:;;; 12). 
• 2 clock inputs. 
• Optional external driving of output sample and hold. 
• 2 uncommitted operational amplifiers. 
• 5 package versions: 

16 pins: 1 filter. 
16 pins: 1 filter + driving of output S/H. 
18 pins: 2 filters. 
20 pins: 2 filters + 2 clock inputs. 
20 pins: 2 filters + 2 clock inputs+ driving of output S/H. 

These three bases are available both for standard and semi custom products. 
Customers have the possibility of design themselves their M.P.F thanks to the FILCAD 
software package and proper training from THOMSON SEMICONDUCTEURS. 

FILCAD: 
A software package developed by THOMSON SEMICONDUCTEURS for the Mask Program­
mable Switched Capacitor Filter family: 

TSG8704 - TSG8508 - TSG8612 
FILCAD input is the filter template. Then, synthesis, simulations and routing prograrns are 
linked in order to finally generate the GDS2 layout file for realization of the personalization 
mask. 
FILCAD is available in THOMSON SEMICONDUCTEURS Design Centers and some of its 
Associatèd Design Centers. 
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TSG8704 TSG.8508 TSG8612 

By using the three M .P.F bases and CAO tools, THOMSON SEMICONDUCTEURS is proposing 
a complete filter family which includes standard filters and semi custom filters. 

2 to 4th order 
(one filter) 

TSG8704 
1 

STANDARD FILTERS 

Low-pass: 

TSG8510: 5th order CALIER (PCM) 
TSG8511 : 7th order CALIER (50 dB) 
TSG8512: 7th order CALIER (75 dB) 
TSG8513: 8th order CHEBYCHEV 
TSG8514: 8th order BUTTERWORTH 

High-pass: 

TSG8530: 3rd order CALIER 
TSG8531 : 6th order CALIER 
TSG8532: 6th order CHEBYCHEV 

Notch: 

TSG8540: 6th order (0 = 7) 

Band-pass: 

TSG8550: 6th order CAUER (0 = 7) 
TSG8551 : 8th order (0 = 35) 

MPF FAMILY 

4 to 8th order 
(one filter) 

TSG8508 

Voice-grade dual filter for telephone line 
interface: 

TSG8670: 4th order low-pass 
8th order band-pass 

8 to 12th order 
(one filter 

or two filters 
with l: order ~ 12) 

TSG8612 
1 

SEMI CUSTOM FIL TERS 

TSGF04 / Customer identification 

TSGF08 / Customer identification 

TSGF12 / Customer identification 

For every M .P.F, the cutoff frequency (or canter frequency for band-pass and notch) is clock 
programmable: frequency response is shiftable simply by clock tuning . 

TIIOMSON SEMICONDUCTEURS 



FILCAD 

FILCAD is a sohware package developed byTHOMSON SEMICONDUCTEURS ava ilablefor its 
Switched Capacitor Filter designs: M.P.F, but also Full Custom or Semi Custom Circuits 
containing such Filter cells. 

GENERAL 
PURPOSE 
S.C.F 
CAO 
TOOLS 

for 
M .P.F 
Std cells 
Full Custom 

SPECIFIC 
LAYOUT 

leapfrog structure 

SCHEMATIC 
CAPTURE 

EVA 

SIRENA 

SYCAB 

biquad. cascade 

Evaluation 
Theorical 
synthesis 

S.C.F synthesis 
S.C.F schematics 

• S.C.F simulations 
• Dynamic scaling 
• Normalization of 

capacitors 
adapted to M .P.F 

• MONTE CARLO analysis 

CAD TOOLS FACTOR 
for 
M .P.F 

PG tape Automatic 
of special ization mask layout draft 

(GDS2 standard) 

ntOMSON SEMICONDUCttURS 
7 



1110MSON SEMICONDUCTEURS 



TSG85XX: Standard filters 
TSGF08/Customer ident.: Semi Custom Filters 

SWITCHED CAPACITOR MASK 
PROGRAMMABLE FILTER 

The TSG85XX circuits are HCMOS universel filters containing a mask 
programmable switched-capacitor cascadable structure and two uncom­
mitted general purpose operational amplifiers. 

The specifications of the internai filter are obtained du ring the last step of 
chip realization. The speciatization method (Patented) used by THOMSON 
SEMICONDUCTEURS is close to the one used for gate array integrated 
circuits. 
For semi custom filters, the SCF specialization is implemented 
either by THOMSON SEMICONDUCTEURS designers in accor­
dance with the user template either by the customer himself 
thanks to the FILCAD package. 
Most filters can be realized . Samples are available 4 to 8 weeks 
after the filter template definition . 

"This technique has also bean used to define THOMSON SEMICONDUC­
TEURS family of 11eneral purpose filters. 
Based on the sw,tched-capacitor structure, thase circuits exhibit all the 
advantegasof this technique, namely preclsetemplate."high temperature 
and long-range stability, almost no external component, no adjustment, 
low consomption. high density, easy customization, low cost and high 
securitv of use. 
• Availabla order: 4 to 8 (any type). 
• Input signal frequency range: 0 to 30 kHz. 
• S/N ratio (depends on the internai structure): 60 to 85 dB. 
• Clock tunable cutoff frequency 
• Power supply requirements: ±6 V or 0-10 V. 
• Power consumption: adjust&ble from 0 .5 mW to 20 mW per order. 
AVAILABLE PRODUCTS: 

• Standard• 
Lowpass: 
TSG8510: 6th order Cauer (PCMJ 
TSG8511: 7th order Cauer (50 dB) 
TSG8512: 7th order Cauer (76 dB) 
TSG8513: Bth order Chebychev 
TSG8514: 8th order Butterworth 
Notch: 
TSG8540: 6th order (0 = 7). 

• Semi Custom 
TSGFOB/Customer identification. 

TYPICAL APPLICATIONS: 

• Telecommunications. 
• Robotic. 
• Sonar detection. 

High pass: 
TSG8530: 3rd order Cauer 
TSG8531 : 6th order Cauer 
TSG8632: 6th Chebychev 
Bandpass: 
TSG8660: 6th order Cauer 
TSG8551 : 8th order (0 = 35) 

• Data acquisition (before A/0 and after 0/A conversions). 
• Speech processing. 
a, Audio processing. 
• Instrumentation (portable. medical, ... ). 
• Spectrum arielysis (noise, speech) 
• Industriel applications (process control, ... J. 
• Al l low frequency classical applications where low power end small 

sizes are researched. 
• The standard circuits TSG8512. TSG8532 and TSG8540 ara respec­

tively equivalent 10 R5609, R5611 and R5612 (Reticon). 

LINEAR HCMOS1 
M.P.F 

SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 

(Order: up to elght) 

CASECB-79 

CASECB-98 
P SUFFIX 

PLASTIC PACKAGE 

Ceramk: package (C sufflxl 
and Cerdip package (J suffuc) 
ara also 11vail1ble 

PIN ASSIGNMENT 

v•□a PWF v- 2 7 CLK 

LVL 3 6 OUT 

IN 4 5 GND 

8 pins: FIL TER ONLY 

v• 16 NC 

V 2 15 -EA 

LVL 3 14 SA 

IN 4 13 + EA 

GND 5 12 + EB 

OUT 6 11 SB 

CLK 7 10 - EB 

PWF 8 9 PWA 

16 pim: FI~ TER+2 OP-AMP1 

ië 
~ 
8 
'; 

L.------------------' cc 

43-45, Avenue de l'Europe - 78140 VÉLIZY-FRANCE - Tél. (1) 39.46.97.19 Télex 240780F 
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PIN DESCRIPTION (8 pin package) 
(minimal version : lilter only) 

Name Type N" 

v+ 1 1 

v- 1 2 

LVL 1 3 

IN 1 4 

GND 1 5 

OUT 0 6 

CLK 1 7 

PWF 1 8 

BLOCK DIAGRAM 

GNO 

Functlon Deacrfption 

Positive supply 

Negative supply 

Output OC Filter output OC level adjustment when connecting 
level adjustement a potentiometer between v+ and V-- with its middle point 

to LVL. When no adjustment is ne&ded LVL pin is 
connected to GND. 

Filter input 

General ground 

Filter output 

Clock input TTL levels 

Filter power Filter power consumption can be choosen by connecting 
adjustement a resistor between PWF and GNO (or v+). Stand by mode 

is obtained by connecting PWF to v- (or non connec-
ted). 

2/19 
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PIN DESCRIPTION (16 pin package) 
(extended version : filler + 2 op Amps) 

Name Type N" Functlon 

v+ 1 , Positive supply 

v- 1 2 Negativa supply 

LVL 1 3 Output DC 
level adjustment 

IN 1 4 Fitter input 

GND 1 6 General ground 

OUT 0 6 Filter output 

CU< 1 7 Cloci< input 

PWF 1 8 Filtor power adjustment 

PWA 1 9 Op Amp power odjustment 

-EB 1 10 lnverting input 
OpAmp B 

SB 0 ,, Output Op Amp B 

+Es 1 12 Non inverting input 
OpAmpB 

+EA 1 13 Non invening input 
OpAmpA 

SA 0 14 Output Op Amp A 

·EA 1 16 1 nverti ng input Op Amp A 

NC 16 Non oonneétad 

3/19 

Deecriptlon 

Filter output DC level adju8tment when connecting 
• potentiometar betweon v+ and v· with its mlddla Point 
to LVL. When no adjuatment i• needed, LVL pin is 
connectad to GND. 

TTI. level• 

Filter power consumption can be choo&en by connectlng 
1 resistor between PWF end GND (or v+). Stend by mode 
ia obtainad by connecting PWF to v· (or non oonnectad) 

Idem PWF but for Op Amp (PWA) 

----------THOMSON SEMICONDUCTEURS----------
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FUNCTIONAL DESCRIPTION 

The filtering unit is formed by eight connectable 
switched capacitor integrators. 
Each integrator can be specialized with capacitor fields 
and switching cells. 
The interconnections between each integrator and the 
realization of the desiredcapacitors are achieved during 
the lest step of the process to form the filter. 
For this operation. the aluminium interconnection mask 
is used (like in gate-arrays structures). 

The clock generator delivers the different phases 
needed for the internai switching. The internai clock is 
performed through an internai mask programmable 
divider which adapts if requiredthe extemal clock(given 
from a cristal oscillator for example) to obtain the filter 
clock. As the clock input is TTL compatible. level shifts 
are used inside the chip 10 obtain the correct voltage 
swings. 

The output semple and hold buffer is connecled to the 
filter output and so allows a low impedance signal deliv­
ery. 

MAXIMUM RATINGS 

Ratlng 

Positive supply voltage 

Negative supply voltage 

Voltage to any pin (exept for ground) 

DC current per pin (except for supplies) 

Temperature 
Operati_ng t" range 

· Storage t• range 

4/19 

The output DC level adjustment is also possible with an 
external 110ltage source(obtainedforexample through a 
resistor divider). 

Two uncommitted general purpose operational amplifi­
ers are also available. 
They can be used by the customer to implemenl other 
analog functions (for exemple gain. pre or post filtar­
ing ... ). 

Power adjustment is possible for the filter unit and for 
the two free op. amps. This fecility is performed with a 
resistor connected between the V• supply (or ground) 
and the power adjustment pins. So the consumption of 
the structure c.!Jn be chosen to 11dapt it to the applica­
tion. The stand-by mode can be obtained by connecting 
the corresponding pins to the V- supply (or non 
connected). 

Symbol Value Unit 

v+ -0.16to+ 7 V 

v- -7to+0.16 V 

V v· -0.310 V 
v++0.3 

lo 150 mA 

·c 
Toper - 60 to + 130 
T Sig , 60to+150 

---------- lHOMSON SEMICONDUCTEURS----------
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ELECTRICAL CHARACTERISTICS FOR Fil TER ONL V T = 26°C 

Charac:teristic Symbol Min Typ Mu Unit 

Positive supply \IOl!qa v+ 4 6 8 V 

Negetiva aupply voltage V- -8 -6 -4 V 

Output voltage lwing Vout V-+0.6 yt" - 1.6 v_ 
Input voltage (with !liter gain= OdB) Vin v-+o.6 v+ -1.6 V,;,, 

Biascurrant on PWF '(ft&nd by mode by connectlng PWF to v-\ 
(or non connected) 

IPWF 60 2li0 µA 

1TL ciock Input "0" VIL +0.B V 

TTL clock input "1" VIH 2 V 

Externe! cloclc pulse width la, BO nS 

Input reaistence R1N 1 3 MO 

Input cepecitance C1N 20 pf 

Output reaistance Rn.rr 10 0 

Load cepecitance CL 100 pf 

Loed raalstance R, 0.1 1 KO 

NB) With single supply (0 - 10 V) : sama specifications 
With single suppfy (0 - 5 V) : specifications can be askad to Thomson Semiconducteurs commercial office 

El,.ECTRICAL CHARACTERISTICS FOR OP. AMP. 
v+=+5V V-=•5V T=25'C RL=2KQ IPWA=100µA 

Cha-.lsdc Bymbol Typ TM1M Unit 
llmlta 

.OC open IOOP. g■in G+ 76 60 dB (min) 
lwithout Joad) <1: 76 80 dB (min) 

Gain-band with product lwlthout load) G•BW 2 1 MH, ◄ mln) 

Input offset voltage (wlthout load) V1oFF ±6 ±10 mV(maic) 

0 utput lwing VouT -4.6 - 4.2 V(minl 
3.6 3 .6 V(mu) 

Input blu current (wlthout load) 1biaa ±6 ±10 nA(ffllll<) 

Supply rejection (wlthout load) SVR 86 60 dB (min) 

Common mode rejection VcM = 1 V lwltllout loadl CMR 86 60 dB (min) 

Output short circuit current lwlthout load) 1,.. 100 rnA 

Power consumption Pa+ 2.6 3.2 mA (maie) 

- 2.6 3.2 mA(mex) 

Slew rate SR+ 6 V/µS 
6 V/µS 

6/1\l 
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• USER'S GUIDE OF IPWA AND RPWA FOR OPERATIONAL AMPLIFIER • 

~ 
J/ 

1/ 
/ 

.,__ _______ V 
1 
1 
1 

1 
1 
1 
1 

1PWA (µAl 

'-------+-------+-------+-------i------t---RPWA (k Q) 
50 100 150 200 260 

74 34 21 15 10 Connected to G ND 

IC (mA) • USER'S GUIDE OF le FOR OPERATIONAL AMPLIFIER• 

5J_ _____ ...J_ _____ ---.Jl------l------+--------1 

ffi 3-J--------+--------.Jl------h..-S:~=---+-----~ 
a: a: a 
~ 2+-------+-----.....,.i.,,-=----+------+-----7 
o. 
::, 
t/) 
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SWITCHED CAPACITOR FILTER 
GENERALITIES 

BASIC PRINCIPLE 

These are active filters in which resistors are replace<! 
by capacitors which are switched with a frequency, 
named sampling frequency (Fs), as follows: 

VI ___.✓o_s_1 _______ ~>-:s,-2 ____ V2 

0 Cl I ii 

I 
The two switches (S, and S2) are controlled by two 
complementary and non overlapping clock phases. 

Du ring the phase 0 = 1 (S, on, S2 off), the charge stored 
in C, is: 

O,=C,V, (1) 

Du ring the phase 0 = 1 (S, off, S2 on), the charge stored 
in C. becomes: 

O.= C, V2 (2) 

1 -
During a complete clock period T s = fs = 0 + 0, 

the transferred charge is: 

AQ = 0, - O. = C, (V, - V,) (3) 

During a period T 5, this charge flow is equivalent to a 
current 1, such es: 

AQ = C, (V, - V,)= 1. T5 (4) 

and so: 1 = C, . Fs (V, - V2) = C, (V, - V,) (5) 
T5 

7/19 

Comparing (5) with Ohm law applied to a resistance: 

V,-V2 
l=-­

R 

The equivalent resistor is: 

R = Req=~ 
C, 

Then, with (7). a RC product becomes: 

C 
Req.C= C. . T5 

WHY THIS TECHNIQUE CAN BE USEO TO 
REPLACE CLASSICALACTIVE FILTERS7 

(6) 

(7) 

(8) 

ln active filters, the time constants are fixed by RC pro­
ducts. But the component values R and C used are 
absolutely uncorrelated, so trimmings are olten needed 
to obtain an accu rate template. 

On theother hand, in switched CBl)BCitornetworks,only 
capacitor ratios are used. These ratios are obtained with 
capacitors integrated on the ~me chip. The available 
accuracy is 0 .1 % to 0.5% whatever the temperature 
conditions may be. 
As the time constants are fixed by capacitor ratios, fully 
integrated filters are achiav11ble without trlmming. ln 
addition, as shown in (B), the lime constant RC is propor­
tion al to the sampling period T 5. Another important 
property of switched capacitor filters is that eut-off fre­
quency can be shifted by shifting the sampling clock 
without any change on the shape of response curves. 

---------- THOMSON SEMICONDUCTEURS----------
15 



TSG86XX 

SWITCHED CAPACITOR ACTIVE FILTER 
FEATURES 

The main faaturas ara summarlzed in the following. 
table: 

Klt'f pointa 

• Monolithic filter 
• Every lime conatant defined by : 

- c:apacitor ratiol 
- clock frequenoy 

• Fully integrated filter• with CMOS technology 

• Switched capacitor natworka ara sampled and hold sys1ems 

HOW TO CHOOSE HIS TYPE OF FIL TER? 

A numberof nomographs, tables and cun,es provide, for 
each type of function and accordlng to ita order, the 
amplitude response curvH, the phase responsa eurves, 

K ~ Bun-orth i.vencl .. 
nce 

Cut-off. abruptneas 
for' e g1"11n order 

Regularity of the 
"amplitude• frequency" 
CUMI 

Regularlty of \ha 
group Delay 

Sensitivlty 

Tranalent condition 
disto<tiont 

Tra n•missfon zero• 

Requ ired ovarvoltage 
factors 

ooo : Vary mediocfa 
90 : Medtoere 
0 : Medium 

... : Excellent 
: Verygood 

• : Good 

00 

... 
. .. 
.. 

Nona 

Very low 

We will keep in mind the following: 

. 
.. 
0 .. 
.. 

None 

Low 

• the BUTTERWORTH filtersare interesting because of 
the regulerity of their passband; (no ripple) but their 
eut-off is not very abrupt, 

• the LEGENDRE filters associete a convenlent regu­
larity of the amplitude response curve with a eut-off 
abruptness and II transiant behaviour that are of 
good quality, 

8/19 

Rn""-

• Board slze reductlon 
• Precise templ ate , 
• Stability in temperature and time 
• High order lifter achieveble 
• No edjU81ment 
• Templata transposable by tuning the clock 

• Lowpower 
• Easa and aefaty of use 
• No external component 

• Antialiasi"9 pre-filtering is needed if the Input signal 
is wide band (See Application note) 

• Smoothing post-fllteri"9 may be uoed to avoid spectral 
rays around the ..npllng frequency (See Application note) 

the group delay eurves, and also the pulse and step 
responses. Ali these characteristics, and a few othars, 
are summarized in the following table: 

Chebychev llftHI ea-

.. 000 ... 
Ripple within the Ri99le within the 
pasabllnd/regular pasabllnd and the 
within the notch .. notch 

00 ... 000 

0 .. 00 

00 ... -
Nona None Yea 

Medium Medium High 

• the CHEBYCHEV filters present, at least within the 
first octave, an abrupt eut-off, but their transient 
behaviour is not performlng, 

• the BESSEL filters present a very good transient 
behaviour (constant group delay in passband), but 
their eut-off is not very abrupt. 

• the CAUER filters ellow an extramely abrupt eut-off 
to be obtained, but thair group delay regularity is 
mediocre. They presant transmission zeros. 

----------THOMSON SEMICONDUCTEURS----------
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CUT-OFF FREQUENCY DEFINITTON 

G ldBI 

Go 

0 

As 

F (Hzl 

FIGURE 1 - DESIGN SPECIFICATIONS 

Thecut-offfrequency Fe is the passband limitfrequency 
as defined on the design ·specifications above men­
tioned. 

The maximum value of the Bttenuation variation in the 

F, 

passband: Ap is 3 dB for Butterworth, Bessel and 
Legendre filters (figure 2a), and is called passband rip­
ple for Chebychev Oigure 2b) and Caùer filters 
(figure 2c). 

FIGURE 211 FIGURE 2b FIGURE 2c 

The passband ripple is design dependant ancj between 
0.05 dB and 0.2 dB with TSG86XX standard filters. 

9/19 

The parameter G0 called passband gain is the maximum 
value of the gain in the passband, and may have low 
variation from part to part: 

1110MSON SEMICONDUCTEURS 
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TSG86XX 

Example: 
TSG8510 with Fe= 256 kHz - Fe =3.4 kHz 
G0 min= • 0 .3 dB 
G0 max=0 dB 
Ap =0.05 d8 

Go =o dB 

Fe =3.4 kH> 

FILTER No. 1 

This two cases show that the two filters TSG8510 (No, 1 
and No. 2) hes the same eut-off frequency with different 
values of gain : 
• 0 .05 dB for filter No- 1 

10/19 

Fc=3.4 kHz 

FIL TER No. 2 

· 0 .35 dB for filter No.2 

The passband ripple remains constant, only the fre­
quency response curve is shifted with G0 variation. 
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TSG86XX 

TYPICAL APPLICATION 

Typlcal U118 of the M .P.F. (Figure 3) 

The M.P.F is fed in dual supply: ±5 V. 
The adjustment ol the DC output level of the M.P.F ls 
achleved by an extemal voltage source (for exemple, a 
bridge dlvlder connected between the positive and the 
negative power supplies and whose the mlddle point ls 
connecled to the LVL pin ol the M.P.F). Il no output DC 
adjustment 1s required, the LVL pin can be directly con· 
nected to GNO. 
The consumptlon of the filter can be also adjusted by 
means ol an external resistance connected between V• 
(or GNO) and the PI/I/F pin of the circuit. 
The consumption can thus be chosen to match the par• 
ticular application. 

-5V +sv 

PL 

11 

:n_n__ 
,-----
1 
1 

J_ CPWF -r-
1 
1 --

+ 
V 

v-

LVL 

IN 

The stand-by mode is obtained bystrapping the PWF pin 
to V' (or non connected). 
The edjustment of the power consumptlon of the two 
operational amplifiera can be achieved axactly lika for 
the pravious case, but via tha PWA pin of the circuit. The 
stand-by mode is also obtalnad by strapping the F"NA 
pin to V' (or non connectad). 
The clock levais ara TTL, but CMOS lavais are accapted. 
With these pravious conditions, the output linear 
dynamic range of the M.P.F is about 8 V, batween 
_:_ 4.5 V and +3.5 V. 

A capacitor CPWF can be added in parallel with 
RPWF in order to improve the clock feedthrough 
rejection : (Typical value CPWF = 33 pF). 

NC 

-EA 

SA 

+EA 
TSG 

GND 86:XX + EB 

OUT SB 

CLK -EB 

PWF PWA 

GNDOR v+ GNDOR v+ 

PL= 20 k.U (muh.iturn) 

FIGURE 3 

• If the OP AMPS are not used, Aop must not be con­
nected betwean PWA and GNO. 
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TSG86XX 

UN of the M .P.F. wlth 0-10 V (Figu,- 4) 

The M.P.F il flld ln single aupply: 0-10 V. 
ln thls case, V- ia the reference groundof the circuit and 
GND must be adjustlldto +5 Vbymeansofthe potanti­
ometer PL ((V+ - V-)/2). 
The adjustment■ of the DC output level of the M.P.F, of 
the power con■umptions of the filter and of the opera­
tional amplifier■ can be achleved exactly llke prevlously. 

10V 

+1ov 

r----
1 
1 
1 
~ "j" CPWF 

1 
1 ..... 
v+ v+ 

v+ 

-V 

LVL 

IN 

GNO 

OUT 

CLK 

PWF 

The high level of the clock must be at least 1.4 V upper 
tha GNO lavel. 
Wlth than pravious conditions. the output linear 
dynamic range of tha M.P.P is about 8 V betwaan 0 .6 
and8.5 V. 

NC 

-EA 

SA 

TSG +EA 
85XX 

+ EB 

SB 

-EB 

PWA 

PL= 20 k!l lmultlturn) 

10 kCl,;; RPWf, Rop '-76 kCl 

FIGURE 4 
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TSG86XX 

Use of the M.P.F. with 0-6 V (Figure SI 

The M.P.F is fed in single supply: 0-6 V. 
lnthiscase, V' isthe referenceground ofthecircuitand 
GND must be adjusted to + 2.6 V by means of the 
potentiometer PL ((V• - Vl/2). 
The other ltdjustments are achleved exactly like pre-

+ sv· 

v+ 

V 

LVL 

IN 

GND 

6V OUT 

oJLrL CLK 

r---- PWF 

1 
1 
1 

..._CPWF 
"T" 

1 
1 ..... 
v+ v+ 

viously except for bias resistances of the fi lter and of the 
operational amplifiers (Rf and Rop), whose must be 
excl usively to v•. 
The clock levels must be TTL lavais. With these previous 
conditions, the output linaardynamic range of the M.P.F 
is about 2.2 V, between 1 .2 and 3.4 V. 

NC 

-EA v+ 

SA 

TSG 
86XX 

+EA PL 

+ EB 

SB 

-EB 

PWA 

v+ 

PL = 20 kil lmultlturn) 

10 kO ,;; RPWf, Rop ,;;75 kO 

FIGURE 6 
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TSG86XX 

Antl-alluing and amoothlng (Figure 6) 

• Anti-alining: The switched capacitor fihers ara 
samplad systems and must verify the SHANNON 
condition imposing a 111mpling frequency (Fs) equal, 
at least, to the double of the upper frequency (Fe) 
contained in the spectrum to transmit . With this 
condition , no Information is added or lost on the 
transmitted signal. This theorem describes the 
well-known phenomenon cailed speetrum al iasing 
shown figure 6, where the entire spectrum to 
transmit appears around Fs, 2Fs. 3Fs, ... and so on. 

GAIN 
ANTI -ALIASING 

FIL TER TEMPLATE 

Thus, ail spectrum components of the signal con­
tained a round these frequencies are transmited by 
the M.P.F., oppositively to the desired result. 
Io cancel the affects of this phenomanon, it is 
required, before ail sampled system, to fiher 1111 the 
spectrum components of the input signal upper than 
Fs- Fe. An analogfiltar, eailed " anti-aliasing filter", 
must be tharefore applied before the M.P.F. 

WITHOUT ANTI -ALIASING Fil TER. 

THE S!'ECTRUM COMPONENTS AROUND Fs· 2Fs· 

ARE NOT STOPPED ev THE SAMPLED FILTER 

\ - / ~ 
7 1 1 

\ 1 1 
\ 1 1 SPECTRUM 
\ ALIASING OF THE SPECTRUM ALIASING OF THE SPECTRUM 

TO 
\ TO TRANSMIT AROUND F5 TO TRANSMIT AROUND 2 F5 

TRANSMIT \ 1 1 
\ 1 

1 \ 1 FREO 

FIGURE 6 

Phenornenon of the spectrum i,liasing 

, Witho ut anti.eliaslng filter 

. With antl-aliaslng filter 

Spectrum to transmit =f:. trammitted spectrum 

Spectrum to transmit = transmltt:ed spectrum 

The selectivity of this filter depends upon the Fs/Fc 
ratio. 

If Fs/Fc > 200 a RC filter (first order low-pass) is 
sufficient. 
If Fs/Fe < 200, a SALLEN-KEY structure (second 

order low-pass) must be used. This structure and its 

14/19 

relalionships are described (figure 7). ln these relation­
ships, Fe is the eut-off frequency desired of the anti­
aliasing filter and ~ its damping coefficient. For a eut· 
off as tight as possible and without overvoltage around 
it, { must have a value around 0.7. 
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TSG86XX 

R1 = R2 = arbitrary value 

Fe = eut-off frequency for the anlialiasing lilter. 

An optimal ehoiee is Fe= 1.2 x eut-off frequeney of 
the main filter 

( = damping coefficient; the optimal value is 0 .7 

J 

FIGURE 7 

V 

Cl 
21TR1 Fe 

(Cl = ;2 - C21 

C2 = ----
2,r; R1 Fe 

SALLEN-KEY ttructur• (second ordor low1)8SS Flltor) for 

11ntl-ella:slng and smoothlng. 

N.B) If Fs/Fe < 2 (figure! 8). the spectrum to transmit 
and the spectrum aliased have a part in common and lt 

becomes impossible to share the useful signais from the 
undeslrable signais. 

GAIN 

~---~---~---------, 
TO 

TRANSMI 

1 
ALIASING OF THE 1 

SPECTRUM AROUND FS 1 
1 
1 
1 
1 

FIGURES 

Whon Ft/Fe < 2. the tpectrum components lnciuded bet-n 

Fs•Fc and Fe and 'Nhich are du■ to spectrum alla1lng 11re not 

ttopped by the sampled flltor 
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TSG85XX 

• Smoothing: As the signal obtained at the output of 
the M.P.F ls a sampled and hold signal, it is often 
required to smooth it. This smoothing filter can be 
achieved from the SALLEN-KEY structure previously 
described (figure 7). 

• Hardware lmplementation: ln order to make easier 
anti-aliasing and smoothing, THOMSON SEMICON-

-6V +6V 

PL 
v+ 

v-

LVL 

TSG 

NC 

-EA 

SA 

IN 85XX + EA 

5V ,1 
0 -1L.J7_ 

GND + EB 

OUT 58 

CLK -EB 

r-- PWF PWA 

1 
1 
1 

..l..cPWF 
"'T"' 

1 
1 

OUCTEURS has designed, on the even chip of the 
M.P.F, twogeneral purpose operational amplifiers. A 
few external components are therefore sufficient to 
achieve these functions (figure 9). 
On the other hand, in the most of M.P.F's, a special 
integratedcell is includedin thechip(cosinefilter)to 
reduce the eliasing affects around Fs. 

C2 

IN 

OUT 

A"l ..... 
GNDOA v+ GNDORV+ 

PL= 20 k!l. (multiturn) 

10 krl .; RPWF• R0 p .;75 krl 

Rl, R2, C1, C2 

A'1. R'2, C'l. C'2 

See anfr-aliaslng 

and smoothing considerations 

FIGURES 

M.P.F with anti-aliasing and smoothlng filtars 

16/19 

----------11IOMSON SEMICONDUCTEURS----------



Nonetheless, if the application allows it, these two 
operational amplifiers can be used to implement other 
functions (gain, comparator, oscillator, ... ). 
ln this case, the circuit shown f igure 10 can be used as 

C2 

11ntl-11li11sing or smoolhing filter. This structure is the 
same as the SALLEN-KEY structure deacribed figure 7 
(second order low-pass), in the same way as the corres­
ponding relationships. 

+sv 

2N 
2222 

-SV 

10 kÎ2 

FIGURE 10 

Second order low-paas Fllter (SALLEN-KEY STRUCTURE) 

with a transistor replacing the operatlooal amplifier . 
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TSG85:XX 

PHYSICAL DIMENSIONS 

A50E f 117 Cl-79 

·w_
1

·1·1·1 1~! 
-~~-, ---~ 

·- !:l ·yi'" .,. ,,. 
c,,,,.... 111-..--

0, 

0 

- - - e,,Ull] 01 f.,._.......,........., 

l.'--.. 

f 116A Cll-91 

CASE CB-79 

PSUFFIX 
PLASTIC PACKAGE 

JSUFFIX 
CERDIP PACKAGE 

CASECB-98 

• 
PSUFFIX 

PLASTIC PACKAGE 

These specifications are subject to change without notice 
Please inquire with our sales offices about the availability of the different packages 
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TSG85XX 

M.P.F STANDARD PRODUCT 

Those MPF standard products are HCMOS universel filter con­
taining a mask programmable switched capcitor cascadable 
structure, and two uncommitted general purpose operational 
amplifiers. Every filter is obtained by TSG8508 base specializa­
tion; for pin description and free operational amplifier specifica­
tions, see TSG85XX general characteristics. 

Here is the description of this family: 

Part numbe< Function Typa 

TSG8510 Low- Pass cauer 

TSG8511 Low- Pass Cauer 

TSG8512 Low- Pass Cauer 

TSG8513 Low- Pass Chebychev 

TSG8514 Low- Pass Bunerworth 

TSG8530 High - Pau C1uer 

TSG8531 High - Pass Cauer 

TSG8532 High - Pass Chebychev 

TSGB540' Notch 0=7 

TSG8550 Band - Pa-■ cauer O = 7 

TSG8551 Band -Pesa Selective Q = 35 

• Preliminary 

Note: E>«:epl for TSG8561 IGo = 30 dB) 
Go= 0 dB for ail M.P.F. 

BLOCK DIAGRAM 

+EB 

-EB 

S8 

Order Clock to eut-off 
fr9q. rotio 

6 75.3 

7 75.3 

7 100 

8 60 

8 80 

3 320 

6 400 

6 500 

6 930 

6 48 

8 187.2 

GND 

19/19 

LINEAR HCMOS1 
M.P.F 

SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 

(STA-NDARD FILTER) 

CASE CB-79 

!Ill' 
1 

CASECB-98 PSUFFIX 
PLASTIC PACKAGE 

Ceramic package (C suffix) 
and Cerdip package (J suffix) 
are also available 

PIN ASSIGNMENTS 

v+□s PWF 
V- 2 7 CLK 

LVL 3 6 OUT 

IN 4 6 GNO 

8 pins: FILTER ONLY 

16 NC 

V- 15 -EA 

LVL 14 SA 
13 +EA 
12 +ee 

OUT 11 SB 

10 -EB 

PWF 9 PWA 

16 pins: FILTER + 2 OP-AMPs 

43-45, Avenue de l'Europe - 78140 VÉUZV-FRANCE - Tél. (1) 39.46.97.19 Télex 240780F 
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NOTES 
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TSG8510 

SWITCHED CAPACITOR MASK 
PROGRAMMABLE FILTER 

The TSG8510 is a HCMOS lowpass elliptic filter. 

• CAUER type. 
• 6th order. 
• Stopband ettenuation: 33 dB (typ). 
• Pessband ripple: 0.05 dB (typ). 
• Clocl< to eut-off freq. ratio: 75.3. 
• Clock frequency range: 1 to 1500 kHz. 
• Cut-off frequency range: 13 Hz to 20 kHz. 

Ordering information: 

• Plastic 16 pins package: TSG8510XP. 
• Ceramic 16 pins package: TSG8510XC. 
• Cerdip 16 pins package: TSG8510XJ. 
• Plastic 8 pins package: TSG85101 XP. 

X: Temperature range= C : OOC, + 700C 
1 : -25oC, + 85oC 
V : -400C, + 85oC 
M ; -65°C, + 126oC 

Note: For general characteristics. see TSG85XX specificat ions. 

;;; 
."l:! 
w 
a 
::, 
>-::; 
IL 
:li 
<( 

For non standardquality level, consult THOMSON SEMI­
CONDUCTEURS general ordering information. 

AMPLITUDE RESPONSE CURVE 

0 

- 10 ' -20 

-30 

-40 f', r ...._ , ...... 
-50 

-60 

0.05 0.1 0.2 0.6 2 5 10 20 

NOAMALIZED FAEQUENCY 

LINEAR 
HCMOS1 

M.P.F 
SWITCHED CAPACITOR 

MASK PROGRAMMABLE FILTER 

c,s,c0-79~ 

CASE CB-9B 
PSUFFtX .'-"'"''"~" , 

Ceramic package (C suffi•I 
and Cerdip package (J suffut) 
ara also availabte 

PIN ASSIGNMENT 

v+□a PWF 
V- 2 7 CLK 

LVL 3 6 OUT 

IN 4 S GND 

8 plno: FILTER ONLY 

16 NC 

15 -EA 

14 SA 

13 +EA 
12 +ea 

11 SB 

10 - EB 

9 PWA 

1 Il piM: FILTER + 2 OP•AMP1 

43-46, Avenue de l'Europe - 78140 VÉLIZV-FRANCE - Tél. (1) 39.46.97.19 Télex 240780F 
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TSG8510 

FILTER SPECIFICATIONS 
Lowpass filter: TSG8610; Type: Cauer; Order: 6. 
v+=5V, V·=-6V. T=26"C, Rl=6k0hm, CL=lOOpF, IPWF=lOOµA 

Chancteristic Symbol Typ. 

External clock frequency Fe 1 
1600(") 

Internai sampling frequency Fi 0.5 
750( 0

) 

Clocit to eutoff fr. ratio Fe/Fe 75.3± 1 % 

Cutoff frequeney Fe 0.013 
20( 0

) 

Passband gain Go -0.3 
0 

Passband ripple Ap 0.06 

Stopband attanuation As 33 

Output DC offset voltage Voff ± 100 

DC level adj ustment LVL ±60 

Level gain LG 3.3 

PWF resistance RPWF 10 
72 

Input eurrent on PWF 1PWF 60 
260 

v+ supply eurrent 1+ 3 

v- supply eurrent 1- 3 

v+ supply rejection ratio PSRR+ 36 

v- supply rejection ratio PSRR· 66 

Input resistance R1N 3 

Input capaeitance C1N 20 

Output voltage swing Vo +3.6 
-4.5 

Output noise Vn 89 

Signal to noise ratio SNR 87 

(") At maximum Fe : - st op band attenuation As> 32 dB for F > 1.37 Fe 
(with lpwf = 260 µ A) - passband ripple : Ap = 0.8 dB 

- passband gain: G0 = - 0.4 dB 

2/6 

Tested 
limita 

0.4 

32 

±200 

6 

6 

Unit Condition• 

kHz (min) 
kHz (max) 

kHz (min) 
kHz (max) 

-
kHz(min) 
kHz (max) 

dB(min) 
dB (max) 

dB (max) Fe= 266 kHz 

dB(min) Fe=266 kHz, F>l.37 Fe 

mV(max) LVL=OVolt 

mV 

-
kOhm(mln) 
kOhm(max) 

µA(min) 
µA(max) 

mA(max) Fe= 100 kHz 

mA(max) lpwa=OµA 

dB Fe= 256 kHz 

dB Fin= 1 kHz 

MOhm 

pF 

Vp - p(max) 

µV rrns BW= 3.4 kHz 

Fa= 256 kHz 
dB Vin= 2 Vrms 

---------- ntOMSON SEMICONDUCTEURS----------
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TSG8610 

PHASE RESPONSE CURVE (IN PASSBAND) 
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1500 

1000 

500 

200 

100 

50 

20 

10 

5 

2 

TSG8610 

OUTPUT DC VOLTAGE ADJUSTMENT 
FROM LVLPIN 

VouT lmVI 

2000 

------+---+----+-----:,l,C-----,,__--+---+----+----1---LVL 
(mV) 

-2000 

F lkH 1 
USER'$ GUIDE FOR •ewF 

• l AND RPWf CHOICE 

-----1 
c\J~ 

_ NON RECOMMENDED 

~ ZONE 

,, 

~ o<?"' 

50 100 160 

72 36 20 

4/5 

ZONE OF 

CORRECT FUNCTIONING 

WITH OVERCONSUMPTION 

200 

14 

-

250 
1PWF (µA) 

RPWFM<l 
1 0 Connected to GND 

---------- TMOMSON SEMICONDUCTEURS----------



li>UOO IU 

PHYSICAL DIMENSIONS 

-
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CASECB-79 

P SUFFIX 
PLASTIC PACKAGE 

CASECB-98 

• ". 

P SUFFIX 
PLASTIC PACKAGE 

These specifications are subject to change without notice 
Please inquire with our sales offices about the availability of the diflerent packages 
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NOTES 
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TSG8511 

SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 

The TSGB511 is a HCMOS lowpass elliptic filter. 

• CAUER type. 
• 7th order. 
• Stopband anenuation: 66 dB (typ). 
• Paasband ripple: 0.1 dB jtyp). 
• Clock to eut-off freq . ratio: 75.3. 
• Clock frequency range: 1 to 1300 kHz. 
• Cut-off frequency range: 13 Hz to 17.3 kHz. 

Ordering informations: 

• Plastic 
• Ceramic 
• Cerdip 
• Plastic 

16 pins package: TSG8511XP. 
16 pins package: TSG8611 XC. 
16 pins package: TSG8611XJ. 

8 pins package: TSG86111XP. 

X: Temperature range= C : OOC, + 700C 
1 : -25-C, + 85°C 
V : -40<>C; + 85°C 
M : -55oC, + 125oC 

Note: For general characteriS1ics. see TSG85XX specifications. 
For non standard quality level, consul! THOMSON SEMI­
CONDUCTEURS general ordering information. 

AMPLITUDE RESPONSE CURVE 

0 

- 10 

iii -20 

:!! - 30 

~ - 40 
i? - 60 :; ... 

- 60 ::1 
<( 

- 70 

,. ,,,--
' I 

r 
- 80 

0.1 0.2 0.6 2 

NORMALIZED FREQUENCY 

LINEAR HCMOS1 
M.P.F 

SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 

CASECB-79 

~ 
CASE CB-98 

, 
Ceramlc pecbge (C 1ufflx) 
and Cenlip package (J IUffix) 
are al110 avait-

PSUFFIX 
PlASTIC PACKAGE 

PIN ASSIONMENT 

v+□e PWF V- 2 7 CLK 

LVL 3 6 OUT 

IN 4 5 GND 

8 pilla: FILTER QNLY 

16 NC 

15 -EA 

14 SA 
13 +eA 
12 +EB 

OUT 11 SB 

10 - EB 

9 PWA 

11 pilla: FILTiàR + 2 OP. AMPII 
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TSG8611 

FILTER SPECIFICATIONS 
Lowpass filter: TSGB611 ; Type: Cauer; Order: 7. 
v+=6V, v·=-6V, T=25"C, RL=5k0hm, CL=100pF, lpwf=100µA 

Cheracterhrtic Symbol Typ. 

EJ<ternal elock frequency Fe 1 
1300(') 

Internai sampling freq. Fi 0.6 
650(") 

Clodt to cutoff fr. ratio F..;Fe 76.3 ± 1 % 

CutoH frequency Fe 0.013 
17.3 (') 

Passband gain Go -0.3 
0 

Passband ripple Ap 0 .1 

Stopband ettenuation As 66 

Output Oc offset vohage V off ± 150 

DC level adjustment LVL ± 64 

Level gain LG -4.7 

f"tNf resistance RPWf 10 
72 

Input current on PWF 1PWF 60 
260 

V+ supply cu"rrent I+ 3.5 

V• supply current 1- 3.6 

V+ suppty rejection ratio PSRR + 32 

V- supply rejection ratio PSRR- 47 

Input rasistanCé R1N 3 

Input Capacitance CIN 20 

Output voltage swing Vo +3.6 
• 4.5 

Output noise Vn 168 

Signal to noise ratio SNR 82 

('} At maximum Fa: stopl>and attenuation AS > 60 dB for F> l.3 Fe 
(with lpwf = 2~) . 
passband ripple Ap = 0.5 dB 
passband gain : G0 = -0.7 dB 

2/6 

Tuted 
limita 

0.5 

60 

±300 

5 

6 

Unit Condition• 

kHz(min) 
kHz (max) 

kHz (min) 
kHz (max) 

-
kHz(min) 
kHz(max) 

dB(min) 
dB (max) 

dB (max) Fe= 266 kH• 

dB(min) Fe= 266 kHz 
F>l .3 Fe ; 

mV (mex) LVL=OVolt 

mV 

-

KOhm(min) 
K ohm (max) 

µA(mln) 
µA(max) 

mA(max) Fe= 100 kHz 

mA(max) lpwa =OµA 

dB Fe= 256 kH• 

dB Fin ": 1 kH• 

MOhm 

j>F 

Vp-p (max) 

µVrms BW=3.4 kHz 

Fe= 256 kHz 
dB Vin= 2. Vrms 
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PHYSICAL DIMENSIONS 
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~ THOMSON SEMICONDUCTEURS 

TSG8512 

SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTEA 

The TSG8512 is a HCMOS lowpass elliptic filter. 

• CALIER type. 
• 7th order. 
• Stopband attenuation: 86 dB (typ). 
• Passband ripple: 0.16 dB (typ). 
• Clock to eut-off freq. ratio: 100. 
• Clock frequency range: 1 to 200o'kHz. 
• Ctrt-off frequency range: 10 Hl to 20 kHz. 

Ordering informations: 

• Plastic 16 pins package: TSG8612XP. 
• Ceramic 16pinspackage: TSG8612XC. 
• Cerdip 16 pins package: TSG8512XJ. 
• Plastic 8 pins package: TSG85121 XP. 

X: Temperature range = C : OOC, + 700C 
1 : -25°C, + 85oC 
V : -4Q<>C, + 85°C 
M : -55°C, + 125<>C 

Note: For general characteristics, see TSG85XX specifications. 
For non standardquality level, con suit THOMSON SEMI­
CONDUCTEURS general ordering information. 

AMPLITUDE RESPONSE CURVE 
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SWITCHED CAPACITOR 
MASK PROGRAMMABLE FIL TER 

CAS<CB-~ 

CASE CB-98 
P SUFFIX • ""'""~"'"' 

Ceramlc package (C suffix) 
and Cerdip package (J suffixl 
are elso available 

PIN ASSIQNMENT 

v+□e PWF 
V- 2 7 CLK 

LVL J S OUT 

IN 4 5 GND 

8 pins: FIL TER ONL Y 

16 NC 

15 -EA 

14 SA 

13 +EA 

12 +EB 

OUT 11 SB 

10 - EB 

9 PWA 

111 pins: FILTER + 2 OP. AMP■ 
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FILTER SPECIFICATIONS 
Lowpass filter: TSG8512; Type : Cauer; Order: 7 . 
v+=5V. V·=-5V, T=25'C, RL=6k0hm, CL=100pF. lpwf=100µA 

Characterlatic Symbol Typ. 

Extarnal clock frequency Fe 1 
2000(') 

Internai sampling freq. Fi 0.6 
1000(') 

Clock to cutoff fr. ratio Fa/Fe 100± 1 % 

Cutoff frequancy Fe 0.010 
20(') 

Passband gain Go -0.3 
0 

Passband ripple Ap 0.16 

Stopband attenuation As 85 

Output OC offset voltage Voff ± 160 

DC levai adjustmant LVL ±22,5 

Leval gain LG -11.1 

P\NF resistance RPWf 10 
72 

Input cu"ent on PWF IPWF 50 
260 

v+ supply current 1+ 3.6 

v· supply current 1· 3.5 

v+ supply rejection ratio PSRR+ 20 

v- supply rejection ratio PSRR· 35 

Input resistance R1N 3 

Input eepacltance C1N 20 

Output voltage swing Vo +3.6 
- 4 .5 

Output noise Vn 112 

Signal to noise ratio SNR 86 

(*) At ma•imum Fa : • stapband ananuation : As > 62 dB for F > t .8 Fe 
(with lpwf = 260µ A) - passband rippla : Ap = 0.6 dB 

- passband gain : Go = -0.4 dB 

2/5 

Tnted 
limita 

0.5 

76 

±260 

6 

6 

Unit Condition• 

kHz(min) 
kHz(max) 

kHz(min) 
kHz (max) 

-
kHz(min) 
kHz(max) 

dB(min) 
dB (max) 

dB (max) Fe= 100kHz 

dB(min) Fe= 100 kHz, F>1 .B Fe 

mV(max) LVL = OVoh 

mV 

-
k Ohm(min) 
k Ohm (max) 

µA(min) 
µA(max) 

mA(max) Fa= 100 kHz 

mA(max) lpwa=OµA 

dB Fe= 200 kHz 

dB Fin= 1 kHz 

MOhm 

pF 

Vp • p (max) 

µVrms BW= 1 kHz 

Fe= 100 kHz 
dB Vin= 2 Vrms 
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PHYSICAL DIMENSIONS 
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These specifications are subject to change without notice 
Please inquire with our sales offices about the availabilîty of the different packages 
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TSG8513 

SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 

The TSG8613 is a HCMOS lowpass polynomial filter. 

• CHEBYCHEV type: 
• 8th order. 
• SIopband attenualion: 69 dB (typ). al 2 x F c 
• Passband ripple: O. 16 dB (typ). 
• Clock. to eut-off freq . ratio: 60. 
• Clock. frequency range: 1 10 1600 kHz. 
• Cut-off frequency range: 16 Hz to 26 kHz. 

Ordering informations: 

• Plastic 16 pins package: TSG8513XP. 
• Ceramic 16 pins package: TSG8613XC. 
• Cerdip 16 pins package: TSG8513XJ. 
• Plastic 8 pins package: TSG85131XP. 

X: Temperature range = C : OOC. + 700C 
1 : -2soe. + as0c 
V : -400C, + 85oC 
M : -56oC, + 126°C 

Note: For general characteristics, see TSG85XX specifications. 
For non standard quality level, consultTHOMSON SEMI­
CONDUCTEURS general ordering information. 

AMPLITUDE AESPONSE CUAVE 
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-20 
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M.P.F 

SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 

CASECB-79 

tif' 
CASECB-98 P SUFFIX 

PLASTIC PACKAGE 

Ceramlc package (C Suffix) 
and Cerdip package (J Suffix) 
are also availabfe 

PIN ASSIGNMENT 

v+□a PWF V- 2 7 CLK 

LVL 3 6 OUT 

IN 4 6 GND 

8 pin•: FILTER ONLY 

16 NC 

15 -EA 

14 SA 
13 +EA 
12 +EB 

11 SB 

10 -EB 

9 PWA 

16 pins: Fil TER + 2 OP. AMP■ 
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FILTER SPECIFICATIONS 
Lowpass filter: TSG8513; Type: Chebychev; Order: 8 . 
v+=5V, V·= - 5V, T=2s ·c. RL~5k0hm, CL=lOOpF, lpwf=lOOµA 

Charactariatic Symbol Typ. Tested Unit Condition• 
limita 

Ex:ternal clock frequency Fe 1 kHz(min) 
1500(·) kHz (max) 

Internai sampling freq. Fi 0 .5 kHz (min) 
750(") kHz(max) 

Clocic. to cutotf fr. ratio Fe/Fe 60± 1 % -
Cutoff frequency Fe 0 .016 kHz tmin) 

25 (") kHz (max) 

Passband gain Go -0.3 dB(mln) 
0 dB (max) 

Passband rlpple Ap 0.15 0 .6 dB (max) Fe= 60 kHz 

Stopband anenuation As 69 65 dB(min) Fe= 60 kHz. F>2 Fe 

Output OC offset voltage Voff ± 100 ± 250 mV(max) LVL= 0 Volt 

OC level adjustment LVL ± 100 mV(max) 

Level gain LG - 2 .6 -
PWF resistance RPWl' 10 k Ohm (min) 

72 k Ohm 1max) 

Input current on P'Wf 1PWF 50 µA(min) 
250 µA(max) 

v+ supply currant i-t 3.B 5 mA(max) Fe= 100 kHz 

v- supply current 1- 3.8 5 mA(max) lpwa=OµA 

v+ supply rejection ratio PSRR+ 25 dB Fe= 120 kHz 

v - supply rejection rat io PSRR- 40 dB Fin= 1 kHz 

Input resistance R1N 3 MOhm 

Input capacitance C1N 20 pF 

Output voltage swing Vo +3.5 Vp • p (max) 
- 4.5 

Output noise Vn 107 µ.Vrms BW = 1 kHz 

Fe= 60kHz 
Signal to noise rat',o SNR 86 dB Vin= 2 Vrms 

1•) At maximum Fe - stopband attenuation : As> 55 dB for f>2 Fe 
(with lpwf = 250 µ A) - passband ripple : Ap = 0 .8 dB 

• passband g•in : G0 = - 0 .6 d8 

2/5 
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PHYSICAL DIMENSIONS 

f 117 Cl-79 

fl16A C..91 

CASECB-79 

P SUFFIX 
PLASTIC PACKAGE 

CASE CB-98 

P SUFFIX 
PLASTIC PACKAGE 

These specifications ore subjact to change without notice 
Please inquire with our seles offices about the availability of the different pacl<ages 
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f) THOMSON SEMICONDUCTEURS 

TSG8514 

SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 

·The TSG8514 is aliCMOS lowpass polynomial filter. 

• BUlTERWORTli type. 
• 8th order. 
• S1opband attenualion: 74 dB (lyp). at 3.6 x Fe 
• Passband ripple: maximally fiat 
• Ctock to eut-off freq. ratio: BO. 
• Clock frequency range: 1 to 1000 kHz. 
• Cut-off frequency range: 12.6 Hz to 12.5 kHz. 

Ordering informations: 

• Plastic 16 pins package: TSG8514XP. 
• Ceramic 16 pins package: TSG8514XC. 
• Cerdip 16 pins package: TSG8514XJ. 
• Plastic 8 pins package: TSG85141 XP. 

X: Temperature range = C : OOC, + 700C 
1 : -25oC, + 86°C 
V : -400C. + 85°C 
M: -55°C, + 125°C 

Note: For general characteristics, see TSG85XX specifications. 
For non standard quality level, consult THOMSON SEMI­
CONDUCTEURS general ordering information. 
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PSUFFIX 
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• . 1 

Ceramic package (C suffix) 
and Cerdip package (J aufflx) 
are also available 

PIN ASSIGNMENT 

v+□e PWF V- 2 ? CLK 

LVL 3 6 OUT 

IN 4 5 GND 

8 pine: FILTER ONLY 

16 NC 

16 -EA 

14 SA 

13 +EA 

12 +EB 

11 se 
10 - EB 

9 PWA 

18 pin■: FILTER + 2 OP-AMP■ 
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l.)'3GO l't 

FILTER SPECIFICATIONS 
lowpass filter: TSG8614; Type: Butterworth; Order: 8. 
v+=6V, v-=-6V, T=26·C. RL=6k0hm, CL=100pF, lpwf=100µA 

Ch•~ Symbol Typ. 

External clock frequency Fe 1 
1000 (") 

Internai aampling lreq. Fi 0.6 
600(") 

Clock 10 cutoff Ir. ratio Fe/Fe 80±1% 

· Cutoff frequency Fe 0.0126 
12.5 (") 

P88-ndgain Go -0.3 
0 

Passband ripple Ap maxi rnatfy 
Fiai 

Stopband attenuation As 74 

Output DC offset voltage \/off ± 100 

OC level adjustmant LIIL ± 100 

Level gain LG - 2 

P\N'F resistance RPWf 10 
72 

Input current on PWF IPWF 60 
260 

v+ supply currant 1+ 3.8 

11- supply current 1- 3.B 

v+ supply rajec!lon ratio PSRR+ 30 

v- supply rejection ratio PSRR- 42 

Input resistance 11tN 3 

1 npu1 cepacitance C1N 20 

Ou!put voltage swing 1/o +J.6 
-4.6 

Output noise \ln 86. 

Signal to noise ratio Sf,iR 87 

(") At maximum Fe : • stopband attenuation : As>6D dB forF>J.6 Fe 
(with lpwf = 260 µ A) 

- passband gain : G0 = -0.6 dB 

216 

T-
Mmlta 

68 

±200 

6 

6 

Unh Conditlona 

kHz (min) 
kHz (max) 

kHz(min) 
kH.z(max) 

-
kHz(min) 
kHz (max) 

dB(min) 
dB (max) 

dB (max) Fe= 80kHz 

dB (min) Fe= 80 kHz, F>3.6 Fe 

ml/ (max) LIIL = 01/olt 

ml/ 

-
kOhm(mln) 
kOhm(max) 

µA(min) 
µA(max) 

mA('"!'X) Fe=100kHz 

mA(max) lpwa = OµA 

dB Fe= 160 kHz 

dB Fin= 1 kHz 

MOhm 

pF 

1/p -p(max) 

µ Il rma BW= 1 kHz 

Fe= 80 kHz 
dB Vin= 2Vrma 
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10 Connecte<! to GND 
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PHYSICAL DIMENSIONS 

F 117 Cl-79 

CASECB-79 

P SUFFIX 
PLASTIC PACKAGE 

CASE CB-98 

P SUFFIX 
PLASTIC PACKAGE 

These specifications are subject to change without notice 
Please inquire with our sales offices about the availability of the dilferent packages 
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~ ntOMSON SEMICONDUCTEURS 

TSG8530 

SWITCHED CAPACITOR 
MASK PROGRAMMABLE FIL TER 

The TSG8530 is a HCMOS hi11hpass• elliptic filter. 

Main features: 

• CAUEA type. 
• 3th order. 
• Stopband attenuation: 15 dB (typ). 
• Passband ripple: 0.2 dB (typ). 
• Clock to eut-off freq. ratio: 320. 
• Clock frequency range: 4 to 2400 kHz. 
• Cut-off frequency ran11e: 12 Hz to 7.5 kHz. 

• According 10 spectrum aliasing phenomenon. the TSG8530 must be 
considered as a highpass filter only in the range [Fe. Fi/2]. where Fi is 
the internai sampling freQuency. 

Ordering informations: 

• Plastic 16 pins package: TSG8530XP. 
• Ceramic 16 pins package: TSG8530XC. 
• Cerdip 16 pins package: TSG8530XJ. 
• Plastic 8 pins package: TSG85301 XP. 

X: Temperature range = C : OOC. + 700C 
1 : -2soe. + as•c 
V : -400C, + 85°C 
M: -ssoe. + 12s0c 

Note: For general characteristics, see TSG85XX specifications. 
For non standardquality level, consult THOMSON SEMI­
CONDUCTEURS general ordering information. 
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CASECB-79 

CASE CB-98 P SUFFIX 
PLASTIC PACKAGE 

Ceromic package (C sufflx) 
and Cerdip pacl<age (J suttlx) . 
ere olso ovailable 

PIN ASSIGNMENT 

v+□e PWF V- 2 7 CLK 

LVL 3 6 OUT 

IN 4 5 GND 

8 pins: FILTER ONLY 

16 NC 

15 -EA 

14 SA 

13 +EA 

12 +es 
11 SB 

10 -EB 

9 PWA 

111 pin■: FILTER + 2 OP-AM Pa 
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FILTER SPECIFICATIONS 
Highpass filter: TSG8530; Type: Cauer; Order: 3. 
v+=5V, V·"'-•5V, T=25 "C, RL=5k0hm, CL=100pF, IPWf=100µA 

Characteriatic Symbol Typ. 

Extarnal elock frequency Fe 4 
2400(") 

Internai sampling freq. Fi 2 
1200(") 

Clock to eutoff fr. ratio Fe/Fe 320± 1 % 

Cutoff frequency Fe 0.0125 
7.5(") 

Passband gain Go -0.3 
0 

Passband 1iwle Ap 0.2 

Stopband attenuation As 15 

Output DC offset voltage Voff ± 100 

OC level adjustment LVL ±40 

Level gain LG - 6 

PWF resistance RMF 10 
72 

Input current on PVt,JF IPWF 50 
250 

v+ supply currant ,+ 2.8 

v- supply current 1- 2.8 

v+ supply rejection ratio PSRR+ 33 

v- supply rejection ratio PSRR· 38 

Input resis1ance RtN 3 

Input capacitance C1N 20 

Output voltage swing Vo +3.5 
-4.5 

Output noise Vn BO 

Signal to noise ratio Sl'IR 85 

(") At maximum Fe : - stopband anenuation : As> 14 dB for f< 0 .49 Fe 
(with lpwf = 250 µ A) - passband ripple : Ap = 0.2 db 

• passband gain : G0 = · 0 .6 dB 

2/5 

Teated Unit 
limita 

kHz(min) 
kHz (max) 

kHz(min) 
kHz(max) 

-
kHz(min) 
kHz(max) 

dB(min) 
dB (max) 

0 .6 dB (max) 

14 dB(min) 

±200 mV(max) 

mV 

-
k Ohm(minl 
kOhm (max) 

µA(min) 
µA(max) 

5 mA(max) 

5 mA(max) 

dB 

dB 

MOhm 

pF 

Vp - p{max) 

µVrms 

.dB 

Condîtion• 

[Fe, 30 Fel Fe= 320 kHz 

F<0.49 Fe ; Fe= 320 kHz 

LVL= OVolt 

Fe= 100 kHz 

lpwa =OµA 

Fe= 32 kHz 

Fin= 1 kHt 

BW= 2 kHz 

Fe= 32 kHz 
V,n = 2 Vrms 
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IFo kHz) 

J 

1 

1.:,uoo~u 

OUTPUT DC VOLTAGE ADJUSTMENT 
FROM LVLPIN 

VouT lmV) 

5000 

4000 

- 5000 

USER'S GUIDE FOR IPWF 
AND R C O CE PWF H 1 

-----
2000 

1000 

500 NON RECOMMENOED 1 sJ \\, ----------cùl' 

200 

1()() 

-
ZONE ~~ 

>-1 
'-cO ~--

V-
50 

20 
ZONE OF CORRECT 

FUNCTIONING 
10 

WITH DVERCONSUMPTION 

5 

2 

0 50 100 150 200 

72 35 20 14 
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250 
1PWF (µA) 

RpwF (kn1 
10 Conneeted to GND 
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PHYSICAL DIMENSIONS 

-

CASECB-79 

PSUFFIX 
PLASTIC PACKAGE 

CASECB-98 -~,-,.,., 5 . '' . .. u-.. ~ 

~ -~-/ ~· f1 
-tl ·--~-= """' .. ·---, ... 
-

A.500 

"' o .. , ... 1 ... , 1 
' :!Al 0-91 

PSUFFIX 
PLASTIC PACKAGE 

These specifications are subject to change without notice 
Please inquire with our sales offices about the availab~i1y of the different packagea 
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NOTES 
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~ THOMSON SEMICONDUCTEURS 

TSG8531 

SWITCHED CAPACITOR 
MASK PROGRAMMABLE FIL TER 

The TSGB531 is a HCMOS highpass• elliptic filter. 

Main featuras: 

• CAUER type. 
• 6th order. 
• Stopband attenuation: 32 dB (typ). 
• Passband ripple: 0.15 dB (typ). 
• Ctock to eut-off freq. ratio: 400. 
• Clock frequency range: 4 to 1800 kHz. 
• Cut-off lrequency range: 10 Hz to 4.5 kHz. 

• According 10 spectrum aliasing phenomenon, the TSG8531 must be 
considered as a highpass filter only in the range (Fe, Fi/2]. where Fi is 
the internai sampling frequency. 

Ordering informations: 

• Plastic 16 pins package: TSG8531 XP. 
• Ceramic 16 pins package: TSG8531 XC. 
• Cerdip 16 pins package: TSG8631 XJ. 
• Plastic 8 pins package: TSG85311 XP. 

X: Temperature range = C ; OOC. + 700C 
1 : -25oC, + 85oC 
V : -4QOC, + 85oC 
M : -55oC, + 125oC 

Note: For generel characteristics. see TSG85XX specifications. 
For non standardquality level, consul! THOMSON SEMI­
CONDUCTEURS general ordering information. 

AMPLITUDE RESPONSE CURVE 

0 

- 10 
( 

iii -20 
!! 

~ -30 
::, .. - 40 :::; ... 
:E 

/r-\ 
I 

< - 50 

- 60 

0 .1 0 .2 0 .6 t 2 5 10 

NOAMALIZED FAEOUENCY 

LINEAR HCMOS1 
M.P.F 

SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 

CASE CB-79 

CASECB-98 
P SUFFIX 

PlASTIC PACl<AGE 

• 1 

Caramic packaoa (C auffi•) 
and Cerdip package (J suffi><) 
are also available 

PIN ASSIGNMENTS 

v+□e PWF V- 2 7 CLK 

LVL 3 6 OUT 

IN 4 5 GND 

8 pin■: FILTER ONLY 

16 NC 

15 -EA 

14 SA 

13 +EA 

12 +EB 

11 SB 

10 -EB 

9 PWA 

18 pin■: FILTER +. 2 OP-AMP■ 
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FILTER SPECIFICATIONS 
Highpass filter: TSG8631; Type: Cauer; Order: 6. 
v+=GV, v - = - 5V, T=2s ·c . RL=5k0hm, CL=100pF, lpwf=100µA 

Charact8filtiC Symbol Typ. 

Extern.el clock frequency Fe 4 
1800 (') 

Internai sampling freq. Fi 2 
900(·1 

Clock to cutoff rr. rat.a Fe / Fe 400±, % 

Cutoff frequency Fe 0 .01 
4 .51·1 

Passband gain Go • 0 .1 
0 .1 

Passb<>nd ripple Ap 0 .16 

Stopband attenuation As 32 

Output Oc offset voltage V off ± 100 

DC level adjustment LVL ±300 

Level ga in LG 0 .1 

P\/1/F resistance RPWF 10 
72 

Input current on PWF 1PWF 60 
260 

V+ suppJy current I+ 3.5 

V• supply current 1- 3.5 

V+ supply rejection ratio PSRR + 36 

V- supply rejection ratio PSRR - 48 

Input ,esistance R1N 3 

lnpUt Capacitance C1N 20 

Output voltage swing Vo + 3.5 
- 4.6 

Output noise Vn 178 

Signal to noise ratio SNR BO 

(*f At maximum Fe: stopband attenuation As > 30d8 for F <o.55 Fe 
twith lpwf = 250µA) 
passband ripple : Ap = 0 .3 dB 
passband gain : G0 = -1 dB 

2/5 

Tnted 
limita 

0.4 

30 

±200 

5 

5 

Unit Conditions 

kHz(min) 
Khz(max) 

kHz (min) 
Khz(max) 

-
kHz (min) 
kHz(max) 

dB(min) 
dB (max) 

dB (max) [Fe. 30 Fe] ; 
Fe= 400 kHz 

dB(min) F <0.66 Fe 
Fe= 400 kHz 

mV (maxi LVL=OVolt 

mV 

-
KOhm(min) 
K ohm (max) 

µA(min) 
µA(max) 

mA(max) Fe= 100 kHz 

mA(max) lpwa=OµA 

dB Fe= 40kHz 

dB Fin= 1 kHz 

MOhm 

pF 

Vp-p (max) 

µv rms BW=2kHz 

Fe= 40 kHz 
dB Vin=2 Vrms 
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TSG8631 
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1000 
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100 

50 
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F
0 
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TSG8631 

OUTPUT DC VOLTAGE ADJUSTMENT 
FROM LVL PIN 

1 

0 

-1000 

- 2000 

- 3000 

-4000 

-6000 

VouT lmV) 

3500 

3000 

2000 

1000 

USER'S GUIDE FOR lpwf 
AND Rpwf CHOICE 

NON RECOMMENOED ~ ,o~ 
ZONE ~ \) 

0 

"'~ R-<.' 

/ 
ZONE OF CORRECT 

1 

FUNCTIONING 
1 

1 
WITH OVE RCONSUMPTION 

0 60 100 150 

72 35 20 
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200 

14 

----

-
250 

LVL 
lmV) 

Rpwf ikP.) 

10 Connec1ed 10 GND 
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PHYSICAL DIMENSIONS 

A50E F 117 ca-79 

-
•w1• •• •·c 5 
-~~--,---~ ... a· ~ 1,,.....,_......_ 

b : •- ·-.• . • - • .,. , ., a, , ___ 

~ ·-... 
' A.500 

1 1 
f H6A 1 0·98 

"' O• f ., JIO(( .. f'l\tK 

CASE CB-79 

PSUFFIX 
PLASTIC PACKAGE 

CASECB-98 

• 
PSUFFIX 

PLASTIC PACKAGE 

These specrfècations are subject to change without notice 
Please inquire with our sales offices about the availebility of the different packages 
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NOTES 
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~ THOMSON SEMICONDUCTEURS 

TSG8532 

SWITCHED CAPACITOR 
MASK PROGRAMMABLE FIL TER 

The TSG8532 is a HCMOS highpass• polynomial !iller. 

Main leatures: 

• CHEBYCHEV type. 
• 6th order. 
• Stopband attenuation: 60 dB (typ). at 0 .25 x Fe 
• Pasaband ripple: 0.45 dB (typ). 
• Clock to eut-off freq . ratio: 600. 
• Clock lfequancy range: 5 to 1800 kHz. 
• Cut-olf frequency range: 10 Hz to 3.6 kHz. 

• According to spectrum aliasing phenomenon, the TSG8532 must be 
considered as a highpass lifter only ln the range [Fe. Fi/2). where Fi is 
the internai sampling frequency. 

Ordarlng informations: 

• Plastic 16 pins package: TSG8632XP. 
• Ceramic 16 pins package: TSG8532XC. 
• Cerdip 16 pins package: TSG8532XJ. 
• P1as1ic 8 pins package: TSG85321XP. 

X: Temperature range == C : OOC, + 7()<>C 
1 : -26<>C, + 85<>C 
V : -40<>C, + 85<>C 
M : -55°C, + 126°C 

Note: For general characteristics, see TSG85XX specifications. 
For non standard quality level, consul! THOMSON SEMI­
CONDUCTEURS general ordering information. 

AMPLITUDE RESPON.SE CURVE 

0 

-10 I 
iii -20 I 
:!! -30 
"' 0 -40 ~ I 
f-
::; - 50 I 
1:1. 
:li -60 
<( 

'- 70 

I 
I 

0 .1 0.2 0.5 1 2 5 10 

NORMALIZEDFREQUENCY 

LINEAR HCMOS1 
M.P.F 

SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 

CASE CB-79 

CASÉ CB-98 PSUFFIX 
P!ASTIC PACKAGE 

Caramic package (C suffü<I 
and Cerdlp package (J auffix) 
are also evailable 

PIN ASSIGNMENTS 

v+□a PWF V- 2 7 CLK 

LVL 3 6 OUT 

IN 4 S GND 

B plna: FllTER ONLY 

16 NC 

15 -EA 

14 SA 
13 +EA 
12 +EB 

OUT 11 SB 

10 -EB 

9 PWA 

111 plna: FILTER + 2 OP-AMPa 
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FILTER SPECIFICATIONS 
Highpass filter: TSG8632; Type: Chebychev; Order: 6 . 
v+ = 6 V, V-= - 5 V. T = 25 'C, AL= 5 k Ohm, CL= 100 pF, IPWF= 100 µ A 

Ch■rectaristic 

External clock frequency 

Internai sa·mpling frequency 

Clock to cutoff fr. ratio 

Cutoff frequency 

Passband gain 

Passband ripple 

Stopband attenuation 

Output OC offset voltage 

OC level adjustment 

Level gain 

PWF resistance 

Input current on PWF 

V+ supply current 

V- supply current 

V+ suppty rejaction ratio 

V. supply rejection ratio 

Input resistance 

Input Capa~itance 

Output voltage swing 

Output noise 

Signal to noise ratio 

(") At maximum Fe : 
(with lpwf = 26o,JA) 
passband ripple : Ap = 0.8 dB 
passband gain : G0 = • 0.8 dB 

Symbol 

Fe 

Fi 

Fe/Fe 

Fe 

Go 

Ap 

As 

V off 

LVL 

LG 

Rpwf 

IPWf 

I+ 

1-

PSRR+ 

PSRR-

R1N 

C1N 

Vo 

Vn 

SNR 

Typ. Teated 
limita 

5 
1800(") 

2.6 
900(") 

600± 1 % 

0.01 
3.6(") 

-0.4 
0 

0.45 0 .8 

60 55 

± 80 ±200 

± 75 

-2 .7 

IO 
72 

50 
260 

3.4 5 

3.4 6 

49 

46 

3 

20 

+3.6 
-4.6 

88 

85 

2/5 

Unit Condition■ 

kHz (min) 
kHz (max) 

kHz(mln) 
kHz (max) 

-
kHz(mln) 
kHz (max) 

dB(min) 
dB (max) 

dB (max) (tFc,45 Fj 
Fe=600k z 

dB(min) F< 0.26Fc; Fe = 600kHz 

mV(max) LVL=OVolt 

mV(max) 

-

KOhm(min) 
KOhm(max) 

µA(min) 
µA(max) 

mA(max) Fe= 100kHz 

mA(max) lpwa=o,JA 

dB Fe= 50 kHz 

dB Fin= 1 kHz 

MOhm 

pF 

Vp-p (max) 

µVrms BW=2kHz 

Fa= 50 kHz 
dB Vin= 2 Vrms 
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1800 

1000 

500 

200 

100 

50 

20 

10 

5 

2 

I Fe (kHz) 

1 

TSG8532 

OUTPUT DC VOLTAGE ADJUSTMENT 
FROM LVLPIN 

VouT (mVI 

2000 

1500 

-1500 

- 2000 

USER'S GUIDE FOR lpwf 
AND R CHOICE PWF 

-----NON RECOMMENDED JJ~-------
ZONE ~ 

o~",ù 
p.\- C 

~ 

ZONE OF 

CORRECT FUNCTIONING 

WITH OVERCDNSUMPTION 

50 100 150 200 

72 35 20 14 

4/5 

250 
1PWF lµA) 

Rpwf (k!."!) 

10 Connecte<! to GND 
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PHYSICAL DIMENSIONS 

A50E f 111 Cl-79 

-
W ]'""' 5 -?fflf = -, --~ 

.... o· - Ill_...__ 
' 

ot , _______ 

·- ... 
,.. 

' ... ,oo 
1 1 

f 1l6A 1 co-n 

"' O.l.T 1, !COii ( ,..,,, 

CASE CB-79 

PSUFFIX 
PLASTIC PACKAGE 

CASECB-98 

• 
P SUFFIX 

PLASTIC PACKAGE 

These specîficetions ■re subject to change without notice 
Plesse inquire with our sales offices about the availability of the different pachges 
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~ ntOMSON SEMICONDUCTEURS 

TSG8550 

SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 

The TSG8650 is a HCMOS Cauer band-pass fitter. 

Main features: 

• 6th order. 
• Selectivity factor: Q == 7. 
• Gain at canter frequency: 0 dB (typ). 
• Low stopband attenuation: 40 dB {typ). 
• High stopband attenuation: 40 dB (typ). 
• Clock to canter freq. ratio: 48. 
• Clock frequency range: 1 to 1200 kHz. 
• Center frequency range: 20.8 Hz to 25 kHz. 

Ordering informations: 

• Plastic 16 pins package: TSG8550XP. 
• Ceramic 16 pins package: TSG8550XC. 
• Cerdip 16 pins package: TSG8560XJ. 
• Plastic 8 pins package: TSG85501XP. 

X: Temperature range == C : O"C, + 70"C 
. 1 : -25°C, + 85°C 

V : -4QOC, + 85°C 
M: -55oC, + 125oC 

Note: For general characteristlcs, see TSG85XX specifications. 

·• 
- ,. 

-48 

.... 

For non standardquelity level, consult THOMSON SEMI­
CONDUCTEURS general ordering information. 

AMPLITUDE RESPONSE CURVE 

/ 
V-- ,......__ 

_/ --... r-. .... 
V' 

0. 1 0 .3 o.s 0. 7 10 

NORMALIZED FREQUE.NCY 

LINEAR HCMOS1 
M.P.F 

SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 

CASE CB-79 

CASE CB-98 P SUFFIX 
PlASTtC PACKAGE 

Ceramic paci<age (C Suffi•) 
and Cerdip package (J Suffix) 
are also availabte 

PIN ASSIGNMENT 

v+□s PWF 
V- 2 7 CLK 

LVL 3 6 OUT 

IN 4 5 GND 

8 p;na: Fil TER ONLV 

16 NC 

15 -EA 

14 SA 

13 +EA 

12 + EB 

OUT 11 SB 

10 - EB 

9 PWA 

1 e plno: Fil TER + 2 OP-AMPa 
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FILTER SPECIFICATIONS 
Band-pass filter: TSG8550; Type: CAUER; Order: 6 
v• = 5 V. v· = · 5 V, T = 25°C. AL= 5 kohm, CL= 100 pF, lpwF = 50 µA 

Characterlltlc 

External clock lrequency 

Internai sampling frequency 

Clock 10 center lrequency ratio 

Center lrequency 

Gain at center lrequency 

Low cutoff frequency 

High cutoff frequency 

-3 dB bandwidth 

Selectivity coefficient 

Passband ripple 

Low stopband attenuation 

High stopband attahuation 

Output DC offset voltaae 

DC level adjustment 

Level gain 

PWF resistance 

Input current on PWF 

V supply current 

V· supply current 

V suoolv reiection ratio 

v- supply reiection ratio 

Input resistance 

Input capacitance 

Output voltage swing 

Output noise 

Signal to noise ratio 

(*) At maximum Fe : 
(with lpWF = 250 µA) 

Symbol Typ. Te■ted Unit limita 

Fe 1 kHz (min) 
1200 (') kHz (max) 

Fi 0.5 kHz(min) 
600(') kHz (max) 

Fe/Fo 48± 1% -
Fo 0 .0208 kHz (min) 

26 (') kHz (max) 

Go 0 0 dB (max) 
-2 dB(min) 

Fic 0.0204 kHz(min) 
24.5 (') kHz(mu) 

Fhc 0.0216 kHz(min) 
25.9(') kHz (max) 

BW 0.003 kHz tmin) 
3.15 (') kHz (max) 

a 7 -
Ap 0.06 0.3 dB (max) 

Ais 40.6 40 dB(min) 

Ahs 40.6 40 dB(min) 

V off ± 100 ±200 mV(max) 

LVL ± 118 mV(max) 

LG -1 ,7 -
RPWF 

10 kohm (min) 
72 kohm (max) 

IPWF 
60 µA(min) 
260 µA(max) 

I' 1.7 6 mA(max) 
1· 1.7 6 mA(max) 

PSRR' 9 dB 

PSRR· 20 dB 
Rin 3 Mohm 

Cin 20 pF 

Vo +3.6 Vp-p (max) -4.6 

Vn 272 µVrms 

SNR 78 dB 

Stopband attenuation Ais > 39 dB for f < 0 .8 Fo 

Stopband attenuation Ahs > 42 dB for f > 1.24 Fo 

Passband ripple Ap = 0.3 dB 

Gain at center freq. 

-3 dB bandwidth 

Selectivity 

G0 = · 1.5 dB 

BW = 3.15 kHz [0.926 Fo, 1.052 Fo) 

0=7.9 

2/5 
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Conditions 

Typ. Go= -0.2 dB 
for Fe = 48 kHz 

Fic= 0.971 Fo 

Fhc = 1.035 Fo 

[0.926 Fo, 1 .07 Fa] 

O= Fo/BW 

F < 0.8 Fo 

F > 1.24Fo 

LVL = Ovolt 

Fe= 48 kHz 

lpwa = OµA 

Fe =48kHz 

Fin= 1 kHz 

BW= 144 Hz 
CPWF = 33 pF 
Fe= 4B kHz 
Vin= 2 Vrms 
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35 w 14 
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PHYSICAL DIMENSIONS 

•SO• f 117 Cl- 79 
) ll lUIC 

-
~ '~T B ·-~ __ , ___ J 
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~· :1. ti ,' 

~tji ,_:_ o, • - • ..»111 CIi , ___ .,.._ 
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1 1 
f UOA 1 Cl· PI 

"' ........ -~, ..... K 

CASE CB-79 

P SUFFIX 
PLASTIC PACKAGE 

CASE CB-98 

• 
PSUFFIX 

PLASTIC PACKAGE 

These _.:lflcation1 are aubject ta cful1111• wtthout notlc:e 
PleaN lnqulre with our uln officH about the availabillty of the d~t packages 
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~ THOMSON SEMICONDUCTEURS 

TSG8551 

SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 

The TSG8551 is a HCMOS high selectivity bandpass filter. 

Main f1111tures: 

• 8th order. 
• Selectivity factor: 0 = 36. 
• Gain 111 canter frequency: 30 dB (typ). 
• Low stopband attenuation: 70 dB (typ). 
• High stopband attenuation: 70 dB (typ): 
• Clock to centarfreq. ratio: 187.2. 
• Clock frequancy range: 4 to 3800 kHz. 
• Canter frequency range: 22 Hz to 20.3 kHz. 

Ordering informations: 

• Plastic 
• Ceramic 
• Cerdip 
• Plastic 

16 pins package: TSG8651 XP. 
16 pins package: TSG8661 XC. 
16 pins package: TSG8651 XJ. 
8 pins package: TSG85511 XP. 

X: Temperature range = C : OOC, + 700C 
1 : -25oC, + 85oC 
V : -400C, + 85oC 
M : -65oC, + 126oC 

Note: For general characteristics, see TSG86XX specifications. 
For.non standardquality level, con suit THOMSON SEMI­
CONDUCTEURS general ordering information. 

.; 
:!! 
w 
0 
::, ... 
:; ... 
!E 
< 

AMPLITUDE RESPONSE CURVE 

30 

20 r ' 10 I \ 
0 

-10 

-20 

-30 

--40 

J \ 
/ '\ 

/ "' ~ ......... 
/ 

0.8 0.86 0 .9 0.96 1 1.05 1.1 1.15 1.2 

NORMALIZEOFREOUENCY 

LINEAR HCMOS1 
M.P.F 

SWITCHED CAPACITOR 
MASK PROGRAMMABLE FIL TER 

CAKCBn,,,, 
1 

CASE CB-98 
PSUFFIX 

PLASTIC PACKAGE 

Ceramic package (C Suffix) 
and Cerdip pack"9" (J Suffi•) 
are also evailable 

PIN ASSIGNMENTS 

v+□s PWF V- 2 7 CLK 

LVL 3 6 OUT 

IN ~ 5 GND 

8 pk,o: FILTER Ol\lLY 

16 NC 
15 -EA 

14 SA 
13 +EA 

12 + EB 

11 SB 

10 -EB 

9 PWA 

111 plne: FILTER + 2 OP-AMPe 

a 

~ , 
'-----------------'" 
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FIL TER SPECIFICATIONS 
Bandpass filter: TSG8661; Type: High Q; Order: 8. 
v+=6V. v-=-6V. T=26'C, RL=6k0hm, CL=100pF, IPWF=100µA 

Cheractarlatic Symbol Typ. Tested Unit Condition• 
limita 

External clock frequency Fe 4 kHt(min) 
3800("} kHz (ma•} 

Internai sampling frequency Fi 0 .6 kHz (min} 
475 ("} kHz(ma•} 

Clock to center frequency ratio Fe/Fo 187.2 ± 1 % -
Center frequency Fo 0 .022 kHz (min} 

20.3("} kHz(max} 

Gain at canter frequency Go 30 32 dB (max} Fe= 400 kHz 
28 dB(min} 

Seleetivity coefficient a 36 -
Passband ripple Aç, - dB (max) 

Low stopbend attonuation Ais 70 55 dB (min) F <o.a Fo 

High &topband attenuation Ahs 70 55 dB(min} F >1.2 Fo 

Output DC offset voltage V off ± 100 ±200 mV(max) LVL = 0 volt 

OC level adjustment LVL ± 70 rn\/(max} 

Level gain LG - 3.3 -
PWf resistanoe RPWf 10 KOhm(min) 

72 KOhm(ma,) 

Input current on PWF IPWF 50 µA(min} 
250 µA(max} 

V+ supply current I+ 3.8 6 mA(max} Fe = lOOkHt 

V- supply current 1- 3.8 5 mA(max) lpwa =OµA 

V+ supply rejection ratio PSRR+ 10•· dB ·Fe= 187.2 kHz 

V- supply rejection ratio PSRR- 19•• dB Fin= 1 Khz 

Input resistance R1N 3 MOhm 

Input capadtance C1N 20 pF 

Output voltage swing Vo +3.5 Vp-p (mex) 
-4.5 

Output noise Vn 55•• µVrms BW=3 Hz 

Fe= 187.2 kHz 
Stgnal to noise ratio SNR 90•· dB Vin= 2 Vrms 

• IPWF = 200 µA 
• • Value divided by the gain 

2/5 
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TSG8551 

PHASE RESPONSE CURVE (IN PASSBAND) 

+ 50 
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- 50 
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AMPLITUDE RESPONSE TEMPLATE (TESTED) 
GAIN (dB) 
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TSG8661 

OUTPUT DC VOLTAGE ADJUSTMENT 
FROM LVLPIN 

11ouT <mVJ 

2000 

-2000 

USER"S GUIDE FOR le_wf 
AND Rpwf CHOICE 

----~-r e,-:l 
... ,~ 

NON RECOMMENOEO 
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,r 
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-

1 l::»'31S001 

PHYSICAL DIMENSIONS 

Cl-79 

CASE CB-79 

PSUFFIX 
PLASTIC PACKAGE 

CASE CB-98 

~fffif--:ôr a- . - ,,. _ __, 

-----= 
,.. 

A.500 

'" o_ • . ,., 

o..Ull l 01 , _ __,,..... 

1 .~, 1 
, 116A 1 
=•>< 

, ... 
' 0-91 P SUFFIX 

PLASTIC PACKAGE 

These specifications are subject to change without notice 
Please inquire with our sakls offices about the evailability of the different peckages 
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TSGF08/Customer identification 

SWITCHED CAPACITOR MASK PROGRAMMABLE 
FILTER (SEMI CUSTOM FILTER) 

THOMSONSEMICONOUCTEURSsuppliesthefirstsamples4to8weeks 
after the eu81omer's definition of the M.P.F specifieations. Ali types of 
filters may be provided (BlJTTERWORTH, LEGENDRE, CHEBYCHEV, 
BESSEL, CAUER) for eonventional applications (low-pass, high-pass, 
bandpass, notch, group delay equalizers) or for slmultaneous optlmizatlon 
of the amplitude and phase templates. 

Main featuru: 

• Technology: HCMOS1 . 
• Available orders: 4 to 8 (whatever the type of M.P.F). 
• Input signal frequency range: 0 to 30 kHz 
• Clock frequency range: 1.to 2000 kHz 
• Clock to eut-off frequency ratio: 20 to 400 (depending on the M.P.F 

considered). 
• Signal to noise ratio: 6010 85 dB (depending on the internai structure 

of the M .P.F considered). 
• Power supply: ±5 V or 0-10 V. 
• Consumption adjustable between 0 .5 to 20 mW per order. 
• Accuracy of the eut-off frequencies: 0.5%. 
• Response curves (amplitude and phase) translatable by changing the 

clock frequency. 

BLOCK OIAGRAM 

LINEAR HCMOS1 
M.P.F 

SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 

(SEMI CUSTOM FILTER) 

CASECB-79 

-1 

CASECB-98 P SUFFIX 
PLASTIC PACKAGE 

• Ceramlc package (C auffix) 
and Cerdip pocJtaoe (J sufftx) 
ore also availabla 

PIN ASSIGNMENTS 

v+□s PWF V- 2 7 CLK 

LVL J 6 OUT 

IN 4 6 GND 

8 plna: FILTER ONLY 

16 NC 

V- 15 -EA 

LVL 14 SA 

13 +EA 

12 +EB 

OUT 11 SB 

10 -EB 

PWF 9 P'WA 

16 pln1: FILTER + 2. OP-AMP1 
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CLIENT INITIATIVES 

THOMSON SC 

STUDY 

CLIENT 
• If study I• ochlevod by the 

client, he may taka advan- STUDY • 
tage of THOMSON SEMI• 
CONDUCTEURS CAD 
facilitles and assistance for 
protype d11lgn and testlng . 

CLIENT 

APPROVAL 

CUSTOM DESIGN BLOCK OIAGRAM 

CLIENT FEEDBACI( 

CLIENT NEEDS i-..o-------1-- - - - --

PROVl~ION OF 
FIL TER SPECIFICATIONS 

FEASABILITY STUDY PRICING PROPOSAL 

PHASE 1 

INITIAL 
CONTACTS 

~ 
w 
w 
3: 
N 
0 
1-

DESIGNANDSERIES 1-------~-----­
PARTSCOSTS 

CUSTOM FIL TER 
STUDY 

SPECIFICATION 
DRAFT 

FIL TER DESIGN AND 
ELECTRICAL SIMULATION 

MPF CIRCUIT 
CUSTOMIZING 

FABRICATION OF 
SPECIFIC MASK 

SILICON WAFER 
FABRICATION 

SILICON WAFER 
TESTING 

PROTOTYPE 
PACKAGE ASSEMBLY 

PROTOTYPE PACKAGE 
TESTING 

PRE-SERIES 

SERIES 

2/ 4 

PHASE 2 

FIL TER 
DESIGN en 

AND lfi 
SIMULATION ~ 

.., 
~ 

-----
PRINTOUT 

(/) 

PHASE 3 " w 
w 

MPF .CIRCUIT :: 
CUSTOMIZING N 

0 ... 
-----

PHASE 4 
(/) 

" FABRICATION w 
w 

(SAME AS FOR ~ 
A GATE AR RAY N 

CIRCUIT) 0 
1-

-----
PHASE 5 

TESTING 

" w 
w 
~ 

-----
TESTED PHASE 6 ~ PACKAGES i 

PRE-SERIES M 

----------
PHASE 7 -s 

~ 
SERIES M 

----------

(/) 

" w 
w 
~ 
00 

0 ... ... 
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FILCAD is a software package developed byTHOMSON SEMICONDUCTEURS availablefor its 
Switched Capacitor designs: M. P. F. but a lso Fu 11 Custom or Semi C ustom Circuits contai ni ng 
such Filter cells. 

GENERAL 
PURPOSE 
S.C.F 
CAD 
TOOLS 

for 
M.P.F 
Std cells 
Full Custom 

SPECIFIC 
LAYOUT 
CADTOOLS 
for 
M .P.F 

leapfrog structure 

SCHEMATIC 
CAPTURE 

PG tape 
of specialization mask 

(GDS2 standard) 

Evaluation 
EVA Theorical 

SIRENA 

FACTOR 

3/4 

SYCAB 

biquad. cascade 

synthesis 

S.C.F synthesis 
S.C.F schematics 

• S.C.F simulations 
• Dynamic scaling 
• Normalization of 

capacitors 
adapted to M .P.F 

• MONTE CARLO analysis 

Automatic 
layout draft 

TMOMSON SEMICONDUCTEURS 
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TSGFOB 

PHYSICAL DIMENSIONS 

Cl-79 

CASE CB-79 

P SUFFIX 
PLASTIC PACKAGE 

CASE CB-98 

tfflf:-:Br 
~ " • à ! ,. 

0.- 1••----

~ 

-
A>OD 

"' 

' 

••• • 1 110(< 

m, _ ___..,.,..__ 

.... 
' 

1 
P: 116A 1 Cl-91 

-·"' 
P SUFFIX 

PLASTIC PACKAGE 

These specifications are subject to change without nottCe 
Please inquire with our sales offices about the availability of the different packages 
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1 

TSG8670 

ADVANCE INFORMATION 

SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 

The TSG8670 is a HCMOS voice-grade du.al filter for telephone 
line interface. 

OUT1: RECEIVE LOW-PASS FILTER. 
• CAUER type. 
• 4th order. 
• Stopband attenuation: 34 dB. 
• Passband ripple: 0.3 dB. 
• Clock to cutoff frequency ratio: 85.33. 
• Clock frequency range: 1 to 1500 kHz. 
• Cutoff frequency range: 12 Hz to 17 kHz. 

OUT2: TRANSMIT BAND-PASS FILTER. 
• 8th order (5th order CAU ER low-pass + 3rd order CHEBYCHEV 

high-pass). 
• Selectivity factor: Q = 0 .22. 
• Upper stopband attenuation: 42 dB. 
• Passband ripple: 0.2 dB. 
• Clock to canter frequency ratio: 342. 
• Clock frequency range: 10 to 1000 kHz. 
• Canter frequency range: 29 Hz ~o 2.9 kHz. 

Ordering informations: 

• Plastic 18 pins package: TSG8670XP. 
• Ceramic 18 pins package: TSG8670XC. 
• Cerdip 18 pins package: TSG8670XJ. 

X: Tempel'"i!ture range = C: OOC, + 70,,C, 1: -25°C, + 85°C 
V: -4Û"C, t 86°C, M: -55oC, + 125°C 

1 

LINEAR HCMOS1 
M.P.F 

SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 

CASE CB-181 

PSUFFIX 
PLASTIC PACKAGE 

PIN ASSIGNMENT 

18 LVL2 

V- 2 17 ·EA 

IN1 3 16 SA 

15 + EA 

OUT1 5 14 + EB 

OÜT2 6 13 SB 

12 -EB 

11 PWA 

10 PWF 

43 • 46. Avenue .le l'Euro!?" 78140 VELIZY-FRANCE Tel. (11 39. 46.97.19 Tolex: 240780F 
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TSG8670 

BLOCK DIAGRAM 

PWA IN1 PWF LVL1 

iNPUT OUTP\JT S/H 
OUT1 

FIL TER 1 
+EB S/H 1 BUFFER 1 

12 1h ORDER 

- EB POSSIBILITY 

OUT2 
INPUT 

FILTEA2 
OUTPUT SIH 

S/H 2 BUFFER 2 
SB 

CLOCK GENEAATOR 

+EA 

-EA PROG. CLOCK DIVIDER LVL2 

SA LEVEL SHIFT AND TTL INTERFACE 

8 

IN2 CLK v+ GNO V-
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TSG8670 

AMPLITUDE RESPONSE CURVE FOR TELEPHONE APPLICATION (CLK = 256 kHz) 
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PHVSICAL DIMENSIONS 

CB-181 

P SUFFIX 
PlASTIC PACKAGE 

1~:~;:~1t:==:-. 
' 111 18 p1,. 

- ' 
A50G 
eu 0.A .1.A. JfOfC 

CB-181 

Sl1ElHC 

These specificatlon1 are subject to change without notice 
Please inquire with our sales office.! about the availability of the different packages 

Printed in France 
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Quality information 



QUALITY CONTROL: a tailored service 

The market for Telecom components is characterized by its high individual requirements, with which 
THOMSON SEMICONDUCTEURS is more than able to cope: 

• By offering quality levels compatible with the leading international standards: 

-CECC.90000, selection classes D and quality assurance level Y, 
-NFC 96883, selection classes D, or std, 
-NFC 96020, Ouality Assessment Standard, level Y. 

• By ensuring that its semiconductor products appear on as many Preferential Product Lists and 
Qualified Product Lists as possible. 

• By deploying the most advanced technology: in the ongoing search for improved performance 
(speed, power consumption, integration, Telecomequipment design demands the use of the most 
modern technologies. These technologies are deployed by THOMSON SEMICONDUCTEURS in 
respect of its standard products as well as its custom activities: 

SELECTION LEVELS 

Levais D and Standard: 

ln the "Standard" class, THOMSON SEMICONDUCTEURS offers a range of products in ceramic, 
cerdip and metal packages for operation in the following temperature ranges: 

• Standard OOC to 70oC. 
• Extended -400C to +à5°C. 

The "D" level is the standard level with additional burn-in only. 

----------11IOMSON SEMICONDUCTEURS----------
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THE RESOURCES TO ENSURE RIGOROUS QUALITY CONTROL 

The strictest possible quality control at all levels of the manufacturing process offers the user the best 
guarantee of reliability. 

Wafer proceaslng 

The diffusion workshops are covered by extremely rigorous specifications in respect of cleanliness and 
the precision with which the various operations are carried out, Production is continuously sampled for 
the purpose of reliability testing. The most stringent requirements are imposed to wafers intended for mili­
tary and space applications. 

Anambly 

Assembly is carried out in a clean room environment by highly skilled staff using the most sophisticated 
automated equipment. There are a number of possible test and inspection levels: 

• 100% visual inspection (PRECAP), 
• Wire bonding test, 
• Die attach test, 
• Stabilizatlon bake, 
• Temperature cycling, 
• Constant acceleration, 
e Particle impact noise detection test (Pind-test), 
• Seal test. 

Quality assurance and salection 

Electrical tests are performed on 100% of devices after selection operations. Apart from sorting parts, 
this test is used to determine the proportion of circuits defective after burn-in •. Application of the 5% 
PDA procedure enables the entire production to be rejected where lots show a potential for failures after 
shipping considered excessive. 

Following the selection operations, the Quality Assurance staff applies standardized quality monitoring 
procedures in accordance with standard CECC 90,000, level Y. 

THOMSON SEMICONDUCTEURS 



PACKAGED PRODUCTS 

D SCREENING CLASS: 

ln accordance with French NFC 96883/class O (and European CECC 9000/class D), this level 
corresponds to "standard screening" products submitted only to an additional burn-in . 

STANDARD QUALITY CLASS: 

Guaranteed level when no specific screening class is required by the customer. 

100 
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D and STANDARD SCREENINGS 

DIE SEPARATION/CLEANING 
VISUAL INSPECTION 

(100%) 

PACKAGE INPECTION 
(by lot) 

DIE ATTACH 
(2 sampling by shlft ( 1ll 

BONDING WIRE INSPECTION 
(2 umpllng by shlft (11) 

WIRE BONDING 
BOND STRENGTH 

(2 sarnpling by shlft (1 Il 

INTEANAL 
VISUAL INPECTION 

(1()()'11, + (2)) 

INCOMING PARTS CLEANING 
100% + (2) 

ENCAPSULATION 
STABILIZATION BAKE 

(100%) 

SEAL TEST lfine leakl 
(100%) 

See next page 

Speclflcatlona 

Internai nonn ("I 

Internai nonn (•) 

Internai nonn (0
) 

Internai norrn (0
) 

Internai nonn 1°) 

Internai nonn 1 • l 

Internai nonn (0
) 

Internai fl<l"rn (*) 

lnternel nonn l*I 
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D and STANDARD SCREENINGS (contlnued) 

SEAL TEST (grou leekl 
(100%) 

MARKINQ 
(100%) 

ELECTRICAL 
TEST AT 21i°C 

(100%) 

BURN-IN 
(100%) 

POST BURN-IN 
ELECTRICAL TEST AT 25°C 

(100%1 

FINAL ELECTRICAL TEST 

QUALITY CONFORMANCE 
INPECTION 

DATA REPORT 

PACKINO, CONTROL 
BEFORE SHIPPING 

(100%) 

(1l Minimum sample quantity by shift 
(21 Lot sampling 

NFC 96883 

Internai norm 

N FC 96883/ P502 
Device specification 

"STANDARD" SCREENING STOPS HERE 

168 H • 125°C 
NFC 96883/E503 

N FC 96883/ P502 
Devlce speclfication 

NFC 96883 

TllOMSON SEMICONDUCTEURS 
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D and STANDARD QUALITY CONFORMANCE INSPECTIONS 

The following tables comply with the NFC 96020 norms. This norm is quite similar to the MIL-STD-883 
quality conformance inspection from which it diffêrs only on minor points. 

Lot acceptance t-
The group A and B tests are performed on each lot ( N FC 96020-Y level) 

Quallty conformance inapectlon for anembly proceu and technologie, 
These tests are accompllshed with a periodicity of 3 or 6 months. 
We perform practically att the tests of group C, as defined in the French standard NFC 90020, adopting methods compatible 
with book V11 of methodic documentation of the CCT (UTE C00-1921. 

Sul,-
group 

Cl 

C2 

C3 

C4 

--
111 

C5 
121 

C6 

C8 

C9 

C13 

Tests of groups A and B (Y level) of the French Standard NFC 96020 
performed on each lot 

DEVICES ANALOG LOCIC 

CLASS STANDARD& D STANDARD& D 
LEVELS LEVELS 

Sub- TESTS NFC96020 lnapection AQL LTPD Accapt. 
9roup r.feretle9§ i. .. 1 " eriwri.l 

A1a E xter~I vi1ual însoection 6.1 
M.ark ing conformance 6 .1.1 Il 0 .4 3 2/3 

Alb Mechanical inoperatiVM 6.2 Il 0 .25 3 1/2 

A2 Func1ional test at 25°C Il 0.15 
or a1 T° max r, 

• A3a MMii n $la,lic IV$U 

at 25°C Il 0.4 31'1 
1/2 

A3b Complementary static 
@ 

tests at 25°C 
T'"max. 

A4• Functional ar,d main sutic Device 
tests at maximum reted 1pecification 
operatfng t:emperature 

S4 1 
A4b F unctional and main 5tatic 

tnfl at mlflimum rated No ten No test 
o~a ting temperature 

AS Main dynemic testl 51"1 
at 25°C No1n1 No test @ 3/4 

or at T° max (•) T"max. 

DEVICES ANA LOG and LOGIC 

Sub- STANDARD/11,LEVELS 
group TESTS 

NFC96020 
Acup~ crita~~ Sampi• 1iHS rwfwenc• § 

"' o< 
inapee1ion level1 AQL% 

B1 Physical d imension, 6.3 11 0/1 

B2 Solderability M302 32 112 

B3 SNI tett (For cavity pack.ages) M303 1 
1 " 

Perlodical test table 

Tom 

Secondary physteal dimtn• 
siOnsweight 

Ml,rking resiltance 
to 1olven1s 

Terminai strength 

• Resistance 10 soldering 
httae:ing 

- Thermal shock, 

--------
- Accelerated dllTlf) heat 

- Mechanical shocks 
· Vibrations · t..imps 
• Comtant ecceleration 

Oamp heat 
(steady sute} (31 

Lif• J.et:t 1000 H st 
high temperature (41 

High temperatwrt 
no rage 

Salt atmQJPh.,. (51 

NFC 98020 Somplo ,..f.,.ftea § si.1" 

8.3 11 

M 306 1B 

M 304 18 

M301 
25 

C 203 
----

C205 

M 307 
M 308 1B 
M 306 

C 204 18 

E 401 or E 403 2S and device spec . 

E 402 18 

C 202 8 

Aœop. 
criteria 

0 

1 

1 

1 

1 

1 

i 

1 

1 

These tests are accomplished with a periodicity of 3 or 6 
months. 
They regroup practically ail the lests of group C, as d~­
fined in the French standard NFC 96020, adopting me­
thods compatible wi th book VII of 1he CCT methodic 
documentation (UTE C00-1921. 

( 1) For pte,tic packages 
(2) For ceramic and metal glass packagfl 
131 10 dav, for gold plat&d leam 

56 da-,. for lin P'•ted leedl or tin dlppad leadl 
14} Max junction UtmptJacure : 1 50°C for e1Yity packagn 

130°c for plu tic packages 
161 Accordlng to puQge (anoe • year). 
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STANDARD FILTERS: MINIMAL VERSION 
(filter only) 

.---, 

THOMSON SEMICONDUCTEURS 
prefix 

Technology 
G: CMOS/Si gate 

1 
De vice n umbar 

Operating 
temperature renge 

C OOC, + 700C 
1 -26°C, + 86oC 
M -55°C, + 125oC 
V -400C,+ 85°C 
A Non standard 

1 J 

-

THOMSON SEMICONDUCTEURS 
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Screenlng clm 
(See Ouality Information) 

U: standard 
D: screening class 
G/B: screening clas.s 
B/B: screening class 
S: screening cfass 

Pacbge 

C: ceramic OIL 

P: plastic OIL 

J: cerdip 01 L 

------------- I 



STANDARD FILTERS: EXTENDED VERSION 
(2 free op. amplifiers) 

l 1 

THOMSON SEMICONDUCTEURS 
prefix 

T eçhnology 
G: CMOS/Si gate 

1 
Device number 

Operating 
temperature range 

C 0-C. + 70-C 
1 -2soe. + es•c 
M -55oC, + 125°C 
V -400C, + 86•C 
A Non standard 

1M 
r:7 

• 

THOMSON SEMICONDUCTEURS 

• 

Screenlng ci■" 
(See Ouality information) 

U: standard 
0 : screening class 
G/ 8: screening class 
B/ 8 : screening class 
S : screening class 

Package 

C : ceramic DIL 

P: plastic OIL 

J : cerdip OIL 



SEMI CUSTOM FILTERS 

,P1E1/1A,B,C1 
" 

THOMSON 
SEMICONDUCTEURS 

prefix 

Technology 
G: CMOS/ Si gate 

1 

Devic:e number: 
F04 for 4th order M.P.F 
FOS for 8th order M.P.F 
F12 for 12th order M.P.F 

Regi1tr1t.on numbar 
(3 digits) 

,, 

Version lettar: indicates a 
minor variant of the basic 

type 

THOMSON SEMICONDUCTEURS 
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Cuatomer 
Identification 

Screening clan 
(See Quality information) 

U: standard 
D: screening class 
E: prototype class 
S: screening class 

Package 

C: ceromic OIL 

J : cerdip OIL 

P: plastic DIL 

OpeHting 
temperature range 

C: ooc. + 700C 
1 : -25-C. + as0 c 
M: -55oe. + 12s0 c 
V: -400C. + 85°C 
A: Non standard 



j ,.~ THOMSON SEMICONDUCTEURS 1 

SALES HEADQUARTERS 
43, AVENUE DE L'EUROPE 
78140 VELIZY-VILLACOUBLAY 
TEL. (1) 39 46 97 19 / TELEX 204 780 F 

INTERNATIONAL SALES NETWORK 
SLJBSIDIARIES (October 1985) 

AUSTRIA 
THOMSO~F Elektronlache Anlagen GmbH 
Lützowgasse 12-14 
1140 WIEN 
Tel. (222) 94.62.82 Telex : 135572 TCSF WA 

BELQIUM and The Nl!THIRLANDS 

THOMSON S.A.-N.V, 
363 Avenue Louise B.P. 10 
B-1050 BRUXELLES 
Tel. (2) 648.64.85 Telex 23113 THBXL B 

BRAZIL 

THOMSON-CSF Componentee do Br■all 
Avenida Roque Petroni JR S-N Brooklin 
SAO PAULO CEP 04707 
Tel. (55 11) 542.47.22 Telex 1124226 TCSF BR 

CANADA 

THOMSON-CSF canad• Ltd 
Departement Semiconducteurs 
1000 Sherbrooke ouest 
suite 2°105 
Montréal H 3A 3G4 
Tel. (1.514) 288.41 .48 Telex 5560248 TESA FILMLT 

FAR l!AST ASIA 

THOMSON-CSF Far East Ltd 
Granville Road 
Energy Plaza Building 
Units 1.2.3 A, 6 floor 
T simshatsui East 
KOWLOON 
HONG KONG 
Tel. (3) 721 .96.82 Telex 40766 HW TCFE 

FRANCE 

THOMSON SEMICONDUCTEURS 
43, avenue de l'Europe 
78140 VÉLIZV-VILLACOUBLAY 
Tel.: (1) 39.46.97.19 Telex TCSF 204780 F 

OERMANY (WEST) 

THOMSON-CSF Bauelemente GmbH 
Perchtinger Str 3 
D-8000 MUNCHEN 70 
Tel. (089) 7879 0 Telex 522916 CSFD 

ITALY 

THOMSON-CSF Componentl 
Via M. Gioia 72 
1-20125 MILANO 
Tel. (2) 699.41 Telex 330.301 TOMC0-I 

THOMSON-CSF Componentl 
Via Sergio 1, 32 
00165 ROMA 
Tel. (6) 63.90.248 Telex 620683 

JAPAN 

THOMSON-CSF J•pan K.K. 
Components Dept. 
TBR Bldg 715 
Kojlmaehi 5-7 
Chiyoda-Ku 
TOKYO 102 
Tel. (3) 264.63.48 Telex 2324241 THCSF. J. 
SOUTH EAST ASIA 

THOMSON-CSF Componenta SE.A 
Units 5D-7D, 4TH Floor, Block 15 
996 Bendemeer Road 
Kallang Basin Industriel Estate 
SINGAPORE 1233 
Tel. (65) 295.31.24 Telex AS 36124 TC SEA 

SPAIN 

THOMSON-CSF Componentea y Tuboa 
Dtvlalon Semlconductorea 
Calle Albacete, 5 
28027 MADRID 
Tel. (1) 405.16.15 Telex 46033 Telefax (1) 404 60 02 

THOMSON-CSF Componentee y Tuboa 
POligono Industriel Fon1santa Montilla. 5 
San Juan Despi 
BARCELONA 
Tel. (3) 373.30.11 Yelex 53077 Telefax (3 ) 373 38 50 

SWl!Dl!N 

THOMSON-CSF Komponentar & Elet<tronr0r AB 
Sandhamnsgatan 65 Box 27080 
S-10251 STOCKHOLM 
Tel. (08) 63.50.60 Telex 12078 THCSF S 

UNITED KINODOM and IRl!LAND 

THOMSON-CSF Components and Mlltarlala Ltd 
Ringway House Bell Road 
DANNESHILL 
BASINGSTOKE · HANTS AG 24-0QG 
Tel. (256) 29.155 Telex 858865 

U.S.A. 

THOMSON-CSF Componenta Corporation 
301 Route 17 North 
Rutherford NJ 07070 
Tel. (1.201) 438 23 00 
Telex 71 0 989 72 86 

For all other countries please contact: THOMSON CompoNnta Export 101, bd Murat t 75781 Paris Cedex 16 - France 
Tel. : (1) 47.43.96.40 / Telex: TCSF 204780 F 
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INTERNATIONAL SALES NETWORK 
DISTRIBLJTQRS (October 1985) 

AIIGIUITINA 

CORTE 
Sgo del Eslero 
6434 Plso 
1075 BUENOS AIRES 
Tet 38.00.10.6ll/8 Twx 21 992 CORTE 

AUSTIIALIA 

CONSULAUST INTERNATlONAL PTY LTD 
P.0 . Box 357 
734 Riversdale Road 
CAMBERWELL, VIC 3124 
Tel. 03.836.25.66 Twx 37455 CONAUS M 

■l!LQIUM AND THt: NIITHt:IILANDS 

INELCO 
94, avenue de Guerre 
B 1120-Bruxelles 
Tet. 02.216.01.60 Telex 64 475 

ITT STANDARD BELGIUII 
componM!la and _..lconductora group 
Rue Antoine-Court 15 
1 OSO-BRUXELLES 
Tel. 02.424.28.00 Twx 22901 ITT MUL 

ALCOII ELECTRONICS BV 
Holiandsch Oiep 57 
2904 EP · CAPELLE MN DE IJSSEL 
Tet. 010.51.93.33 Twx 26160 

ITT STANDARD NETHERLAND 
Philipsstraat 27 
2722 NA ZOETERMEER 
Tel. (31) 79.41.02.24 Twx 32 336 

CANADA 

FUTURE ELECTRONICS 
237 Hymus blvd., Point Claire, 
QUEBEC H9RSC7 
Tet. (514) 694.7710 Twx 610.421 .3500 

82 St. Regis Cresent, Noflh 
Downvieu, ONTARIO, Canada M3.J 123 
Tel. (416) 638.4771 Twx : 610 491 1470 

Dl!N IIAIIX 

SCAN SUPPLY 
18-20 Nannasgade 
OK 2200 - COPENHAGEN 
Tel. (01) 83.50.90 Twx 19037 SCAPLY OK 

l!QYPT 

AL.AG TRADING 
3 Amiralay Hussein Gad Street 
HELIOPOLIS-GHARB 
LE CAIRE 
Tet 690.667 Twx 93031 CHF UN 

FAIi UST ASIA 

JARDINE TECHNICAL PRODUCTS LIMITED 
Wofld trade centre 
P.O. Box 30748 CAUSEWAY BAY 
HONG KONG 
Tel. 5.837.38.88 Telex 60004 JTPHK 

FINLAND 

A ÜJKKÔ OY 
Kohnas Unja 16822 
00530 HELSINKI 53 
Tel. (0) 75.04.14 Telex 125200 

FltANC■ 

..... loftparlalenne 
ALIIEX . 
48, rue de !'Aubépine 
Z.I. 92160 ANTONY 
Tél. (1) 46:66.21 .12 Télex 250067 

GALLEC 
40, rue de Fontenelles 
92000 NANTERRE 
Tél. (1) 47.74.76.86 Télex 613232 

GEDIS 
352, Avenue Georges-Clemenceau 
92000 NANTERRE 
Tel. (1) 42.04.04.04 Télex 615051 

MECODIS 
31 , rue de Metz 
94700 MAISONS-ALFORT 
Tél. (1) 43.78.30.00 Télex 262061 

PEP 
541 , avenue du Général-de-Gaulle 
B.P. 309 
92143 CLAMART CEDEX 
Tél. (1) 46.30.24.56 Télex 204534 

SILEC/CODICOII 
52, rue des Carrières 
B.P. 43 
94222 CHARENTON 
Tél. (1) 43.75.95.92 Télex 680363 

TCC-OIS 
30, av. de la République 
94800 VILLEJUIF 
Tél. (1) 46.77.81.71 Télex 260743 

TEKELEC-AIRTRONIC 
6, avenue Salvador-.\llende 
93804 EPINAY CEDEX 
Tél. (1) 48.21 .60.44 Télex 630260 

523, place des Tenasses 
91034 EVRY CEDEX 
Tél . (1) 60.77.82.66 Télex 691158 

Bureau des Arcades 
424 La Closerie • Clos Mont d'Est 
93160 NOISY-LE-GRAND 
Tél. (1) 43.04.62.00 Télex 220368 



Cité des Bruyères, rue C.-Vemill 
B.P. 2 
92310 SEVRES 
Tel. (1) 45.34.75.35 Télex 204552 

5, allée du Bourbonnais 
78310 MAUREPAS 
Tél. (1) 30.62.00.58 Télex 698121 

Nonl 

DIRECT 
Immeuble Le T ertial 
1 , rue des Promenades 
B.P. 11 
59110 LA MADELEINE 
Tél. 20.55.58.03 Télex 120934 

SILEC/SlDE 
Avenue Robert•SchUITl8J1 
C2 Résidence de l'Europe 
59370 MONS-EN-BAROEUL 
Tél. 20.04.75.08 Télex (734) 160450 

ITKELEC-AIRTRONIC 
Immeuble Moulin 2 
5, rue du Colibri 
59650 V1LLENEUVE-D"ASCQ 
Tél. 20.05.17.00 Télex 160011 

Est 

SEU:CO 
31, rue du Fossé--des-Trelze 
67000 STRASBOURG 
Tél. 68.22.08.88 Télex 890706 

SILEC/DEL 
Rue de l'Escaun 
Z.I. de Dijon • St-Apollinaire 
21000 DIJON 
Tél. 80.71.57.45 Télex 350833 

SILEC/Sl.RD 
36, rue des Jardins 
Le Ban·S1-Marlin 
B.P. 1 
LONGEVILLE-LES-METZ 
57023 METZ CEDEX 2 

6. avenue du Général-de-Gaulle 
69350 LA MULATIERE 
Tél. 78.51.47.68 Télex 305554 

PEP 
191 C, avenue Saint-Exupéry 
69500 BRON 
Tél. 78.00.70.02 Télex 340855 

SILEC/DEL 
Immeuble Le Zodiac 
40, avenue de la Maveria 
74000 ANNECY-LE-VIEUX 
Tél. 50.23.17.29 Télex 309261 

Z.A.C. du Rondeau 
Impasse du Docteur-Pascal 
38431 ECHIAOLLES CEDEX 
Tél. 76.22.05.09 Télex 980938 

8, rue des Frères l.-et-E. Bertrand 
69632 VENISSIEUX CEDEX 
Tél. 78.00.86.97 TELEX 340189 

TEKELEC·AIRTRONIC 
22, rue de la Baisse 
69100 VILLEURBANNE 
Tél. 78.84.06:os 

ZIRST IV 
Chemin des Prés 
38240 MEYLAN 
Tél. 76.41.11.36 Télex 980207 

ALMEX 
Immeuble Armorique 
171 , avenue de Vern 
35100 RENNES 
Tél. 99.51.66.16 Télex ALMEX AN 741034 F 

COMPOSANTS S.A. 
9, rue du Général-Nicole! 
B.P. 1466 
35015 RENNES CEDEX 
Tél. 99.50.40.40 Télex 740311 

DIRECT 
151-153, rou1e de Constantine 
B.P. 4012 
76201 ROUEN CEDEX 

Tét. 87.32.53.12/87.32.26.22 Télex 660177 Tél. 35.98.40.48 Télex 770842 

SILEC/CODtCOM 
Rue du Grend-Véon 
10000 TROYES 
Tél. 25-82.17,43/25.82.17.32 

TEKELEC·AIRTRONIC 
1, rue Gustave-Adolph&-Hirn 
67000 STRASBOURG 
Tél. 88.22.31.51 Télex 880765 

llh6ne-Alpes 

ALMEX 
N0<1y 2 
Route des Peupliers 
69750 DARDILLY 
Tél. 78.66.00.66 Télex 375187 

GEDIS 
21, rue des Glairons 
38401 SAINT-MARTIN-D'HEAES 
Tél. 76.51.23.32 Télex 980788 

GEDIS 
9, rue du Général•Nicole1 
B.P. 558 
35006 RENNES 
Tél. 99.50.18.60 Télex 740056 

SILEC/S1DE 
Résidence Front-de-Seine 
41, quai du Havre 
76000· AOUEN 
Tél. 35.98.22.99 

SILEC/RIME 
Aue de la Dutée 
B.P. 38 
44800 SAINT-HERBLAIN 
Tél. 40.46.12.00 Télex 710084 

TEKELEC-AIRTRONIC 
20, avenue de Crimée 
B.P. 2246 
35022 RENNES CEDEX 
Tél. 99.50.62.35 Télex 740414 

THOMSON SEMICONDUCTEURS 



Centr. et Cent....Oueat 

AUVERLEC 
Z.I., 2, rue de rlndustrie 
B.P. 2 
63800 COURNON•D·AUVERGNE 
Tél. 73.84.76.62 Télex 390926 

COMPOSANTS S.A. 
Z.I., Allée de la Détente 
86361 CHASSENEUIL-DU-POITOU CEDEX 
Tél. 49.52.88.88 Télex 791525 

GEDIS 
1, rue du Danemar1< 
37100 TOURS 
Tél. 47 .41 .76.46 Télex 750765 

Aquttal_.11~• 

ALMEX 
Immeuble • Centreda • 
Avenue Didier-Daurat 
31700 BLAGNAC 
lél. 61 .71 .11 .22 Télex 521370 

COMPOSANTS S.A. 
Parc Industriel Bersol 
B.P. 81 
Avenue G.-Eiffel 
33605 PESSAC CEDEX 
Tél. 56.36.40.40 Télex 550696 

55, avenue louis-Bréguet 
31400 TOULOUSE 
Tél. 61.20.82.38 Télex 530957 

SILEC/SPELEC 
55, boulevard de Thibaud 
31084 TOULOUSE CEDEX 
Tél. 61.41 .05.00 Télex 530777 

SODtMEP 
16, rue des Cosmonautes 
B.P. 4345 
Z.I. du Palays 
31038 TOULOUSE CEDEX 
Tél. 61.54.34.54 Télex 530737 

TEKELEC/AIRTRONIC 
Immeuble • le Montesquieu • 
Avenue Président-Kennedy 
33700 MERIGNAC 
Tél. 56.34.84. 11 Télex 550589 

22/24, boulevard Thibaut 
31084 TOULOUSE CEDEX 
Tél. 61.40.83.94 Télex 520374 

Provence-C6te trA&ur 

COMPOSANTS S.A. 
Bureau 3000 
Avenue Eugène-Donadei 
BAI. B 
06700 ST•LAUAENT·DU.YAA 
Tél. 93.07.77.67 Télex 461481 

DIMEL 
la Marino, avenue Claude-Farrère 
B.P. 1153 
83058 TOULON CEDEX 
Tél. 94.41.49.63 Télex 430093 

GEDIS 
Mercure C 
Z.I. d'Aix-en-Provence 
13763 LES MILLES CEDEX 
Tél. 42.60.01 .77 Télex 420683 

TCC-01S/SRD 
Chemin des Pennes-au-Pin 
Plan de Campagne 
13170 LES PENNES-MIRABEAU 
Tél. 42.02.91.08 Télex 440076 

TEKELEC-AIRTRONIC 
Bàtimenl • le Mercure " 
Avenue Ampère 
B.P. 77 
13762 LES MILLES CEDEX 
Tél. 42.24.40.45 Télex 440928 

GERMANY AND AUSTRIA 

ELECDIS RUGGABER GMBH 
Hertichstr. 41 
7250 LEONBERG 
Tel. 0715216020 Telex 724192 

ECS FREHSDORF GMBH 
Can-Zeiss-Sir. 3 
2085 OUICKBORN 
Tel. 04106/71058 Telex 213693 

METRONIK GMBH 
Kapellenstr. 9 
8025 UNTERHACHING 
Tel. 089/611406063 Telex 529524 

RSC-HALBLEITER GMBH 
lndustriestr. 2 
7536 ISPAINGEN 
Tel. 07231 /8010 Telex 783650 

RTC:i ELEKTRONIK GMBH 
Marl<ischestr. 82a 
4600 DORTMUND 1 
Tel. 0231/528421 Telex 8227323 

SETRON 
Schiffer Elektronik GmbH 
Theodor-Heuss-Sir. 4b 
3300 BRAUNSCHWEIG 
Tel. 0531/80011 Telex 952812 

SPOERLE ELEKTRONIK KG 
Max-Plank•Slr. 1-3 
6072 DREIEICH 
Tel. 06103/3040 Telex 417 983 

ELBATEX GES.M.B.H. 
Endresstr. 54 
A-1238 WIEN 
Tel. 02221885611 Telex 0133128 

ORIECE 

MAKONIK A. LUCINI AND CO.OE 
90 Achilleus S1reet 
KALLITHEA · ATHENS 
Tel. (30) 941.93.29 Telex 219150 MAKO GR 

INDIA 

MELTRON 
(MAHARASHTRA ELECTRONICS COffP.LTO) 
Plot 214 • Backway Aeclamalion 
Raheja/Center 13th Floor 
Na<iman Point 
BOMBA Y 400 021 
Tel. 240538 Twx. 0114506 

11IOMSON SEMICONDUCTEURS 
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INDONHIA 

PT GENERAL EKA ENGINEER'S CORP LTD 
JL Tanah Abang IV HO'19 
JAKARTA 
INOONESIA 
Tel. 361608 Tix 46761 TIGE IA 

IRAN 

FARATEL 
PO Box 11/1682 
21 Kandovan AIiey Opp. Villa 
Enghelab ave 
TEHERAN 
Tel. (98) 21.67.00.01 /5 Twx 213071 FARA IR 

ITALY 

ADVECO 
Via-lattuada, 20 
20135 MILANO 
Tel. 02.5456465 Telex 340116 

CAMEL 
Via Tiziano, 18 
20145 - MILANO 
Tel. 02.4961481 Telex 325237 

ELEDRA 
Viale Elvezia, 18 
20154 MILANO 
Tel. 02.349751 Telex 332332 

LASI 
V. Le Lombardla, 1 
20092 - CINISELLO BALSAMO (Ml) 
Tel. 02.6120441 Telex 331610 

MECOM 
Via Ognissanti . 83 
35100 PAOOVA 
Tel. 049.655811 Telex 430402 

RECOM 
Via E. Collamarini. 22 
40138 BOLOGNA 
Tel. 051.534883 Telex 511818 

RG2 
Via Cassini, 81 
10129 TORINO 
Tel. 011-584626 

JAPAN 

INTERNtX 
Shinjuku Hamada Bldg. 7-4-7, Nishi Shinjuku, 
Shinjuku-ku, TOKYO 160 
Tel. Tokyo '(03) 369.1101 Telex J26733 

RIKEI 
1-26-2, Shlnjuku, Nomura Bldg Nishl Shinjuku-ku 
TOKYO, 160 
Tel. 03.345.1141 Telex J24208/J23772 

MCM JAPAN KK 
Maison L-203 1-1-6, Sakurashinmachi-Setagaya-ku 
TOKYO 154 
Tel. 03.705.5611 
Telex 02466416MCM JPNJ 

IIIARUEI SHOJI KK 
Âsahi Selmei Mitaka Bldg, 1-6-7, Nakamachi-Mijaka-Shi 
TOKYO 
Tel. 0422.54.6800. 

MEXICO 

COBRA ELECTRONICA SA 
Calle Cuauhtemoc 312 
Col Liberacion 02930 
MEXICO 15 OF 
Tel. (52) 5.355.59.34 Telex 1772108 COELME 

NORWAY 

TAHONIC AIS 
Postboks 140 
Kaldbakken 
Kakkelovlnskron 2 
OSLO 9 
Tel. (02) 16.16.10 
Twx 7397 

PHILIPPINES 

EDGE-HORTH MARKETING CORPORATION 
5TH FLA, Pacifie Bank Bldg, 
0, Parades Street, C.P.O. Box 2429 
BINONDO, MANILA 
Tel. 471541/8 Telex RCA 27993 EDAMC PH 

PORTUGAL 

SO COM RUALDO 
Rua S. Jose 9-15 
P-LISBOA 2 
Tet. (351) 19.37.34.61 Twx 16447 CABLE RUALOO 

SOUTH AFRICA 

PACE ELECTRONICS COIIIPONENTS PTY 
P.O. Box 701 - lsando 1600 
TRANSVAAL 
Tel. 36.12.11 .6 Twx 8 3196 SA 

SOUTH EAST ASIA 

CONY ELECTRONIC PRIVATE LTD 
10 Jalan Besar 03-25 
Sim Lim Tower 
SINGAPORE 0820 
Tel. 296.21.11 Twx 34808 AS 

294.09.05 

SOUTH KORU 

BUK SUNG TRADING COMPANY 
HO 301 ,, Bo Sung Bldg, 
952-54, Dock San-Joong. 
GURO-KU, SEOUL, 
KOREA 
Tel. 654.1362.63.64 nx 0801 26925 

SPAIN 

VECTOR ESPANA S.A. 
TORRE DE MADRID 
Pza de Espana-18-7°-0F 16 
MADRID 13 
Tel. 248.25.65/26.75 Telex 49331 vec1. 

lHOMSON SEMICONDUCTEURS 



Hll!DEN 

FERTRONIC AB 
Box 3035/Dalvagen 12 
S17103 SOLNA 
Tel. 8.830060 Twx 11181 FERTRON S 

TH'S ELEKTRONIK AB 
Box 3027 
Arrendevagen 36 
16303 • SPANGA 
Tel. (OB) 36.29.70 Twx 11145 

SWITZl!RLAND 

MOOULATOR S.A. 
Konizstresse 194 
CH-3097 BERN·LIEBEFELD 
Tel. (31) 59.22.22 Twx 911 859 MOBECH 

TAIWAN 

HUGE CO LTD 
10/F, n° 95, SEC 4 
Nanking E road 
Taipei/Taiwan 
Tel. (02) 771 .5373-5/Tx 25619 Huge Co 

THAILAND 
GRAWINNER COMPANY LIMITED 
226/27 Phahonyolhln Road 
Phyathai 
BANGKOK 10400 
Tel. 278-3411 • 279.7292 Tix 87.155 GWN TH 

TURKEY 

BARKEY SANAY MALZEMELERI 
Temsilcilik ltd Sirketi . 
P.O. Box 58320 Sisly 
OSMANBEY - ISTAMBUL 
Tel. 48.91.47 • 47.97.40 Twx 23401 HEN TR 

EPAS ELEKTRONICS MAMULLERI 
Pazarlama AS 
Abldeis Hurriyet Cad. 
Mecidlye Koy y Olu 268 Sisli 
ISTAMBUL 
Tel. 4 7. 73.58/48.94.33/48.94.34 Twx 22092 MOV TR 

UNITl!D KINGDOM AND IRl!LAND 

ABACUS ELECTRONICS PLC 
Kennet House Pembroke Road 
Newbury 
BERKSHIRE 
RG13 lBX 
Tel. 95.30680 Tix 847589 

BLOOMER ELECTRONICS COMPONENTS 
9-10 Carn industriel Estats 
Portadown Co. Armagh 
NORTHERN IRELAND 
Tel. 0762.339818 Tix 748054 

E.S.I. 
Signal House 
Jacklins Lane 
NEW ALRESSORD HANTS SO 249 JJ 
Tet . 096.273.4611 nx 477621 

Hl TEK Dlatrlbutlon Ltd 
Trafalgar way 
BAR HILL 
CAMBRIDGE CB 3 8SO 
Tél. 0954.81996 Twx 817347 

HYCOMP/ADDON 
11 Shield Road 
Ashford Industriel Estate 
ASHFORD MIDDLESEX 
Tel. 0784.24.62.73 Tix 923802 

POLAR ELECTRONICS L TD 
Europa House!West S1reet 
Leigh1on Buzzard 
BEDFORSHIRE LU 77 NO 
Tel. 0525.377.093 Tix 825283 

PRONTO ELECTRONICS 
466-4 78 Cranbrook Road 
GANTS HILL · ILFORO 
ESSEX 
Tel. 01.554.6222 Tix 8954213 

SEMICONDUCTOR SPECIALISTS 
Carroll House 
159, High S1reet 
West Drayton 
MIDDLESEX 
Tel. 08954.46415 Tix 21958 

STEATITE MICROELECTRONICS 
11 th FIOor Hagley House 
Hagley Road • Edgbaston 
BIRMINGHAM B16 aaw 
Tel. 021 .454.2655 nx 337645 

TRANSWORLD SCIENTIFIC 
Richardson S1reel 
HIGH WYCOMBE · BUCKS 
Tel. 0494.36381 Tix 837236 

UNITED COMPONENTS Lm 
Victory Electronics Division 
Uni1 7 Crown Way 
West Drayton 
MIDDLESEX UB7 8PS 
Tel. 0895.446622 Tix 8952920 

1110MSON SEMICONDUCTEURS 
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Filtres monolithiques CMOS 

à capacités commutées 

utilisant une technique prédiffusée (1
) 

PAR C. CAILLON* ET J. GUYOT** 

• THOMSON Semi-Conducteurs . 
.. Division Applications Sous-Marines de THOMSON-CSF. 

SOMMAIRE. - Les filtres à capacités commutées constituent un important progrès dans la 
miniaturisation et la mise au point des équipements, puisqu'ils ne nécessitent aucun composant 
externe et leur courbe de réponse peut être transposée très facilement sur r axe fréquentiel 

par une simple fréquence d'horloge. 
Après une justification de la complémentarité des filtres de type analogique et des filtres 

numériques dans les équipements, les auteurs décrivent les principes utilisés dans les filtres à 
capacités commutées ainsi que les principales méthodes de synthèse. 

La description d'un circuit prédiffusé destiné au filtrage par commutation de capacités est 
présentée, ainsi que les moyens logiciels associés. Plusieurs réalisations de filtres de gabarit 
très variés (passe-bas, passe-bande, passe-haut, type Cauer, Chebychev, Butterworth) sont 
donnés à la fin de cet article. Les performances obtenues sur ces circuits laissent entrevoir 
d'importants débouchés pour ces nouvelles techniques. 

SUMMARY. - Switched capacitor .filters represent a major step forward in the miniaturization 
and design of equipment as they require no external components and their response curve 
can be very easi/y converted to the frequential axis by means of a simple clock frequency. 

The authors .first justify the complementarity of ana/og and digital type filters in the 
equipment and then go on to describe the principles used in the switched capacitor filters, 
together with the main methods of synthesis. 

The description of a predtffused circuit, intended for filtering by means of capacitor 
switching, is described together with the associated software f aci/ities. Severa/ types of filters 
of ver y different size are glven at the end of thls article (/ow-pass, band-pass, high-pass, Cauer, 
Chebychev or Butterworth type). The performance obtained on these circuits points to 

widespread applications for these new techniques. 

(1) Manuscrit reçu le 11 juillet 1984. 
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714 C. CAILLON ET J. GUYOT 

t. INTRODUCTION 

L'introduction depuis quelques années de techniques de filtrage par 
commutation de capacités, associées aux technologies MOS particulière­
ment adaptées pour réaliser des dispositifs à transfert de charges (interrup­
teurs quasi parfaits, impédance d'entrée élevée des amplificateurs opération­
nels) a rendu possible l'intégration de filtres monolithiques, destinés à 
remplacer les filtres actifs réalisés jusqu'alors à l'aide de composants 
discrets. Pourquoi réaliser des filtres capables de traiter des signaux analogi­
ques, à une époque ou la densité d'intégration permet de réaliser des 
processeurs de signaux de plus en plus performants, capables eux aussi de 
réaliser des fonctions de filtrage sur des signaux numérisés? 

En fait, ces deux techniques sont complémentaires: 

Les signaux du monde physique sont pour la plupart des signaux de 
type analogique. Des capteurs permettent de transcrire ces grandeurs 
physiques en grandeurs électriques, qu'il est souvent nécessaire de traiter 
avant numérisation: amplification, filtrage. En effet la numérisation d' un 
signal, passe par l'utilisation de convertisseurs analogique/numérique qui 
travaillent d'une façon générale sur des signaux d'amplitude adaptée: 
préamplification, amplification, réglage de gain (automatique ou manuelle). 
De plus, ces convertisseurs procèdent par échantillonnage de signaux 
électriques, d'où la nécessité de limiter le spectre fréquentiel à la demi­
fréquence d'échantillonnage pour éviter les phénomènes de battement de 
fréquence (conditions de Shannon) : filtrage antirepliement. 

Afin de respecter au mieux les conditions de Shannon et d'éviter un 
suréchantillonnage, le filtrage antirepliement nécessitera l'utilisation de 
filtres d'ordre élevé, afin de tendre vers le filtre parfait (irréalisable). C'est 
dans ce domaine que les filtres à commutation de capacités interviennent 
en premier lieu. 

Le passage du domaine numérique au domaine analogique nécessite 
l'utilisation de convertisseurs numérique-analogique qui délivrent un signal 
à temps continu échantillonné-bloqué. Afin d'améliorer Je taux de distor­
sion harmonique, un filtrage sera souvent nécessaire. C'est là une deuxième 
application des filtres à capacités commutées. 

Bien entendu ces domaines d'applications ne sont pas limitatifs, et un 
filtre à capacités commutées pourra aisément rémpJacer un filtre actif, 
dans des équipements entièrement analogiques. 

D'une façon générale, une chaîne de traitement de signal se présentera 
sous la forme donnée sur la figure 1. 
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716 FILTRES MONOLITHIQUES CMOS 

2. PRINCIPES UfILISÉS 

POUR LE FILTRAGE A CAPACITÉS COMMUTÉES 

2 . 1. Montage de base 

Le montage de base de tout filtre actif est le circuit intégrateur. Le 
filtre, répondant à une fonction de transfert déterminée, sera réalisé par 
association de plusieurs intégrateurs et d'un certain nombre de résistances 
et capacités de rebouclage. 

Le montage intégrateur de base est donné sur la figure 2. 

C 

Ve R 

Vs 

Fig. 2. - Montage intégrateur utilisé dans les filtres actifs. 

La fonction de transfert d'un tel montage est : 

(1) 
V, l 
-=---
Ve RCp 

(p = j ro = variable de Laplace). 

Le produit RC détermine la constante de temps de l'intégrateur. En circuit 
intégré MOS, ce produit RC, peut être réalisé, mais avec une surface de 
silicium importante et surtout une forte imprécision due essentiellement à 
la non-corrélation entre les paramètres fixant la valeur des résistances et 
celle des capacités. Le montage intégrateur de base des filtres à capacités 
commutées est donné sur la figure 3. 

C2 

Fig. 3. - Montage intégrateur à capacité commutée. 
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FILTRES MONOLITHIQUES CMOS 717 

Dans ce montage la résistance est remplacée par une capacité C 1 et 
deux interrupteurs commandés par des phases cp et q> complémentaires et 
non recouvrantes. On notera T la période de commutation de ces interrup­
teurs et fa la fréquence correspondante (T= 1/f8 ). 

On montre [l], que la capacité commutée C 1 est l'équivalent d'une 
résistance de valeur : 

(2) 
1 T 

R~--- =-, 
C1. fa C1 

ce qui donne pour le montage intégrateur la fonction de transfert: 

(3) 

Remarques concernant ce résultat : 

1 ° La relation (3) représente une approximation. En effet le fait d'utiliser 
des interrupteurs indique que l'on a à faire à un système échantillonné, et 
dans ce cas on doit utiliser la transformée en z : variable z ou z- 1 = e- iroT, 

et non plus la variable de Laplace p . 

2° La constante de temps du montage est égale à : 

( 4) RC équivalent= ~ , 
C1 -fH 

elle est réalisée par un rapport de deux capacités et est inversement 
proportionnelle à la fréquence d'échantillonnage fH- On sait réaliser en 
technologie MOS des rapports capacitifs très précis ( de l'ordre de 0,5 %)­
De plus la constante de temps RC pourra être réglée par la fréquence 
d'échantillonnage fn, ce qui permettra de réaliser des filtres à fréquence 
de coupure variable (le module et la phase de la fonction restant constants). 

3° On pourra réaliser des constantes de temps élevées avec une surface 
de silicium réduite: la constante de temps est d'autant plus élevée que C 1 

est petit et la fréquence d'échantillonnage basse. 

2 . 2. Phénomènes introduits par l'échantillonnage du signal 

Les filtres à capacités commutées procédant par échantillonnage, les 
phénomènes de repliement de spectre (battement entre la fréquence du 
signal et la fréquence d'échantillonnage) vont intervenir. Ces filtres nécessi-

REVUE TECHNIQUE THOMSON-CSF - VOL. 16 - N' 4 - DÉCEMBRE 1984 



718 C. CAILLON ET J. GUYOT 

teront donc un propre filtre antirepliement mais qui pourra être très simple 
(premier ou second ordre). En effet, il sera possible de suréchantillonner 
le signal d'entrée grâce à la rapidité de l'amplificateur opérationnel qui 
effectue le transfert de charge d'une capacité à une autre. 

Dans ce cas les phénomènes de repliement de spectre interviendront à 
des fréquences relativement élevées par rapport à la fréquence de coupure 
du filtre, ce qui rendra d'autant plus simple la réalisation du filtre antireplie­
ment qui doit être obligatoirement à temps continu (non échantillonné) : 
Une cellule Sallen et Key du second ordre utilisant un seul amplificateur 
opérationnel conviendra dans la plupart des cas. 

Dans le cas ôÙ le filtre à capacités commutées est utilisé comme filtre 
antirepliement avant traitement numérique, c'est lui-même qui supportera 
le suréchantillonnage et non le processeur qui sera ainsi libéré pour réaliser 
d'autres opérations de traitement. 

En sortie, le filtre à capacités commutées se comporte comme un échantil­
lonneur-bloqueur et on pourra soit utiliser directement ce signal pour 
réaliser la conversion analogique-numérique (cas ou les fréquences 
d'échantillonnage du filtre et celle du convertisseur sont des multiples 
entiers), soit lisser ce signal par un filtre simple (la plupart du temps un 
simple circuit RC suffira). 

Le synoptique général d'un filtre à capacités commutées est donné 
figure 4. 

Ve 
Filtre 

Anti-Repliement 
r,·1 l tre à capacités 

commutées 

® fH 

Filtre 
de Lissage 

Fig. 4. - Schéma synoptique général d'un filtre à capacités commutées. 

Vs 

Le bloc ( 1) a pour fonction de limiter la bande de fréquence du signal 
d'entrée àfa/2, tout en n'altérant pas la bande passante du filtre à capacités 
commutées (filtre d'ordre 2 souvent suffisant). 

Le bloc (2) est le filtre à capacités commutées d'ordre élevé (zone de 
transition raide). 

Le bloc (3) est facultatif et dépend de l'utilisation souhaitée. 

Le circuit intégré que nous présenterons au chapitre 4, est prévu pour 
réaliser ces trois blocs avec un minimum de composants extérieurs. 

Du point de vue mathématique nous avons vu en remarque que la 
variable de Laplace p ne peut plus être utilisée puisqu'elle est réservée aux 
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FILTRES MONOLITHIQUES CMOS 719 

systèmes dit à temps continu. Nous utiliserons la variable z =ei.,T ou 
plus souvent z- 1 = e- JmT qui correspond à un retard pur d'une période 
d'échantillonnage. 

Écrivons l'équation régissant le transfert de charge du schéma intégrateur 
(fig. 3). 

( 5) charge C 2 [instant T] = charge C 2 [instant ( T - I )] + il charge transféçée, 

si on vient échantillonner la sortie sur la phase q.> on aura: 

(6) 

le signe 0 est généré par l'entrée 8 de l'amplificateur. 

Si l'on traduit cette équation aux différences en z- 1 on obtient : 

(7) 

d'où: 

(8) 
V,(z) cl z- 1 

V.,(z) =- C
2 

· l-z- 1 

Si on vient échantillonner la sortie sur la phase ëp on aura : 

(9) 
V,(z) cl z- 112 

--=--
Ve(z) C2 1-z- 1 

On obtient dans ce cas l'intégrateur LDI (Lossless Discrete Integrator) ou 
encore de Bruton. 

Pour obtenir l'équivalence de l'équation (9) avec celle de l'équation (3) 
en p on peut écrire: 

(10) v. (z) = - cl - fn . _l . z-1/2 ' 

Ve(z) C2 fn l-z- 1 

d'où: 

( 11) 
1 z-112 

=T. 
z- 1/ 2 

---
fn 1 -1 1 - 1 p -z -z 

de même pour l'équation (8): 

( 12) 
1 z-1 -1 
- - - --- =T. _z __ 
p f H . 1 - Z - 1 1 - Z - l 
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720 C. CAILLON ET J. GUYOT 

Il s'agit là de l'intégration dite par « les rectangles retardés». 

D'autres types d'intégration peuvent être utilisés: 

intégration par les « rectangles avancés» : 

( 13) 

(14) 

1 1 
- =T. ---, 
p 1-z- 1 

intégration par « les trapèzes» ( ou bilinéaire) : 

1 l+z- 1 

- =T. ---
p l -z- 1 

Cette dernière ne peut pas être réalisée simplement à l'aide d'un seul 
intégrateur (sauf dans le cas d'intégrateur différentiel [2]), mais elle pourra 
l'être au niveau d'une cellule biquadratîque utilisant deux intégrateurs 
rebouclés : cellule d'ordre 2. 

2. 3. Différentes configurations rencontrées dans les filtres à capacités com­
mutées 

L'intégrateur de la figure 3 n'est pratiquement jamais utilisé car il ne 
s'affranchit pas des capacités parasites introduites par la réalisation techno­
logique des interrupteurs. 

La réalisation de la cellule d'entrée en technologie MOS est donnée 
figure 5. 

Ve 
Masse Virtuelle 

N 

Fia. 5. - Schéma en coupe mettant en évidence la présence de capacités parasites 
dues aux jonctions des transistors utilisés comme interrupteurs. 

Nous voyons sur ce schéma en coupe que les capacités de jonction des 
transistors utilisés comme interrupteurs sont en parallèle avec la 
capacité C 1:.- La valeur de la capacité équivalente est alors: 

( 14) 

Ces deux capacités parasites vont venir altérer le rapport capacitif. (D'au­
tant plus que les capacités de jonction CP 1 et CP2 varient en fonction de 
la polarisation des jonctions.) 
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FILTRES MONOLITHIQUES CMOS 721 

Afin d'éliminer les imprécisions dues à ces capacités parasites, on aura 
recours à des cellules qui éliminent leur influence : cellules commutées à 
quatre interrupteurs. Deux cellules sont utilisées (fig. 6 et 7). 

0 Cl 0 Masse 
Ve e 

11 
• Virtuelle 

Fig. 6. - Cellule à capacité commutée 
s'affranchissant des capacités parasites : cellule inverseuse. 

Masse 
--~••Virtuelle 

Fig. 7. - Cellule à capacité commutée 
s'affranchissant des capacités parasites : cellule non inverseuse. 

ve ••----1 t..:la 

Clb 

C2 

Fig. 8. - Cellule générale donnant les différentes possibilités 
de réalisation d'un intégrateur à capacités commutées. 
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La cellule ( fig. 6) sera du type « Z » et a comme particularité d'inverser 
le signal. 

La cellule (fig. 7) sera du type « K » et transmet le signal sans inversion. 

La cellule générale permettant de générer toutes les configurations néces­
saires à la réalisation de filtres est donnée par le schéma ( fig. 8) . 

La fonction de transfert générale en z correspondante sera: 

( 16) 
v. (z) 

= 
Ve (z) 

1 [ C (1 - i) C C - 112 C -1 C - i12] 
----_-1- - la -z - lb- tc 2 + ldz + lez · 
C2 (1-z ) 

3. DIFFÉRENTES MÉTHODES DE SYNTHÈSE DE F1L TRES 

A CAPACITÉS COMMUTÉES 

3. 1. Simulation des filtres RLC 

Cette méthode permet de transcrire un filtre RLC passif en un filtre à 
capacités commutées ayant les mêmes caractéristiques (gabarit identique, 
sensibilité aux valeurs des composants réduite). 

On part d'une table (3] permettant de calculer les éléments RLC, à partir 
d'un gabarit donné. Pour un filtre d'ordre 3 de type elliptique, on obtient 
le schéma donné figure 9. 

C2 

Vl vs 
Ve._ ___ _. Re 

Cl l L2 -- Il l C3 

Fig. 9. - Filtre passif RLC de type elliptique, d'ordre 3. 
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Écrivons les équations d'état de ce système sous forme matricielle : 

[ - ~e -(C1 +C2)p J -1 -C2P V1 

+l -L2P +1 11 
( 17) 

[- ~. -(C2 +C3)p] -C2P -1 -V. 

Si l'on remplace la variable p par la variable zen utilisant la transformée 
de Bruton (LDI) : 

( 18) 
l l-z- 1 

P= -T. -112 ' z 

on obtient la matrice en z correspondante: 

X 

C2 ( _ 1 ) - - l-z 
T 

Tous les éléments de cette matrice sont réalisables à l'aide des cellules de 
base représentées à la figure 8 et décrites dans l'équation (16). 

Pour obtenir le schéma à capacités correspondant on utilisera les règles 
suivantes: 
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724 C. CAILLON ET J. GUYOT 

1 ° L'ordre étant de 3, on utilisera trois amplificateurs numérotés de 1 à 
3. 

2° Un élément de la matrice sera indicé de la manière suivante: Cii ou 
« i » représente l'indice de ligne et « j » l'indice de colonne. 

(a) Un élément placé sur la ligne « i » sera connecté à l'entrée de 
l'amplificateur de numéro « i ». 

(b) Un élément placé sur la colonne «j » sera connecté à la sortie de 
l'amplificateur de numéro «j ». 

Par exemple: Le terme - L 2 (1 - z- 1) est situé à la ligne 2 et colonne 
2 (i = 2; j = 2). Cette cellule du type C ia sur le schéma figure 8, sera connec­
tée entre l'entrée de l'amplificateur n° 2 et la sortie de l'amplificateur n° 2. 
A l'aide de ces règles on en déduit le schéma complet (fig. 10). 

r--------------,.,---------,11-r,------+ v, 
r r 

Fig. 10. - Schéma du filtre à capacités commutées d'ordre 3 
simulant exactement le filtre passif RLC de la figure 9. 

Le schéma obtenu est du type « Leapfrog », synthèse LOI (Bruton) . On 
peut réaliser également une synthèse bilinéaire, en prenant la transformée 
p - z adéquate [relation (13)], moyennant quelques transformées matriciel­
les pour rendre les cellules réalisables: on obtiendra un schéma à peu près 
identique, avec des phases cp et èp, et des valeurs de capacité, différentes. 
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3. 2. Mise en cascade de cellules biquadratiques 

725 

Nous ne développerons pas ici cette méthode en détail. Nous nous 
limiterons à donner le principe d'obtention de tels schémas, qui sont en 
général beaucoup plus sensibles aux valeurs des composants que dans la 
méthode précédente. 

Une cellule biquadratique est une cellule de fonction de transfert 
N(z)/D (z) où D (z) est un polynôme en z d'ordre 2 et N(z) un polynôme 
dont l'ordre peut varier de 2 à 1 ou même devenir une constante. 

D (z) réalisera deux pôles réels ou deux pôles complexes conjugués. Il 
en est de même pour N (z), si la fonction globale comporte des zéros. 

On part de tables donnant la fonction de transfert F(p) répondant 
au gabarit. Par une des transformations p -+ z on pourra déduire F (z) 
correspondante. On décomposera numérateur et dénominateur sous forme 
de produits de facteurs du deuxième ordre. L'association d'un terme d'un 
polynôme d'ordre 2 au numérateur et au dénominateur donnera la cellule 
biquadratique que l'on réalisera à l'aide de deux intégrateurs rebouclés. 
La fonction de transfert globale sera réalisée par la mise en cascade de 
telles cellules (fig. 11). 

Vo Vs Cellule 

Biquadratique N° 1 

Cellule 

Biquadratique N° 2 
---~ 

Fig. 11. - Schéma synoptique d'un filtre réalisé 
par mise en cascade de cellules biquadratiques. 

On pourra se reporter à la bibliographie citée ([4], [5]) pour davantage 
de détails sur cette méthode. 

3. 3. Cellules biquadratiques couplées 

Pour cette méthode on reportera le lecteur à la bibliographie citée [6). 
Sous une forme générale la :;tructure se présentera sous la forme donnée 
figure 12. 

Quelques autres méthodes de synthèse existent dans la littérature mais 
nous ne les développerons pas ici. 
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,--------t<--1:i:~------,t-----+- V~ 

Cellule 

Biquad. 

N' l 

Ve 

Ce llule 

Bi quad. 

N' 2 

Cellule 

Biquad. 

N' 3 

Fig. 12. - Schéma synoptique d'un filtre réalisé à l'aide 
de cellules biquadratiques couplées. 

4. STRUCTURE INTÉGRÉE GÉNÉRALE 

UTILISANT UNE TECHNIQUE PRÉDIFFVSÉE 

POUR LA SPÉCIALISATION DES FlLTRES 

Dans le but de réaliser aisément des filtres intégrés monolithiques, par 
l'une quelconque de ces méthodes, nous avons développé une cellule 
générale cascadable [8) utilisant une technique prédiffusée. 

Ainsi avec un seul niveau de masquage (niveau aluminium) on obtiendra 
des filtres de gabarits variés: passe-bas, passe-haut, passe-bande, réjec­
teur ... Le circuit décrit se limite à un ordre 8 et est réalisé en technologie 
HCMOS 1 (technologie CMOS 4 µm, caisson de type P). 

4. 1. Description de la ceUule générale 

Elle se compose de 8 intégrateurs de deux types : 

- intégrateur de type impair (1, 3, 5, 7); 

- intégrateur de type pair (2, 4, 6, 8). 

Le schéma synoptique de ces cellules est le suivant : 

- cellule de type impair ( fig. 13); 
- cellule de type pair (fig. 14). 
Ces deux cellules sont bâties autour d'un amplificateur opérationnel du 

type transconducteur dont le schéma est donné en figure 15. 

Les champs de capacités, symbolisés par des rectangles C, K. Z sont 
réalisés entre deux couches de silicium polycristallin isolées par 800 A 
d'oxyde de silicium. Ces champs sont formés de capacités élémentaires 
d'environ 0, 1 pF, qu' il est possible de relier par une connection d'alumi-
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vu-----1 

V2i------l 

V3i ____ -l 

Vlp 

V2p 

... V3p 

V4p 

• 

V5p 

Fig. 13. - Intégrateur universel de type «impair» 
utilisé dans la cellule générale. 

cc 

r 
i 

Fig. 14. - Intégrateur universel de type« pair» 
utilisé dans la cellule générale. 

727 

Vs 

nium afin de donner à la capacité la valeur désirée. Le passage par des 
capacités élémentaires, toutes identiques, permet d'obtenir de très bons 
rapports capacitifs pour fixer les coefficients du filtre (voir fig. 16) : 

(20) 
C1 n. Cu 
-=---= 

n 
' m 

indépendant de la capacité élémentaire Cu. 
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V3 N2 
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Fig. 15. - Schéma du transconducteur utilisé pour la réalisation des intégrateurs. 

Connec t ion 
Aluminium--~ .. 

Silicium 
Poly 1 

16 µm 

~ ~ Capacité non 

~ L__J~-~ r utilisée 

Silicium 
Poly 2 

- -- -. __ -- l --· 
Fig. 16. - Représentation partielle d'un champ de capacités élémentaires. 

Méthode d'interconnection de ces capacités par le niveau aluminium. 

Les interrupteurs sont du type CMOS : un transistor MOS de type P 
et un transistor MOS de type N sont associés en parallèle et commandés 
par des phases complémentaires recouvrantes. Ceci permet d'homogénéiser 
la résistance série de l'interrupteur quel que soit la dynamique du signal 
appliqué. Le choix des phases cp ou q> de commande est réalisé par le 
masque aluminium. 
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Le même masque aluminium permet de choisir une ou plusieurs cellules 
d'entrée sur les intégrateurs (certaines connections en pointillés sur les 
figures 13 et 14 représentent différentes possibilités de connection par 
aluminium. Toutes ne sont pas représentées sur les schémas). 

L'association d'une cellule de type impair et une de type pair forme la 
cellule de base universelle, cascadable pour obtenir des filtres de degré 
plus élevés. 

4. 2. Description du circuit de filtrage d'ordre 8, personnalisable par le seul 
masque alunùnium 

Le cœur du circuit est formé par l'assemblage de quatre cellules universel­
les décrites en 4.1. Toutes les sorties d'intégrateurs ainsi que le signal 
d'entrée du filtre sont rassemblés sur un bus de neuf lignes. Suivant l'ordre 
du filtre à réaliser, l'une de ces lignes est sélectionnée par une connection 
aluminium et est envoyée sur un amplificateur suiveur, sortant à basse 
impédance. 

Deux cellules commutées supplémentaires sont adjointes à la première 
cellule pour permettre la réalisation de structures particulières ([8], [9]). 

L'entrée horloge est compatible TTL/CMOS, et un circuit de génération 
des différentes phases <i>N, <pp, ëpN, q>p est réalisé sur le circuit. 

Un réglage de consommation par résistance extérieure permet d'adapter 
la puissance dissipée par le circuit en fonction du filtre généré (gamme de 
fréquence d'échantillonnage utilisée). 

Un réglage du niveau continu de sortie est également possible grâce à 
un plot de commande. 

Enfin deux amplificateurs libres sont implantés sur le circuit, dans le 
but de réaliser, à moindre coût, les cellules de filtrage antirepliement et de 
lissage. 

(Deux résistances identiques et deux capacités extérieures permettent la 
réalisation d'une cellule Sallen et Key d'ordre 2.) 

La photo du circuit ainsi réalisé est donnée en figure 17. 

5. LOGICIELS DE SYNTHÈSE 

ET SIMULATION DE F1LTRES A CAPACITÉS COMMUTÉES 

Afin de faciliter le calcul des filtres à capacités commutées un certain 
nombre de logiciels ont été mis en place, tant pour la synthèse des 
différentes structures que pour leur simulation: 
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Fig. 17. - Photographie du circuit prédiffusé de filtrage 
réalisé en technologie CMOS. 

SOFICAP 2 ([10], [11]) : synthèse, analyse fréquentielle, temporelle et 
sensibilité de filtres elliptiques (passe-bas, passe-haut, passe-bande) . 

COFIT ([12], [13]) : synthèse, analyse fréquentielle de filtres Chebychev, 
Butterworth et Legendre (passe-bas, passe-bande). 

MOCAPA [14] : calcul de cellules biquadratiques à capacités commutées 
à partir des pôles et zéros en p ou z. 

OPTIMI [15} : programme d'optimisation de fonctions générant les 
valeurs des pôles et zéro à partir de données en gabarit : module, phase, 
tpmps de propagation de groupe. 

SCAPII [16] : programme d'analyse des filtres à capacités commutées 
(réponse fréquentielle en module et phase, analyse de sensibilité) . 

SIFICA [16] : programme d'analyse de filtres à capacités commutées 
d'ordre élevé (réponse fréquentielle, impulsionnelle, FFT, sensibilité). 

Un projet de compilateur de prédiffusé de filtrage destiné à automatiser 
la chaîne de spécialisation de filtres, est en cours d'étude à EFCIS. 
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Utilisateur Référence Ordre Fc,h (max) Fonctions (MHz) 

TH-EFCIS EFX85EL7 7 1 Passe-bas Cauer 55 dB d'atténuation à 1,3 X F, 
+ 2 ampli. OP libres. Réglage offset et conso. 

TH-EFCIS EFX85EH3 3 1 Passe-haut Cauer 15 dB d'atténuation à 0,5 X F, 
+ 2 ampli. OP libres. Réglage offset et conso. 

TH-EFCIS EFX85EL5 5 j. Passe-bas Cauer 33 dB d'atténuation à 1,35 X F, 
+ 2 ampli . OP libres. Réglage offset et conso. 

TH-EFCIS EFX85EL8 8 1 Passe-bas Chebychev ondulation en bande : 0, 1 dB 
+ 2 ampli. OP libres. Réglage offset et conso. 

TH-DASM EFX85AH31 3 l Passe-haut Chebychev ondulation en bande: 0,1 dB 
+ 2 ampli. OP libres . Réglage offset et conso. 

TH-DASM EFX85AH32 3 1 Passe-haut Chebychev ondulation en bande : 0, 1 dB 
+ 2 ampli. OP libres. Réglage offset et conso. 

TH-DASM EFX85AL7 7 1 Passe-bas Cauer 85 dB d'atténuation à 1,8 X F, 
+ 2 ampli. OP libres. Réglage offset et conso. 

TH-DASM EFX85AB8 8 1 Passe-bande Chebychev ô/ /o"" 0,144 ondulation : 0, 1 dB 
+ 2 ampli . OP libres. Réglage offset et conso. 

TH-DTC EFX85FTI 5 1 Passe-bas Chebychev ondulation : 0,5 dB + 2 ampli . OP 
libres. Réglage offset et conso. 

TH-DTC EFX85FT2 5+2 1 Passe-bas Cauer ordre 5 + Passe-haut d'ordre 2. 
Passe-bas : Ondulation"" 0,3 dB. 
Passe-haut : =0,7 (coefficient d'amortissement) 
+ 2 ampli. OP libres. Réglage offset et conso. 

F,ch = fréquence d'échantillonnage. F,"" fréquence de coupure du filtre. 

Fig. 18. - Tableau récapitulatif des dix types de filtres 

réalisés avec leur principales caractéristiques. 

Programmation F, F,ch/F, 

Horloge externe 38 
uniquement 

Horloge externe 160 
uniquement 

Horloge externe 38 
uniquement 

Horloge externe 30 
uniquement 

Horloge externe 50 
uniquement 

Horloge externe 452 
uniquement 

Horloge externe 50 
uniquement 

Horloge externe Fech/Fo 
uniquement 6.4 

Horloge externe 55 
uniquement 

Horloge externe P. bas : 
uniquement 21 

P. haut : 
213 
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Cet ensemble d'outi!s logiciels, associé au circuit de filtrage précédem­
ment décrit, doit permettre de générer rapidement une série de filtres pour 
le catalogue THOMSON-SC, ainsi que des filtres spécifiques clients à la 
demande. 

6. RÉALISATION DE FILTRES 

UfILISANT LA STRUCTURE PRÉDJFFlJSÉE 

Une étude conjointe entre la Direction Technique d'EFCIS, la Division 
des Activités Sous-Marines (DASM, Cagnes-sur-Mer) et la Division des 
Télécommunications (DTC, Gennevilliers), a permis la réalisation de ce 
circuit à partir duquel dix gabarits de filtre ont été réalisés. Les caractéristi­
ques principales sont données dans le tableau (fig. 18). 

Les courbes de réponse fréquentielle mesurées à l'analyseur de réseaux 
sont données aux figures 19, 20, 21 et 22 pour quatre de ces filtres. 

-

-

0 

8 

16 

EF'X 85 EL5 
Elliptique 

Fréquence d'Echantillonnage = 128 KHz 

"' - 24 
Q 

"' Q - 32 =, ,-. 
H ...., 
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:s: - 40 
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- 48 

- 56 

- 64 
01 

"' 01 

..... 

01 "' "' 01 n .. .. .. 
"" "' "" "' "' Fréquence "' "' "' <D CO ..... .. r-- <D CO ..... 
c,i 01 ù) <D r-- (Hz) N "' ù) 

Fig. 19. - Réponse fréquentielle du filtre EFX85EL5 
mesurée sur un analyseur de réseau HP3570A. 

Les autres caractéristiques électriques sont les suivantes : 

tension d'alimentation : ± 5 V ( ± 1 V); 

dynamique des signaux en sortie: > 80 dB; 

excursion de tension en sortie : ± 4 V; 

.. 
"' r--
r--
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Fig. 20. - RéJ)onse fréquentielle du filtre EFX85EL8 
mesurée sur un analyseur de réseau type HP3570A . 
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(HZ) "' 

Fig. 21. - Réponse fréquentielle du filtre EFX85AB8 
mesurée sur un analyseur de réseau type HP 3570 A. 
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EFX 85 AH 31 
Chebyshev 

Fréquence d ' Echantillonnage: 
250 KHz 

(\J 

w 
li) Fréquenc e 

( Hz) 

Fig. 22. - Réponse fréquentielle du filtre EFX85AH31 
mesurée sur un analyseur de réseau type HP 3570 A. 

- réglage du niveau continu de sortie possible; 

- réglage de la consommation du circuit (réglage par résistance externe) 
(EFX85EL5: 40 mW typique); 

horloge compatible TTL/CMOS; 

- brochage: DIL 16 broches plastique, DIL 8 broches plastique compa­
tible avec la famille des filtres Reticon (sans amplificateur opérationnel 
libre). 

7. CONCLUSIONS 

Vapproche prédiffusée mise en œuvre pour la réalisation de filtres à 
capacités commutées apporte une très grande souplesse et une grande 
sécurité de conception et de réalisation des circuits de filtrage. Elle permet 
en outre d'apporter, avec un délai minimal (6 à 8 semaines) et un coût 
optimal, une solution efficace aux problèmes de filtrage des équipementiers. 
La facilité de mise en œuvre, l'absence de réglage et le nombre minimal 
de composants externes sont autant d'atouts pour l'utilisation croissante 
de ce type de composant. 
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AD VANCE INFORMA 170N 

MAIN FEATURES 

• Fully integrated frequency detection function. 

• Serial or parallel interfaces for direct contrai of the 
filter frequency by a TTL compatible microprocessor. 

• Butterworth 8th order passband switched capacitor 
filter included. 

• Antialiasing filter integrated. 

• No external component needed 

• Additional general purpose CMOS op-amp on chip. 

• Variable detection threshold. 

• Adjustable power consumption. 

FREQUENCY DETECTOR BLOCK DIAGRAM 
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SERIAL PROGRAMMABLE SCHMITT TRIGGER OR 
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2ND TO 8TH OUTPUT BUFFER 
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FIL TER FILTER 
POWER PW 
AD.JUS 

UTPUT VARIABLE 
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THRESHOLD (c:,M 

LEVEL BUFFER 

0 LVL VREF C vss GND VOD 

HCMOS 
MPFD 

CHARACTERISTICS 

• Input signal frequency 30Hz to 30KHz. 

• Power supply 
dual +/- SV 
single 0-1 av 
single 0-SV 

• High input and output dynamic voltage 
ranges : VSS + 0.SV te VDD - 1.SV. 

( low impedance output ) 

• Gut-off frequency of the integrated anti­
aliasing fil ter : 1 . 6 KHz to 200 KHz. 

• Detector input sensitivity 1 mV rms. 

• Temperature range up te military. 

• Plastic DIL , Ceramic OIL or SO package 
with 24 pins. 

PIN ASSIGNMENT 

VDD 1 24 LVL 
OUT 2 23 COMP 
PW 3 22 GND 
C 4 21 CLK OUT 
IN 5 20 CLK A 

VREF 6 19 CLK IN 
Pl 7 18 LOAD 
0 8 17 CK/D6 
"11 ~ 16 DSC,.)5 

vss 10 15 D4 
S/P 11 14 D3 
D1 12 13 D2 

1..-,,.:~== 



CONDITIONS 

RATING 

Power supply voltage 

Ground 

Voltage to any pin 

Latch up current per pin 

Operating temperature range 

Storage temperature range 

TSG 8852 

ABSOLUTE MAXIMUM RATINGS 

T = 25 °C 
Voltage reference is VSS unless otherwise specified 

SYMBOL 

VDD 

GND 

VI, Vo 

1 IKLU 1 

Toper 

T stg 

J...~• 1111-THGMIDN 
• l 1 .. llA1mmlW~ 

MIN 

--0.3 

--0.3 

--0.3 

+50 

-55 

-60 

MAX UNIT 

12 V 

V'.JO --).3 V 

VDD +0.3 V 

mA 

+125 oc 

+150 oc 
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PIN DESCRIPTION 

The table below gives the pin description of the TSG88XY series. The pin assignment is given for the extended 
and complets version including ail the available on-chip options connected to the package. 

PIN 
NAME 

PIN 
FUNCTION DESCRIPTION 

NUMBER TYPE 

1 YOD 1 Positive supply 
2 OUT 0 Analog output The filtered signal or the envelop analog output 

is connected to "OUT" 
3 PW 1 Power adjustment Oetector power consumption can be chosen by 

connecting a resistor between PW and GND (or 
YOD) standby mode is obtained by connecting 
PW to YSS or non connected 

4 C 1 Signal detector capacitor 
5 IN 1 Analog signal input 
6 YREF 1 Detection level input 
7 Pl 1 Op. amp. non inverting 

input 
8 0 0 Op. amp. output 
9 Ml 1 Op. amp. inverting input 
10 YSS 1 Negative supply 
11 S/P 1 Programming input The programmation mode of the frequency divider 

is selected between • se rial• and "parallel" by this 
input 

12 01 1 Parallel data input Only used in "parallel" mode 
13 02 1 Parallel data input Only used in "parallel" mode 
14 03 1 Parallel data input Only used in "para li el" mode 
15 04 1 Parallel data input Only used in "parallel" mode 
16 DS0/O5 1 Serial / Parallel Serial data input for the 10 bits to program the 

data input divider or parallel data input for bit 05 depending 
on S/P status 

17 CK/O6 1 Serial clock / Parallel Clock input for serial input register or parallel data 
data input input for bit 06 depending on S/P status 

18 LOAD 1 Load input Load input for the 10 programming bits for the 
divider in serial mode 

19 CLKIN 1 Schmitt trigger input 
20 CLKR 0 Schmitt trigger output 
21 CLKOUT 0 Oscillator output 

or filter clock output 
22 GND 1 General ground GNO pin connected to YDD/2 voltage with 0-5 Y 

or 0-10 Y single supply voltage 
23 COMP 0 Signal detector output 
24 LYL 1 Output DC level "OUT" output DC level adjustment when using a 

adjustment potentiometer betwe~n YOD and YSS with its 
middle point ocnnected to LYL. When no adjust-
ment is needed, LYL pin is connected_ to GND 



TSG 8852 

CONDITIONS 
T = 25°c VDD = +SV VSS = -SV 

Voltage reference is GND unless otherwise specified 

SCHMITT TRIGGER MODE 

RATING SYMBOL MIN TYP MAX UNIT 

Negative threshold VT- -1.5 -1 .25 -1 V 

Positive threshold VT+ + 1 +1.25 +1.5 V 

Output voltage swing Vo vss VDD V 

Load capacitance Cout 1.6 pF 

RC OSCILLA TOR MODE 

RATING SYMBOL MIN TYP MAX UNIT 

External resistance A 2 KU 

Frequency R = 2K C = 50 pF F 4.3 5 5.9 MHz 

Power suppl y coefficient ( 1) vc 5 %/V 

Temperature coefficient (1) TC 0.3 % I deg 

( 1) R = 2 KU C == 50 pF F = 5 MHz 
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OPERATIONAL AMPLIFIER 

CONDITIONS 
T = 25°c VDD = +SV VSS = -SV 

Voltage reference ls GND unless otherwise specified 

RATING SYMBOL MIN TYP MAX UNIT 

Open loop gain Go 60 75 dB 

Gain bandwith GBW 1 2 MHz 

Offset Vloff ±3 ±10 mV 

Output voltage swing Veut -4.2 3.5 V 

Input bias current lbias ±5 ±10 nA 

Power supply rejection SVR 60 65 dB 

Common mode rejection CMR 60 65 dB 

Output resistance Rs 10 n 

Slew rate 
SR+ 5 V/ µS 
SR- 6 V/ µS 

Note: RL = 2 K!l IPW = 100 µ A 
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FIL TERING AND DETECTING CIRCUITS 

CONDITIONS 
T = 25°c VDD = +SV VSS = -SV 

Voltage reference is ground unless otherwise specified 

RATING SYMBOL MIN TYP MAX UNIT 

Positive power supply voltage VDD 4.5 5 5.5 V 

Negative power supply voltage vss -5.5 -5 -4.5 V 

Input bias current IPW 50 250 µA 

TTL input "0" VIL +0.8 V 

TTL input "1 " VIH +2 V 

Logic output "O" @ 5 mA VOL vss +0.5 V 

Logic output "1 " @ 5 mA VOH VDD -0.5 V 

Logic output load capacitance CL 40 pF 

Oscillator frequency Fosc 8 MHz 

Filter clock frequency Fi 1 450 KHz 

Filter central frequency Fo 46 20850 Hz 

Gain at Fo Go 29.5 30 30.5 dB 

Fi / Fo ratio Fi/Fo 21.57 

Selectivity factor Q 23.5 

Stopband attenuation As 70 dB 

Output offset Voff -300 +300 mV 

Input resistance Rin 250 Kû 

Input capacitance Cin 20 pF 

Output resistance Raut 10 n 

Load capacitance CL 100 pF 

Load reisitance RL 0,2 1 Kn 

Output voltage swing Vout vss +0.5 VDD -1.5 V 

Input voltage swing Vin vss +0.5 voo -1,5 V 
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TYPICAL APPLICATION 
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F 

Un filtre 
. .r • numerique 

universel 
~ Le filtrage est une fonction bien connue qui 
consiste à éliminer certaines composantes fré­
quentielles indésirables d'un signal. Le système 
numérique utilisé pour modifier la distribution 
fréquentielle des composantes d'un signal selon 
des spécüications données est coUTarnrnent ap­
pelé rùtre numérique [l, 5]. Historiquement, ces 
filtres ont été étudiés pour calquer le comporte­
ment des filtres analogiques.) 

' . . . ~--: ,-., . - . . , - :. ·~- --

un grand nombre de métho-· . Bases théoriÏries du 
des ont été proposées pour .ef'.'.· fil 
fectuer la synthèse'"d8s filtres_. .. trage num nque . -· _ 
numériques à partir de la défi~~ · .,. ·.. · · :,Jr "\~: 
riition du filtre anàlogiqùë . cor-. . Défbûtloa. ., JJOtatloa. ' ,, i' .. . · . .. 

respondant . ·• · :· Si un signal analogique e (t) est 
échantillonné à des instants 

On se limitera ici à la présen- t _ nTe (Te étant la période 
tation des techniques les plus d 'échantillonnage), l'ensemble 
couramment utilisées: ce sera des valeurs e(nTe) obtenues 
la première partie de cet arti- forme la séquence notée en- Lors­
cle. Nous décrirons dans la se- que ce signal e(t) est appliqué à 
conde partie la réalisation prati- un dispositif électronique, ce der­
que d'un filtre numérique nier délivre un signal s(t) appelé 
universel programmable, utili- réponse. Dans un système numé­
sant un minimum de compo- rique, la séquence en, également 
sants. appelée attaque, provoque une 

Etude 

JUJ A' o. 
Oui est au bout 

dufntre? 

- -.. . . , 
< . • ~ · 

' .. •·'"~ 

réponse -Sn équivalente à s(t) 
échantillonnàe.· : . . , .~-; ::: ~- · . . ., ·. · 

-_: P~ '.1è"s ~~~ ;d'excita· · 
tion pëll.ticiili,è,res citons ; _ '.', .... -. , _. . · .. , 

• • 1 . ".· s •"'· ~•J<, I~\ • •• • .· , . .,,(-"""l " ' •• . • • 

- l'impÙlsion unité en - ~ - L 0, 
1. O .. .} qui provoque la réponse 
impulsionnelle Dn : 
- l'échelon unité en - Un - ! ... 0, 1, 
1, l ... 1 dont la réponse correspon­
dante est appelée réponse indi­
cielle Hn-

• Un système est dit causal si la 
réponse ne précède jamais l'exci­
tation qui la provoque : 

en ... 0 'tf n < 0 ~ Sn - 0 'v' n < 0 
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Etrul• 

•• 

•• 

Fig. l. -Structu:e da filtres numériquM. 
, • • • • n • ;,. a} rutre hépome impulaoanelle tinie (f'IR) . . •· 

:•:.··'. _ .. ; .:· · ·· ' ·. b)rutreàréponaelmpulsiëanellelnftnle(TIR). , -~ 

Un système physiquement réali­
sable est donc forcément causal. 

• Un système est linéaire s'il 
existe une relation de linéarité 
(au sens mathématique) entre 
l'excitation en et la réponse cor­
respondante Sn, c'est-à-dire : 

si e1n - sin et e:,.z;·..:.. S2n 
alors ae1n + fJe2n;... as1n + Ps2n 

• Un système est qualifié
0

'de per­
manent (ou invariant dans le 
temps) si la fonne de la réponse 
est indépendante de l'instant 
d'application de l'excitation. ce 
que l'on peut résumer par la rela­
tion suivante : 

en - Sn - en-le - Sn-k 

Dans la suite de cet article, 
nous ne considérerons que des 
systèmes linéaires et invariants 
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dans le temps (et évidemment 
réalisables, c'est-à-dire causaux). 

Moyennant les trois hypothèses 
ci-avant, la réponse d'un système 
à une excitation e0 quelconque se 
calcule à l'aide de l'équation de 
convolution : 

(1) 
,~. . ··r. . 

~à ~ D~ est la réponse impulsion­
nèlle du système. 

Le produit de convolution (noté 
•) représente en fait une, simple> 
sommation du produit des échan­
tillons de l'excitation et de Dn 
soit : 

+a, 

+ a, 

- L Djen-j (2) 
i- -a, 

• 

Remarque l . En pratique, la som­
mat1on n'est pas effectuée de - oo 
à + oo mais entre les indices cor • 
respondant à l'instant d'applica­
tion de J'excllation (en général tn· 
d1ce - 0) et l'instant observation 
(égal à n). 

Remuque Z. Lorsque la durée de 
la réponse impulsionnelle est li­
mitée, l'équation précédente 
s'écrit : 

L 

Sn • L D 1 en-1 (3) 
J -ù 

Remarque 3. L ' équation de 
convolut1on numérique est tout à 
fait semblable à celle utilisée 
dans les systèmes continus (appe­
lés également analogiques). c·est­
à-dire non échantillonnés. 

s(t) - 1•: e(x) D (t-x) dx (4) 

où D(I) est la réponse impulsion­
nelle du système. 

Continuons à faire le parallèle 
entre systèmes continus et systè­
mes échantillonnés. Dans un sys­
tème linéaire continu, les gran­
deurs d'entrée et de sortie 
(excitation et réponse) sont liées 
par une équation différentielle à 
coefficients constants telle que : 

de(t) dme(t) 
- b 0 e(t) + b1 dt+ ... + bm cttm 

(5) 

Si l'on approxime la dérivée 
temporelle à une différence telle 
que: 

dy · y(t) - y(t+At) 
dt - At (S) 

le plus petit intervallé de temps 
mesurable -dans uri système 
échantillonné étant la période 
d 'échantillonnage Te, il vient : 

dy Yn -Yn-1 
ërf- Te 
d2y 
ëfiT-

d(dy/dt) 
dt 

_ Yn - 2 Yn-1 + Yn-Z 

T~ 

et ainsi de suite. 

(7) 



L'équation d1fféren11elle se 
transforme alors en une équation 
aux différences qui s'écrit d'une 
façon générale : 

i:: L 

L Ak Sn-k - L 81 en-1 (8) 
k-0 1-0 

Ce qui peut encore se mettre 
sous la forme suivante en isolant 
le dernier échantillon de la ré­
ponse: 

L L 

Sn - L /11 en-1 - L aJc: Sn-k (9) 
1 -o le• 1 

Si tous les coefficients aie sont 
nuls. l'équation ci-dessus de­
vient: 

L. 

Sn - L /31 en-1 (10) 
1-0 

équation qu'il faut comparer à 
l'équation (3) . On remarque que 
les coefficients 61 sont en fait les 
échantillons de la réponse impul­
sionnelle 0 0 à durée limitée. Il y a 
donc deux formes possibles pour 
expliciter la valeur du nieme 
échantillon de la réponse, qui 
donneront deux types de filtres 
numériques : 

- le filtre transversal dans lequel 
la sortie ne dépend que des va­
leurs des échantillons de l'excita-. 
lion et évidemment de la réponse 
impulsionnell~ du filtre qui doit 
être limitée dans le temps. De ce 
fait, ils sont appelés filtre à ré­
ponse impulsionnelle finie ou fil­
tre FIR (c finite impulse res­
ponse >); 

- le ri.Jtre récursif ou filtre à ré­
ponse impulsionnelle infinie (IIR), 
qui prend en compte l'histoire du 
fùtre en plus de l'excitation. 

La structure matérielle de ces 
filtres est donnée sur la figure 1. 

Quelle que soit la nature du fil­
tre il faut disposer : 
- d'éléments de retard (ou une 
mémoire stockant les différents 
échantillons) ; 
- de multiplicateurs; 

- d'additionneurs. 

Le dernier outil mathématique 
couramment utilisé avec les sys­
tèmes échantillonnés est la trans-

formée en Z. qui représente la 
forme numérique de la transfor­
mée de Laplace. 

Transformée en Z (unilatérale) : 
00 

X(z) - L xi.: z-1c 
k-0 

Transformée de Laplace 

X(p) - Jo X(t) e-PI dt 

Si l'on calcule la transformée en 
Z de la variable x décalée d'un 
échantillon, on obtient : 

Xn - X(z) => Xn-1 - z- l X(z) (11) 

z- 1 correspond donc à un retard 
d'une période d'échantillonnage. 

Remarque. Ce résultat ne doit 
pas nous surprendre. En effet : 

si x(t) a pour transformée de 
Laplace X(p) 

Etude 

alors x(t - Te) a pour transformée 
de Laplace X(p) e-pTo 

Or. en comparant les dMim­
tions des transformées en Z et de 
Laplace. 11 vient : 

z-lc _ e-pkîo 

soit z-l - e-pTe 

Fntre• transversaux 

Les filtres transversaux sont dé­
finis par l'équation différence : 

L 

Sn• L /31 en-1 
1-0 

.... S(z) - [ Ï: 13- 1 z- 1] E(z) (12) 
l-0 

qu'il faut identifier avec l'équa­
tion de convolution (3) dans le cas 
où la réponse impulsionnelle D(t) 
est limitée dans le temps. 

Fig. 2. - Schéma de prinC1pe des filtres numériques. 

ACC,SUII 
CU l lilf()l1r~ RNO. TC 

* 

• 

,. 
IIIISPour 
(P31-"1t} 

· • •·,,,, 

,. 

Fig. 3. - Structure inleme du multiplicateur-accumulateur ISP9210. 
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Etade 

La syntr.èse de filtres trans·,er­
saux consiste donc à déterminer 
!t?s cœ!fic1ents de la réponse 1m­
puls1onnelle souhaitée Pour cela. 
il existe deux méthodes classi­
ques 
- la méthode de la fenêtre. 

- 1·èchanttllonnage en fré-
quence. 

Méthode de la renitre 

Soit T(O la réponse fréquen• 
t1elle désirée et T(z) - T(e>w) son 
équivalent numérique. A cause 
de 1"khant1llonnage, T(el'"') do11 
être périodique de pénode 2 "K . 

Cette foncnon de transfert pério­
dique est donc décomposable en 
série de Fourier. 

• 00 

n - - oo 

• CX) 

- T{z) = L Dn z-n (13) 
~ - - X') 

où Dn sont les coefficients de la 
série èe Founer lls sont calculés 
avec la rela11on 

l 1• Dn = - T( el'"') el"'" dw 2 71' - • 
(14) 

Ces coeffic1en'!s sont également 
les échantillons de la réponse im­
puls1onnelle du filtre. Malheureu­
sement. en examinant la relation 
(13), on remarque que la réponse 
du filtre nécessite une infinité de 
coefficients Dn dont les indices 
vont de - co à + co . Dans ces 
conditions, le filtre n'est pas cau­
sal (Dn :+= 0 pour n < 0). 

Pour obtenir la fonction de 
transfert recherchée, il faut d'une 
part procéder à une troncature, 
c'est-à-dire considérer les coeffi­
cients On - 0 pour ln 1 > L/2 et 
d'autre part translater ces coeffi­
cients de L/2 échantillons. 

L'opérateur de troncature re­
vient en fait à multiplier les 
échantillons Dn par une fonction 
fenêtre rectangulaire W n telle 
que W n ·- 1 pour In 1 .:,s;;; L/2 et 
W n - 0 ailleurs. Les variations 
brusques introduites par la tron­
cature font apparaitre des lobes 
secondaires dans la réponse fré­
quent i e lie (phénomène de 
Gibbs). Afin de réduire ces lobes 
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secondaires. une solution consiste 
à uuliser une fenêtre de tronca­
ture Wn qui ne présente pas de 
forte discontinuité. comme par 
exemple les fenêtres d'Hamming. 
Hanning, Blackman. Kaiser. etc. 

Méthode de l'échantillonnage 
en fréquence 

La théorie de la transformation 
de Fourier discrète nous ensei­
gne qu'à N échantillons temporels 
correspondent N échantillons fré­
quentiels et inversement. Or la 
fonction de transfert T(f) est la 
transformée de Fourier de la ré­
ponse impulsionnelle D(t). Ainsi, 
si l'on échantilloMe la réponse 
T(f) souhaitée avec un pas 

. 1 
M• NT

8 

les coefficients Dn sont obtenus 
en prenant la transformée de Fou­
rier discrète inverse de T1c - T(f) 
avec 

f 
k . 

= NTe , SOI! 

l N - l 

On~ N L T1c e2j.-nk/N (15) 
lc-0 

Cette méthode de synthèse 
permet bien d 'avoir la réponse 
prévue pour les échantillons fré­
quentiels mais, en dehors de ces 
points. il peut exister des ondula­
tions inacceptables. 

Conclwdon 

Les filtres transversaux ou fil­
tres à réponse impulsionnelle fi. 
nie sont toujours stables. Le calcul 
des coefficients par la méthode 
de la fenêtre reste relativement 
simple ; malheureusement, pour 
obtenir des filtres ayant des cou­
pures raides, le nombre de coeffi­
cients à prendre en compte aug­
mente considérablement, ce qui 
conduit à un nombre important de 
retards, donc de mémoires, et à 
un grand nombre d'opérations à 
effectuer, donc un temps de cal­
cul élevé. 

Filtre. récunH• 

Nous venons de voir qu'un filtre 
numérique récursif ou fiitre à ré­
ponse impulsionnelle infinie est 
décrit par une équation aux diffé­
rences de la forme : 

K L. 

L Ak Sn-k = L B1 en-1 
k-0 1-0 



l . 
l 
1 
i 
1 

! 

l 
l S1 l'on calcule la transformée en 

Z de l'équation précédent~ il 
vient: 

S(z) [ ±, Ak z-kl 
k-0 J 

- E(z) [ :t B1 z-il 
1-0 J (16) 

Ce qui s'écrit encore sous la 
forme suivante: 

T(z) - S(z) -
E(z) 

LB1z-1 
1 

T(z) est appelé fonction de trans­
fert en Z du filtre. Pour calculer la 
réponse fréquentielle de ce filtre, 
il suffit de remplacer Z par ePTe 
aveG p-jw. 

Méthode de synthèse 
des filtres récursifs 

La méthode traditionnelle 
consiste à passer du filtre analogi­
que au filtre numérique en éta­
blissant une correspondance en­
tre les deux types de filtre. 

Malheureusement. suivant la mé­
thode utilisée. on n'obtient pas un 
schéma unique. Examinons donc 
les différentes méthodes de pas­
sage du filtre analogique au fillre 
numérique. 

• Identité des pôles et des zéros . 
Etant donné la correspondance 

Z ..... ePTe, les pôles et les zéros de 
la fonction de transfert en Z sont 
remplacés par leur équivalent ex­
ponentiel. 

Ainsi, par exemple, le poly­
nôme (p + a) dont la racine Pi est 
égale à (- a) trouve son corres­
pondant sous la forme d'un poly­
nôme en Z du premier degré : 

(18) 

dans lequel a est la racine. On a 
alors: 

a-e-aTe (19) 

L'équivalence n'est plus absolu­
ment assurée mais cette méthode 
présente l'avantage d'être simple 
et la correspondance biunivoque 
des pôles et des zéros permet ai­
sément de modifier les caracté­
ristiques du filtre. 

Etude 

• Equivalence de la dév1at1on 

Nous avons vu dans le premier 
paragraphe que l'équation d1ffé­
rent1elle des flltres analogiques 
peut se traduire en une équation 
aux différences pour le filtre nu­
ménque : 

~ - Yn - Yn-1 (20) 
d1 Te 

ce qui revient à poser 

1 - z-1 
p- -- (21) Te 

Cette transformation, tout 
comme la précédente, est simple 
mais ne conserve pas les caracté­
ristiques du filtre analogique. 

• Transformation bilinéaire 
ou équivalence de l'intégration 

Soit le signal analogique x(t). 
L'aire entre la courbe représenta­
tive de x(t) et l'axe des temps est 
donnée par la relation 

rT rT-T. 
y(t) = Jo x(t) dt - Jo x(t) dt 

+ _(_ T. x(t) dt (22) 

,.~_- ::z_:g~~~:si-)" .. ?~ ~ -; 
~ '":••,-i-••:~-~ - . .- .:--- :; ... . : ---, ..... - .... ,_.,... .. 

CAOOO--S __ __, ...._ ____ CA_n ____ _,'----' '\,,;,,,_;..r,.;CA;...;.no-..;.J_,'-...;CA=n---·-_• ._·- ,.- .. ' 

···- .. 

Fig. 5. - Diagramme des temp11 du contrôle_~ _d~ fil~e-~ _12,8.,dans .. ~,~~~~.e.1~~~'.'?t.'1/: .. ~,f~~ae~i=~:,.:iitL(\; :;_~~f,:~\ 
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~, 

Son équivalent numérique est 
obtenu en calculanr l'aire du tra­
pèze. d'oû 

Xn + Xn-l T 
Yn-Yn-J+ 2 e (23) 

En prenant la transformée en Z 
de cette équa11on. 1! v1enI : 

T( ) 
T... 1 + z- 1 

z - 2 · l - z-t (24) 

L'intégration ayant comme opé­
rateur 1/p en lranformée de La­
place. la correspondance entre la 
variable p et Z est donc : 

2 l - z- 1 
p-T~. 1 +z-I (25) 

Cette transformation permet-
. tant le passage direct de la fonc­

tion de transfert en p à la fonction 
de transfert en Z est fréquem­
ment utilisée, mais la correspon­
dance des fréquences n'est pas 
assurée. En effet. si wa est la pul­
sat10n du signal analogique et w la 
pulsation numérique on a : 

2 1 - e-Jw 

)Wa = Te . l + e-Jw 

d ' . 2 w 
OUwa- - •tg­

Te 2 
., 

• Invariance de 
la réponse impulsionnelle 

(26) 

(26) 

Cette méthode consiste à . 

échantillonner la réponse impul­
sionnelle d'un filtre analogique 
pour obtenir celle du filtre numé· 
rIque équivalent . 

Si T(p) est la transformée de La­
place de la réponse impulsion­
nelle d'un filtre analogique. elle 
peut se mettre sous la forme sui­
vante : 

T(p) - N(p) -
D(p) 

(27) 

où n est le degré du dénomina­
teur D(p). 

La décomposition en éléments 
simples n'est évidemment possi­
ble que si n est supérieur au de­
gré du numérateur N(p). Il faut 
donc que le filtre présente une 
fréquence de coupure haute ; 
celle-ci devant être bien sûr infé­
rieure à la fréquence de Shannon 
(- fe/2). 

La réponse impulsionnelle s'ob­
tient en recherchant la transfor­
mée de Laplace inverse de cha­
cun des termes de la sommation 
(équation 27), soi! : 

D(t)-T(p) 
n 

D(I) - L Ai eP1T (28) 
1 - 1 

La réponse D(t) devient, après 
échantillonnage: 

n n 

D1c - L A1 ePtTe - L A, (ePtTe)k 
1 - 1 ,- 1 

(29) 

La transformée en Z de Dr.: 
s'écrit alors: 

00 

T(z) - L Die z-1c 
k-0 

n a:, 

.. LA, L (ePJTe z-l)k (30) 
1-1 k-0 

soit, dans le domaine de conver­
gence de la seconde sommation : 

T (z)-
n 1 

L 1 _ ePITe z-1 
1-1 

-(31) 

Cette méthode permettant à 
partir de la fonction de transfert 
en p de trouver la fonction de 
transfert en Z est très fréquem­
ment utilisée, mais il faut toutefois 
remarquer qu'il est nécessaire de 
calculer un filtre à bande limitée 
(à cause du repliement de spec­
tre introduit par la fréquence 
d'échantillonnage). 

Réalisation du filtre 
numérique universel 

Les filtres numériques fonction­
nent souvent d'après le schéma 
de principe donné sur la figure 2. 

fig . 6. - Schéma typique du conttôleur de filtre JSP9128. Un filtre numérique ttansversaJ est réalisé avec ttois boitiers [6] . 

• 
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f"lg 7 - Schéma de la mod1flcauon à ap­
porter à la ng,.ue 6 

Le calculateur est programmé 
pour exécuter la suite des opéra­
tions qui traduisent la relation 
existant entre la grandeur d'en­
trée et celle de sortie, c 'est-à-dire 
l'équation aux différences suivan­
tes : 

L l( 

Sn - ~ f3e en-1 + L O'k Sn-k 
1-0 lc-1 

Il peut être constitué : . 

- d'un micro-ordinateur avec 
toute la puissance de calcul que 
cela représente ; 
- d 'un microprocesseur classi­
que; 
- d'un microprocesseur spécia­
lisé ( ou DSP) ; 

- d'un ensemble de composants 
permettant la réalisation des trois 
opérations élémentaires, c·est-à­
dire multiplication, addition, re­
tard. 

Les deux premières solutions 
sont souvent les plus coûteuses et 
les moins performantes à cause 
de l'universalité de leurs fonc­
tions. 

L'utilisation d'un microproces­
seur spécialisé type TMS 320 
reste l'une des solutions les plus 
performantes après l'utilisation 
de composants spécialisés. Mais 
tout comme pour le microproces­
seur classique. il est souvent né­
cessaire, voire indispensable, de 
disposer d'outils de développe­
ment pour mettre au point le sys­
tème. 

Avec la quatrième solution, les 
opérations de multiplication et 
d'addition peuvent être réalisées 
conjointement par un multiplica­
teur-accumula leur. Les coeffi­
cients sont stockés dans une mé­
moire morte dont les adresses 
sont contrôlées par un circuit spé-

c1alisé. qui assure de plus le sto­
ckage des échanullons et la com­
mande du mult1pl1cateur­
accumulateur. 

Nous avons choisi cette solution 
à cause de sa simplicité de mise 
en œuvre, ses perfa.rmances (fré­
quence d'horloge 25 MHz) et la 
souplesse de la programmation. 

Examinons tout d'abord la 
constitution et la fonctionnalité 
des deux composants de base du 
filtre numérique pris dans la fa­
mille des processeurs de signaux 
numériques haut de gamme 
ISP9000 de Intersil (Harris) . 

Le ma.ltiplicatear­
accuma.latear ISP9Zl0 

Le circuit ISP9210 est un multi­
plicateur-accumulateur 16 x 16 
bits haute performance (haute vi­
tesse: 65 ns en gamme commer­
ciale et 75 ns en gamme militaire) 
réalisé en technologie C-MOS 
(basse consommation : 130 mA 
maximum sur toute la plage de 
température à la fréquence maxi­
male de 15 MHz). 

Les deux opérandes de 16 bits 
X et Y du multiplicateur sont en­
registrés dans les registres d'en­
trée sur le front montant de l'hor­
loge correspondante (CLKX et 

: - . n; . 

·.:, 

Etude 

CLKY) Le produit sur 32 bits. 
éventuellement accumulé avec le 
résultat précèdent. est délivré en 
sortie sur le front montant de 
l'horloge CLKP (voir fig. 3) 

Le tableau l montre les diffé­
rents forma'ts d'entrée et de sortie 
suivant la nature des opérandes : 
signés ou non, nombres entiers ou 
fractionnaires . 

Le résultat est exprimé à l'aide 
de 35 bits formatés en trois blocs 
appelés respectivement : 
- MSP (< Most Significant Pro­
duct >) : les 16 bits correspondant 
au poids fort du produit ; 

- LSP ( « Least Significant Pro­
duct >) : les 16 bits de poids faible 
sont accessibles sur le bus Y par. 
multiplexage ; 

- XTP (« Extended Product >): 
3 bits réservés aux débordements 
provoqués par l'accumulation. 

Les 35 bits sont initialisables. 
Les 16 bits de poids fort et les 
3 bits d'extension sont initialisa­
bles par le bus de sortie. Les 16 
bits de poids faible sont rebou­
clés en interne sur le bus d'en­
trée Y, ce qui , de plus, facilite les 
opérations de sommations suc­
cessives. 

Enfin, il convient de noter que 

-------·-=· ~.: .. :~' 
- • • 1 • - ·.- .., - ; • •• ~-+-~ 

,._: _!.; 
-... , .. ..-t 
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Fractlonal Unslgned Magnitude Notation 

lnteger Two's Complement Notation 
_,.l'OINT 

x,, x., x, • .. X. ., X. x, lCo 5'GNAI. 

2•2 2" 2'• 2• 2" DIGIT V"'-UE 

v,, _v,, _Y,o v, v, ., v. v, Y, v, Yo -2'' 2" 2•• :l' 2" 2' 2" 2" 2• 2" OOGJT V"'-UE 

P, , .... .. .. P9 "• P, •• ., .. ., Po SIGNAI. 

2" 2" z•• 2' 2" 2• 2' 1' Z' z> 2" TVM.UE 

LSP 

lnteger Unstgned Magnitude Notation 
., NIMY l"OINT 

x,. x,. ... x,, ••• "9 .. .. X. .. x, lCo SIGNAI. 
2•• 2•• 2" 2" 210 2" zl 1' Z' 2" 0ICIIT VM.IJE 

v,, v,. v,, Y,o v, v, v, v, v, v, v, Yo -2•• 2" 2" z•• 2• 2' 2" CIGIT VAI.IJE 

,.,. P» Pu , .... P,o P,o Pp P,. P,. P P,1 P,. ... , Pu P,o Pt "' 
.., Po .. SIGNAL 

z•• 211 Z" 1" 2" 2 .. 2" zl z• 1' 2" Zo 0ICIIT VM.UE - LSP 

Tllbleau l 

r:,_~.--1?.~---... --/~_- __ '.: . .;• .;;. :· ---.~--~;- .. t --·-:t :. · .:.- · _ ·· ->. -•·: . .. -~ ,-, ~-- ... ..... ,\ •J..1, .... . . ..,. • • 

-~ circuit dispose de'.buit signaux ) ;_"êst°"obtenu (RND-1) en -ajoutant sortie, car ceci évite d'êffectuer 

' r!tst~~J::,~~~I ~~1iCa!ii:~è~~1 ·.·~~-"fi~1'!'d;:_!BJi~_'_-;_~_;_;·~-~-~---~-:_:::_~_~_-_,_t,_...,-_;·_-·,••.--~_'.,-~.--
!~iffiiii~(1~:n~~~;r~i; ·:,t~Vfoh».~!:~~~~~~~3~:- Îsnià"••- wrv - - • 

LSP-· ·' · ,_.-_, - _, -- ~ ·-· · - nombres signés) · . c- . 
- PRE (c Preload >Î permet le • les deux dernières, ACC et 
chargement du registre de sor- SUB, sont deux commandes per­
tie; mettant d'ajouter ou de soustraire 
- Quatre commandes particuliè- le produit effectué au contenu du 
res qui sont prises en compte sur registre de sortie. Lorsque la 
le front montant de l'horloge X ou commande ACC est au niveau 
Y: bas, le circuit· fonctionne comme 
• la première, RND (<Round>), un multiplicateur (sans accumula­
est une commande d'arrondi de teur). Cette commande est très 
troncature suz le MSP. L'arrondi utile pour initialiser le registre de 
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Le ciicuit contrôleur éie filtre 
ISP9128 est conçu pour implé­
menter des fùtres numériques à 
réponse impulsionnelle finie dont 
le nombre de points est program­
mable jusqu'à 128 (6 bits de com­
mande FORD 0-6). Il est facile­
ment cascadable grâce à 
l'utilisation de registre pipeline 
ISP9520 et ISP952 l [7]. 
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Ce contrôleur de filtre (voir 
fig. 4 et 5) a été spéc1alemont 
conçu pour fonct10nner conjointe­
ment avec le mulupllcateur-accu­
mulateur 1SP9210 en intégrant 
1ous les signaux de contrôle et de 
commande de ce dernier. 

Le sèquencement des opéra­
tions est réalisé à la fréquence 
d'une horloge interne FCLK obte• 
nue après division par deux de la 
fréquence du signal d'horloge 
MCLK placé à l'entrée. 

Les données d'entrée expri­
mées à l'aide de seize éléments 
binaires sont échantillonnées en 
interne après synchronisation sur 
le front montant du signal« Start ,. 
et sont rangées dans une mé­
moire SRAM permettant le sto­
ckage de 128 mots de 16 bits. Les 
coefficients du filtre ne _sont pas 

stockés dans le contràleur de fil­
tre de façon à permettre une 
grande souplesse d'ut1hsauon. Ils 
sont délivrés par une mémoire 
externe adressée par le contr6-
l eu r grâce à un générateur 
d'adresse qui fournit 7 bits 
(CADO 0-6) au rythme de l'hor­
loge FCLK en concordance avec 
la sortie des données de la mé­
moire interne. 

Enfin, un signal c Status , ren­
seigne l'utilisateur sur l'état du 
contrôleur. 

Réalisation 
d'an filtre transversal 

Pour réaliser un filtre transver­
sal, il suffit de trois composants, 
d'après les spécifications techni­
ques du circuit contrôleur de fil­
tre (fig. 6). 

Fig. 9. - Schéma du fùtre numérique universel. 

Etude 

Nous avons expérimenté ce 
mon1age. et les chronogrammes 
que nous avons relevés sont 
conformes à ceux donnés sur la 
figure S. 

D'après les spécificat10ns du 
multiplicateur, pour initialiser le 
registre de sortie avec la valeur 
du premier produit calculé (c'est­
à-dire pour inhiber la fonction 
«accumulation>), il faut appliquer 
le signal ACC au niveau bas au 
moins 25 ns avant le front montant 
de l'horloge (CKX + CKY). Afin 
de commencer les calculs dès la 
première impulsion d'horloge 
CKXY, il convient de modifier le 
schéma proposé dans la réfé­
rence (6] en utilisant par exemple 
une bascule, comme le montre le 
schéma de la figure 7. Dès l'ap­
plication de l'ordre de début de 
calcul, la commande d'inhibition 
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fig. 1 O. - Exemple de diagi-amme des temps des mgnaWl de contr6le pour un filtre. 

de l'accumulation est donnée au 
multiplicateur-accumulateur . 
Cette commande devient inopé­
rante après l'apparition de la pre­
mière impulsion d'horloge, c'est­
à-dire dès que le signal ACC 
fourni par le circuit ISP9128 passe 
au niveau bas. 

rantes sont les formes directe et 
canonique. 

A partir de l'équation aux diffé­
rences: 

L K 

Sn - L /31 en-I + L aie Sn-le 
1 -o le• 1 • 

on obtient deux sommations don­
nant naissance à deux réseaux en 
cascade : l'une utilise les échantil­
lons de l'entrée et l'autre ceux de 
la sortie, ce qui donne un schéma 
conforme à celui de la figure 1. 

Etant donné que d'une part les 
données envoyées par le contrô­
leur de filtre sont successivement 
en-I, en-2,··· en(L+tt, si (L + 1) est le 
nombre de points du fùtre trans­
versal, et que d'autre part les 
adresses fournies par le contrô- Comme dans un système li-
leur sont successivement L, L nêaire l'ordre des opérations n'in- -

équ tervient pas, il est autorisé de 
- 1, ... , 0, la résolution de l' a- permuter les deux réseaux. Enfin, 
tion aux différences, 

1. si l'on regroupe les retards, on '°' obtient une autre forme couram-
Sn - L.. fJ1 en-1- I ment appelée forme canonique 

- Un registre d'entrée servant à 
échantillonner la donnée d'en­
trée. Il est commandé par le si­
gnal d'échantillonnage qui cor­
respond à l'ordre de début de 
calcul. c'est-à-dire au signal 
c Start ,. 

- Un registre de sortie qui mé­
morise le dernier résultat de l'ac­
cumulation. L'ordre de mémorisa­
tion est obtenu à partir du signal 
c Status, provenant soit du pre­
mier contrôleur de filtre dans le 
cas d'un filtre transversal, soit du 
second pour un filtre récursif. 

- Une bascule D utilisée pour re­
tarder l'ordre de mémorisation 
d'une période d'horloge. En effet 
le signal c Status, étant syn­
chrone du signaJ. CKP (ordre de 
sortie du dernier produit accu­
mulé), il faut retarder le signal 
c Status , d'un temps égal ou su­
périeur au délai de propagation 
du multiplicateur-accumulateur, 
auquel il convient d'ajouter le 
temps de préconditionnement du 
registre, soit au total 40 ns (ce qui 
correspond à une période de 
l'horloge 25 MHz). 

- Un multiplexeur permettant de 
sélectionner l'une des sorties 
c Status , en fonction de la nature 
du filtre. 

- Enfin. une bascule fournissant 
la commande de c Start, propre 
au second contrôleur. Sa sortie as­
sure également les commandes 
de mise en état haute impédance 
du contrôleur non utilisé. 

1-0 

s'organise séquentiellement de la -~~ ~~;~.~:;:, • D~ptlon du fo~~~~~;~t . ; 
façon suivante: :. -..:yJ>ariniéqules deux s~c:tures . les . (voir flg.,IO~.,-~ ~· :·à~:::_- ,-~·: i<r~~~'. ~:J } 
Sn_( ... (( Po en-Û + /Ji en-1) (Pl_P,;S.fr entes, n~us av:ons 91~~-~ . :-~•-''·· .--,.~.,., .• . .,.,. r,·., , ._ .,~., ~- _ ·'"' : 

:de dé~elopper la forme :directe.-: . Sur le.front montant de l'ordre: 
+ ··· +~Len-i-L) Ji··"~wociant · deux ::contrôleüii~: -:'.c Starfi;la~doiinée'ériestéébaniil'.'1 ,-

, Ori remarque qu~ dans cette ~ -JSP9128 et un multiplicateurt --: ·forinéêïLe'èaléul ëomiriènœ•ètle{ f 
relation, les valeurs de Pi sont a~ûlatèur. Une autre _solütion: signal ÂCC:dù·multiplicatéüi-~-a;_t .'t 
'rangées dans la mémoire M de aùraifîiécêssité ,-ûri-sëul "côntr6-'. cumulâtêùrest forcé à o. • - ·. · :.p:/t ·t · 
coefficients telle que: -· • · 1eur associé à deux multiplica- · · •· · ·'· : 

leurs-accumulateurs et un som- La donnée en-1 et l'adresse du 
/Jo - [M(L)] : /J1 - {M(L - l)] ; .. . : mateur pour cumuler les résultats coefficient correspondant sont 
/JL - [M(O)] des deux multiplicateurs-accu- fournies par le premier contr6-
où [M(A)] est le contenu de la mé- mulateurs. leur, qui envoie égaleme_nt l'or-· 

dre d'échantillonnage CKXY au 
moire à l'adresse A. multiplicateur-accumulateur. Le 

Filtre numérique universel 
Réa.luation 
d'an ffltre récursü 

Plusieurs structures équivalen­
tes sont possibles. Les plus cou-

Le schéma du filtre est donné à 
la figure 9. Il comporte quelques 
c accessoires> qui permettent de 
le rendre c universel,. Ce sont : 

premier produit est fourni sur 
l'impulsion CKP suivante, et le si­
gnal ACC revient au niveau haut 
de façon à permettre l'accumula­
tion avec les prochains produits, 
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qui sont calculés au rythme de 
l'horloge de base d1v1sèe par 2 
(sol! à la fréquence de 12.5 MH:) 

A la fin du calcul du premier 
réseau. Je signal de sortie • Sta­
tus, passe au niveau bas. 

- Dans le cas d 'un filtre transver­
sal. cette transition négative per­
met la mise en mémoire du résul­
tat dans le registre de sortie 
(après le délai explicité précé­
demment). 

- Dans le cas d'un filtre récursif. 
cette transition négative va com­
mander une bascule dont la sortie 
est utilisée d'une part comme or­
dre de début de calcul pour le se­
cond réseau, et d'autre part 
comme signal de mise à l'état 
haute impédance du contrôleur 
inutilisé. La sortie de cette bas­
cule fixe également la plage des 
adresses de la mémoire morte 
contenant les coefficients. Parmi 
les différentes solutions possibles, 
nous avons choisi de fournir 
l'adresse du coefficient à l'aide 
de sept éléments binaires fournis 
par le contrôleur, et le huitième 
par la bascule, ce qui fixe : 

- les adresses des coefficients {3 
entre (00)h et (7F)h; 
- et les adresses des coefficients 
a entre (80)h et (FF)h. 

Bien évidemment les contrô­
leurs étant programmables, le 
nombre de points de chaque ré­
seau est choisi indépendamment 
(interrupteurs SW Tet SW R), et les 
adresses des coefficients qui en 
résultent sont toujours aux adres­
ses les plus faibles de la zone pré­
citée. 

A la fin du calcul sur le second 
réseau, le signal de c Status , 
passe au niveau bas. Le dernier 
résultat d'accumulation est alors 
mémorisé dans le registre de sor­
tie. On remarquera que la sortie 
ACC du second contrôleur n'est 
pas utilisée puisque l'on souhaite 
cumuler les résultats fournis par 
les deux réseaux. 

Remarque. La mémoire conte­
nant les coefficients permet de 
stocker beaucoup plus de 256 
coefficients. Les poids forts des 
adresses peuvent alors être corn-

mandés par des interrupteurs: ce 
qui permet de réaliser plusieurs 
filtres avec le même circuit . Avec 
la solu11on adoptée, nous pouvons 
réaliser au plus 25 filtres diffé­
rents, récursifs ou non (SW3). 

Performances 

Nous avons implémenté un fil­
tre numérique défini par sa fonc­
tion de transfert en Z: 

Cl)H : enregistrement de /j1 
(0)H : enregistrement de f3z 
(2)H : la valeur lue n'est pas en­

registrée par le multiplica­
teur-accumulateur 

(82)H : enregistrement de a1 

(8l)H : enregistrement de a2 
(80)H : enregistrement de a3 
(82)H: pas d'enregistrement 

Ainsi pour un filtre récursif 
ayant trois points sur chacun des 
deux réseaux (entrée et sortie), le 
temps de calcul nécessaire est de 
21 périodes d'horloge MCLK, qui 
se décompose en : 

- une période (au maximum) 
pour la synchronisation du signal 
« Start, du premier contrôleur ; 

- trois périodes propres au 
contrôleur pour commander le 
premier échantillonnage au ni­
veau du multiplicateur-accumula­
teur; 
- deux périodes par échantillon­
nage suivant; 

- deux périodes pour l'échantil­
lonnage du dernier produit ; 

- puis la même décomposition 
pour le second contrôleur ; 
- et enfin une période pour l'en­
registrement du dernier résultat 
dans le registre de sortie. 

D'une façon générale, pour un 
filtre comportant nt et nz points 
respectivement dans les deux ré­
seaux, la fréquence maximale 
d'échantillonnage Femax du signal 
d'entrée est donnée par la rela­
tion: 

Femax - 2 ( 4 + n 1 + nz) + l 

où FH est la fréquence de l'hor­
loge MCLK, soit 25 MHz. 

Un exemple de réponse indi­
cielle obtenue avec le filtre ayant 

Etude 

:~--:~·;_1r_l _: .. r_l?-a·~~----~.-f.:~-~-~r __ ~_\_; __ ·? '.~;~~i~~f 
. - - . :?·. ~!-~:,--

. J--~i.•.;:,..1.:;~~-

t: l .•• • 

fig. 11 . - Réponse indicielle d'un filtre nu• 
mérique ayant la fonction de transfert : 

2 1 
H(z) - 3 1 - z-1 + 2/3 z-2 

Haut : mesurée ; bas : calculée. 

la fonction de transfert H(z) est 
donné sur la figure lla avec : 

H(z) - ~. l 
3 l - z-1 + ~ z-2 

3 
La fréquence maximale d'échan­
tillonage est alors de 1,66 MHz. 
L'allure obtenue est tout à !ait 
conforme à la réponse théorique 
donnée sur la figure llb, l'écart 
étant dû aux constantes de temps 
d'établissement du convertisseur 
numérique-analogique. 

Conclusion ,. 
La famille de processeurs Inter­

sil utilisée ici , permet :actuelle­
ment d'effectuer des opérations 
de traitement de signaux. comme 
par exemple le fùtrage. 

Les filtres numériques sont 
classés en deux grandes catégo­
ries : les filtres FIR et IIR dont les 
structures sont habituellement 
différentes. Nous avons établi le 
schéma d'un système à base de 
composants spécifiques tels 
l'ISP9128 et l'ISP9210 permettant 
la réalisation d 'un filtre, FIR ou IIR 
indifféremment, dont les caracté-
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Etude 

r1st1ques sont en11èremen1 pro­
grammables La programmall~n 
ne nécessite aucun système de 
développement du fait de sa s1m­
phc1tè Les performances du filtre 
ams1 obtenu dépendent évidem­
ment du nombre de pomts de 
sommation. Par exemple, un filtre 
récursif à quatre coefficients im­
pose une fréquence d'échantil­
lonnage maximale de près de 
2 MHz pour un temps de cycle de 
80 ns. 

L. CuaanneW, M. Gindre 
Laboratoire d'imagerie 
médicale, CHU Cochin 

J.-J. Lazar 
Harris Semiconductor 
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DESIGN OF TWIN-T SINGLE AMPLIFIER 
BUILDING BLOCK WITH PRESCRIBED 
VALUES OF CAPACITORS AND MINIMUM 
GAIN-SENSITIVITY PRODUCT 

Indexing rerms: Circuir design. Ampli.fiers 

Equations are supplied for the design or a widdy k nown 
active filter building block. namely the twin-T single-amplifier 
building block (TT-SABB). when used as a frequency rejec ­
tion network in its standard rorm. Through the proposed 
equations, the required value or pole and zero rrequency and 
pole Q are realised by assigning rree prererred values to the 
capacitors and then computing the resistor values for mini­
mum gain-sensitivity product. 

In the design of RC active networks, it has been shown 1.2 t hat 
considerable improvement in pole and transfer characteristic 
stability may be obtained by minimising the gain-sensitivity 
product (GSP) with respect to the pole Q. Furthermore, for 
economical considerations, when using chip capacitors, their 
nominal values are usually restricted to manufacturers' 
preferred values. As a consequence. whenever possible the 
chosen RC active section should be designed for minimum 
GSP while assuming the capacitors fixed 10 some preferred 
nominal values. 

This let ter reports the solution of the above problem in the 
case of a widely k nown active fil ter building block. narnely the 
twin-t single amplifier building block (TT-SABB), 3

·
4 when 

used as a frequency rejection network (FRN) in its standard 
form (Reference 4. p. 224 on: also Reference 5). The proposed 
solution may be considered as a successive refining step of 
the design procedure reported in Reference 4, p. 493, which 
may be used for estimating capacitor initial values. being in 
that case the minimisation of GSP partly irrespect ive of capa­
citor values provided that they are lower than an upper bountl 
Cma.~ · 

Let us consider the circuit of Fig. 1. 4
·
5 It has been denoted as 

TT-SABB standard FRN and it is capable of producing a bi-

R1 R 2 

Fig. 1 TT-SABB. sta11dard FRN 

quadratic transfer function with jw axis zeros : 

(1) 

under the condition 

(2) 

where 

(3) 

K=/3(1+c): ca;=l. (R 1 R 2 C,C 3)=1 / (R , R3 C,C 2) (4) 

Wp=W:-../{(I +r)/(1 +c): (5) 

:x._/(l + r)J(l + c)(I -À.)(1 - r,) 
qp = c;-2Ti-=-;:f+T1-=-0JC1 =-f3} +î~+ c;2w-i-= 1JTT-=--;;ï (6 l 

C=C1C1:(Ci+C): R,=R1R1: 

r = RjR,.: c = C .. iC, (7) 

"1.=.j{(R,C,)(R 3 Cp):: r,=C1Cp: i.=R 1 R, (8) 

Assuming that the capacitors have been fixed to some 
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preferred nominal values, the design steps for the circuit of Fig. 
I are:" 

(i) Assign freely the value of R 1 : 

(ii) Compute R2 for the required value of w= according to the 
second of eqns. 4: 

R1 = l '(w;R1CC3) (9) 

(iii) Compute R 3 for j<:J axis zeros according to eqn. 2: 

R3 = RpcJ ,cp ( 10) 

(iv) Compute R.. for the required value of <:Jp according to 
eqn. 5: 

R,. = R5 /r, with r = (1 + c)(wp :wy - 1 (II) 

Jf w 11 > w=, R 4 is always positive: if w11 < w,. it may happen 
that r < 0 and hence R4 < 0: in this case it is sufficient to 
increase c = C4 1C, until r > O. 
( v) Compute f3 for the requ ired value of q P accord ing to eq n. 6: 

/3 • r+c:x
2 

'éJr J'( )( = 1 + qT --- -- --- - - - \ 1 + Y 1 
"J. qp 

+ c): (12) 

_ :x(l-i.)(1-r,) 
qT = -, -.. -- --- ------ -- ··-

r( J - i,) + (J - r,) 
( 13) 

The multiplicative constant K is given by the first of eqns. 4 
and cannot be freely fixed by the designer: however, this is not 
generally considered a drawback. since the desired 
amplification level may be recovered at a later stage in the 
transmission chain . 

The e.xpression of GSP is given by 

For given values of w,. wP. q11 , and of the four capacitors C 1• 

C 2, C 3• C ... it turns out from the outlined design procedure 
that r is ultimately a single-valued function of R 1• whose ex­
pression is 

' 1 1 f=HFfJ·=H(JR 1 +gRi) l+. ····-----
./ R1 + glR1 

x ( __ a_!3.!_ __ ' + l _+ _bRf - e) 1; {15) 
l+bRï clR1 

where 

H = q11 1[(1 + C.. C,)(wp iw,)]: F =JR 1 + g1R 1 (16) 

a= [(I + c)(<:Jp rw,}1 - l]w:C 3 : b = w;CC3 : 

d = (C ,!C .. )e.i:C 3 : e = (liq 11)(1 + c)(w 11 iwJ. (17) 

f = w:(C2 + C3) : g = (C, + C2) (Ci C3w:) 

Note that for R 1 approaching O or infinity. r approaches 
infinity . Hence r must have at least a minimum for a positive 
value of R 1, which may be found solving the equation 
èf iè R 1 = O. This equation has the form I/. 0 a; R'i = 0 and its 
coefficients are : 

ao = -(g 2 + g/c/): a1 = -eg: 

a2 = bg!d - 2bg 2 
- 3/'d + 3ag: a3 = e(f- 2hg): 

a .. = 5b 2gld + F - 5bf!cl - g1b2 + ~( - abg; { 18) 

G5 = eb(~(- gb); ab= b(3b 2g ,d + 2e - bf d - 3af): 

a1 = ef b1: as = b1f(f + b cl) 

As expected a0 < 0 and a 8 > O. hence at least one real positive 
root always exists. If the above equation has more than one 
positive real root. the absolu te minimum of ris easily found by 
computing the values of r corresponding to ail the different 
positive roots t hrough eqn. 15. 
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After having chosen the value R lm of R I which minimises the 
GSP for given values of w:, wp, q P' and of capacitors, the 
design of the circuit of Fig. 1 may be completed following 
the steps (i)-(v) and assuming R1 = R 1m at step i. Note that 
the value fJ given by eqn. 12 may easily be shown to be a]ways 
greater than one and hence the amplifier may always be 
realised through an operational amplifier in its noninverting 
mode. 

As an exarnple, let us consider the design of a lowpass notch 
second order transfer function , with w= /2rc = 5500 Hz. 
wp /211. = 3000 Hz, and qP = 20. Assurning C 1 = 3·9 nF, 
C 2 = 1·2 nF, C 3 = 18 nF, and C 4 = 2·7 nF, the solution of 
èr/êR 1 = 0 gives R 1 = 4256-0 Q , with r = 71·7. The other 
cornponents are cornputed by eqns. 9-12: Ri= 11911·6 Q, 

R3 = 11066·9 Q, R4 = 93498·3 0, fJ = 1·5239. 
lt is interesting to note that the absolu te minimum of GSP 

obtainable with a potentially· symmetrical twin-T (at the ex­
pense of an infinite element spread) is given by 

( 19) 

In the considered example, r m;n equals 99·4 and hence the 
proposed solution lowers the value of GSP by about 30 ~/,, 
providing at the same time an acceptable spread in component 
values and resorting to a general twin-T. 

This situation is quite general: even if capacitor values suit­
able for a potentially symmetrical twin-T (i.e. C 2 = C 1 /p,) and 
C 3 = ( 1 + p,)C 1 /p,) are used, it turns out from numerical 

FIBRE LIGHT ACCEPTANCE FOR 
MODIFIED NEAR FIELD TECHNIQUE 

lndexing 1enns: Optical fibres, Refractii>e index profiles 

The light acceptance propenies of fibre samples prepared for 
the modified near field scan technique are derived. The effect 
of limiting the imaging Jens NA and of varying the sheath 
refractive index will also be discussed. 

Introduction: The light acceptance into the core region of an 
optical fibre prepare9 for th~ conventi_~n~( near_ field 1_ec.hniq~e 

examples that the resistors, which satisfy the conditions 
Ri= p,R 1• R3 = p,R 1 / (1 + p,), have p, not equal top,, so 
that the requirement of minimum GSP leads to a general 
rather than to a potentially syrnmetrical twin-T. 
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delle Richerche, Roma, Italy. 
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outer sheath will result in light being accepted into the clad­
ding region and in increased light acceptance in the core 
region. Calculations, based on the local plane wave decompo­
sition approach used by Adams et a/., 1 show that the addi­
tional light power accepted by the fibre in the rnodified 
technique, is contained within a second cone defined by 

O :-::; sin 2 8 :-:; [n"(r) - n;) i(J - (r/b) ' cos" 4>] (2) 

where n, is the refractive index of the outer sheath (or oil) and b 
is the outer radius of the cladding. 

In the modified near field technique the light acceptance of 
.. L_ -1-..J..J: __ : _ .J_. ____ : __ .J L ..• L .... .-. 1.n...:Z ...1~-...., ,..,.. ... ,.. ( .... ,.,, _ ""I\ ---1 



• :.).B /84 /149 THOMSON SEMICONDUCTEURS 

LABORATOIRES D'AFPUCATIONS 

USER'S _MA.NUAL 

EVALUATION BOARD EVM 8501 

1. - GOAL OF TIŒ BOARD 

The EVM 8501 is a board intended to· allow following possibilities 

- suppression of frequency spectrum aliasing 

- frequency spectrum smoothing 

- change of filter sampling frequency (and therefore filter eut-off frequency) 

- output DC offset adjustment 

- Filter consumption adjustment 

Operational amplifier consumption adjustment 

NB. The board is tested vith EFG 8510 filter (5th order Cauer low pass) 
and Sallen and Key structures are determined for a typical filter 
use vith the filter external clock frequency Fs • 100 KHz 

2 . - LOCK DIAGRAM 

Vin- SK 

EXT CLOCK 

ANTI"-ALIASING 

FILTER 

.. 
Vi n-F 

INTERNAL 

CLOCK 

l 

1 

EFG 85XX . 

OUTPUT DC 

OFFSET 

ADJUSTMENT 

POWER 

ADJUSTIŒNT 

SMOOTHING - FILTER 

t '~ 

Vout-F Vaut - SK 

~ 
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). - BOARD DESCRIPTION 

A. - C Iock. : 

The clock of the EVM 8501 1s implemented according ta the follo..,ing 
scheme : 

C 

I 

5 V 

SCHMITT 

TRICCER 

5 V 

D 

-----pCLOCK 
FLIP-FlD 

On the EVM 8501 board, three clock ranges are available (see Eleccrical 
characteristics). 

Take care to choose the filter sampling frequency lover chan the 
tnaximum sampling frequency and upper than the minimum sampling 
frequency specified on the filter data sheet (vhen using an exter­
nal clock for example). 
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B. - Anti-aliasing and smooching filter: 

These are t1.10 101.1 pass filters (2nd orded made from Sallen and Key scructu 
and from operational amplifiers available on the filcer chip. 

OUT 

IN 

/; 

R1 • R2 • arbitrary values C1 -
2,r . R1. fc 

C • damping coefficient (C1 =c 2 c-. ' 
Cz "' fc -= eut off frequency desired 

Ii1 • 2w . fc.C 

On the EVM 8501 board the t1.10 filters are identical and: 

C -= 0,67 fc .. 6 KHz (see Electrical characteristics) 

With this structure, there is noc eut off frequency modification 
1.1hen Fs • 2. 00 KHz (and obviously "'hen Fs is lower) but it appears an 
important attenuation for frequencies upper chan Fe. For other sampling 
frequencies, anti-aliasing arid smoothing filters will have to be calcu­
lated according to the principle explained before. 
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C. - Output DC offset adjustment : 

This adjustment is made by a potentiometer set becween positive supply 
(+ SV) and negative supply (- SV) and which middle point is connected 
to the filter LVL pin. When adjustment is not required, a switch allows 
to connect the LVL pin to the ground. 

+ 5 V (V +) 

____ _.. LVL 1~ 
- 5 V (V -) 

4 
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D. - Pover adjustment : 

These are tvo consuroption adjustmencs possible given by the filter chip 
structure 

- filter pover adjustment (P\.IF pin) 

- operational amplifier pover adjustment (P~A pin) 

They are made from a potenciomecer sec betveen PWA pin (for operational 
amplifiers), PWF pin (for fil ter) and ground (or V+). On the EVM 8501 
the resistors are connected to the ground. 

P\.IA or PWF 

GND (OR V +) 

The resistance value 1s adjusted for a typical current I • 100 µA. 

NB. These adjustments allov to fit the consumption to the desired 
application (according to the sampling frequency for example). 
They are independant. 

5 
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4 • - ELECTRICAL CHA.RACTERISTICS 

On the EVM 8501 the following measurements have been effected 

- Incernal clock frequency range measurement 

- Sallen and Key eue - off frequency measurement 

- Noise measurement 

- Frequency responses obcained without Sallen and Key and for Fs • clock min, 
Fs -= :200 KHz, Fs .. clock max. and Fs "' 400 KHz (external clock) 

- Frequency response obtained for Fs "'.%00 KHz and with Sallen and Key 

NB. All measurements with + 5 V operation. 

A. - Clock frequency range : 

On the EVM 8501, three ranges are possible 

Cl• 2. 2 nf I 8.SICH~ f s ,< 500 KH:: 

c,. • 1 5 nF 2 • 8 (!{~ f S .$, 8 3 KH:: 

c., • 4 7 nF O. 9KH~ Fs ,< 2 7 KH:: 

NB. Fs accuracy is 10 to 20 % (according to the usual resistor 
and capacitor accuracy). 

B. - Sallen and Key eut-off frequency measurement : 

On the EVM 8501, the two Sallen and Key structures (anti-aliasing 
and smoothing) are identical wich the following component values 

R1 • R2 • 27 KQ 

C1 • 680 pF 

C2 • 1 ,5 nF 

With these values, the average eut-off frequeney obtained is Fe• 6 KHz 

NB. : Fe accuracy is 20 % (according to the usual resistor and 
capaeitor accuracy). 
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C. - Frequency responses : 

For thcse rneasureroents, the electrical board conditions was 

- Input level 633 mV (1 ,2 V peak-to-peak) 

- Load : 75 pF Mn 

- LVL pin connected to ground 

Filter and operational amplifier typical bias current Ibias: 100 µA 

NB. To choose the sampling frequency see filter data sheet specifications. 

D. - Noise measurement : 

EFG 8510 filter input connected to the ground, signal to no~se ratio 
on the second Sallen and Key filter output equals 75 dB. 

NB. Measurement effected with Fs = Maximum Interna! Clock. 
At lower frequencies, signal to noise ratio must be better. 



5. - ELECTRICAL SCHEME 

To avoid supply problem.s (parasitic, coupling), supplies and ground 
are implemented on the board according to the . folloving scheme 

V • 

filter rn 

Component values : 

R1 C 2 7 Kn ( 1 /4 W) 

R2 = il Kn (1 /4 W) 

R3 C )90 n ( 1 /4 W) 

R4 - 10 Kn ( 1 /4 W) 

R5 .. 10 Kfl { 1 /4 \J) 

R6 = 47 n (1/4 W) 

R7 = 47 n {1/4 W) 

Ra = 47 n (1/4 W) 

IC 1 - SN74LS14 

IC 2 • SN7t.LS74 

IC3 • Efî, 85XX 
IC4 • Sallen and Key 

components 

GND V -

filter TTI. 

Ct - 680 pF 

C2 C 1 . 5 nF 

C3 C 2.2 nF 

C4 - 15 nF 

C5 - 47 nF 

c6 • 0. 1 µf 

C7 -= 0. 1 µF 

Ca C O • 1 µf 

C9 • 22 µf 

C10 C 22 µF 

Cround 
plane 

Sallen 
and 
ICey 

filter 

50 V P1 • 20 Kn (multiturns 20 

63 V P2 •UO !al (1 turn 20 Z) 

50 V P3 -uo IC1l (1 turn 20 Z) 

63 V P4 • S KO (multiturns 20 

50 V 

50 V 

50 V 

50 V 

16 V (Tantalum) 

16 V (Tantalum) 

8 

Z) 

7.) 



+ 5 V 

+cf4 Vin S-K 

S~I• R6 

~ ... 
0 

' ... 
-

" 
l 

" 
._/ 

·:V 

-EAII \1 1 
1 

lli ·) 4 

3 
Vin.F ~ 

• 5 V 1 C 

2 
2 B Vout.F Ç: 
, r 

IC2 

CND 

Q 

OUT ::·) 
-... · 

{- : \ CLK:) 

- \ IN '~ - + EA \ 1c3 ·-1 r ____ 11 

r--r GND __ ') 

4L 
Vout S-K 
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R7 

0 8 0 -c:J-
C 

~ ~ ~ ~ ~ R{, 

C9 c,o -c=:J-

Pl D ŒJ Œ] 
~ CJ~ -.. :. 

ô: _j_ ..L 
6 es c1 
TTT 

IC3 Ic4 
<- P4 '• 
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EVH 8501 CIRCUIT BOARD 
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EVM 850 t - LAY-OUT 
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EVM 8501 COMPONENTS SIDE 



1 • 

SPECIFICATIONS 

THOMSON-SEMICONDUCTORS 

EFX 85 EL7 FlLTER 
ENGtN.EERlNG PROTOTYPE 

- CALIER SEVfNTH OROER LOW PASS FILTER 1 
- SAMPLING FREQUENCY/CUTOFF FREQUENCY RATIO : 37.65 
- BAND PASS RIPPLE • 0.5 db 
- BAND PASS GAIN= 0 db < PGB < - 1.5 db 
- BAND REJtCT LOSS : < - 50 db AT 1.27 Fe (Fe= CUTOFf FREQUENCY) 

TYPICAL EXAMPLE 

- SAMPLING FREQUENCY : 128 KHz 
- Fe= 3400 Hz 

-
- LOSS : 50 db FROM 4318 Hz Fs {SAMPLING FREQUENCY) 

NORMALISED GAUGE 

Goi~ (Ji) 

I 
/ 

I 

I 
I 

/ 
/ 

I; ; ; 



.. 
TYPICAL APPLICATION 

SWITCHEO CAPACITOR FILTER + ANTI ALIASING FILTER + ~MOOTHING·FILTER 

~ GND ·V-
+IV o_, - ~'t/ 

Cl..OC.k %.l'lPUÏ 

( S" IV1'> L. ' ,. G- ' )\ ~e,l\ r. </(" :s 
Ç > • ï TL. L ,é v <= <'.. <_. ) 

I 

~ 

,. 
& 

' 
'1 

r 

N 
>-. 
><. 

t 
t 
~ 

::~ -. 

...,, 

' ~S' 
c.1., 

-41. ~~ 'licaJAI.. f.lN ,lt,IPVT 
A~ 1 c.~ 

-1.a ~- ~ 'I (', 

ii 

-f• ouTrur ~;~.,,. ~ 
~ 

ci, 

ANTI ALIASING FILTER AND SMOOTHING FILTER 

They are realised with Sallen & Key structures using the 
two free OP. AMP. included in the circuit 

SALLEN & KEY STRUCTURES · anti aliasing example 

Rl c R2: arbitrary values 

C 1 = l 

Rl wo 
; C2 = _l_ 

Rl 

- {.:t 

I C:rND 

! ~ = DAMPING COEFFICIENT 

_ _._] -~ wo :·~UTDFF PULSATION DESIRED s. WC 



FILTER SCHEME 

FILTER FREQUENCY RESPONSE FOR TYPICAL EXAMPLE 
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FONCTION 

PASSE-DAS 

PASSE-HAUT 

PASSE-BANDE 

Nota 

APPELLATION ORDRE 

EFG 8510 5 

EFG 8511 7 

EFG 8512 7 

EFG B513 8 

EFG B514 8 

EFG 8530 3 

EFG 8531 6 

EFG 8532 6 

EFG 8550 8 

EFG 8551 8 

Friq. d',chantillonnage max. 
Fréquence d'horloge 
Gain en bande passant• 
Fréquence de coupure 
Fr~quence cen~rale 
Coefficient de surtension 

TYPE Féch. /Fe ATTENUATION 

CAUER 37. 65 33 dB à 1. 36 Fe 

CAUER 37. 65 50 dB à 1.27 Fe 

CAUER 50 75 dB j 1. 8 Fe 

CHEBYCHEV 30 70 dB.\ 2. 25 Fe 

BUTTERWORTH 40 50 dB• 2.2 Fe 

CAUER 160 13 dB à O. 5 Fe 

CAUER 200 30 dB .j O. 5 Fe 

CHEBYCHEV 250 23 dB à O. 5 Fe 

CHEBYCHEV 30 40 dB à f )1.28 Fo 
G "' 5 f< O. 78 Fo 

SELECTIF 23. 4 60 dB à f :> 1. 15 Fo 
Q = 35 f < 0 . 86 Fo 

Féch. = 1 MHz 
FH = 2 Fi,ch. 
Go= 0 dB 

sauf pour EFG 8551 où FH • 8 Fich. 
sauf pour EFQ 8551 où Go• 30 dB 

Fe 
Fo 
Q = Fo /A f 

Figure 19. TABLEAU RECAPITULATIF DES FILTRES STANDARDS 

ONDULATION EN BANDE PASSANTE 

O. :2 dB 

O. 5 dB 

O. 2 dB 

0.3 dB 

Mu i ma 11 Cl fla t 

0.2 dB 

0 . 2 dB 

O. 5 dB 

0.3 dB [ 0 . 92 Fo - 1 . 08 Fo] 

-3 dB pour f =- O. 99 F•J 
11t f :- 1. 01 F · 
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MASK. PROGRAMMABLE SWITCHEO CAPACITOR FIL TERS 
The E FGBSXX circuits 1re HCMOS univen1I filters cont1ining I m1sk pro­
grammable swi1Ched-capacitor cascadable structure and two uncommitted 
general purpose operational amplifiers. 
The specifications of the inœrnal filur are obtained during the 11st step of 
c:hip realization. The specialization method (Patentedl used by lHOMSON 
SEM ICONDUCTORS is close to the one used for gate array integrated cir­
cuits. 
For custom filten, the switr:hed capacitors filter specialization is imple­
mented by lHOMSON SEMICONOUCTORS designers in accordanœ with 
the user gauge. Most filters can be realized. Samples are evailable 6 to 8 
weeks after the filter gauge definition. 
This technique has also been used to define lHOMSON SEMICONDUC· 
TORS family of general purpose filters. 
Based on the switr:hed-capac:itor structure, these circuits exhibit ail the ad­
vantages of this tl!Chnique, namely precise gauge, high temperature and 
long-range stability, almost no extemal component, no adjustment. low 
consumption, high density, easy customization, low cost and high security 
of use. 
• Available order: 2 to 8 (any type) 
• Input signal frequency range : 0 to 50 KHz 
• SIN ratio (depends on the internai structure) : 70 to 85 dB 
• Gauge translation possible thn., umpling clock tuning 
• Power supply requirements: ± 5 V or 0-10 V 
• Power c;onsumption : adjustllble from 0.5 mW to 20 mW per order. 

AVAILABLE PROOUCTS: 

Low pass: 
EFG8510: 5 th order Cauer (MIC) 
EFG8511 : 7 th order Cauer (50 dB) 
EFG8512: 7 th order Cauer (75 dB) 
E F GBS 13 : 8 th orde r Tchebychev 
EFG8514 : 8 th order Butterworth. 
Custom: 
E FG8508 / Customer identification. 

High pau: 
EFG8530 : 3rd order Cauer 
EFG8531 : 5 th order Cauer 
EFG8532 : 5 th Tchebychev. 
Band pass: 
EFG8550: 8 th order Tchebychev. 

Typical 1pplica1i~s : telecommunications, data acqu1s1t1on (filtering 
before A/0 conversion and smoothing after DIA conversion) and of cour­
se clauical action fi/ter replacement. 

+EB 

-EB 

SB 

•EA 

SA 

BLOCK DIAGRAM. 

H 

Prog. clock divider 

-------;. t-----------, 
IN 

01,1iput 
S/H 

bolf~r 

GNO 

THOMSON SEMICOHOUCTORS 
Sein h-.dQuara" 
'-5. •• <i• rE..,,004 · 7811.0 VELIZY, F'AANCE 
T ., ( J) 0-4 6 0 7 1 g / T •I • -1 10.t 7 Ill,() F 

EFG85XX 

LINEAR 

HCMOS1 
MASK • PROGRAMMABLE 
SWITCHED CAPACITOR 

FIL TER 

CASE CB-98 

CASE CB-79 

.~ 
1 

P SUFFIX 
PLASTIC PACKAGE 

ptlJ 
1 

PIN ASSIGNMENTS 

·. 

8 pim: FIL TER ONL Y 

v• 16 NC 

v· 2 15 • EA 

LVL J 14 SA 

IN 4 13 • EA 

GNO 5 12 • EB 

OUT 6 11 SB 

CLIC 7 10 - EB 

PWF 8 9 PWA 

111 piN: FILTER+2 OP-AMP, 

, .... THOMSON 
(;. Ç.) J:~ :_r-.-;;~f ~ ~!ë~, 

8 ... 
F:l 
Q. 
Q. 

1 
0 .. 
~ 
0 

• a: 
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' . 
S~ITCHED CAPACITOR FILTERS GENERALITIES 

BASIC PRINCIPLE 

These are active filters in which resistors are replaced by capacitors which 
are svitched with a frequency, named sampling frequency (Fs), as Follows : 

v1 ~~1 _
5
_2 ___ v2 
~__. 

l 
C 

I 
The two switches (S1 and Sz) are controlled by two complementary and non overlapping 
clock phases. 

During the phase~ .. 1 (S1 on, S2 off), the charge stored in Cl is 

Q1 • c, . v, (1) 

During the phase Q • 1 (S1 off, S2 on), the charge stored in C2 becomes : 

(2) 

During a complete clock period Ts • -- • 0 + i, the transferèd charge 1s 
Fs 

6Q • QI - Q2 • C1 (V1 - V2) (3) 

During a period Ts, this charge flow is equivalent to a current 1 , such as : 

and so 
C1 (V1 - Vz) 

I • C1 . Fs (V1 - V2) • -----­
Ts 

Comparing (5) with Ohm law applied to a resistance 

V1 - V2 I .. 
R 

The equivalent resiitor 1s 

R ~ Req • ---
C1 

Then, with (7), a RC product becomes 

C 
Req.C .. ---

TliOMSON SEMICONDUCTORS 

(4) 

(5) 

(6) 

( 7) 

(8) 
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WHY THIS TECHNIQUE CAN BE USED TO REPLACE CLASSICAL ACTIVE FILTERS? 

ln active filters, the time constant& are fixed by RC products. But the component 
valuesR and C used are absolutely uncorrelated, so trimmings are often needed to 
obtain an accurate gauge. 

On the other hand, in switched capacitor networks, only capacitor ratios are 
used. These ratios are obtained with capacitors integrated on the same chip. The 
available accuracy is 0.1 % to 0.5 % whatever the temperature conditions may be. 
As the time constants are fixed by capacitor ratios, fully integrated filters 
are achievable without trimming. ln addition, as shown in (8), the time constant 
RC is proportional to the sampling period T5. Another important property of swit­
ched capacitor filters is that eut-off frequency can be shifted by shifting the 
sampling clock without any change on the shape of response curves. 

SWlTCHED CAPACITOR ACTIVE FILTER FEATURES 

The main feat~res are summarized in the following table : 

Key points 

• Every time c·onstan~efined by : 

- capacitor. ratios 

- clock frequency 

• Fully integrated filters with CMOS 
technology 

• Switched capacitor networks are 
sampled and hold systems 

Results 

• Precise gauge 

• Stability in temperature and time 

• Bigh order filter achievable 

• No adjustment 

• Gauge transposable by tuning 
the clock 

• Low power 

• Ease and safety of use 

• No external component 

. Antialiasing pre-filtering is needed 
if the input signal is wide barid 
(See Nota) • 

• Smoothing post-filtering may be used 
to avoid spectral rays around the 
sampling frequency (See Nota). 

J 
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Nota Anti-aliasing and smoothing considerations : 

Aa in any sampled data network, all the signal components greater than 
half sampling frequency are aliased and appear in the filter band pass. 
So, if signals greater than Fs/2 may be applied to the input filter, an 
external pre-filter is required to avoid aliasing. This filter can be 
implemented by : 

- a first-order low pass RC filter if Fs/Fc > 200 {40 dB attenuation) 

- a second-order low pass Sallen and Key structure for lower ratios. 
The structure scheme and equations are given below: 

OUT 

IN 

c, 

I 
' R1 • R2 • arbitrary values C1 • 

fc s eut-off frequency desired 

C • damping coefficient 

2,r R1 fc. . (C1 • (2 • C2) 

C2 • 
1 

211 Rt fcC 

Note thac the op. amp used is one of the cwo internal operational amplifiers 
availabl~ on the 16 pin version. 

ln application where the sampling clock effects may affect the system 
performances, the same kind of structure should be added to the filter 
to smooth the output signal. 

TliOMSON SEMICONDUCTOP<:: 

:.. 
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PIN DESCRIPTION 

(minimal version : filter only) 

NAME PIN TYPE N• FUNCTION DESCRIPTION 

v+ I 1 Positive supply 

v- I 2 Negative supply 

Filter output DC level adjustment when 
connecting a potentiometer between v+ 

LVL I 3 output DC and V- vith its middle point to LVL. 
level adjustment Yhen no adjustment is needed LVL pin l. s 

connected to GND. 

IN I 4 Filter input 

GND I 5 General ground ' 

OUT 0 6 Filter output 
; 

CLK I 7 Clock input Tn level 

P\.lf I 8 Filter power Fil ter poYer consumption can be choosen 
adjustment by connec t ing a resistor between PWF and 

GND (or V+). Stand by mode is obtained 
by connectiong PWF to V-

-------·--·-·---- ···- ··---- '"t'""" -~ne..._ ..... r "• ~ .- r-.,,..,, ,.,. ..... .... .. , ~ • - "'T" . - ..... . ,,. 



l..A.B/~4.\44 PIN DESCRIPTION (extended version filtcr • 2 op Amps) (, 

. Î NAME PIN TYPE N• FUNCTION DESCRIPTION 

+ Positive supply V I 1 

-V I 2 Negative supply 

LVL 1 3 Output DC level Filter output DC level adjustment when 
adjustment connecting ~ potentiometer between v• 

and v- vith its middle point to LVI.. 
When no adjustment is needed LVI.. pin is 
connected to GND. 

IN 1 4 Filter input 

. ··- - - . . -· 

CND I 5 General ground 

OUT 0 6 Filter output 

CLIC 1 7 Cloclic input TIL level 

PWF 1 8 Filter power Filter power consumption c.an be choosen 
. adjustment by connecting a resistor between PWF 

and GND (or v•). Stand by mode is obtai-
ned by connecting PW'F to V-

PWA : 1 9 Op Amp po-wer 
adjustment Idem PYF but for Op Amp (PWA) 

-EB I 10 Negative input 
Op Amp B 

SB 0 11 Output Op Amp B 

+EB I 12 Positive input 
Op Amp B 

+EA I 13 Positive input 
Op Amp A 

SA 0 14 Output Op Amp A 

-EA r 15 
Negative input 
Op Amp A. 
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FUNCTIONNAL DESCRIPTION 

The filtering unit is formed by eight connectable svitched capacitor integrators. 
Each integrator can be specialized vith capacitor fields and switching cells. 
The interconnections betveen each integrator and the realization of the desired 
capacitors are achieved during the last step of the process to fonn the filter. 
For this operation, the aluminium interconnection mask is used (like in gate­
arrays structures). 

Some particular svitched capacitor cells added on the tvo first integrators 
allov, if needed, special functions : cosine input .cell, complementary high-pass 
filter or exact bilinear leapfrog filter. 

The clock generator delivers the different phases needed for the internal 
svitching. The internal clock is performed through an internal mask program­
mable divider vhich adapts if required . the external clock (given from a cristal 
oscillator for example) to obtain the filter clock. As the clock input is TTL 
compatible, level shifts are used inside the chip to obtain the correct vol­
tage swings. 

An input sample/hold cell is available. It can be used if the applic-'ltions 
need it. 

The output sample and hold buffer is connected to the filter output and so 
allovs a lov impedance signal delivery. 

The output DC level adjustment is also possible vith an external voltage source 
(obtained for example through a resistor divider). 

Two uncommitted general purpose operational amplifiers are also available. 
They can be used by the customer to implement other analog fuoctions (for 
example gain, pre .or post filtering ••• ) • 

Power adjustment is possible for the filter unit and for the two free op. 
amps. This facility is performed with a resistor connected betveeo the v+ 
supply (or ground) and the power adjustment pins. So the consumption of t .he 
structure can be chosen to adapt it to the application. The stand-by mode 
can be obtained by connecting the corresponding pins to the V- supply. 

Maximum ratings 

Voltages are referenced to v­
DC supply voltage (V+ - v-) 

Input voltages, all pins 

• DC current per pin 
(except for supplies) 

• Storage temperature range 

- 0.5 to 15 V 

- 0 .5 to 15 V 

20 mA 

- 65 to 150°C 

~()M<;ON ~fMJrnNoUCTOR<; 



• . LA:P,/84/144 - rnoMSON SEMICONDUCTORS 

PRELIMINARY 
ELECTRICAL CHARACIERISTICS (FlLTER ONLY) To • 25•c 

PARAMETI:R SYMBOL MIN. TYP. MAX. UNIT CONDITIONS 

. po•itive v• 4 5 6 V 

Supply voltage -. negative V - 4 - 5 - 6 V 

. positive 1• 0. t t 2 IIIA,ttder (vith ! 5 V operation) 
Supply current By adjusting PVF according -range . negative I 0. 1 1 2 IIIA,ttder to the desired application 

External clock frequency 
2 Depending range Fe 1000 ICHz on the filter 

·-( 

Itternal clock frequency 
range .Fi 1 500 KHz Depending on the fil ter 

Minimal external clock 100 
pulse duration 

ns 

. 
Cut-off frequency range Fe 0.01 30 KHz Depending on the filter 

Internat clock frequency Depending on the filter 
to eut-off frequency Fi/Fe tO 200 F 2• Fi) 
ratio 

(As Fe:2.Fi, F: • Fe 

.. 
Paver adjustment 1(0 

Typical input current 
resistance RF 20 on PllF lbias - 180 µA 

. resistance Rin 1 -· Mrl 

Input impedance 

. capacit~nce Cin 20 pF 

Load capacitance CL 50 pF 

Output voltage sving Dis tort ion vi 11 be speci-
(volt peak to peak) Vout 7 V fied for each fil ter 

(vith ! 5 V operation) 

. standard 0 dB 
Band pass BPG 
gain range 

. custom 0 40 dB Depending on fil ter design 

Stopband accenuation 1 Depending the fil ter 
possibility i 

70 dB on 

Si i;: n .~ l , " ..... , .... ' .. . ' '\ ... - f • -
...... ..... f ·- ' . - . .. : ..... ... , , ... r ." , , ,., ') 1 

"' 7 \J '"' - "'"" ) 

.,_. 



LAB/84144 TYPICAL PERFORMANCES (OP.AMPS) V+•+ SV 9 
V - • - SV To • 25 •c 

PAlW-ŒTER SYMBOL TYP UNIT CONDITIONS 

Supply c:urrent Icc 1 , 24 mA Typical 1bias - 100 µA 

V + 
0 4 V 

Output voltage "i, • 2 Krl 
V - - 4,7 V 0 

I • 0 86 mA RL to v• 
Output current 

I -
0 - 49 mA ~ to v-

Output resistance Zout 10 n 

Input resistance Zïn 10 Mh 
f 

Power adjustmeot resistance Rop 20 JUl Typical input current on 
PWA pin Ibias • 180 µA 

Input offset voltage Vio 5 mV 

Av♦ 25 K V + • 
0 3.5 V 

DC open loop gain RL -2Kn -A - 30 K Vo - - 3.5 V V 

Gain bandwith product Av-BP 3,2 MHz Typical 1bias - 100 µA . 
Slew rate . rise SR+ 5,5 V/µs RL • 2 Kn CL• 100 pF 

. fall SR- 6,5 V/µs Typical Ibias - 100 µA 

' 
1 Supply voltage rejection SVR 80 dB 

ColD!Ilon mode rejection CMR+ 85 dB 

CMR- 90 dB 

Phase Margin PM 50 ~egrees 

Noise N 86 nV/ /Hz Typical Ibias • 100 µA 

PRELIMINARY 

--- -~·-· ···~-..... •-·- -... ... . . 



LAJl/84/144 SUPPLY OPERATION 
10 

+ 10V 

V+ N 

V-
~EA 

r- - -
t1' 

LVL 1 'f_A 
r4 / 

IN 1V +EA ---
CND SINGLE SUPPLl u~~KATION 

(V-) 

OUT Jlrl~IOV 
CIJC 

1 ov 
PW 

GND or V+ CND or V+ 

- 5V + SV 

V+ NC 

v- -E.A 

LVL SA 

IN + DUAL SUPPLY OPERATION 

GND +EB 
(IF NO NEED, LVL IS CONNECTED TO GROUND) 

OUT s 
_n__f7_ .i. SV 

... ov CIJC -E 

PWF P'WA 

GND or V+ GND or V+ 

-~ ,,.~-.. , : . .:, .. ,. , ·-.~ . .:-.,····· '- ... , .-. 



LAB/84 / 144 . : TYPICAL APPLICATIONS 

- SV + SV 

--~v+ 

--------+-V-

-sv 

GND 

1------+ LVL 

__ ...,IN 

FILTER ONLY 

(IF NO NEED LVL IS CONNECTED TO GROUND) 

+SV 

V+ NC 

V- -EA 

LVL SA 

IN +EA 
C 
1 

GND +EB 
C' 

1 
OUT SB 

CU< -EB 

p~ P\.lA 
R' 2 

C'2 

R' 1 

FILTER + ANTI ALIASING AND SHOO'I"HING 
(IF NO NEED LVL 1S CONNECTED TO GROUNU) 

~,r,•-• =-· - --•••' .: . .-.. . 

1 1 

GND 

INPUT SIGNAL 

OUTPUT SIGNAL 
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LAB /84 / 144 

EFC 8510 

Specifications : 

• Fifth order Caue.r low pass filter 

Maximum sampling frequency : 500 KHz (Fs max) 

• S.ampling frequency/cut-otf frequency ratio : 37.65 (Fs/Fc) 

• tuximum eut - off frequenc)' : (Fs m.ax) / (F,/Fc) 

Band pass ripple 0.2 dB 

Band reject loss : < - 33 dB from 1.36 Fe 

Normali zed gauge 

GAIN (dB) 

-33 dB 

F/Fc 
1 

---•• .... , ..... ... ,..'I , • • •" ·~~-,-



LAB/8'4/1'-4 

EFC 8511 

Specifications : 

. Seventh order Cauer lo~ pass filter 

Maximum sampling frequency 1 MHt (F 5 max) 

Sampling frequency/cut-off lrequency ratio : 37.65 (F5 /Fc) 

Maximum eut - off frequency : (F 5 max)/ (F 5 /Fc) 

Band pass ripple 0.5 dB 

Band reject loss : < - 50 dB from 1.27 Fe 

Normalized gauge 

GAIN (dB) 

-50 d.B 

.._ ________ ~L.I.------- L------------------?1F 
1 1.27 

C 



• 

t..M,/84/144 

EFC 8513 

Specifications : 

• Eighth order Chebychev low pass filter 

• Maximum sampling frequency : 960 KHz (F 5 ma.x) 

• Sampling frequency/cut-off frequency ratio: 30 (F5 /Fc) 

• Ma.ximum eut - off frequency : (F5 max)/ (Fs/Fc) 

• Band pass ripple : 0.3 dB 

Nonnalized gauge 

GAD{ (dB) 

-70 dB 

L. _______ .J_,L_ _____ .,L_ ______________ F/Fc 

1 2.25 



l.A..B/81./11•4 

Ere 8530 

S p é ci! i c ac ions : 

Third order C•uer high pass filter 

Maximum sampling frequency 1 MHz CF, max) 

· Sampling frequency/cut-off frequency ratio : 160 (F,/Fc) 

• Maximum eut - off frequency : (Fs max)/ (F,/Fc) 

• Band pass ripple 0.2 dB 

• Band reject loss < - 13 dB until 0.5 Fe 

Norm.alized gauge : 

GAIN (dB) 

0 

-13 dB 

L-----------'-------L------------F/F 
C 0.5 l 

IBOMSON SEMICONDUCTORS 
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.a.; JI ~~~~□~ TSG8852 
MASK PROGRAMMABLE FREQUENCY DETECTOR 

_____ A_o_v_A_N_c_e_1N_F_o_R_M_A_TI_o_N ____ ...... I _I ___ H_c_M_o_s_-_M_P_F_o_--,. ______ 

MAIN FEA TURES 

• Fully integrated frequency detection function. 

• Serial or parallel interfaces for direct contre! of the 
filter frequency by a TT1.. compatible microprocessor. 

• Butterworth 8th order passband switched capacitor 
filter included. 

• Antialiasing filter integrated. 

• No external component needed. 

• Additional general purpose CMOS op-amp on chip. 

• Variable detection threshold. 

• Adjustable power consumption. 

FREQUENCY DETECTOR BLOCK DIAGRAM 

OS0/05 S/P 
CK/08 LOAC 

SERIAI.. 
PAAALLEL 

INTERFACE 

0 

F'ROGRAMMASU: 
Cl.OCK 

GENERATION 

2NO TO 8TH 
OROER 
FLTER 

oc 
LEVEL 

VARIABLE 

THRESHOLO 

LVL VREF C 

SCHMTT TRIGGER OR 
QUARTZ OSCIU.A TOR 
OR T'Tl./CMOS CLOCI< 

WIOE RANGE 
OR LOW IMPEDANCE 

OUTPUT BUFFER 

POWER 

AC..t.JS 

LOGIC 

VSS GNO VOO 

OUT 

PW 

CHARACTERISllCS 

• Input signal frequency 30Hz to 30KHz. 

• Power supply 
dual+/- SV 
single 0-1 OV 
single 0-5V 

• High input and output dynamic voltage 
ranges : VSS + O.SV to VOD - 1.5V. 

( low impedance output ) 

• Cut-off frequency of the integrated antl 
aliasing filter : 1. 6 KHz to 200 KHz. 

• Detector input sensitivity 1 mV rms. 

• Temperature range up to military. 

• Plastic OIL , Ceramic DIL or SO package 
with 24 pins. 

voo 
OUT 

PW 

C 

IN 

VREF 
P1 
0 
Ml 

vss 
S/P 

01 

PIN CONNECTIONS 

1 
2 

3 

4 

5 

8 

7 

8 
9 

10 

11 
12 

24 
23 
22 
21 
20 
19 

18 

17 

16 

15 
14 
13 

LVL 
COMP 

GNO 

CU< OUT 

CU< R 

CU< IN 

LOAO 

CK/08 
0SO/05 

04 
03 
02 

1/9 
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CONDITIONS 

RATING 

Power supply voltage 

Ground 

Voltage to eny pin 

Latch up current per pin 

Operating temperature range 

Storage temperature range 

TSG 8852 

ABSOLUTE MAXIMUM RA TINGS 

T =- 25 °C 
Voltage reference la VSS unle11 otherwise specifled 

SYMBOL MIN MAX UNIT 

VDD -0.3 12 V 

GND -0.3 VDD -0.3 V 

VI, Vo -0.3 VDD +0.3 V 

j IKLU j +50 mA 

Toper -55 +125 oc 

T stg -60 +150 oc 



-
TSG 8852 

PIN DESCRIPTION 

The table below gives the pin description of the TSG88XY series. The pin assignment is given for the extended 
and complete version including ail the available on-chip options connected to the package. 

PIN 
NAME 

PIN 
FUNCTION DESCRIPTION 

füMBER TYPE 

1 VDD 1 Positive supply 
2 OUT 0 Analog output The filtered signal or the envelop analog output 

is connected to "OUT" 
3 PW l Power adjustment Detector power consumption can be chosen by 

connecting a resistor between PW and GND (or 
VDD) standby mode is obtained by connecting 
PW to VSS or non connected 

4 C 1 Signal detector capacitor 
5 IN 1 Analog signal input 
6 VREF 1 Detection level input 
7 Pl 1 

' 
Op. amp. non invertlng 

input 
8 0 0 Op. amp. output 
9 Ml 1 Op. amp. inverting input 
10 vss 1 Negative supply 
11 S/P 1 Programming input The programmation mode of the frequency divider 

is selected between ·seria1• and •para11e1• by this 
input 

n 01 1 Parallel data input Only used in •parallel" mode 
13 D2 1 Parallel data input Only used in • para li el• mode 
14 D3 1 Parallel data input Only used in •parallel" mode 
15 D4 1 Parallel data input Only used in • parallel" mode 
16 DSO/D5 1 Serial / Parallel Serial data input for the 10 bits to program the 

data input divider or parallel data input for bit D5 depending 
on S/P status 

17 CK/06 1 Serial clock / Parallel Clock input for serial input register or parallel data 
data input input for bit 06 depending on S/P status 

18 LOAD 1 Load input Load input for the 1 0 programming bits for the 
divider in serial mode 

19 CLI<JN 1 Schmitt trigger input 
20 CLKR 0 Schmitt trigger output 
21 CLKOUT 0 Oscillator output 

or filter clock output 
22 GNO 1 General ground GND pin connected te VDD/2 voltage with 0-5 V 

----- or 0-10 V single suppl y voltage 
23 COMP 0 Signal detector output 
24 LVL 1 Output DC level •our• output DC level adjustment when using a 

adjustment potentiometer between VDD and VSS with its 
middle point ocnnected to L VL. When no adjust-
mentis needed, LVL pin is connected to GND 

3/9 



TSG 8852 

CONDITIONS 
T =- 25°c VOD • +SV VSS = -SV 

Voltage referenca 1s GND unless otherwise specifled 

SCHMITT TRIGGER MODE 

RATING SYMBOL MIN TYP MAX UNIT 

Negative threshold VT- -1.5 -1.25 -1 V 

Positive threshold VT+ + 1 +1.25 +1.5 V 

Output voltage swing Vo vss VDD V 

Load capacitance Cout 1.6 pF 

RC OSCILLA TOR MODE 

RATING SYMBOL MIN TYP MAX UNIT 

External resistance R 2 K!l 

Frequency R = 2K C = 50 pF F 4.3 5 5.9 MHz 

Power supply coefficient (1) vc 5 %/V 

Temperature coefficient (1) TC 0.3 % I deg 

( 1) R ""2 K!l C =- 50 pF F =- 5 MHz 

4/9 
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CONDITIONS 

RATING 

Open loop gain 

Gain bandwith 

Offset 

Output voltage swing 

Input bias current 

Power supply rejection 

Common mode rejection 

Output resistance 

Slew rate 

Note: 

TSG 8852 

OPERATIONAL AMPLIFIER 

T = 25°C VDO = +5V VSS = -SV 
Voltage reference ls GNO unless otherwise specified 

SYMBOL MIN TYP MAX UNIT 

Go 60 75 dB 

GBW 1 2 MHz 

Vloff ±3 ±10 mV 

Veut -4.2 3.5 V 

lbias ±5 ±10 nA 

SVR 60 65 dB 

' 

CMR 60 65 dB 

Rs 10 n 

SR+ 5 V/ µ.S 
SR- 6 V/ µ.S 

RL = 2 K.O IPW = 100 µ. A 

5/9 



TSG 8852 

FlL TERING AND 0ETECTlNG CIRCUITS 

CONDITIONS 
T = 25°c VDD ::1 +5V VSS = -5V 

Voltage referenca ls ground unless otherwise specified 

RATlNG SYMBOL MIN TYP MAX UNIT 

Positive power supply voltage VDD 4.5 5 5.5 V 

Negative power supply voltage vss -5.5 -5 -4.5 V 

Input bias current IPW 50 250 µA 

TIL input "O" VIL +0.8 V 

TIL input "1 " VIH +2 V 

Logic output "0" @ 5 mA VOL VSS +0.5 V 

Logic output .. 1 " @ 5 mA VOH voo 4l.5 V 

Logic output load capacitance CL 40 pF 

Oscillator frequency Fesc 8 MHz 

Filter clock frequency Fi 1 450 KHz 

Filter central frequency Fo 46 20850 Hz 

Gain at Fo Go 29.5 30 30.5 dB 
' 

Fi / Fo ratio Fi/Fo 21.57 

Selectivity factor Q 23.S 

Stopband attenuation As 70 dB 

Output offset Voff -300 +300 mV 

Input resistance Rin 250 Kn 

Input capacitance Cin 20 pF 

Output resistance Aout 10 n 

Load capacitance CL 100 pF 

Load reisitance AL 0.2 1 K!l 

Output voltage swing Vout vss +0.5 voo -1.5 V 

Input voltage swing Vin vss +0.5 VDD -1 .5 V 

6/9 
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1 

SV 

-SV 

vss 

TSG 8852 

TYPICAL APPLICA 170N 

10µF~ 

1 

VDD 

OUT 

~ 50KO 

1 

PW 

C 
1nF 

IN 

VAEF 

P1 

10µF~ 

0 

Ml 

vss 
S/P 

D1 

.. I î 

C1 

CLK A 

CU< IN 

_____ _ _ C2_ 

CRYSTAL OSCILLA TOR 

24 

LVL 

COMP 

GND 

CLK OUT 

CLK R 

CU< IN 

LOAD 

CK/D6 

DSO/DS 

D4 

D3 

D2 

CU< R 

CLK IN 

MICROPROCESSOR 
INTERFACE 

R 

RC OSCILLA TOR vss 

vss 

7/9 



.OMSON SEMICONDUCTEURS page 2 

FILTRE PROGRAMMABLE PAR MASQUE ADAPTE A LA DETECTION DE FREQUENCE. 
-----· --------------------------------------------------------------

I .PRESENTATION DU CIRCUIT: 
--------------------------

Le champ d'applications visé est la détection de signal et principa-
lement le marché des relais de télécommande.Ce circuit pourra être utilisé 
également pour les détecteurs de cliquetis (automobile),les détecteurs de 
télétaxe ,les distributeurs de billets de banque ,etc. 

Les principales caractéristiques du circuit sont les suivantes : 

* Le coeur du circuit est un filtre à capacités commutées, programmable 
par masque (M.P.F.) permettant de réaliser des filtres jusqu'au 8ieme 
ordre. 

* Un diviseur binaire programmable sur 10 bits permet de fixer la 
fréquence de l'horloge du filtre. 

* La programmation du diviseur se fait 
- soit, de façon manuelle sur 6 bits seulement, choisis par masque 

parmi les 10 bits (64 fréquences différentes). 
- soit, par une entrée série prévue pour un microcontrolleur ou 
l'interface série d'un microprocesseur. Les 10 bits sont alors 
accessibles. 

* L'horloge d'entrée du diviseur est fournie, soit par une horloge 
extérieure, soit générée par le circuit lui-même à l'aide d'un quartz ou 
d'un réseau R-C extérieur. 

* Le filtre d'antirepliement en temps continu est intégré et program­
mable par masque. 

• L'enveloppe positive du signal sortant du filtre est détectée et 
peut éventuellement être sortie à l'extérieur du circuit, au lieu du 
signal filtré direct. 

* Cette enveloppe est utilisée par le circuit pour faire une détection 
de durée de présence du signal: sortie d'une impulsion positive corres­
pondant à cette durée. 

* Un comparateur à seuil variable asservi par l'enveloppe du signal 
permet d'effectuer une mesure de durée indépendante de l'amplitude du si­
gnal. 

* Le seuil de détection peut être modifié de l'extérieur. 

* Un ----a-mpl-i-f-icateur opérationnel libre est disponible. 

* La brothe "LVL" perm~t de régler l'offset de tension en sortie du 
filtre. 

* La sortie "CLKOUT" permet de disposer du signal d'horloge qui pilote 
le filtre à capacités commutées ou du signal de l'oscillateur. 



1MSON SEMICONDUCTEURS page 3 

Ce circuit est réalisé en "standard cells" et sera personnalisé 
par le masque d'interconnexion ALU. 

La personnalisation du circuit concerne les points suivants: 

* Gabarit du filtre à capacités commutées; l'ensemble des logiciels 
"FILCAD" sera utilisé pour la synthèse, la simulation et l'implantation 
du filtre à capacités commutées: 

* Selection du filtre antirepliement ou entrée directe. 

* Choix de la fréquence de coupure du filtre antirepliement. 

* Sélection de l'oscillateur interne ou entrée d'une horloge externe 
compatible TTL. 

* Compatibilité TTL des entrées de programmation du diviseur en fonc­
tion de l'alimentation du circuit (-Sv,+Sv ou 0,+l0v ). 

* Choix du sens d'action des entrées "CK" et "LOAD" (front montant 
ou descendant) et "S/M" (positif ou négatif). 

* Fixation éventuelle des entrées "DATA" et "S/M" à VSS ou VDD quand 
elles ne sont pas accessibles de l'extérieur. 

\ 
* Choix de la sortie "CLKOUT" (oscillateur ou horloge du filtre). 

* Choix du buffer de sortie analogique. 

* Sortie directe du filtre ou sortie de l'enveloppe positive du signal 
détecté. 

* Choix du seuil de détection du comparateur. 



.SON SEMICONDUCTEURS 

II .SCHEMA-BLOC ET DESCRIPTION DES BROCHES: 
------------------------------------------

S/M 

DSO/DS 

CK/D6 
X 

LOAD 
X 

04 D3 D2 Dl 

PROGRAMMATION 
DU 

DIVISEUR 

CLKIN 

TRIGGER DE 
SCHMITT 

TTLH/CMOS 

TTLL/CMOS 

FOSC 

page 4 

CLKR 

. VDD 
<~ 

GND 
<~ 

vss 
<--K 

DIVISEUR PROGRAMMABLE 10 BITS 

ANTIREPLIEMENT SEQUENCEUR 

IN 
~~---, -------------- M.P.F. 8 

VREF 

C 

COMP 
X------

FAIBLE \-•--·,.•·;·.:.. \lJ Ç.,, \J-
IMPEDANCE . 

GRANDE 
DYNAMIQUE 

BUFFER 
LOGIQUE 

SEUIL 
VARIABLE 

0 

PW 
( POLAR. ~1 ------1'.K 

l l l 

DETECTION 
D'ENVELOPPE 

COMPARATEUR 

AMPLIFICATEUR 
OPERATIONNEL 

LVL 

PI 

MI 
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L'entrée de l'horloge se fait à travers le diviseur de fréquence 
dans tous les cas. Donc, la fréquence de cette horloge est au moins 
8 fois plus élevée que la fréquence d'horloge du filtre. 

III.2 .DIVISEUR DE FREQUENCE PROGRAMMABLE: 

* Sortie du diviseur= Fi avec un rapport cyclique 50% pour 
piloter le filtre. 

* Etant donnée la présence d'un diviseur par 2 avant le compteur 
programmable et d'un diviseur par 2 après ce compteur, la résolution 
sur la fréquence Fi est Fosc 

4n(n+l) 
Fosc est la fréquence de l'oscillateur (ou de l'horloge externe). 
n est le nombre programmé sur le compteur. 

Fi a Fosc . lKHz<Fi<lMHz . 
4(n+l) 

* Programmation du compteur---> n sur 10 bits : l<n<l023. 
n est exprimé en base 2. n~O est une valeur interdite. 

III.3 .MODE DE PROGRAMMATION DU DIVISEUR DE FREQUENCE: 

Deux possibilités : 

* Entrée série (pour interface serie de microprocesseur ou micro­
controleur) dans un registre à décalage de 10 bits. 

* Entrée parallèle (pour utilisation "manuelle") sur 6 bits maximum. 
Les 4 bits restants sont figés. 

Le circuit doit toujours être alimenté en 10 volts, toutes les 
entrées sont compatibles TTL/CMOS (alimentation -Sv,+Sv ou O,+lOv -
suivant le masque de personnalisation). 

L'entrée série permet de choisir parmi 1023 fréquences différentes 
(10 bits). L'entrée parallèle donne un choix de 64 fréquences différentes 
(6 bits). 

La broche "S/M", suivant la tension qui lui est appliquée - VDD ou 
VSS - permet de choisir le mode de programmation série ou parallèle. Le 
sens de la commutation est choisi par le masque de personnalisation. 

Les 8 broches de programmation du diviseur de fréquence sont tirées à 
VDO (niveau logique 1) lorsqu'elles ne sont pas connectées extérieurement. 

* En mode série, 3 broches sont utilisées : "OSO" pour l'entrée des 
10 bits de programmation(= n; facteur de division= n+i), "CK" pour 
l'horloge du registre à décalage, "LOAO" pour la validation des données 
entrées dans le registre à décalage. 

Les 10 bits sont entrés par ordre de poids décroissant. 
Suivant le masque de personnalisation, les entrées "CK" et "LOAO" 

seront actives sur front montant ou front descendant, cela permet d'être 
compatible avec tous les types d'interfaces série. 

Le temps de recyclage du registre à décalage est estimé à lOµs typ. 

Exemples de programmation: 
DO Dl 02 D3 04 05 D6 07 DB D9 
1 0 0 0 0 0 0 0 0 0 ---> n=l Fi=Fosc/8 
0 l 0 0 0 0 0 0 0 0 ---> n=-2 Fi=Fosc/12 
0 1 1 1 1 1 1 1 1 1 ---> n=1022 Fi=Fosc/4092 
1 1 1 1 1 1 l 1 1 1 ---> n=-1023 Fiz:Fosc/4096 
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Ci-dessous figure le chronogramme de l'entrée série 

;o 
\ I \ I \ I 

I \~'(_ <') \::. 
I I \ 

C ~ 
tSUl tH tSU2 

-\ I \ /-\ I \ /-\ I \ /-\ IÎ 
C)x ~ X O ,1 '0 X 1 X~ X 

_I \. __ / "-_I \ . __ / \_/ \. __ / "-_1 "----+-----­
tW 1 ~~ 

tw:.. 
lAD 

\ I \ /-

C) ,,-- --- 1 ~ 

I \ I \_ 

tSU1=50ns min , tSU2=-135ns min , tH=35ns min , tW.r=70ns min. ,1-v<- _ ~o ,:, ,...__,. 
··,t,9'! .·~ i I"'\ ~ <:'(,~ '\ <+- J... l ) -c... 

* En mode parallèle ou "manuel", 6 broches au maximum sont utilisées; 
elles correspondent à 6 bits du compteur programmable - du 2ieme au 7ierne 
bit. Le premier bit est fixé à 1 et les 3 derniers bits sont fixés à O. 
On peut donc programmer le compteur den= 1,3,5,7, .. etc. jusqu'à n = 127. 

La fréquence d'horloge du filtre est Fosc 
4(n+l) 

Fosc = fréquence de l'oscillateur ou de l'horloge externe. 

Exemples de programmation: 
DO Dl D2 03 D4 DS D6 D7 D8 D9 
1 0 0 0 0 0 0 0 0 0 ---> n=l Fi=Fosc/8 
1 1 0 0 0 0 0 0 0 0 ---> n=3 Fi=Fosc/16 
1 0 1 1 1 1 1 0 0 0 ---> n=l25 Fi=Fosc/504 
1 1 1 1 1 1 1 0 0 0 ---> n=-127 Fi=Fosc/512 

En mode "manuel", il n'y a pas mémorisation des données et celles-ci 
doivent être_ maintenues en permanence ~ur les broches correspondantes. 

Il faut noter que deux broches d'entrée sont communes avec les 
broches "DS0" et "CK" de l'entrée série. 

Suivant la personnalisation, on pourra avoir accès à moins de 6 bits 
et dans le cas d'une fréquence fixe, celle-ci pourra être programmée 
entièrement par masque. 

III.4 .SORTIE "CLKOUT": 

Le signal d'horloge du filtre (fréquence Fi) ou le signal d'oscil­
lateur (fréquence Fesc) est disponible sur cette sprtie par l'intermédiaire 
d'un buff~r logique CMOS- dont les caractéristiques sont les suivantes : 

* charge capacitive : 40pf max. 
* niveau haut VOH min= VDD-0.Sv@ SmA. 
* niveau bas VOL max= VSS+0.Sv@ SmA. 

ï I"\ ~ 1 ~ T"' 1 -- l --1 l'.._,) -__ ... 

1'' ...... 1 '\r; ~c ..; / J') "<::i 

. ./ 

"°'':..--1 \ ··• • 1 -.. i 1 ~ i 
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III.5 .FILTRE ANTIREPLIEMENT: 

Il est constitué d'une cellule Sallen-Key entièrement intégrée 
qui utilise donc 2 résistances et 2 capacités (total des résistances 
= 2x2,6Mohm; total des capacités - 90pf). 

La fréquence de coupure est comprise entre 1.6KHz et 200KHz avec 
une variation par octave, soit 8 fréquences de coupure différentes. 

La fréquence de coupure désirée sera programmée par masque. 
Ce filtre peut ne pas être utilisé, l'entrée se fait alors direc­

tement dans le filtre à capacités commutées. 

III.6 .FILTRE A CAPACITES COMMUTEES: 

Il s'agit de la base prédiffusée MPF d'ordre 8. 
Le sé9uenceur fonctionne à la fréquence Fi et fournit les 4 phases 

d'horloge necessaires au fonctionnement du filtre à capacités commutées. 
En sortie du filtre un échantillonneur-bloqueur est prévu. 
Une résistance connectée entre la broche "PW" et VDD permet d'ajus­

ter la consommation du circuit en fonction des performances demandées. 
La broche "LVL" permet de régler le niveau de tension continue 

(offset) en sortie du filtre. On peut faire un asservissement automatique 
de l'.offset en utilisant l'amplificateur opérationnel -libre comme ampli­
ficateur d'erreur après détection du niveau continu en sortie par un 
simple réseau R-C. L'offset est ainsi réduit à ±~Omv max. 

III.7 .DETECTION D'ENVELOPPE: 

Ce dispositif détecte l'amplitude crête positive du signal sortant 
du filtre à capacités commutées. Pour un bon fonctionnement du système, 
il faut annuler l'offset en sortie du filtre. L'enveloppe positive peut 
être transmise à la sortie "OUT" du circuit au lieu du signal sortant 
directement du filtre. 

La détection d'enveloppe est plus performante qu'un redressement 
double alternance puisqu'elle ne nécessite pas de filtrage extérieur. 

Les caractéristiques de la détection sont les suivantes : 
* amplitude minimale : 0,3v. 
* amplitude maximale : 3v. 
* durée minimale : 25µs. 

III.8 .COMPARATEUR: 

Il~s'agit d'un simple comparateur dont le seuil de détection est 
programme par masque (pont de résistances) et de plus, ce seuil peut 
être modifié par la broche "VREF". 

Pour modifier le seuil de comparaison, il suffit d'appliquer sur 
la brocne "VREF" une tension à faible impédance - <30ohms - égale à 
l'amplitude minimale du signal à détecter. Les valeurs de tension à 
appliquer sur "VREF" sont donc comprises entre +0.3v et +3v par rapport 
à la masse du circuit. 

Lorsque "VREF" n'est pas ufITisê-e (non connectée), le seuil de 
comparaison est celui q1:1i a été programmé par masque en fonction de 
l'amplitude minimale du signal à détecter (+0.15v<Vseuil<+l.5v). 
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L'enveloppe du signal est comparée au seuil fixé et il en résulte 
une impulsion de sortie positive permettant d'évaluer la durée de 
présence du signal détecté. Cette impulsion est sortie sur la broche 
"COMP" par intermédiaire d'un buffer CMOS dont les caractéristiques 
sont identiques à celles de la sortie "CLKOUT". 

III.9 .SEUIL VARIABLE: 

Dans certaines applications, le signal peut avoir une amplitude 
variable, mais l'on veut détecter précisément la durée de ce signal. 
De façon à obtenir une durée détectée indépendante de l'amplitude du 
signal, le seuil de comparaison avec l'enveloppe du signal filtré est 
fonction de l'amplitude du signal. 

La précision obtenue est de 10% sur la durée détectée quelle que 
soit l'amplitude. 

Une capacité extérieure (470pf min.) est nécessaire pour mémori­
ser l'amplitude du signal. 

Ce dispositif permet des mesures de durée indépendantes du temps 
d'établissement du filtre. 

III.10 .SORTIES: 

3 types de sortie sont prévus 

* Sortie logique de l'impulsion positive obtenue après détection 
de durée (sortie "COMP"=buffer CMOS). 

* Sortie analogique de gain 2 à dynamique élevée 
VOUTmin ~ VSS+0.Sv, VOUTmax = VDD-0.Sv. 

* Sortie analogique de gain 1 à faible impédance : 
ROUTtyp • 10 ohms . 

Une seule des sorties analogiques - broche "OUT" - est utilisée 
(programmation par masque). 

Les sorties analogiques peuvent être utilisées pour le signal 
sortant du filtre à capacités commutées ou pour l'enveloppe de ce 
signal. 

III.11 .AMPLIFICATEUR OPERATIONNEL: 
----------------------------------

Comme dans les autres bases prédiffusées MPF, un amplificateur 
opérationnel libre est disponible pour réaliser des fonctions annexes 
au filtrage. 

Exemples d'utilisation : gain variable, lissage, compensation 
d'offset, intégrateur, ... etc. 

1 .. 
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MASK PROGRAMMABLE FREQUENCY DETECTOR. 

TSG8852 
ADVANCE INFORMATION 

TSG8852 est un circuit intégré HCMOS concu pour la détection de fréquence. 

Caractéristiques principales : 

* Filtre passe bande à capacités commutées 
* Facteur de sélectivité élevé et grande sensibilité. 
* Programmation de la fréquence d'échantillonnage du filtre. 
* Filtre d'antirepliernent intégré. 
* Signal d'oscillateur disponible. 
* Détection de l'enveloppe du signal filtré avec sortie à basse 

impédance. 
* Détection de la durée de présence du signal avec sortie logique. 
* Amplificateur opérationnel disponible. 

COURBE DE REPONSE DU FILTRE. 

1 1, 
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DESIGN TELECOM JCB.SG.078 

JC. BERTA ILS 

DECODEUR SIJN TV (Sl' 7502) 

DESCRIPTION GENERALE 

Le 21 .4vr>il 1989 

Le 7502 est un cir-cuit monolithique CMOS f'éatisant la démodzûatlon d'un 

signal audio modulé en BLU pai" une por•teuse à 12, 8 kHz ou à 13,474 kHz. 

LP- s-c'.gnal o-r>igi-nal occupe ia bande de fréquence allant de 100 Hz à 11,5 

kHz et le signal i"eçu, la bande allant de 1,3 kHz à 12,? kHz, ou de 

1,97 KHz à 13,37 kHz. 

Un mode de fonctionnement pepmettant de -r-eceva~~y, un signal non modulé 

est égalmnent pr•évu : dans ce cas, le signal d'entrée est dil"ectement 

tr>ansmis à l 'œnpliflcateul" de sanie. 

SCHEMA SYNOPTIQUE -----

EFE 
0-

FIL71?~ 
J'E.•/Tfr[[ 



BOJJ'IER 

Le 7502 utUi6e un bo~~tier> SO à 16 ou 20 br>oches. 

DESCRIPTION DES BROCfJES 

No 

'< 

'< 

\ 

,. 

~ --· 
{ 

,___ 

' 

;,.., 

. 
NOM DESCRIPTION 

~------ r-------.,,. --------·---------

V-+ 
-

V-

AGND 

-
DGND 

EHM 

-
EFE 

SPE 

~---··~ 
ED --·----... 
SPS 

EAS 

SAS 

COD 
•--o·•--•• ...... 

SFM 

Ten6ion d'alimentation positi ve. V+ = +SV+/- 5% 
-· - ... 

Tens{on d'alimentation négai~iv e. V- = -SV -1/- 5% 

gnaux ana'logiques sont 
---

Masse analogique. Tous les si 

'f' , ' cette b.,.oche 1"e er'ences a 
------ - ----------------! 

Masse nwnfn-, ... ~que. Tous les sig, naux nwné-r-{ques s ont 

'fi' , ' r>e erences a cette br-oche. --
Entr>ée hor>loge ma·it!"esse. Reço it un signo.t à 

13,3125 MHz 
------------- ----------

En triée du filtroe d 'entr>ée 

Sor>ti.e du filt-,,e d'en triée . Doi t êtr>e r>eliée à la 

b-,.oche ED pa.,. un condensatRu-,,, exterrne. 
--·· 

Entr.fw du démodula teu"' 

Sor>tie du filt-r>e de sor•tie. Do ·it êt-,-,e reZiéP- à _ la 

e'P'lie. celluZe de désaccm-;,tuation ex"t 

Entrée de l 101nplificatew'' de 8 o r't ie . Doit êt ;,,e 

-,.etiée à la sor>tie de la cellu 

exter>ne. 

Sor>"tie de l 'ampti.ficateur> de 6 
-

En.t-,,ée de sélection des modee 
------· 

Entr>ée de sélection de la f-,-,éq 

fm = 12,800 kHz io-,-,sque SFM = 
fm = 13,474 r.Jiz lor>sque SFM = 

le de déeaccentuat;ion 

- - - ·- ·------~- ---~-~4-

- --··-~-----·---------· 
"codé" ou "clair>". 

uence d,e modula-cion 

0 

1 

-2-



D@SCRIP'l'ION FONCTIONNELLE 

Le signal codé r>eçu P-st amplifié de 8 dB et fil t-r:é pa7' le fil tr'e 

passe-bas d' entl"éP-, dont le r>ôle pr,{nclpal est d'éliminer- le sigr-lill 

;xnu.site à Za frikqwmcA de ba.layage ligne (15,625 kHz). 

LP- s 1:gnal filtd! est mulûplié pa-,, urc.e ho-,,.loge à la fréquence de 

modulation (12,8 kHz ou 13,474 kHz). Les bandes latérules supé"f'iew"'es 

du sign.al r>ésultant sont éliminées pari le filtY'e passe-bas de sor>tî.'.e. 

Une CP-llule de désaccentuat;ion Rxterrrie do1:t êtl"e placée ent11e la sor'Ûe 

de ce fil tr'e et l I entr-ée de l I œnplificateur> de so-,,tle. 

Les horiloges des filt:->es à ca-pacités commutées ainsi que l 'hor>loge à la 

f-,,,équence dR modulat,'..on sont obtenues par- d1:vieion ent;ièy>e de l 'hor'7,,oge 

rrrr:t-,,,esse à 13,3125 MHz. La fr>équer.cP- d'échantUtonnage des filt~•es à 

ca-pacités commutées P-st fixe et égalP- à 512 kE-Jz. 

LP- s1:gn.al roeçu en cla·-tr> est t>'Unsnr{s di-,,ectP-m1-:nt à l 'amplificate11.:r> de 

sorotù~ l,o-,.sque la bl"oche COD est à zhno. 

CARACTERISTIQUES E'DECTRIQ_l/iS 

Valeu.,,,,s limites absolues 

~----·- -
Symbol.A Pa r-amJ t y,e 

-- - --·-
Masse analogique/Masse nwnér,·{que 

------ - --·----- --
A limP-ntat ~on posit-ive/Masses 

- ----· 
Alimentaûon négative/Masses 

VI Tension sur- unR em;r-ée numP.. ~>ique 

Val eu Y. 

rc---.- .. --.-----

-0, 3 à + 0, 3 
----·- - -- --- - - --- ·- ___ .,_ 

-0, 3 à + 7 : 
-------- ----- -~ --· 

-7 à + 0, 3 
' - --------------~-·-?• 

DCNB-0,3 à V+ +0,3 

V 

V 

V 
~------~ -- -- ------ - ----- -- --

v~:n Tension BUY> unA entr>ée ou une 

SOl"tie amlog{que 
- --------~ -

Iout Couno.nt de eor>tie analogique 
-

Ptot Puissance dissipée 

Tamb Tempé T'a.tune de f one t 1:onnemen t 
------

1 Tstot Tempk .no. tune de stockagP 
; 

V- -0, 3 à V+ +0,3 

-10 à +10 
--------

500 
·-·---

0 à -f· 70 
·-·-

-65 à +150 

-3-

V 

mA 

mJ,' 

oc 
oc 
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f 
1 TP-ns~~ons et couronts d'aliwmtation DCND = ACND = 0V 

-------------- -- --------· ·-----
S .bole Min Mo_r. Unité 

---+-

V+ Tf'msion d'alimentation positiw, 4, ?5 5, 25 V 
----- ---· - -----~---· ----·--------- ---··-·- --- ··----- -- ------- ----+-- -
V- Tension d'alimP-ntatfon nkgative -5,25 -4,75 V 

--+------------- ----·-·---------·-- - ---···------t--- --1 

I+ CouY'O.nt d'alimP-ntation positive 15 
- - · ----·-····---- • .. -- --------- --

...___I_-__ _.._ __ C_o __ u_>"a_n_, t_ d 'al ime~ta tion né g~a_t1.._· v_e_, ___ 1 _-_1_5 __ _,_ __ _ 

Inte.,,,fac.:: nwnér•ttJ.!!e : EHJ.1, COD, SFM. 

Toutes les tensfons sont r1éf ér•encées à Za br-oche DCND == 0V. 

SymbolP.. Pa .,,,o.m~ t .,,,e .- Ma:x -----+-----+--Min 

VIL Tens~:on d'ent:-,,fu-J à l'état 008 0, 8 

mA 

mA 

Unité 

V 
'-· ---·-- - - -- ·- - . -- -- ----- --·-·· - - -·--- ------ - ------ -- - ------------------- --·-

VIH TP-nsion. d ';mt'f'éP- à l'état haut.Effll, 3,3 V 
---- ---

COD, SFM 2,2 V 
·-...------ -

II CouY1Q.nt d'entl"ée - +/-10 --~___,_ ____ ...____ ----->-------uA 

EFE, SFE, ED, SFS, EAS, SAS 

Toutes ZP-s tensions sont r>éféPencéee à la b'f'oche AGND = 0V. 

-------~-------------------- ------·--·- -·--•-· ·---- ··•·-· 
S bolP- Par>amètre M-in Max Unité 

Vin 

Rin Rési stance d'ent.,,-,ée 

1 EAS 36 kohm 
~~1 - -fu-.-is-~-·o-;~-e-.~-o-~~--

l Rou~ __ _l ___ R_é_s_i_s_t_ance de ___ s~-r_:ti!_ _ __ ____ ____ _ 

24 

-2, 8 2, 8 V 
--+---•1-------- ·-··---

5 ohm 

RL Rflsistan.cA de char>ge sfs __ ..,.__ 2 kohrn 

__ ------~---------3!!!.• SAS 10 
kohm 

CL CapacitP- dP- charge 20 pP 

VD 
1 
1 

1 
avec EFE =ED= EAS = 0V 

1 Sorrt 1:e SFE 200 200 mV 
1 

J_ Sor-t/e SFS 

_____ _ ... _c;o_P_t_1.._· e_. _S_A_S ____ _ 

----·- · ~------· -=~ -200 200 
.. -------

- 20 20 

* LA nlvP-au doit êtr>e réduit dP- 8 dB su'!" l'en.t-,,,ér::: EFE. en mode codé. 

-4 
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SPECTF'ICATIONS T'EMPORELLES 

Ent-,,ée ERM 

___ Symbo_Z_e---+------

tWCL 

tWCR 

Du.,,ée de Z 'h 

Du-,,ée dR Z 'h 

---
Pa r-amè trie ·-

Or'foge à l 'état bas 
- --- - -- -- --- -·-- -· -----·· - --- - - -·- -

O'f'loge à l'éw.t haut 

-· 
Min _!JLP· 

25 
- - · - -

25 

--------------------------- , ,.. ____ __,..-..c-.... 

f._,CH r--~--------, 
-------.' 

/,

3,3 ~, 
1 

8V 
--------

'Tivo_ 1 
~ ··-·-------·----'!!l,,-1 
' ' 

-5-

Ma.t 

--· ----

--~ 

-
Un -

---

---

ité 

ns 

ns 



CARACTERISTIQUES DE TRANSMISSION EN MODE COD8 

f ym_bo_l_R_,t,--___ F_a __ Y'G._._me_~t_r_'e ___ ____ ,~M_i_n ___ T~Y.P~J+

1

,_M_a_x __ ,~nité~ 

1 i ! ; ea~:n en tens·i..on 1 / 

i 
iCabs 
' 

:Np 

' fin f~équenc e du sigr.al d'ent~ée 

fout: fPP-quence du signo,l de eoPti ~ 

ave~ fout= fm - fin 

et fm = 12,800 kHz ou 13,474 kHz 
1 

/ 

1 1 :1:--:~::~-:;. 1~~;[m__~_1 __ kH~------1! ___ .. -~- . ?. -·l··--- -~-
l . 

fm-11,5 kHz<;;. fin < fm-8 kHz 2 1 1 : dB 
----·----- --- --- .... -- ~---------- --·--- -- - ---- - 1 -- - - _ !,___ _ __ _ ._ _ !..__ _ ____; 

fm - B kHz < fin ~ fm-250 Hz r-I j . 1 i dB 
- - - - · - . - -- •- --..--------- ------ - - ---· - - -- · - - - - - - - · ♦-- - .•• -~ - ··'-· · -- - - -- · ---- --- - -- ---

fm-250 Hz < fin <; fm-100 Hz ~2 . . 1 : dB , 
- - - -----·- -- - --- - - -- -··-··· · -----------+-- --- -: -- ----- ·-,- - - - --- -L -- -- --

f 7:n = 15,625 kHz ! · 1-30 ' dB 
- ·- . ·- - ·-- --- ------- ---- - ·· ·-- - . -- --- ---- --· ----- - : - -- - ----~- --- --· - . --- ------' ---- ·- ----, 

fin> 15,625 kHz . ~- 6 , dB 
- - --··----~-- ----- -- - --- . ·- - • ·- ---- -·- - - --· -·-·-- --- - - - ----- -:- -- -- -- - , 

ha rrmon":q1,,,ps du 15,625 kHz 

By,u: t de fond en sor>tie 

avec EFE = OV mesu'!"é dans la 

bandP- 100 Hz - 11, 5 kHz 

Mesu .,,,e pondéY'ée pay, filtre p-::,,ssi-f 

en sorrtie (voir montage de mesuy,r,) : , 

. l 

-25 dB 
1 

! - ---y-- ----

500 uVeff 

------- - - ---- · - - -- -- - - ----~~~---- - - · - ·- - - ---·· -- - ··-·------ --- ➔-- ---~--- · - ---,------- . 

,Vfm Signal -,,,f,,sidw=1l à 'la J-,,f,,qw:rn,ce de 500 : uVeff , 
! 

! modulation en sor>-tie SAS ! 
f--- --- --------··---- --·------------ --• ····· T : • - - ·-· ··---·· -··--·---, 

jTHD 

ATY'el 

Distor>s1:on hamonique d'un signal l : 
de sor>tfo à 1 kHz d'amplitude : t : ; 

1 Veff_____ ; i 5 % · 
---------------·---- ~--- -·· ·---- - ~ ------ -- --------

0, 5 Veff ' 1 1 % . 

16,? mVeff 

Atténua t i on des signaux non 

tronsposés Pelative à Cabs, 

. . - - ~ 

5 % 

n~~vP,au dP sortie = 0, 5 Veff i i : / 
fm-11, 5 kHz fout = fin fm-100 Hz 60 i ~i ±= dB[ 

·-··• - ---- -- -- . ----. - - --- -- ------ -------------~-------!----- --- ----l 
Taux de r>kjection des alimentatfons ~-29._.,_ __ . _____ dB; 

-6-



CARACTERIS'TIQUES DE TRANSMISSION EN MODE CLAIR 

----
__ Symbole Pa r-r:muh .,-.e Mi n Typ. Max Unité -----

Cabs Cain absolu fin=fout= 1 kHz -0,3 0, 3 dB ---· ·----
Cr>el, Cain r1elatif à Cabs 

40 Hz ~fin ~ 15 kHz -0, 3 0, 3 dB 

N Briu1:t dans 7.,a band.R 50 uVeff, 
" -< 

DHT lJ1:stor1sion har'fnonique 1 % -- --- ·- -·- .....-·•-- - ·------
PSRR Taux de r>éject-ion des al,im. 40 dB 

-

1-jORloGE +SV 
"13, ! hHz 

~~ ....... --..: -~--- VOL i(lêiRE 1:-rfiCACë 
Rt .Ç tAV ti, 

-<y ST 7502 rot-1 D!!R..Aï'1ô,Y f·-- P//.SS/F 

451- 1--- ~;;--
·5V 

------------·------

-?-
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BROCHAGE PREL!MiNRJRE 

LFE 1 [ ~ 
-VCCA VCCP 

s 
NC NC 

_,,1 \\.\\1.., --r 
~m -=r SFSJ 
"l\ 

-VBBR 5 [ ERS 

0 [ DGNO -AGNO------·--

~ 
-COD [ [ SAS~-

"'1ô kil 
NC NC 

-e-SFH 
VBBP 

['"" 
VCCD-

-<- 1-1(1\rQ~t, A} -) \ lJ t1 l{è 

_____ ...... _..,. 

l11001F !-f -Lf-. - - -~T-1 U-f·.---- ---- --- - --------

BROCHAGE 

ITTR-,-- ----+-6-L-0--c-,-- ---~1 c-:R-CU-1 !-,- -c-..-rGURE 1 ------

- - ---- - ---'---------'-- - ------'---- - ----'--- -----·-._.a._ ----- · - ----

----- - - -- - ·- --- -- -------------------



HASTER SELECTION GUIDE -l-------------

• A MASK PROGRAMMABLE FILTERS FAMILY 
AND ITS •FILCAO• SOFTWARE PACKAGE ••.••.•••••••••••••••.••. 

11 
••••••••• 

TSG87O4 TSG8~O8 TSG8612 •••••••••••.••••••••••••••••••••• 
FI L CAO • • • • • • .' • • • • • • • • • • • • • • • • • • • • • • • • .• • • • • • • . • • • • • • • • • • • . • • • 

• TSG85XX - General charactel"istics ••••••••••.••••••••••••••••••••••. 
Block di agrarn ....••......•.•................................ 
Pi n descT i p t i on •••••••••••••••••••••••••••••••••••• .- •••••••• 
Functional description ••••.••••••••••••••••••••••.•••••.•••• 
Switched Capacitor Filter generalities •••••.•••••.•••••••••• 
Typical application ........................................ . 
Antialiasing and smoothin9 ••••••••.••••••••.•••••.••.••••..• 
Physi cal dimensions .•..•...•.•.....•...•........•.....•...•. 

.STANDARD FILTERS : TSG85XX 
TSG851O Low pass filteT - CALIER type - 5th order ............ 
TSG8511 Low pass filter - CAUER type - 7th order . . . . . . . . . . . . 
TSG8~12 Low pass filteT - CAUER type - 7th ordeT ............ 
TSG8513 Low pass f iLter - CHEBYCHEV type - 8th order · ........ 
TSG8514 Low pass filter - BUTTERWORTH type - 8th order ...... 
TSG853O Highpass filteT - CAUER type - 3Td order f . . . . . . . . . . . . 
TSG8531 Highpass filter - CAUER type - 6th order ............ 
TSG8532 Highpass filter - CHEBYCHEV type - 6th order ........ 
TSG855O Bandpass filter - CAUER type - 6th order ............ 
TSG85Sl Bandpass filtel" - Hi9h Q type - 8th order .......... ·• 
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.STANDARD FILTER: TSG86XX (Advanced information) 
TSG8670 Voice-grade dual filter for telephone line interface . i1 
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A MASK PROGRAMMABLE FILTERS (MPF) FAHILY 

AND ITS • FILCAD • SOFT~RE PACKAGE 

A CMOS M.P.F. CHIP FAMILY .WITH A •CAO PACKAGE• CAPABLE OF TRANSFORM 
ANY FILTER SPECIFICATION INTO INTEGRATED CIRCUIT ON A SHORT LEAD TIME 
( 4 or 8 weeks dependin9 on filter specifications) • 

Three M.P.F. bases and a complete software package adapted to 
Switched Capacitor Filters (S.C.F.) designs have been developed 
by THCl"tSON SEMICONDUCTEURS to solve your•filtering problems : 

TSG 8704 base: 

• s.c.F. order between 2 and 4 . 
. 1 optional interna! clock oscillator • 
• optional external driving of output sample and hold • 
. 1 uncommitted operational amplifier • 
• 2 package versions : 

8 pins : filter only. , 
14 pins: filter + l op. amp. + oscillator. 

TSG 8508 base: 

. S.C.F. order between 4 and 8 . 
• 2 uncommitted operational amplifiers • 
• 2 package versions: 

8 pins filter only. 
16 pins: filter + 2 op. amplifiers. 

TSG 8612 base 1 

. s.c.F. order between 8 and 12 . 

. 2 filters possibilities on the same c'hip ( L order ~ 12 ) • 
• 2 clock inputs • 
. optional external driving of output sample and hold. 

2 uncommitted operational amplifiers . 
• 5 package versions z 

16 pins: l filter. 
16 pins: 1 fi-lter + driving of output S/H. 
18 pins 2 filters. 
20 pins: 2 filters +.2 clock inputs. , 

FILCAD: 

20 pins 2 filters + 2 clock inputs + driving of output fS/H 

These three ~ases are available both for standard and 
semi custom products • 
Customers have the possibility of design themselves their M.P.F. 
thanks to the FILCAD software package and proper training from 
THCl"tSON SEMICONDUCTEURS. 

A software package developed by THCl"tSON SEMICONDUCTEURS for the 
Mask Programmable Switched Capacitor Filters family : 

TSG 8704 TSG 8508 TSG 8612 

FILCAO input is the filter template. Then, synthesis, simulations 
and routing programs are linked in order to finally generate 
the GDS2 layout file for realization of the personalization mask. 

FILCAD is available in THOMSON SEMICONDUCTEURS Design Centers 
and some of its Associated Design Centers. 

! 



By using the three MPF bases and CAD tools, THOMSON SEMICONDUCTEURS 
is proposing a complete filter famil~, which includes standard filters 
and semi custom filters. 

M P F FAMILY 

---------r--------

2 to 4th order 
(one filter) 

4 to 8th order 
(one filter) 

8 to 12th order 
(one filter) 

TSG 8704 TSG 8508 

STANDARP FILTERS 

Low pass: 
TSG 8510: 5th order Cauer (PCM) 
TSG 8511: 7th order Cauer ( 50 dB) 
TSG 8512: 7th order Cauer (75 dB) 
TSG 8513: 8th order Chebychev 
TSG 8514: 8th order Butterworth 

High pass: 
TSG 8530: 3rd 0 l" dEH Cauer 
TSG 8531: 6th or det· Cauer 
TSG 8532: 6th order Cheby• che•J 

Notch: 
TSG 8540: 6th order (Q = 7) 

Band pass: 
TSG 8550: 6th order Cauer (Q = 7) 
TSG 8551: 8th order (Q = 35) 

Voice-grade dual filter for telephone 
line interface: 

TSG 8670: 4th order low pass 
8th order band pass 

( or two filters 
wi th L. or der ~ 12) 

TSG 8612 

SEMI CUSTOM FILTERS 

TSGF04 / Customer identification 

TSGF08 / Customer identification 

TSGF12 / Customer identification 

For every MPF, the cutoff frequency (or center frequency for bandpass 
and notch) is clock programmable : frequency response is shiftable simply 
..... • • - 1 - _ ,, ... . -- .. - -



F"ILCAD 

FILCAD is a softwaTe package developed by THOMSON SEMICONDUCTEURS 
available for its Switched Capacitor Filter design~ : M.P.F., but 
also Full Custom oT Semi Custom Circuits containing such Filter cells. 

GENERAL 
PURPOSE 
s.c.F. 
CAO 
TOOLS 

for 
M.P.F. 
Std cells 
Full Custom 

SPECI FIC ' 1 

LAYOUT 
CAO TOOLS 
for 
H.P.F, 

EVA 

1 

---!-
1 

" 

Evaluation 
Theorical 
synthesis 

--------------------------- SCF synthesis 
SCF schematics 1 

-----~-----
SAFIR 

leapfrog structure 
1 
1 

1 
~ - -~ -, 

---- ~-----
SI RENA 

1 

1 
1 

1 

_____ \k ____ _ 
SYCAB 

biquad. cascade 
1 

1 

.SCF simulations 

.Dynamic scaling 

.Normalization of 
capaci tors ·i 
adapted to M.P.F. 

.MONTE CARLO analysi s 

-'-- ·-
SCHEMATIC 

CAPTURE 

1 
1 
1 
1 -------~-----~ ____ J ____ _ 

FACTOR 

P. G. tape 
of specialization mask 

( GDS2 standard) 

3/~ 

Automatic 
layout draft 
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SWITCHED CAPACITOR MASK 
PROGRAMMABLE FILTER 

The TSG85XX circuits are HCMOS universal filters containing a mask 
programmable switched-capacitor cascadable structure and two uncom­
mitted general purpose operational amplifiers. 

The specifications of the internai filter are obtained during the last step of 
chip realization. The specialization method (Patented) used byTHOMSON 
SEMICONDUCTEURS is close to the one used for gate arrav integrated 
circuits. 

for sai cu1t1111_!_i.!,t.!!!,,_.tht SCf sptchlizatioo is iaplaenttd ti thtr 
by TIOtSQt SEHll,;U'l,llA;ltUKS dtsigners in accardance with tht u,er t111plate 
11 thtr by tht custlllltT' hiawlf thlnk1 to tht FJLr.AO padigt. 
Host filtffs can t» rtaliztd. Saitlts are availabJ.e 4 to 8 Wlfks after the 
filttr t111111l1t1 dtfinition. 

This technique has also been used to define THOMSON SEMICONDUC­
TEURS family of general purpose filters. 

Based on the switched-capacitor structure. these circuits exhibit ail the 
advantages of this technique, na mely precise template, high temperature 
and long-range stability, almost no external component, no adjustment, 
low consumption. high density, easy customization, low cost and high 
security of use. 

• Avajlable order: 2 to I, ,any, type). 
• Input signal frequency range: 0 to 30 kHz. 
• SIN ratio (depends on the internai structure): 70 to 85 dB. 
• Template translation possible thru sampling clock tuning. 
• Power supply requirements: ±5 V or 0-10 V. 
• Power consumption: adjustable from 0.5 mW to 20 mW per order. 

AVAILABLE PROOUCTS: 

• Standard• 
Lowpass: 
TSG8510: 5th order Cauer (PCM) 
TSG8511 : 7th order Cauer (50 dB) 
TSG8512: 7th order Cauer (75 dB) 
TSG8513: 8th order Chebychev 
TSG8514: 8th order Butterwonh 
Notch: 
TSG8540: 6th order (0 = 7) . 

• Semi (u.storn 
TSG F 08/Customer identification. 

TYPICAL APPLICATIONS: 

• Telecommunications. 
• Robotic. 
• Sonar detection . 

High pass: 
TSG8530: 3rd order Cauer 
TSG8531 : 6th order Cauer 
TSG8532: 6th Chebychev 
Bandpass: 
TSG8550: 6th order Cauer 
TSG8551: 8th order (Q = 35) 

• Data acquisition (before A/D and after Dl A conversions). 
• Speech processing. 
•· Audio processing . 
• Instrumentation (portable. medical ... . ). 
• Spectrum analysis (noise, speech) 
• lndustrial applications (process control, ... ). 
• Ali low frequency classical applications where fow power and small 

sizes are researched. 
• The standard circuits TSG851 2, TSG8532 and TSG8540 are respec­

tively equivalent to R5609. R5611 and R5612 (Reticon) 

Sb:J.nol°"rd ~' 1 ~.ers 

.s.e.m, eus tom t; Leer.r 

·LINEAR HCMOS1 
M.P.F 

SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTERS 

( Order : up to eight) 

CASE CB-98 

8 

CASE CB-79 P SUFFIX 
PLASTIC PACKAGE 

,-c~ /;·:., 

·t~~ 

Ceramic package (C suffix) 
and Cerdip package (J suffix) 
are afso available 

. PIN ASSIGNMENTS 

V PWF 

V 2 

LVL J 6 OUT 

IN 4 GND 

8 pins: FIL TER ONL Y 

v• 16 NC 

V 2 15 -EA 

LVL 3 14 SA 

IN 4 13 • EA 

GND 5 12 • EB 

OUT 6 t 1 SB 

CLK 7 10 - E B 

PWF 8 9 PVVA 

16 p1n1: FIL TE R+2 OP-AMPs 

a: 
6 
"' -"' 0 

-;, 



+€8 

-EB 

SB 

•EA 

·EA 

SA 

PIN DESCRIPTION (8 pin package) 
(minimal version : filter only) 

Name Type N• 

v+ 1 1 

v· 1 2 

LVL 1 - ! ... - -

IN 1 4 

GND 1 5 

OUT 0 6 

CLK 1 7 

PWF 1 8 

' -.,_,."~'''' 

BLOCK DIAGRAM 

• 
IN 

Func:tion 

Positive supply 

Negative supply 

Output DC 
level adjustement 

Filter input 

General ground 

Filter output 

Clock input 

Filter power 
ad justement 

Output 
SIH 

buller 

03 oJ 

H 

Prog. clock divider 

GND 

Description 

Filter output DC level adjustment when connecting 
a potentiometer between v+ and v· with its middle point 
to LVL. When no adjustment is needed LVL pin is 
connected 10 GND. 

TTL levels 

Filter power consumption can be choosen by connecting 
a res,stor between PWF and GND (or v+). Stand by mode 
is obtained by connecting PWF to v· (or non connec -
ted}. 



PIN DESCRIPTION (16 pin package) 
(extended version : filter + 2 op Ampsl 

Nam• Type ,.... Function 

v+ 1 1 Positive supply 

v· 1 2 Negative supply 

LVL 1 3 Output OC 
level adjustment 

IN 1 4 Filter input 

GND 1 5 Genaral ground 

OUT 0 6 Filter output 

CLK 1 7 Clock input 

P'WF 1 8 Filter power adjustment 

P'WA 1 9 Op Amp power adjustmen1 

-EB 1 10 lnverting input 
OpAmp B 

SB o. 11 Output Op Amp B 

. . -
+es 1 12 Non inverting input 

OpAmp B 

+EA l 13 Non inverting input 
OpAmpA 

SA 0 14 Output Op Amp A 

·EA 1 15 lnverting input Op Amp A 

NC 16 Non connected 

Description 

' Filter output OC level adjustment when connecting 
a potentiometer between v+ and v· with its middle point 
to LVL. When no adjustment is needed. LVL pin is 
connected to GNO. 

1 
TTl levels 

Filter power consumption can be choosen by connecting 
a resistor between P'WF and GND {or v+). Stand by mode 
is obtained by COMecting P'WF to v· (or non connected) 

Idem PWF but for Op Amp (PWA) 

f 



FUNCTIONAL DESCRIPTION 

The filtering unit is formed by eight connectable 
switched capacitor integrators. 
Each inte;rator can be specialized with capacitor fields 
and switching cells. 
The interconnections between each integrator and the 
realization of the desired capacitors are achieved during 
the last step of the process to form the filter. 
For this operation. the aluminium interconnection mask 
is used (like in gate-arrays structures). 

The clock generator delivers the different phases 
·• needed for the internai switching. The internai clock is 

performed through an internai mask programmable 
divider which adapts if required the eX1ernal cloclt (given 
from a cristal oscillator for example) to obtain the filter 
clock. As the clock input is TIL compatible, level shifts 
are used inside the chip to obtain the correct voltage 

,swings. 

The output sample and hold butter is connected to the 
filter output and so allows a low impedance signal deliv­
ery. 

MAXIMUM RATINGS 

Rating 

Positive supply voltage 

Negative supply voltage -

Voltage to any pin (exept for ground) 

DC current per pin (except for supplies) 

Temperature 
Operating t" range 
Storage t' range 

r 

The output DC level adjustment is also possible with an 
eXlernal voltage source (obtained for example through a 
resistor divider). 

Two uncommitted general purpose aperational amplifi­
ers are also available. 
They can be used by the customer to implement other 
analog functions (for example gain. pre or post filter• 
ing .. . ). 

Power adjustment is possible for the filter unit and for 
the two free op. amps. This facility is performed with a 
resistor connected between the V• supply (or ground) 
and the power adjustment pins. So the consumption of 
the structure can be chosen to adapt it to the applica­
tion. The stand-by mode can be obtained by connecting 
the corresponding pins to the V- supply (or non 
connected). 

Symbol Value Unit 

v+ -0.1510 + 7 V 

v· - • 7 to +0.15 V - . 

V v·. 0.3 to V 
v++0.3 

lo 150 mA 

·c 
Toper • 60 to + 130 
T stg -60to+150 



·-
ELECTRICALCHARACTERISTICS FOR FILTER ONLY T = 25't • 

Chuecteristic Symbol Min Typ Mu Unit 

Positive supply voltage v+ 4 5 6 V 

Negative supply voltage V- . 6 . 5 . 4 V 

Output voltage swing vout v· +o.s v+. 1.5 voo 

Input voltage (with filter gain = OdBI . Vin v· + 0 .5 v+. 1.5 voo 

Bias current on PINF (stand by modl! by connecting PWF 10 vl IPWF 50 250 µA 
(or non connected) 

TTL clock input ··o·· VIL +0.8 V 

TTL clock input ··1 •· VIH 2 V 

External clock pulse width '= 80 nS 

Input resistance RtN 1 3 MO 
Input capacitance C1N 20 pF 

Output resistance Rour 10 0 

Load capacitance CL 100 pF 

Load resistance R1 0 .1 1 KO 

NB) With single supply (0 - 10 V) : same specifications 
With single supply (0 - 5 V) : specifications can be asked to Thomson Semiconducteurs commercial office 

ELECTRICAL CHARACTERISTICS FOR OP. AMP. 
v+=+SV v·=-5V T=25"C Rl=2KQ IP'NA=100µA 

Characterilti<; Symbol Typ Te1ted Unit 
llmit1 

DC open IOOP. gain G T 75 60 dB (mini 
lwithout load) G'.· 75 60 dB (mini 

Gain-band with product (without loadl --- G•BW- 2 1 MH:i:(minl 

Input offset voltage (without loadl VioFF ±5 ± 10 mV(max) 

Output swing vouT - 4.5 - 4 .2 V(min) 
3.5 3.5 V(mex) 

Input bias current (without loadl Ibias ±5 ± 10 nA(max) 

Supply _r~jection (without loadl SVR 65 60 dB (mini 

Common mode rejection VcM = 1 V lwithout loadl CMR 65 60 dB (min) 

Output shon circuit current (without load) 'os 100 mA 

Power consumption Pa + 2.6 3.2 mA(max) 
. 2.6 3.2 mA{max) 

Slew rate SA+ 5 V/µS 
. 6 V/µS 
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• USER'S GUIDE OF IPWA AND RPWA FOR OPERATIONAL AMPLIFIER• 

MH l 
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3 -~ 
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..._ _______ V 
1 

1 
1 
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0.5 1 

1 
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IPWA (µAl 

L-------"*"-----~...,_-----+-------t-------t--RpwA (k S1 l 
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SWITCHED CAPACITOR FILTER 
GENERALITIES 

BASIC PRINCIPLE 

These are active filters in which resistors are replaced 
by capacitors which are switched with a frequencv. 
named sampling frequency (Fs). as follows: 

v, ~~s_, __ _,..,_ ___ ✓crs_i ____ vi 

o I 0 
C 

l 
The two switches (S, and S2) are controlled by two 
complementary and non overlapping clock phases. 

Ou ring the phase 0 = 1 (S, on, S2 off). the charge stored 
in C, is: 

0, =C, V, (1) 

Du ring the phase 0 = 1 (S, off. S2 on), the charge stored 
in C2 becomes: 

0a = C, V2 (2) 

, -
Du ring a complete ëlock period T s = Fs = 0 + 0, 

the transferred charge is: 

.ô.Q = Q, - 0a = C, {V, - V2) (3) 

Ouring a period T S• this charge flow is equivalent to a 
current 1, such as: 

60 = C, (V, - V2) = 1 . T S 

- V2) 
__ C, {V, - V2) 

andso: 1 = C,. F5 (V, . T5 

(4) 

(5) 

Comparing (5) with Ohm law applied to a resistance: 

V, -V2 
l=--­

R 

The equivalent resistor is: 

R = Req=..:S.. C, 

Then. with (7). a RC product becomes: 

C 
Req.C = ë:" · Ts 

WHY THIS TECHNIQUE CAN BE USEO TO 
REPLACE CLASSICALACTIVE FILTERS7 

(6) 

(7) 

(8) 

ln active filters. the time constants are fixed by RC pro­
ducts. But the component values R and C used are 
absolutely uncorrelated, so trimmings are often needed 
to obtain an acc:urate template. 

On the other hand, in switched capacitor networks. only 
capacitor ratios are used. These ratios are obtained with 
capacitors integrated on the same chip. The available 
accuracy is 0.1 % to 0.5% whatever the temperature 
conditions may be. 
As the time constants are fixed by capacitor ratios, fully 
integrated filters are achievable without trimming. ln 
addition, as shown in (8), the time constant RC is propor­
tional to the sampling period T S· Another important 
property of switched capacitor filters is that eut-off fre­
quency can be shihed by shihing the sampling clock 
without any change on the shape of response curves. 



SWITCHED CAPACITOR ACTIVE FILTER 
FEATURES 

The main features are summarized in the following 

table: 

Key points 

• Monolithic filter 
• Every time constant defined by 

- capacitor ratios 
- clocic frequency ' 

• Fully integrated filters with CMOS technotogy 

" 

• Switched capacitor networks are sampled and hold systems 

HOW TO CHOOSE HIS TYPE OF FILTER7 

A number of nomographs, tables and curves provide. for 
each type of function and according to its order, the 
amplitude response curves. the phase response curves. 

Kind of filter 
Kind of 

performance 

Cut-off. abruptness 
for a given order 

Regularity of the 
"amplitude • frequency·· 
curve 

Regularity of the 
group Delay 

Sensitivity 

Transient condition 
distonions 

Transmission zeros 

Required overvoltage 
factors 

000 : Very mediocre 
00 : Mediocre 
• : Medium 

••• : Excellent 
: Very good 
: Good 

Butterworth 

00 

... 
. 
.. 
.. 

None 

Very low 

We will keep in mind the following : 

Legendre 

a 

' .. 
a .. 
.. 

None 

Low 

• the BUTTERWORTH filters are interesting because of 
the regularity of their passband (no ripple) but their 
eut-off is not very abrupt, 

• the LEGENDRE filters associate a convenient regu­
larity of the amplitude response curve with a eut-off 
abruptness and a transient behaviour that are of 
good quality, 

Aeaults 

• Board size reduction 
• Precise template. 
•. Stability in temperature and time 
• High order filter achievable 
• No adjustment 
• Template transposable by tunino the clock 

• Lowpower 
• Ease and safety of use 
• No externat component 

• Antialiasing pre-filterino is needed if the input signal 
is wide band (See Application note) 

• Smoothing post-filtering may be used to avoid spectral 
rays a round the sampling frequency (See Application note) 

the group delay curves. and also the pulse and step 
responses. Ali these characteristics, and a few others. 
are summarized in the following table: 

Chebychev Beuel Caue, 

.. -- ·-- - - -- ~- -- - -~· 000 ... 
Ripple within the Ripple within the 
passband/ regular passband and the 
within the notch .. notch 

00 ... 000 

a .. 00 

00 ... 000 

None None Yes 

Medium Medium High 

• the CHEBYCHEV filters present. at least within the 
first octave. an abrupt eut-off. but their transient 
behaviour is not performing, 

• the BESSEL filters present a very good transient 
behaviour (constant group delay in passband). but 
their eut-off is not very abrupt. 

• the CAUER filrers allow an extremely abrupt eut-off 
to be obtained, but their group delay regularity is 
mediocre. They present transmission zeros . 



CUT-O.FF.FAEQUENCY DEFINITION 

G (dBJ 

Go 

As 

F (HzJ 

0 

FIGURE 1 - DESIGN SPECIFICATIONS 

The eut-off frequency Fe is the passband limit frequency 
as defined on the design specifications above men­
tioned. 

The maximum value of the anenuation variation in the 

passband: Ap is 3 dB for Butterworth, Bessel and 
Legendre filters (figure 2a). and is called passband rip­
ple for Chebychev (figure 2b) and Cauer filters 
{figure 2c). 

Ap 1 

- - - .As 

FIGURE 21 FIGURE 2b FIGURE 2c 

The passband ripple is design dependant and between 
0 .05 dB and 0.2 dB with TSG85XX standard filters . 

The parameter G0 called passband gain is the maximum 
value of the gain in the passband. and may have low 
variation from pan to part : 



Example. 
TSG8510 with Fe= 256 kHz - Fe =3.4 kHz 
G0 min = - 0.3 dB 
G0 max= 0 dB 
Ap = 0.05 dB 

Go =ode 

Fe= 3.4 kHz 

FIL TER No. 1 

This two cases show that the two filters TSG8510 (No. 1 
and No. 2) has the same eut-off frequency with different 
values of gain : 
• 0.05 dB for filter No. 1 

0 dB 

G0 =-0~~---- OAp=O.OSdB 

Fe =J.4 kHz 

Fil TER No. 2 

• 0.35 dB for fil ter No. 2 

The passband ripple remains constant. only the fre­
quency response curve is shifted with G0 variation . 



TYPICAL APPLICATION 

Typical use of the M.P.F. (Figure 31 

The M.P.F is fed in dual supply: ±5 V. 
The adjustment of the OC output level of the M.P.F is 
achieved by an external voltage source (for example. a 
bridge divider connected between the positive and the 
negative power supplies and whose the middle point is 
connected to the LVL pin of the M.P.F). If no output OC 
adjustment is required. the LVL pin can be directly con­
nected to GNO. 
The consumption of the filter can be also adjusted by 
means of an extemal resistance connected between V• 
(or GND) and the PWF pin of the circuit. 

-sv +sv 

r--
1 

_L 

T 
1 
1 ..... 

,, 

GND OR V+ 

The consumption can thus be chosen to match the par­
ticular application. 
The stand-by mode is obtained by strapping the PWf pin 
to V- (or non connected). 
The adjustment of the power consumption of the two 
operational amplifiers can be achieved exactly like for 
the previous case. but via the Pl/VA pin of the circuit. The 
stand-by mode is also obtained by strapping the PWA 
pin to V- (or non connected). 
The clock levels are TTL but CMOS levels are accepted. 
With these previous conditions. the output linear 
dynamic range of the M.P.F is about 8 V, between 
- 4.5 V and +3.5 V. 

A C4-.r~: 1-or CrwF C.a" b-i o.cloed '" 
pw.:J.kt LU~.f-h. RP'NF 1n ()r,:kr lo impr-ove 
& c.W +ud t~rov.5f.. f"ej ec.t-;o,, . 

..---------. ( ~yiutl 110.~t C i'wl= = i:s f F ) 

+ 
V NC 

V -EA 

LVL SA 

IN + EA 
TSG 

GNO 85XX + EB 

OUT SB 

CU( -EB 

PWF PWA 

GNO OR V+ 

PL= 20 kf2 (rnultiturn) 

10 kf2,;;;; RP.. R
0

P;;;;; 75 kf2 ...,,, 

FIGURE 3 

• If the OP AMPS are not used, R0 p must not be con­
nected between PWA and GND. 



Use of the M.P.F. with 0-10 V (Figure 4) 

The M.P.F is fed in single supply: 0-10 V. 
ln this case. 'vis the reference ground of the circuit and 
GND must be adjusted to +5 Vby means of the potenti• 
ometer PL ((V• - V')/2). 
The adjustments of the DC output level of the M.P.F, of 
the power consumptions of the filter and of the opera­
tional amplifiers can be achieved exactly like previously. 

10 V 

oJ7...Jl..... 

r-
1 

C PWS: -,-

1 

..L 

vr 

+ 10 V 

,, 

\i t 

v+ 

V 

LVL 

IN 

GND 

OUT 

CLK 

PWF 

The high Jevel of the clock must be at least 1.4 V upper 
the GND level. 
With these previous conditions, the output linear 
dynamic range of the M.P.F is about 8 V between 0.5 
and 8.5 V. · 

NC 

-EA V+ 

SA 

TSG + EA PL 
85XX 

+ EB 

-
SB 

-EB 

PWA 
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FIGURE 4 



Use of the M.P.F. with 0-5 V (Figure 5) 

The M.P.F is fed in single supply: 0-5 V. 
ln this case, V' is the reference ground of the circuit and 
GND must be adjusted to + 2.5 V by means of the 
potentiometer PL ((V· - 'v)/2). 
The other adjustments are achieved exactly like pre-

+SV 

v+ 

,, V 

LVL 

IN 

GND 

SV OUT 

o__n.J7_ CLK 

PWF r-
1 

__L__ 

C.p,.-u: ~ Rpwi: 
1 

1 
~ vt v+ 

viously except for bias resistances of the filter and of the 
operational amplifiers (Rf and· Rop), whose must be 
exclusively to V·. 
The clock levels must be TTL levers. With these previous 
conditions, the output linear dynamic range of the M.P.F 
is about 2.2 V. between 1.2 and 3.4 V. 
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Anti-aliaaing and amoothing (Figure 6) 

• Anti-aliasing: The switched capacitor filters are 
sampled systems and must verify the SHANNON 
condition imposing a sampling frequency (Fs) equal. 

• at least. to the double· of the upper frequencv (Fe) 
contained in the spectrum to transmit. With this· 
condition. no information is added or lost on the 
transmitted signal. This theorem describes the 
well -known ph>nomenon called spectrum aliasing 
shown figuretl where the entire spectrum to 
transmit appears around Fs. 2Fs, 3Fs, ... and so on . 

GAIN 

' 

ANTI-ALIASING 

FIL TER TEMPLATE 

Thus. all spectrum components of the signal con­
tarned around these frequencies are transmited by 
the M.P.F., oppositively to the desired result. 
To cancel the effects of this phenomenon, it is 
required. before all sampled system. to filter all the 
spectrum components of the input signal upper than 
Fs - Fe. An ana log filter, called ··anti-aliasing filte, ... 
must be therefore applied before the M .P.F. 

WITHOUT ANTI -ALIASING FIL TER. 

THE SPECTRUM COMPONENTS AROUND F~. 2F5 ..... . 

ARE NOT STOPPED BY THE SAMPLED FIL TER 

\ ,/ ~. ------7 
T T 

\ 1 f 1 
\ 1 1 SPECTAUM 
\ ALIASING OF THE SPECTAUM ALIASING OF THE SPECTAUM 

TO \ TO TRANSMIT AROUNO F
5 TRANSMIT 

TO TRANSMIT AROUND 2 Fs 

\ . 1 1 
\ 1 1 
\ 1 1 FREQ 

FIGURE 6 

Pheoomenon of the Spectrum aliasing 

. Without anti-aliasing filter 

. With anti-aliasing filter 

Spectrum to transmit * transmitted spectrum 

Spectrum to transmit == transmined spectrum 

The selectivity of this filter depends upon the Fs/Fc 
ratio. 

If Fs/Fc > 200 a RC filter (first order low-pass) is 
sufficient. 
If Fs/Fc < 200, a SALLEN-KEY structure (second 

order low-pass) must be used. This structure and its 

relationships are described (figure 7). ln these relation­
ships. Fe is the eut-off frequency desired of the anti­
aliasing filter and ~ its damping coefficient. For a cut­
oH as tight as possible and without overvoltage around 
it, ~ must have a value around 0.7. 



R 1 = R2 = arbitrary value 

Fe = eut-off frequency for the ant1aliasing filter 

An optimal cho1ce is Fe = 1.2 • cut-oH frequency of 
the main filter 

~ = damping coefficient the optimal value is O. 7 

-Î 

FIGURE 7 

v-

C1 

(C1 

C2 

= ~ 
27TA1 Fe 

= e - C2) 

= 
21rt R1 Fe 

SALLEN-KEY structure (second Orcier low~ss Filterl for 

anti-aliasing and smoothing. 

N.B) If Fs/Fc < 2 (figure 8). the spectrum 10 transmit 
and the spectrum aliased have a part in common and it 

becomes impassible to share the useful signais from the 
undesirable signais. 

GAIN 

TO 

TRANSMI 
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SPECTRUM AROUND FS 

FIGURE 8 

When Fs/Fc < 2. the spectrum componenu included betV'.@en 

Fs-Fc and Fe and INhich are due 10 spectrum aliasing are not 

stopped by the sampl&d filter 

FREO 



• Smoothing: As the signal obtained at the output of 
the M.P.F is a sampled and hold signal, it is often 
required to smooth it. This smoothing filter can be 
achieved from the SALLEN.KEY structure previously 
described (figure 7). 

• Hardware implementation: ln order to make easier 
anti•aliasing and smoothing. THOMSON SEMICON• 

-sv +sv 

PL 

.._ _________ v-

'-----1---1LVL 

TSG 

NC 

-EA 

SA 

DUCTEURS has designed, on the even chip of the 
M.P.F. twogeneral purposeoperational amplifiers. A 
few external components are therefore sufficient to 
achieve thase functions (figure 9). 
On the other hand. in the most of M.P.F's. a special 
integrated cell is included in the chip (cosine fiher) to 
reduce the aliasing affects around Fs. 
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See anti-aliasing 

and smoothing considerations 

FIGURE 9 

M .P. F with anti-aliasing and smoothing filten 
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Nonetheless. if the application allows it. these · two 
operational amplifiers can be used to implement other 
functions (gain, comparator. oscillator, ... ). 
ln this case. the circuit shown figure 10 can be used as 

R1 R2 

Cl 

C2 

anti-aliasing or smoothing filter. This structure is the 
same as the SALLEN-KEY structure described figure 7 
(second order low-pass). in the same way as the corres­
ponding relationships. 

+sv 

10 kr2 

-SV 

FIGURE 10 

Second order lowi)UI Filtff (SALLEN-KEY STRUCTUREi 

with a transistor replacing the operational amplifier. 
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PHYSICAL DIMENSIONS 

~ . 

1 

' Cl-7' 

CASE CB-79 

P SUFFI X 
PLASTIC PACKAGE 

J SUFFI X 
CERDIP PACKAGE 

CASE CB-98 

_ _:1,_ -
: .. : . 

,,,..,_,..._ 
11•'-~-

' 
1 1 

f 116 .. 1 Cl·98 

AIM( ''''hflC 

. ' . 
8 

P SUFFI X 
PLASTIC PACKAGE 

These specifications are subject to change w,thout nouce 
Please inquire with our sales offices about the availability of the d,tterent packages 
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.TSG85XX 

Thou H.P,F. standard prodrêt1·11,·tom univtrial filttr cont1ining 1 
uli-:.Jrogrllllllbl1 wi ti:hld capaci tor . clSCldabl~ structurt, and ~ , ' 
anC1111idtttd ~~~ purpow ortr1tionll ~lifitH. EvtrY filttr u · ! obtat-t::t TS&al8 b1M IIIIC llilltiOlf f Qî~,i_n __ dtscription .lftd f '" : o,mt ·, · -.uf itr' s,tcific~ion1,. 111 1568:iXX -gtntrll c:hll'acttrbtics. : 

-➔P.-f:9=f!'"'·~; !{! {';!;: ; ::.'! ': "' .. ·! , ·.· • . , ·: ""·· .. 0 

Hir• il thl clncriptiOI of thil flllilyt 

Part number Functlon Type 

TSG8510 Low • Pass Cauer 

TSG8511 Low • Pass Cauer 

TSG8512 Low • Pass Cauer 

TSG8513 Low - Pass Chebychev 

TSG8514 Low- Pass Butterworth 

TSG8530 High • Pass Cauer 

TSG8531 High • Pass Cauer 

TSG8532 High • Pass Chebychev 

TSG8540• Notch 0=7 

~D 
rsGass(Y!'( Sand - Pass Cauer a=,~ 
TSG8551 Band - Pass Setective Q = 3S 

• Preliminary 

Note: Except for TSG8551 (Go = 30 dB) 
Go= 0 dB for all M .P.F. 

BLOCK DIAGRAM 
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SB 

Order 
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8 

8 

3 

6 

6 

6 

6 

8 

H 

•EA P•og. clock divi~r 
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• 
IN 

Clod( to eut-off 
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7S.3 
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80 

320 

400 

soo 
930 

48 

187.2 

Output 
S/H 

btJlf,, 

N 

GNO 

LINEAR HCM0S1 
M.P.F 

SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 

(STANDARD FILTER) 

CASE CB-98 

~ 
~ 
8 

CASE CB-79 P SUFFIX 
PLASTIC PACKAGE 

,_ 
1 

Ceramic package (C suffix) 
and Cerdip package {J suffix) 
are afso available 

PIN ASSIGNMENTS 

V+ 8 PWF 

V- 2 7 CLK 

LVL 3 6 OUT 
5 GNO 

8 pins: FILTER ONLY 

16 NC 

15 - EA 

14 SA 

13 +EA 

12 + EB 

OUT 11 SB 

10 - EB 

9 PWA 
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TSG iç-xx 

NOTES 
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. . < ~-:- . 

Printed in F r•nc,e 



TSG8510 

SWITCHED CAPACITOR MASK 
PROGRAMMABLE FILTER 

The TSG8510 is a HCMOS lowpass elliptic filter. 
' . ·. ' . ~ . . 

• CAUER type. 
• 5th order. 
• Stopband attenuation: 33 dB (typ). 
• Passband ripple: 0.05 dB (typ). 
• Clock to eut-off freq. ratio: 75.3. 
• Clock frequency range: 1 to 1500 kHz. 
• Cut-off frequency range: 13 Hz ta 20 kHz. 

Ordering information: 

:E!r'::l g if, ri: r::;: : 111mm: 
.Ctrdip 16 pins· pldl1gt. 1 TS68S10XJ, 
.PlntlC•;B·piu pa1911 TS685181)(p, 

x, Tapenturt r~ • c : o•c,+ 10•c 
. I : -251C + 85'C 

· v 1 ~oec:+ 95•c 
__ H : -55'C;.t125~t_ 

!4ott I For 9111,ral chlr1Cttristie1, Ht T~ specif ieations. 
For non 1t•dlrd qualitp levtl, eonsult TIOtS(N SEHiœtlŒTEtlS 
gentral ordtring inforution. 

AMPLITUDE RESPONSE CURVE 

0 

~ 
-10 

ii 
-20 ~ 
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0 -30 :J ... 
::::; 

-40 Cl. 
~ 
< -50 

"' 
f Ï--,......_ 

I -1"',. 

-60 

0.05 0.1 0..2 0.5 2 5 10 20 

NOAMALIZED FREQUENCY 

LINEAR 
HCMOS1 

M.P.F 
SWITCHED CAPACITOR 

MASK PROGRAMMABLE Fil TER 

CASE CB-98 

CASE CB-79 

-. . . 
8 

P SUFFIX 
PLASTIC PACKAGE 

""' 1 

Ceramic pack8ge IC suffix) .. 
and Cerdip pacuge IJ suffixl 
are also ■v11il1bfe 

PIN ASSIGNMENTS 

V+ 1 8 PWF 

V- 2 7 CLK 

LVL 3 6 OUT 

5 GNO 

8 pins: FILTER ONLY 

16 NC 

15 -EA 
14 SA 

13 +EA 
12 +ee 

OUT 11 SB 

10 - EB 

9 PWA 

1 S pin1: Fil TER + 2 OP-AM Pa 

-a: 
6 
Cl) 
0 
!!! 



TSG8510 

FILTER SPECIFICATIONS 
Lowpass filter: TSG8510; Type: Cauer: Order: 5. 
v+ = 5 V. v· = • 5 V. T = 25 -c. AL= 5 kOhm, CL= 100 pF. lpwf = 100 µ A 

ChffllCteriatic Symbol Typ. 

Externat clodt frequency Fe 1 
1500C-) 

Internai umplin; frequency Fi 0.5 
750(9) 

Cloc:k to cutoff fr. ratio • Fe/Fe 75.3±1" 

Cutoff frequency Fe 0.013 
20C-J 

P■ssoand gain Go -0.3 
0 

0 

Passband rippfe Ao 0.05 

Stopband attenuation As 33 

Output DC offset vottage Voff ± 100 

OC lewt adjustment LVL :t 60 

Lewfgain · • LG 3.3 
PWF- resistance Rpwf 10 

72 

Input current on PWF lpwf 50 
250 

v+ supply ament r+ 3 

v· supply current ,- 3 

v+ supply rejection ratio PSRR+ 35 

v· suppfy rejection ratio PSRR· 55 

Input resistance Ain 3 

Input capacitance 
- ~ - . 

Cin 20 

Output voltage swing Vo +3.5 

' 
· 4.5 

Output noise Vn 89 

Signal to noise ratio SNR 87 

• At maximum Fe : • st ( ) op band anenuation Al > 32 dB for F > 1.37 Fe 
(with lpwf = 250 µ A) • passband ripple : A{' = 0.8 dB 

• passband gain: Go = • 0.4 dB 

Tnted 
limiu 

0.4 

32 

±200 

5 

5 

Unit Condition• 

kHz(minl 
kHz(mu) 

kHz (min) 
kHz (max) 

-
kHz (min) 
kHz (max) 

dB(min) 
dB (max) 

dB (max) Fe= 256 kHz 

dB (min) Fe=256 kHz. F>t.37 Fe 

mV(max) LVL=OVott 

mV 

-
kOhm(min) 
kOhm(max) 

µA(minl 
µA(mul 

mA(max) Fe= 100kHz 

mA(mu) lpwa=OµA 

dB Fe= 256 kHz 

dB Fin= 1 kHz 

MOhm 
·-· -- - - . 

pf 

Vp • p (max) 

µVrms BW=J.4 kHz 

Fe= 256 kHz 
dB Vin= 2 Vrms 
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OUTPUT DC VOLTAGE ADJUSTMENT 
FROM LVL PIN 

8 .. 

VouT lmVI 
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1500 

1000 

500 

---------------~~--..----+----+-----+----+-~LVL 
8 lmVI .. 
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F lkH 1 
USE~S..GUJOE.FOR lewF 

AND R CHOICE e z PWF ~ 

------1 ~-
'-- NON RECOMMENDED 

~ ZONE 

:~ i 
0~ 

1 
ZONE OF 

CORRECT FUNCTIONING 

WITH OVERCONSUMPT1ON 

50 100 150 200 

72 35 20 14 

These speç1fic11tions are subject to change w11houI notice 

-

250 
1PWF (µAl 

RPWF (kf21 

10 l.c-,,necf-tJ ~ GN!) 

Please inquire with our sales oHices about the availability of the ditterent packages 

Printed in France 



TSG8511 

SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 

The TSG8511 is a HCMOS lowpass elliptic filter 

• CAUER type. 
• 7th order. 
• Stopband attenuation: 55 dB (typ). 
• Passband ripple: 0.1 dB (typ). 
• Clocic to eut-off freq. ratio: 75.3. 
• Clocic frequency range: 1 to t 300 kHz. 
• Cut-off frequency range: 13 Hz to 17.3 kHz. 

Ordering informations: 

.Plntic 16 pins p1Ci1gt I TS&8511XP, 

.Ceraaic 16.pins p1Ci1g1 : TS68511XC. 
,Ctrdip 16 pins p1Ci1gt I TS&8511XJ. 
,Plastic ·. 8 pins pac:k191 r TS685111XP. 

XI Taptraturt rlllCJI • c, r · · 8'C,+ 10•c 
1 : -~•c + ~•c v: -40•c'+ ss•c 
H 1 ~•c:+1~•c 

Nott I for gentral chlrlCttristics, Sff TS68SXX ~teifications. -
For non standard quali ty levtl, consult ~ SEHICtN>OCTRRS 
gtftffal ordtrin9 1nfora1tion. 

AMPLITUDE RESPONSE CURVE .. 
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r ~-
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- 80 

o. 1 0.2 0.5 2 5 

NORMALIZED FREQUENCY 

LINEAR HCM0S1 ,. 
M.P.F 

SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 

CASE CB-98 

8 

P SUFFIX 
PLASTIC PACKAGE 

CASE CB-79-; ; 

:\ 
. 16. 1<tl 

1 

Ceramic package (C suffixl 
and Cerdip packaQe (J suffix) • 
are also available 

PIN ASSIGNMENTS 

V+ , 8 PWF 

V- 2 7 CLK 

LVL 3 6 OUT 

IN 4 5 GNO 

B pins: FILTER ONLY 

16 NC 

15 -EA 

14 SA 

13 +EA 
12 + EB 

11 SS 

10 - EB 

9 PWA 

16 pins: FILTER + 2 OP . AMPs 

-a: 
6 ,..._ -ll'l 
0 



TSG8511 

FILTER SPECIFICATIONS 
Lowpass filter: TSG8511; Type : Cauer; Order: 7. 
v+ = 5 V. v·:::: - 5 V. T:::: 25 ·c, RL = 5 k Ohm. CL= 100 pF, lpwf = 100 µ A 

Ch•racteriatic Symbol Typ. 

External clock frequency Fe 1 
1300(") 

Internai sampling freq. Fi 0 .5 

' 
650(") 

Clock to cutoff fr. ratio Fe/Fe 75.3 ± 1 % 

Cutoff frequency Fe 0.013 
17.3 (") 

Passband gain " Go - 0 .3 
0 

Passband ripple Ap 0.1 

Stopband anenuation As 55 

Output Oc offset voltage V off ± 150 

OC level adjustment LVL ± 64 

Level gain LG -4.7 

F"WF resistance Rpwf 10 
72 

Input current on PWF 1PWF 50 
250 

V+ suoply current I+ 3.5 

V- supply current 1- 3.5 

V+ supply rejection ratio PSRR+ 32 

V- supply rejection ratio PSRR- 47 

Input resistance Rin - 3 .. --

Input Capacitance Cin 20 

Output voltage sw,ng Vo + 3.5 
- 4 .5 

Output noise Vn 158 

Signal 10 noise ratio SNR 82 

(") At maximum Fe; stopband attenua1ion AS> 50dB for F>l .3 Fe 
(with lpwf = 250/,.IA) 
passband ripple . Ap = 0 .5 dB 
passband gain Go = -0 7 dB 

Teated Unit 
limita 

kHz (min) 
kHz (mait) 

kHz (min) 
kHz (max) 

-
kHz(mm) 
kHz (max) 

dB(min) 
dB (maxt 

0.5 dB (max) 

50 dB(min) 

±300 mV(maxl 

mV 

-
KOhm (min) 
K ohm (max) 

µA (mini 
µA(max) 

5 mA(max) 

5 mA(max) 

dB 

dB 
---~ - -·MOhm 

pF 

Vp-p (max) 

µV rms 

dB 

Conditions 

Fe= 256 kHz 

Fe= 256 kHz 
F>1.3 Fe; 

LVL =OVolt 

Fe= 100 kHz 

lpwa=OµA 

Fe= 256 kHz 

Fin= 1 kHz 

BW= 3.4 kHz 

Fe= 256 kHz 
Vin= 2 Vrms 
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TSG8512 

SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 

The TSG8512 is a HCMOS lowpass elliptic filter. 

• CAUER type . 
• 7th order. 
• Stopband anenuation: 85 dB (typ). 
• Passband ripple: 0.15 dB (typ). 
• Clock to eut-off freq. ratio: 100. 
• Clock frequency range: 1 to 2000 kHz. 
• Cut-off frequency range: 10 Hz to 20 kHz. 

Ordering informations: 

.Plntic 16 pins plCkagt I T~12XP. 

.Ctraic 16 pins plCkage I TS68512XC • 
• Ctrdip 16/pins packagt I TS68512XJ • 
• Plnt1c 8 pins p1Ck191 1 TS61m21XP •· 

X1 Ta,tr1turt nngt • C: O•C,+ 70'C · · 1 1 -zs•c + 85•c 
V 1 ~'C'+ ~•c 
H: -55•c!+125•c 

-Nott I For gennal characttristics, SN TS685XX_sc,tcific1tion1. · 
For non standard quality ltvel, consult ~ SEHICOt>llCTEœS. 
gentral ordtring 1nf orution. 
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M.P.F 

SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 

CASE CB-98 

1 

P SUFFIX 
Pl.ASTIC PACKAGE 

CASE CB-7~9.: 
1 

•• : 

. ' ·d' "16 I .. ~ 
1 

Ceramic package (C suffixl 
and Cerdip package (J.suffix)_ 
are also available 

PIN ASSIGNMENTS 

V+ 1 8 PWF 

V- 2 7 CLK 

LVL 3 6 OUT 

IN 4 5 GND 

8 pins: FILTER ONLY 

16 NC 

,s - EA 

14 SA 

13 +eA 

12 + EB 

OUT 11 SB 

10 -EB 

9 PWA 

16 pins : FILTER + 2 OP. AMP1 

a: 

~ 
0 
in 
0 

'ii 



TSG8512 

FILTER SPECIFICATIONS 
Lowpass filter : TSG8512; Type: Cauer; Order: 7. 
y-t- = 5 V. V·=· 5 V, T = 25 'C. RL = 5 k Ohm, CL= 100pf, lpwf = 100µ.A 

Cheract■riatic Symbol Typ. 

Externat clock frequency Fe 1 
2000(9) 

Internai sampling freq. Fi Q5 
10001·) 

Clock to cutoff fr. ratio Fe/Fe 100:t 1 % 

Cutoff frequency Fe 0.010 
201·1 

Passband gain Go -0.3 
o" 

Passband ripple ""' 0.15 

Stopband ettenuation Aa 85 

Output OC offset voltage Voff :t 150 

OC level adjustment LVL ±22.5 

Level gain LG • 11.~ 

PINF resistance Rpwf 10 
72 

Input current on PWF lpwf 50 
250 

v+ supply current 1+ 3.5 

v· supply current 1- 3.5 

v+ supply rejection ratio PSRR+ 20 

v· supply rejection ratio PSRR· 35 

Input resistance Rin 3 

Input capacitance Cin - 20 

Output voltage swing Vo + 3.5 
- 4.5, 

Output noise Vn 112 

Signal to noise ratio SNR 85 

("I At maximum Fe : • stopband anenuation : As> 62 dB for F > 1.8 Fe 
(with lpwf = 250 µ. Al • passband ripple : Aç, = 0.6 dB 

• passband gain : Go=• 0.4 dB 

Teat■d 
limita 

0.5 

75 

±250 

5 

5 

·-

Unit Conditions 

kHz(minl 
kHz(max) 

kHz(min) 
kHz(maxl 

-
kHz(min) 
kHz(max) 

dB(min) 
dB (maxi 

dB (max) Fe=100kHz 

dB(min) Fe= 100 kHz. F>1.8 Fe 

mV(max) LVL = OVott 

mV 

-
kOhm(min) 
kOhm (maxi 

µ.A(minl 
µ.A(maxl 

mA(max) Fe= 100kHz 

mA(max) lpwa=0µA 

dB Fe= 200kHz 

dB Fin= 1 kHz 

MOhm 

pF - - - - · ·- - - -
Vp - p (max) 

µ.Vrms BW= 1 kHz 

Fe= 100 kHz 
dB Vin= 2 Vrms 
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TSG8513 

SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 

Thf' lSG8513 is a HCMOS lowpass polynomial filter .. 

• CHEBYCHEV type. 
• 8th order. 
• Stopband attenuation: 69 dB (typ). 
• P111ssband ripple: O. 15 dB (typ). 
• Ctock to eut-off freq. ratio: 60. 
• Ctock frequency range: 1 to 1500 kHz. 
• Cut-off frequency range: 16 Hz to 25 kHz. 

Ordltfing informations: 

.Plntic 16 pins plCi• 1 Tstm13XP. 

.Ceraic 16 pins packlg. 1 TS68513XC • 
• Cffdip 16. pins piel• 1 TS68513XJ. 
.Plntic 8 piu.pac.t191 1 TS&lm31XP. 

Xs T~tratun rangt ·•CI O•C,+ 70'C 
1 , -a•c,+ ~•c 
v 1 ◄'C + es•c ", ~•c:+1a•c 

Note I For gtntrll chanetniltics,-stt TS6aCX_seeçtfic1tions. 
fo; non standard quali ty ltYtl, consult TIOSN SEHl~S 
gtntnl ordtrin9 1nforution. 
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8 

CASE CB-79 P SUFFIX 
PlASTICPACKAGE 

Ceramic package (C Suffix) 
and Cerdip package (J Suffix) 
are also available 

PIN ASSIGNMENTS 

V+ 8 PWF 

V- 2 7 CLK 

LVL 3 6 OUT 

IN 4 5 GND 

B pins: FILTER ONLY 

t6 NC 

V- 2 15 -EA 

LVL 3 14 SA 

IN 4 13 +EA 

GND 5 12 +EB 

11 SB 

CLK 7 10 - EB 

9 PWA 

16 pins : FILTER + 2 OP. AMP1 
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FILTER SPECIFICATIONS 
Lowpass filter: TSG8513; Type: Chebychev; Order: 8. 
v+=SV. V·=-SV. T=2S·C. RL=5k0hm, CL=100pF, tpwf=100µA 

Characteristic Symbol Typ. Tested Unit Conditions 
limita 

Externat clock frequency Fe , kHz (mini 
15001·1 kHz lmaxt 

Internai sampling freq. Fi 0.5 kHz(minl 
750 ,., kHz (max) 

Clock to cutoff fr. ratro Fe/Fe 60::. 1 'lb -
Cutoff frequency Fe 0.016 kHz (mirit 

25 (") kHz(maicl 

Passband gain Go • 0.3 dB (min) 
0 dB (maxt 

' 
Passband ripple Ap 0.15 0 .5 dB (max) Fe= 60 kHz 

Stopband attenuation As 69 65 dB(minJ Fe= 60 kHz. F>2 Fe 

Output OC offset voltage Voff ± 100 ± 250 mV(maxt LVL = OVolt 

OC level adjustment LVL :: 100 mV(maxJ 

Level gain LG • 2.5 - • 
P'NF resistanee Rpwf 10 k Ohm (mini 

72 kOhm(max) 

Input eurrent on P'NF lpwf 50 µA(min) 
250 µA(max) 

v+ supply eurrent ,+ 3.8 5 mA(max) Fe= 100 kHz 

v· supply current ,- 3.8 5 mA(max) lpwa = OµA 

v+ supply rejection ratio PSRR+ 25 dB Fe= 120 kHz 

v· supply rejection ratio PSRR· 40 dB Fin= 1 kHz 

Input resistance Rin 3 MOhm 

Input eapaeitance Cin 20 pF 

Output voltage swing . -· ·- Vo + 3.5 Vp - p (max) ·• 

· 4.5 

Output noise Vn 107 µVrms f BW = 1 kHz 

Fe= 60 kHz 
Signal 10 noise ratio SNR 85 dB Vin= 2 Vrms 

1•1 At ma,umum Fe • stopband attenuation: As>55 dB for f>2 Fe 
(with lpwf = 250 µ Al · passband ripple : Ap = 0 .8 dB 

- passband gain : Go= • 0.6 dB 
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TSG8514 

SWITCHED CAPACITOR 
,MASK PROGRAMMABLE .FILTER 

The TSG8514 is a HCMOS lowpass polynomial filter. 

• BUTTERWORTH type. 
• 8th order. 
• St0pband anenuation: 74 dB (typ). 
• Passband ripple: maximally fiat 
• Clock to eut-off freq. ratio: 80. 
• Clock frequency range: 1 to 1000 kHz. 
• Cut-off frequency range: 12.5 Hz to 12.5 kHz. 

Ordering informations: 

1 ,Plntic 16 pins pieklg@ 1 TS68514XP. 
1 

.ceraic 16 pins pac:hg1 1 Tse14XC. 
,Crrdip 16 pins pac:t1g1 .1 T~4XJ. 

1 .Plastic 8 pins pac:kagt I TS685141XP. 

X: Te...,tnturt rangt- .• C I Ott,+ 701C 1 , -25•c + ~•c 
v 1 ◄•c'+ es•c 
" 1 -55•c:+1~•c 

- - - 1---

Nott I for CJffttnl chancttristics, sn T~-ication1. 
For non standard iuili ty level, consul t SEHICCN>OCliDS 
gen,ral ordtring nforution. 
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---ceramic package (C suffix) 
and Cerdip pacl{age (J suffix) 
are also available 

PIN ASSIGNMENTS 

v+r1 \_/ 8 J 
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CLK 

GNO 

8 pins: FILTER ONLY 

V+ 1 16 NC 

V- 2 15 - EA 

LVL 3 14 SA 

IN 4 13 +E'A 

GNO 5 12 + EB 

11 SB 

CLK 7 10 - EB 

PWF 8 9 PWA 

16 pins: FILTER + 2 OP-AMPs 
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Fil TER SPECIFICATIONS 
Lowpass filter. TSG8514; Type: Butterworth; Order: 8. 
v+=5V. V·=-5V, T=25"C, RL=5k0hm. CL=100pF, lpwf=100µA 

Charecteriatic Symbol Typ. 

External clock freQuency Fe , 
1000 ,. 1 

Internai sampling freq. Fi 0 .5 
500 (") 

Clock to cutotf fr. ratio Fe/Fe 80::1% 

Cutoff frequency Fe 0.0125 
12.5 ,., 

Passband gain Go · 0.3 
0 

Passband ripple Ap maxi mally 
Flat 

Stc,pband anenuation As 74 

Output DC offset voltage VoH :t 100 

r;>C level adjustment LVL ± 100 

Level gain LG - 2 

PWF resistance Rpwf 10 
72 

Input current on PWF lpwf 50 
250 

v+ supply current 1+ 3.8 

v- supply current 1- 3.8 

v+ supply rejection ratio PSRR+ 30 

v· supply rejection ratio PSRR· 42 

Input resistance Rin 3 

Input capacitance Cin 20 

Output voltage swing Vo + 3.5 
· 4.5 

Output noise Vn 86 

Signal to noise ratio SNR 87 

1•1 At maximum Fe : • stopband attenuation : As>50 dB forF>J .6 Fe 
(with lpwf = 250 µ A) 

- passband ga,n : Go = - 0 .5 dB 

Tested 1 Unit 
limita ' 

kHz (mini 
kHz (max) 

kHz (mini 
kHz (max) 

-
kHz (min) 
kHz (maxi 

dB (min) 
dB (max) 

dB (maxi 

68 dB(minJ 

± 200 mV(max) 

mV 

-
k Ohm(minl 
k Ohm (max) 

µA(min) 
µA(maxl 

5 mA(max) 

5 mA(max) 

d8 

dB 

MOhm 

-- pF 

Vp - p (max) 

µ V rms 

dB 

Condition• 

Fe= 80 kHz 

Fe= 80 kHz. F>3.6 Fe 

LVL = 0 Volt 

Fe= 100 kHz 

lpwa = OµA 

Fe= 160 kHz 

Fin= 1 kHz 

BW = 1 kHz 

Fe= 80 kHz 
Vin= 2 Vrms 
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TSG8530 

SWITCH ED CAPACITOR 
MASK PROGRAMMABLE FILTER 

The TSG8530 is a HCMOS highpass• el'riptic filter. 

Main features: 

• CAUER type. 
• 3th order. 
• Stoppand attenuation: 15 dB (typ). 
• Passband ripple: 0.2 dB (typ). 
• Cloclc to eut-off freq. ratio: 320. 
• Clock frequency range: 4 to 2400 kHz. 
• Cut-off frequency range: 12 Hz to 7.5 kHz. 

• According to spectrum aliasing phenomenon. the TSG8530 must be 
considered as a highpass filter only in the range (Fe. Fi/2). where Fi is 
the internai sampling frequency. 

Ordering informations: 

,Plntic 16 piH p1cklgt I TS68530XP, 
.Ceraic,16 pins p1Ck1g1: TS68530XC. 
, Cfrdip 16. pins plCklCJI : TS88530XJ, 
.Plntic 8 pi~s p1Ck1gt I T~1XP. 

XI ÎIIIC)tfltllft nngt • C I O•C,t 70'C 
I : -2S'C t ,8:i'Ct 
v 1 ~•c'+ a:s•c 
H: -55•c:+125•c 

Note : For gtntral chiractnistics, set TS685XX_5{)tcifications. 
For non standard quaU ty ltvtl, consult ~ satlaH>OCTEllS 
general ordering 1nforaation. 
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Ceramic pac:ltage (C suffixJ 
and Cerdip package (J suffixl 
are aise available 

P SUFFIX 
PlASTIC PACKAGE 

PIN ASSIGNMENTS 

v+ 1 8 PWF 

V- 2 7 CLK 

LVL 3 6 OUT 

IN 4 5 GND 

8 pins: FILTER ONLY 

v+ 1 16 NC 

15 - EA 

14 SA 

13 +eA 

12 + EB 

11 SB 

10 - EB 

9 PWA 

16 pin1: FIL TER+ 2 OP-AMP1 
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. TSG8530 

FILTER SPECIFICATIONS 
Highpass filter · TSG8530; Type: Cauer; Order: 3. 
v-r = 5 V. V· = -5 V. T = 25 'C, RL = 5 k Ohm. CL = 100 pF, lpwf = 100 µ A 

Characteri•tic Symbol Typ. Te1ted Unit Conditiona 
limits 

External elock frequenev Fe 4 kHz (min) 
2400 (") kHz (maxi 

Internai sampling freq. Fi 2 kHz (m,n) 
12001·1 kHz (maxi 

Clock to cutoff fr . ratto Fe/Fe 320 :t 1 % -
Cutoff frequency Fe 0 .0125 kHz (mini 

7.S (•J kHz (maxi 

Passband gain Go - 0.3 dB(minl 
0 dB (maxi 

Passband ripple Ap 0.2 o.s dB (maxi [Fe, 30 FeL Fe= 320 kHt 

Stopband anenuation As 15 14 dB (mini F<0.49 Fe ; Fe= 320 kHz 

Output OC offset voltage Voff := 100 ::: 200 mV(maxt LVL = OVolt 

DC lever adjustment LVL =. 40 mV 

Level gain LG - 6 -
P'WF resistanee Rpwf 10 k Ohm (min) 

72 k Ohm (max) 

Input eurrent on P'WF tpwf 50 µA (min) 
250 µA(max) 

v+ supply eurrent ,+ 2.8 5 mA(mu) Fe= 100 kHz 

v· supptv eurrent ,- 2.8 5 mA(maxl lpwa = Oµ A 

v+ supply rejeetion ratio PSRR+ 33 dB Fe= 32 kHz 

v· supply rejection ratio PSRR· 38 dB Fin= 1 kHz 

Input resistanee Rin 3 MOhm 

Input capaeitance Cin 20 pf 

Output voltage swing Vo + 3.5 Vp • p(max) 
· 4 .5 

Output noise Vn 80 µ V rms BW= 2 kHz 

Fe= 32 kHz 
Signal to noise rat,o SNR 85 dB Vin= 2 Vrms 

' 

('I At maximum Fe • stopband attenuauon . As>14 dB for f<0.49 Fe 
(w,th lpwf = 250 µ A) · passband rippte · Ap = 0.2 db 

• pas!.band gain . Go = • 0 .6 dB 
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TSG8531 

SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 

The TSG8531 is a HCMOS highpass• elliptic filter. 

Main features: 

• CAUER type. 
• 6th order. 
• Stopband attenuation: 32 dB (typ). 
• Passband ripple: 0.15 dB {typ). 
• Clock to eut-off freq. ratio: 400. 
• Clock frequency range: 4 to 1800 kHz. 
• Cut-off frequency range: 10 Hz to 4.5 kHz. 

• According to spectrum aliasing phenomenon, the TSG8531 must be 
considered as a highpass filter only in the range (Fe, Fi/2}, where Fi is 
the internai sampling frequency. 

Ordering informations: 

.Plastic 16 pins plCiagt I TS&lm1XP • 

. Ceraic 16 pins packag,: TS68S31XC • 
• Ctrdip· ·1, pin1 plCtagt r T~ • 
• Plastic 8 pins pidag.· 1 TS68S311XP. 
" XI TaptrltUrt nngt • C : o•c,+ 70'C . 1 : -25•c + ss•c v: ~o•c'+ 85•c N 1 -~•c!+125•c 

Nott I For gener1l chancteristics, SH TS685XX_~~ific1tions. 
For non st111dard qullity ltYtl, consult ~ SEHlaN>UCTEtllS 
9111trll ordtring 1nforution. 
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FILTER SPECIFICATIONS 
Highpass filter: TSGB531; Type: Cauer; Order: 6. 
v-+ = 5 V, V· = · 5 V, T = 25 'C, RL = 5 k Ohm, CL = 100 pF, lpwf = 100 µ A 

Characteriatic Symbol Typ. 

External elock frequency Fe 4 

18001"1 

Internai sampling freq. Fi 2 
900("1 

Clock to cutoff fr. ratio Fe /Fe 400 ~ 1 % 

Cutoff frequency Fe 0.01 
4.51·1 

Passband gain Go • 0.1 
0 .1 

Passband ripple Ap 0 .15 

Stopband attenuation As 32 

Output De offset voltage V off ± 100 

OC level adjustment LVL ± 300 

Level gain LG 0.1 

PVI/F resistance Rpwf 10 
72 

Input current on PVI/F lpwf 50 
250 

V+ supply current I+ 3.5 

V- supply current 1- 3.5 

V+ supply rejection ratio PSRR + 36 

V- supply rejection rat,o PSRR- 48 

lnpul resis1ance. _ ---- - ~ - Rin 3 ... 

lnpur Capacitance Cin 20 

Output voltage sw,ng Vo ... 3.5 
- 4.5 

Output noise Vn 178 

Signal to noise ratio SNR 80 

1•: At maximum Fe: stopband attenuation As> 30 dB for F <0.55 Fe 
{wtth lpwi ::: 250µA) 
passband r,pple Ap = 0.3 dB 
passband gain Go = -1 dB 

Teated 
limita 

0 .4 

30 

7 200 

5 

5 

Unit Conditions . 

kHz !min) 
Khz (max] 

kHz(minl 
Khz (maxi 

-
kHz !min) 
kHz(max) 

dB!minl 
dB (max) 

dB (max) (Fc,30Fc] ; 
Fe:::: 400 kHz 

dB(minl F <o.ss Fe 
Fe:::: 400 kHz 

mV (maxi LVL = 0Volt 

mV 

-
K Ohm(min) 
K ohm(max) 

µA(min) 
µA (max) 

mA(max) Fe:::: 100 kHz 

mA(max) lpwa =OµA 

dB Fe= 40 kHz 

dB Fin= 1 kHz 

MOhm 

pf 

Vp-p (max) 

µv rms BW= 2 kHz 

Fe= 40 kHz 
dB Vin= 2 Vrms 
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TSG8532 

SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 

The TSG8532 is a HCMOS highpass• polynomial filter . 

Main features: 

• CHEBYCHEV type. 
• 6th order. 
• Stopband anenuation: 60 dB (typ). 
• Passband ripple: 0.45 dB (typ). 
• Cloek to eut-off freq. ratio: 500. 
• Clock frequency range: 5 to 1800 kHz. 
• Cut-off frequency range: 10 Hz to 3.6 kHz. 

• Accord,ng to spectrum aliasing phenomenon. the TSG8532 must be 
cons,dered as a highpass filter only in the range [Fe. F,I2], where Fi is 
the internai sampling frequeney. 

Ordering informations: 

.Plntic 16 pin, pack•, Tse32XP, 

.Ctraic 16 pins pacbga· : TS68532XC • 
• Ctrdip 16 pins pacbga I TS68S32XJ, 
.Plntlc 8 pins piekagt : TS685321XP. 

XI T..»trltUrt nngt • C : Ott,+ 70•c 
· I 1 -25'C,t 851C 

v: -40•c,+ ss•c 
N 1 -551C1t1251C 

Nott : For 91fttral chnacttri1tics, SH T~_,,etejf ic1tions. 
For non 1tilldard quality levtl, consult ~ SEHicat>ltTElRS ,.,,.,.1 ordtri119 ,nforutioa, _j 
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'✓ 
'2 7 1

CLK 

i \li.. J 6 OUT 
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FILTER SPECIFICATIONS 
H1ghpass filter TSG8532: Type Chebychev: Order 6 
V..,.=5V. V·=-SV. T=25"C. RL=5k01-im. CL=-lOOpF lpwf ,- l()()µA 

Cha,acteristic Symbol 
1 

Typ . ! Tested Unit 1 
1 j limits 
1 

EKternal clock freQue11cy Fe 1 5 ' kHz (min) 
i 18001") 1 1 kHz (max) 1 

Internai sampl1ng freQuency F, ; 2 5 ! ! kHz (m,n) 

-i-- 900 ( 0 1 
1 ! kHz (maxi 1 ; ....__ 

Clock 10 cutott fr ratio Fe Fe i 500 = : ~ i ' 
-

Cutoff freQuency Fe i 0.01 i 1 
kHz (mini 

! 3.6 (") i 1 kHz (maxi 

Passband ;ain Go · 0 4 

i 
' dB(min) 

0 1" dB (max) 

Passband ripple Ap 0.45 1 08 

i 
dB (maxi 

i 
Stopband anenuation As i 60 i 55 1 dB(min) ! 1 i 
Output DCottset voltage ' V off l : BO ' = 200 ! ,,..V(maxl 

OC level adjustment LVL 1 ~ 75 ' 1 1 mV (max) ' 1 1 

Level gain LG -2' i -
PWF resistance Rpwi 10 K Ohm (min) 

72 
1 

K Ohm (max) 

Input curren1 on PWF 1 lpwi 1 50 ! µ.A (mini 

i i : 250 i µA (maxi 

V+ supply current I+ 34 1 5 i mA (maxi 
' 

V - supply current · I• ' 34 i 5 1 rnA (max) 1 1 ; 

V-- supply rejec11on ra110 PSRR - 49 1 
f dB ! 

V- supply rejection ratio PSRR- 1 46 : dB 

i Input resistance Rin 1 3 i MOhm 

i Input Capac•tance Cin 1 20 1 i pf 

1 Output voltage swing Vo 1 • 3.5 : 1 Vp-p (max) ' ! f 
1 i · 4 5 1 : 

1 
i---O_u_tp_u_t_no_,_s_e __________ -+-___ v_n __ -........_ ----~--- i _ _ _j___ µV rms 

Signal to noise ra110 

("I At maximum Fe 
(wilh lpwf = 250µA) 
passband ripple Ap = 0 .8 dB 
passband ga,n e · 0 8 d8 

î 
Go 

SNR 85 dB 

Conditions 

J T Fc.45 Fel 
Fe= 500 kHz 

F-< 0 25Fc; Fe= 500 kHz 

LVL = 0 Volt 

Fe= 100 kHz 

lpwa = 0µ.A 

Fe= 50 kHz 

Fin= l kHz 

BW = 2 kHz 

Fe= 50 kHz 
Vin= 2 Vrms 

l 
1 

' 

: 

1 

1 
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TSG8550 

SWITCH ED CAPACIT0R 
MASK PROGRAMMABLE FILTER 

The TSG85501s a HCMOS (Quer 

Main features. 

• 6th order. 
• Selectivity factor. Q = 7 
• Gain at center frequency: 0 dB (typ). 
• Low stopband anenuation: 40 dB (typ). 
• High stopband anenuation:l+0 dB (typ). 

• Clock to center freq. ratio: Ltg 
• Clock frequency range f to 1200 kHz 

bandpass filter 

• Center frequency,range:20.SHz to 2.5 kHz. 

Ordering informations: 

.Plntic 16 pins p1Cl1911 T~ • 

. Ctraic 16 pins pac:lage I rse50XC • 
• Ctrdtr · 16 pins p1Cl1911 TS68S50XJ, 
.Plnt C 8 pins pac:lagt 1 _TS685501XP. 

X: T.Ï,Ïnturt rang,• CI O•C,+ 70•C 
. - I r -~'C + es•c 

v 1 --4o•c!+ es•c "1 -55•c,+1~•c 

Nott r For gtntfal chlncttrbtics, SM TS685XX_1e_1Çific1tion1. ; 
For non standard qualiti, lev1l, consult T1ll1S(N SEHiaN>OCmltS 
gtntral ordtring 1nforution. 
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LINEAR HCMOS1 
M.P.F 

SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 

CASE CB-98 

• . . . 
8 

CASE CB-79 P SUFFI X 
PLASTIC PACKAGE 

~I 

1 1 

Ceram,c package (C Suffixl 

and Cerdip pacl(age (J Suffis:) 

are also available 

PIN ASSIGNMENTS 

V a PWF 

V- 2 7 
Cl!< 

LVL 6 OUT 

1'11 5 GND 

8 pin1: FILTER ONlY 

16 NC 

V 2 15 ·EA 

14 SA 

;:._ IJ +EA 

1] ·ES 

11 se 
10 - E 8 

9 PWA. 

16pina FILTER-20P -AMP1 



TSG 8550 

FILTER SPECIFICATIONS 
Bandpass filler : TS 8550; Type : Couer; Order : 6 
v+ = 5 V. v· = • 5 v; T = 25 'C, RL = 5 k Ohm. CL:. 100 pF, lpwf = 5 0 µ A 

Ctlw.ct-.i•lic: Symbot Typ. T .. ted Unit Condition• 
limita 

Eiitemal c:todl frequency Fe -1 kHz (mini 
1200(") llHilmaal 

lnce,MI UfflC)ling fr9Cl"Wld fi o.s kHz (mini 
600("1 kHz fm••I 

Cloclitocellt~ ~- n,.t~ tt/ Fo ~8:t:1% -
Cent• frequency Fo 0.0208 kHzlminl 

lS c•1 kHz(max) 
<I 

Gain .. centw tnquency Go 0 0 dS(m••I Ty9. Go~ - o,1.d6 
--1.~. dS(minl ~.- f'e: f.XlcM:r_ . - ---- ·- .. 

L,., w.toa- ~"·'a Flc. 0.0,2.0.,. ·"Hz.Cm~) Flc: 0,C3H Fo it.., <.•) ltHz (mox-) 

~Ïj~ c...J:off- f,e~u.t.nj I=' h c. 
O,ô'l 1'1 · kHz (rriitt) 

1S.S (*) k .. % (mo-1 Fhc.= I\ .o~ Fo 

-3 de, ~w;dtt, 6YI 0.003 k.,.z:. (,."') 
[~92(, ra, -'l.ol fc] 3,,C S (k) k+h: ("""" J 

1 S.1ectiwity coeff;cient a 7 - Q: Fo/ 3w 
Pllubend ripple A9 0,05 o.:; d8(maal 

l.ow IIQClbend •neflUation Ali lfO.S l+O d8(min) F <o.& fo --Higtl 11C19tN1nd •nenuation Ahl ~o.s ~o dB(minl F >1.24 F0 

0vtput DC offHt vott-oe V off :t 100 :t 200 mV(max) LVl.=O~ 

DC lewet edjustm.,t LVL ± 118 mV(maal 

· l.awl ;.in LG ·-1.1· .. -
PYiF rHitt•nce Rpwf 10 K Ohm(min) 

n K Ot,m (max) 

lr,pul current on F'WF lpwf 50 µA(minl 
2.50 µA(maxt 

V+aupplyament I+ 1-7 5 mA(fflH) Fe = C,6kHz 

V• 1upoly cunent 1- 1.7 5 mACma•I lpwa = OµA 

V+ aupply rejeciion ratio PSRR+ g dB Fe,. lt8 kHz 

V- lupoly re;.ction ratio PSRR- 20 dB Fin= 1 Khz 

Input fffÎlt■nce Ain 3 MOhm 

Input ~it•nc:e Cin 20 pF 

Output IIVll•oe swing 1/o +3.5 Vp-p(max) 
•4.5 

OuqM,t noiH Vn 272. µVrms ~""'" -141., '1! Crwr =- .}'3 r 

78 
Fe= 48 kHz 

Signal 10 noise r■tio SNA dB Vin == 2 1/rms 

( k) i\t mo.,,i"'"""" f~ ~~ybo.od "lt<-n 1.,(1hal) AL~> ~5 d& for ~ ~ o. 8 Fo 
( w;~ ~.,=250fA ") Sh>y \:io.n ci O. tl.t. n U~ ~ • C', r} Ah s ·)' 42. °'& h),-- { "> A.'Z.4 F'o 

P~\çbo." d r; fp\.e Ap = o.!>"~ 
Go.," o.\-· Ct..11k.- ~~ . l;c -=- -...c.Ç~B 
- ~~A bnnc:A"",U~ €:>W-::. ~- À ç le\-\~ l o.'326 ro, .. (os-2 çoJ 
S<-Lio-: .. : .,0 Q -::: 1-.<J 

'll;/0 
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OUTPUT OC VOLTAGE AOJUSTMENT 
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TSG8551 

SWITCHEO ,CAPACITOR 
MASK PROGRAMMABLE FILTER 

The TSG8551 is a HCMOS high selecttvity bandpass filter 

Main features: 

• 8th order_ 
• Selectivity factor: Q ;;:: 35. 
• Gain at center freQuency: 30 dB (typJ.t 
• Low stopband anenuation: 70 dB (typ). 
• High stopband anenuation: 70 dB (typ). 

• Cfock to canter freQ. ratio: 187.2. 
• Clock frequency range: 4 to 3800 kHz. 
• Center frequency range: 22 Hz to 20.3 kHz. 

Ordering informations: 

.Plntie 16 ptn1 pldtgt I TS88SS1XP • 
• Ceraic 16 pin1 plCktgt I TsamlXC • 
• t.rdip 16 pin1 packlCJI I T568551XJ • 
• Plntic: 8" pins padl~ 1 ~· 

X1 T111ptnturt nnge •CI o•c,+.70'C 
I 1 -2S'C t 85'C 
V 1 -40'C1 ♦ .85'C 
11 1 --55•t!+l25'C 1 

Nott : for gentnl chlncttriltie1, Stt TS68SXX s,teification,. 
For non standard quality leutl 1 consult TI01~ SEJ11C{H)OCTEllS 
gtntral orcltrin9 1nforution, . 
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LINEAR HCMOS1 
M.P.F 

SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 

CASE CB-98 

8 

CASE CB-79 P SUFFI X 
PLASTIC PACKAGE 

~ · 

- - -,-- - - -

Ceramic package (C Suffix) 

and Cerdip package (J SuffixJ 

are also available 

PtN ASSIGNMENTS 
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FILTER SPECIFICATIONS 
Bandpass f,lter TSG8551: Type H,gh O. Order 8 
v- = 5 V. V·=· 5 V. T = 25 ·c_ RL::: 5 k Ohm CL::-. 100 pF lpwf:: 100 µ A 

·-,-- ----,---------·- ·-·-· -
Charac1eri11ic 

1 
Externat clock frequency 1 

i 

· Internai samplong '.,eq..,el'lc.~ 

1 Clock tC' Cti!n~er f,.~, 14~1) r~bc 

Center trequency 

Ga•n a1 center frequency 

Select1v11y coeff1c1en1 

Passband ripple 

1 
Low stopband a11enua1Ion 

' High stopband attenuat,on ! 
' Output OC offset voltage 1 i 
! OC Jevel ad1us1men1 1 

' i 
1 Levet ga,n i ! 
1 PVVF resIs1ance 1 

Input current on PVVF 

V.;. supply current 

; V- supply current l 
1 

V+ supply rejection rat,o 1 ' 1 

1 \/. supply reiection rat,o 
1 

i Input resistance 1 

' 
! Input capac,1ance ; 

Output voltage sw,ng 

Output no,se 

S,gnal to no,se rat,o 

• !pwF = 200 µA 
• • '✓alut" d,-·i.cfed bv Ir,e ga,n 

Symbol 

Fe 

Fr 

Fe:Fo 

Fo 

Go 

a 
Ap 

Ais 

Ahs ! 

V off 

LVL 

LG 

Rpwf 
1 

! 

lpwf 

1-

1- ; 

PSRR- 1 

PSRR-

R,n 

C,n 
' 

Vo 

Vn 

$1~R 

Typ. 

4 
3800 r·i 

05 
4 75 ("l 

187 2 = 1 '-

0022 
20.J("I 

30 

35 

70 

70 

=. 100 

~ 70 

· 3 3 

10 
72 

50 
250 

3.8 

3.8 

1 o·· 
19 .. 

3 

20 

-3 .5 
4.5 

56 .. 

90 .. 

! 

i 
1 

1 

1 

1 

i 

1 

i 
! 
1 

J'ested 
limits 

32 
28 

55 

55 1 

:::: 200 

5 

5 

i 

Unit 

kHz (min) 
kHz (maxJ 

kHz (m,nl 
kHz (maxi 

kHz (mini 
kHz (max) 

dB (maxi 
dB (m,n) 

dB (max) 

dB (m,n) 

dB (m,nJ 

mV(ma,c) 

rrw (max) 

-
K Ohm (mtn) 

K Ohm (ma,cJ 

µA (m,n: 
µA (max, 

mA (max) 

mA (max) 

dB 

dB 

M Ohm 

pF 

Vp-p (maxi 

µVrms 

dB 

! 
1 

1 

l 
: 

1 
1 

1 

: 

: 

Conditions 

Fe= 400 ltHz 

F <o a Fo 

F > 1.2 Fo 

LVL =- 0 volt 

Fe = 100 kHz 

lpwa = 0 µA 

Fe= 187.2 kHz 

F,n = 1 Khz 
- -

SW , .· 3 Hz 

Fe = 187 2 kHz 
v,n =- 2 Vrms 

----·---------~-----'-------------
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PHASE RESPONSE CURVE (lN PASS BAND) 
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OUTPUT DC VOLTAGE ADJUSTMENT 
FROM LVL PIN 

8 
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USER'S GUIDE FOR lpwF 
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·EB 

-EB 

SB 

•EA 

-EA 

SA 

SWITCHED CAPACITOR MASK PROGRAMMABLE 
Fil TER (CUSTOM Fil TER) 

., --

THOMSON SEMICONDUCTEURS supplies the first samples 4 to 8 weeks " 
after the customer·s definition of the M.P.F si>e<:ifications. Ali types of 
filters may be provided (BUTTEAWORTH. LEGENDRE, CHEBYCHEV. 
BESSEL. CAUER) for conventional applications (low-pass. high-pass, 
bandpass, notch, group delay equalizers) or for simultaneous optimization 
of the amplitude and phase templates. 

Main featuraa: 

• Technology: HCMOS 1. 
• Available orders:4 to 8 (whatever the type of M.P.F). 
• Input signal frequency range: 0 to 30 kHz 
• Clock frequency range: 1 to 2000 kHz 
• Clock to eut-off frequency ratio: 20 to 400 (depending on the M.P.F 

considered). 
• Signal to noise ratio: 60 to 85 dB (depending on the internai structure 

of the M.P.F considered). 
• Power supply: ±5 V or 0-10 V. 
• Consumption adjustable between 0.5 to 2o ·mw per order. 
• Accuracy of the eut-off frequencies: 0.5%. 
• Response ëü.rves (amplitude-and phase) translatable by changing the 

clock frequency. 

· 011 ._ - ,., _;;th g•r· ·-·"Jre. 

TS~ F 08 BLOCK DIAGRAM 
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bu fier 
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H 

P , _0<1 cle>Ck c1,vrdt, r 

4 

IN 
GND 

----

LINEAR HCMOS1 
M.P.F 

SWITCHED CAPACITOR 

MASK PROGRAMMABLE FILTER 

(CUSTOM FILTER) 

CASE CB-98 

-8 

CASE CB-79 

Ceramic package (C suffix) 

and Cerdip package (J suffix) 

are also available 

P SUFFIX 
PLASTIC PACKAGE 

PIN ASSIGNMENTS 

+ 8 V PWF 

V- 2 7 CLK 

LVL 3 6 OUT 

IN 4 5 GNO 

8 pins: FILTER ONLV 

V+ 16 NC 

15 - EA 

14 SA 

13 +EA 

GND 12 + ES 

11 SB 

10 - EB 

9 PWA 

16 pins : FILTER + 2 OP-AMPa 

-a: 
0 
<.:) -.. .., 
0 
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FILCAD is a software package developed by THOMSON SEMICCNOUCTEURS 
available for all Switched Capacitors Filters designs I M.P.F., 
Standard Cells, Full Custom). 

GENERAL 
PURPOSE 
S.C.F. 
CAD 
TOOLS 

for 
M.P.F. 
Std cells 
Full Custom 

LAYOUT 
CAO TOOLS 
for 
specific 
M.P,F. 

EVA 

1 

---1-
1 
v 

Evaluation 
Theortcal 
synthesis 

--------------------------- SCF 9,ynthesis 
SCF sc:hematics 1 _____ i ____ _ 

SAFIR 
----------~ 

leapfrog structure 
1 
1 

1 -, 
_____ f ____ _ 

SIRENA 

1 
1 
1 

1 

----- ,k ____ _ 
SYCAB 

biquad. cascade 
1 
1 

.SCF simulations 

.Dynamic scalin9 

.Normalization of 
capacitors 
adapted to M.P.F. 

.MONTE CARLO analysis 

-' -- -- --

SCHEMATIC 
CAPTURE 

1 
1 
1 

1 -------------~ ____ J ____ _ 
FACTOR 

P.G. tape 
of specialization mask 

( GDS2 standard) 

> / I 

Automatic 
layout draft 
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TSG 8670 
-.: · 

ADVANCEO INFORMATION 

SWITCII]) CAPACJTŒ 
~ PROGIWtWILE FILTER 

The TS68670 i1 1 tOllS voiœ-gndt œal filttr for 
telephone line interfa. 

001'11 REŒllJE LCWASS FJLTER. 
• rAlD type. 
• 4th orcwr. 
• Stopband 1ttenuation 1 34d8. 
• Pnsband ripplt: 0.3 dB. 
• Clodt to cutoff frtquency ratio : SS.33 
• Cloci frtquency . r11191 1 1 to 1500 kHz. 
• Cutoff fr,quenc, nngf : 12 Hz to 17 kHz. 

OOT21 TiwetlT IWl>fASS FILTEA. 
• 8th orc»r (5th order rMD lt!WPHI + 3rd order CIDYCŒV highpass). 
• S.ltc:tivity factor : Q • 0.22. 
• !!l,per 1topband attenuation r 42d8. 
• Pnsband ripple: 0.2 dB. 
• Cloci to center f requency. ratio 1 342. 
, Cloci frequency rangt 1 10 to 1000 kHz. 
• Canter freqaency ranCJI 1 29 Hz to 2.9 kHz. 

Ordtrin9 inforaations1 

• Plastic 18 pins package I TS68670XP. 
• Ceraic 18 pins pldlagt : TS68670XC. 
• Ctrdip 18 pins pactage: TS68678XJ. 

X1 Taperaturt ranCJI • C: O•C,+ 70•C, 1 1 -zs•c,+ as•c .. __ . __ v : . -40•c.+ as•c , H-: -55,c,+125•c 

Nfl.JTil>E RESP(JQ: CllVE F[l TEI.EPl«K APPLJCATI~ (CU = 256 kHz). 
ô 
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P SUFFIX 
Pt..ASTIC PACKAGE 

PIN ASSIGNMENT 
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QUAUTY CONTROL: a tailored service 

The market for Telecom components is charncterized by its high individual requirements, with wh ich 
THOMSON SEMICONDUCTEURS is more than able to cope: 

• By offering quality levels compatible with the leading international standards: 

-CECC 90000, selection classes D and quality assurance level Y, 
-NFC 96883, selection classes 0, or std, 
-NFC 96020, Ouality Assessment Standard, level Y. . . 

• By ensuring that its semiconduetor products appear on as many Preferential Product Usts and 
Qualified Product Lists as possible . 

.... 

• By deploying the most advanced technology: in the ongoing search for improved performance 
(speed, power consumption, integration, Telecom equipment design demands the use of the most 
modern technologies. These technologies are deployed by THOMSON SEMICONDUCTEURS in 
respect of its standard products as well as its custom activities: · 

t 

SELECTION LEVELS 

Levais D and Standard: 

ln the "Standard" class. THOMSON SEMICONDUCTEURS offers a range of products in ceramic, 
cerdip and metal packages for operation in the following temperau~re ranges: 

• Standard OOC to 700C, 
• Extended -4()0C to +85°C. 

The ','D" level is the standard level with additional burn-in only. 

----------TifOMSON SEMICONDUCTEURS----------

+'-1 
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THE RESOURCES TO ENSURE RIGOROUS QUALITY .CONTROL · 

The strictest possible quaritv control at all levels of the manufacturing process offers the user the best 
guarantee of reliability. · 

Wefer proceulng 

The diffusion workshops are covered by extremèly rigorous specifications in respect of cleanliness and 
the precision with which the various operations are carried out. Production is continuously sampled for 
the purpose of refiability testing. The most stringent requirements are imposed to wafers intênded for mili­
tary and space applications. 

A8Sembly 

Aasembly is carried out _Jn a clean room environment by highly skilled staff using the most sophisticated 
automated equipment. There are a number of possible test and inspection levels: 

e 100% visual inspection (PRECAP), 
• Wire bonding test, 
• Oie attach test, 
e StabUization bake, 
• Temperature cycling, 
• Constant acceleration, 
• Particle impact noise detection test (Pind-test), 
• Seal test. 

Quality uaurence and selection 

Bectrical tests are performed on 100% of devices after selection operations. Apart from sorting parts, 
this test is used to determine the proportion of. circuits defective after burn-in . Application of the 5% 
PDA procedure enabfes the entire production to be reiected where lots show a potential for failures after 
shipping considered excessive. · 

Following the selection operations, the Ouality Assurance staff applies standardized quality monitoring 
procedures in accordance wit.h standard CECC 90,000, level Y. 

······•· 
&Id ___ _ 

.~

-~ ...... " . .. ,•• 

·-~-•' .. . . 
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PACKAGEO PRODUCTS 

D SCREENING CLASS: 

ln accordance with French NFC 96883/class D (and European CECC 9000/class D). this level 
corresponds to "standard screening" products submitted only to an additional bum-in. 

STANDARD OUALITY CLASS: 

Guaranteed level when no specific screening class is required by the customer. 

---------- TifOMSON SEMICONDUCTEURS ----------
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·, · D and STANDARD SCREENINGS -

S,>eclflcatlona 

DIE SEPARATION/ClEANING Internai norm 1•1 
VISUAL INSPECTION 

(100'161 

1 

·I PACKAGE INPECTION Internai norm 1•1 
(by loti 

1 

DIE ATTACH Internai no"" ( • 1 
12 sampling by shift ( 111 

1 

BONDING WIRE INSPECTION Internai nom, 1•1 
(~ sampling by shift ( 111 

1 

WIRE BONDING 
BONO STRENGTH 

12 sampting by shift 11 li 

1 

INTERNAL Internai norm 1•1 
VISUAL INPECTION 

1100'16 + (211 

1 

INCOMING PARTS CLEANING Internai nonn 1•1 
100'16 + (21 

1 

ENCAPSULATION Internai norm 1•1 
STABIUZATION BAKE 

(100%) -

1 

SEAL TEST (fine leakl Internai nonn 1•1 
1100%1 

1 

See next page 
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D and STANDARD SCREENINGS (continued) 

1 

SEAL TEST (grou leekl 
1100%) 

1 

MARKING 
1100%1 

1 

ELECTRICAL 
TEST AT 2S'IC 

1100%1 
1 
1 

BURN-IN 
. (100%) 

1 

POST BURN-IN 
ELECTRICAL TEST AT 25°C 

11Cl0%1 

1 

FINAL ELECTRICAL TEST 

1 

QUAUTY CONFORMANCE 
INPECTION 

1 

DATA REPORT 

1 

PACKING, CONTROL 
BEFORE SHIPPING 

1100%1 

11 l Minimum sample quantity by shift 
121 Lot sampling 

' 

J 

NFC 96883 

Internai norm 

NFC 96883/ P502 
Oevice specification 

----1 "STANDARD" SCREENING STOPS HERE 

168 H • 125°C 

• 

NFC 96883/ E503 

NFC 96883/ P502 
Device speciflcation 

See page 212 

NFC 96883 

TlfOMSON SEMICONDUCTEURS 

-

to 



1 

D and STANDARD QUALITY CONFORMANCE INSPECTIONS 

The following tables comply with the NFC 96020 norms. This norm is quite similar to the MIL-STD--883 
quality conformance inspection from which it differs only on minor points. 

Lot acceptance tnt 
The group A and B testa are performed on each lot (NFC 96020-Y levelJ 

Quallty conformance Inspection for .... mbty proc ... and technologlH 
Theu tests an, acc:omplished with a periodicity of 3 or 6 months. 
We penorm practlcally aft the tests of group C. as defined in the French standard NFC 96020. adopting methods compatible 
with book VII of methocfic documentation of the CCT IUTE C00-192}. 

Tests of groups A and B (Y leve0 of the French Standard NFC 96020 
performed on each lot 

DIVICES ANALOG LOGIC 

CLAIS STANDARD• D STANDARD• D 
LEVELS LEVELS 

Su• TESTS NFCNOZO IMtMc1ioft AOL LTl'D 
MGlpt. .,_.. ..,..._. ..... " criwa 

A1■ Eal9ffial .... , 1111paetlon 8.1 
M■rlling confonn■flœ 6.1.1 Il 0.4 3 2/3 

A1b M«:h■ nic:■I inoc,e,■li- 6.2 Il 0.25 3 1/2 

A2 Function■I lftt ■t'25°C Il 0.15 
or ■, T9 mu l"I 

Ali Main IUtic Inti 

■t 25°C Il 0.4 31°1 1/2 
A3b Compl■met,t■,y I utlc 

("! 

*'" ■i 25°c 
T·m■•. 

A4■ Function■l · end m■in IUtiC Or,,ic:e 
18111 ■t m■aifflvm rn■d spocification 
oper■ting •mperatur■ 

S4 1 
A4b Func~I and m■in IIAIIÎC 

tesu •t minim..rn r■lled No- Not■st 

oper■ting amp■r■ture 

AS M■in ctvn■mic tel11 !1("1 
., 25°C No Nit Notai @.' 3/4 

or II T° m.u l"I T"m■IL 

DEVICES ANALOG ■nef LOGIC 

Subo STAHDARD/Cl.LEVl!LS 

trOUP TESTS"" NFCN020 ...__cri_la 
,wf.....,. t Sample linl . « « 

inlpectlonl...i1 AQL" 

B1 Pllysic■ I dimensions 6.3 11 0/1 

B2 So4 denbi lity M302 32 1/2 

B3 S-1 tnt IForc.-.ity pec;kegesl M303 1 1 " 

Periodical test table 
S... Tests NFC II020 Simple -p ref•-§ "'" 

Aocep. 
criteN 

Cl S.COnd■,y physical dimen• 6.3 Il sions..,.;,n, 0 
--··-- - . -·-- .. ··-- -

C2 M■rking ruistance 
1
1 M 306 10101 .. nt, 18 

C3 Terminal strtngth ,- M304-- 1B 

C4 . ~-:::.:ne;;;; IOlde<i,.; -;-· t -~ ;;; - 1 'l'!i- · 

. Tharmal shoc:k1 : C 20J 1 1 

>- -,. 7 
111 ::::::,:::

1
heo~ --~:: _ 1 _ .__ __ .... 

CS llibrauon, • bum1>1 M 308 1 18 1 

~: . Const•;::•;;:t~---•···-:: i 18 : 
IIIHdy 111111 (JI 

,., __ -·-- ------· ' 
CB Life lltst 1000 H Il . E 401 Qf E 403 : S 

hi9h t ■rnper■tur■ 141 land devico spec.: 2 
1,,---~---------◄----- • 

HiQh t.,,,e:Mtr•ture 
StOr"'ilf 

C9 · E 402 18 

CIJ C 202 8 

These tests ilre 1CCompli1hed with il periodicity of 3 or 6 
months. 
They r119roup pr1Ctically all the testl of group C. • de· 
fined in the French standard NFC 96020, adopting me• 
thods compatible with book VII of the CCT methodic 
documentation (UTE C00-192). 

111 For plHUC packa9n 
121 For cerom,c 1nd me111 91■11 1>1ck1991 

(JI 10 dl VS lor 904d pl1ttd le-
56 dlVS for ton pllttd le■dl Of ton dopped le-

(41 Ma• Junct1on 1empentu,• 1S0aC fa, cav11y PKYQll'I 
1 J0°C for ptastoc pack1ge1 

151 AccOf'c:lttwl 10 pi1ck~ lonoe • v•11I 
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SEMI CUSTOM . ~ 
FILT.ERS 

. 

JT,SIGI F,0,811,0.0IAIVJ , PIE 1 /1 A, B, C J 
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, ~ THOMSON SEMICONDUCTEURS 1 

SALES HEADQUARTERS 
43, AVENUE DE L'EÙROPE. 
78140 VELIZY-VILLACOUBLAY 
TEL. (1) 39 46 97 19 / TELEX 204 780 F 

INTERNATI.ÔNAL SALES NETWORK 
SLJ BSf DIARI ES. (October 1985) 

•AUSTRIA 
THOMSON-csF EJektronlKM Anlagen GmbH 
Lûtzowgasse 12-14 
1140 WIEN 
Tel (222) IM.62.82 Telex : 135572 TCSF WA 

li 

■ILGIUM and The NITHl!RLANH 

TMOMSON S.A.-N.V. 
363 Avenue Louise B.P. 10 
B-1050 BRUXELLES 
Tel (2) 6-46.6".85 Telex 23113 THBXL B 

u+zlL 
THOMSOH-CSF Componentea do Brufl 
Avenida Roque Petroni JR 5-N Brooldln 
SAO PAULO CEP 04707 
Tel. (55 11) 542.47.22 Telex 1124226 TCSF BR 

CANADA 

THOMSON-CSF Canada Ud 
Oepattement Semiconducteurs 
1000 Sherbrooke ouest 
suite 2105 
Montréal H 3A 3G4 
Tel. (t.514) 288.41.48 Telex 5560248 TESA FlLMLT 

FAR EAST ASIA 

THOMSON-CSF Far Eaat Ud _____ _ 
Granville Road 
EnertY Plaza Building 
Units 1.2.3 A, 6 floor 
Tsimshatsui East 
.KOWI.OON 
HONG KONG 
Tel. (3) 721.96.82 Telex 40766 HW TCFE 

FRANCE 

THOMSON SEMICONDUCTEURS 
43, avenue de l'Europe 
78140 Vl:LIZY•VILLACOUBLAY 
Tel.: (1) 39.46.97.19 Telex TCSF 204780 F 

GERMANY (WEST) 

THOMSON-CSF Bauelemente GmbH 
Perchtinger Str 3 
0-8000 MUNCHEN 70 
Tel. (089) 7879 0 T elex 522916 CSFD 

ITALY 

THOMSON-CSF Componentl 
Via M. Gioia 72 
1-20125 MILANO 
Tet (2) 699.41 Telex 330.301 TOMC0-1 

llfOMSON-<:SF Componentl 

Via Sergio '· 32 
00185 ROMA 
Tel. (8) 83.90.248 Telex 620683 

JAPAN 

THOMS0N-CSF Japart K.K. 
Components Depl" 
TBR Bldg 715 
Kojlmachl 5-7 
Chiyoda-KLI 
TOKYO 102 
Tel. (3) 264.63.48 Telex 2324241 THCSF. J. 
SOUTH un ASIA 

"FHOMSON-CSF Componenta SEA 
Units 50-70, 4TH Floor, Blod< 15 
998 Bendemeer Road 
Kallang Basin lndustrial Estate 
SINGAPORE 1233 
Tel. (85) 295.31.24 Telex RS 38124 TC SEA 

SPAIN 

THOMSON-csF ComponentN y Tuboa 
DMalon SemiconductorN 
Calle Albacete, 5 . 
28027 MADRID 
!'el..: (1) 405.18._15 !._~ex 46033 Telefax (1) 404 60 02 

THOMSON-CSF Componentu y Tuboa 
Pofigono lndustrlal Fontsanta Montilla, 5 
San Juan Despi 
BARCELONA 
Tel. (3) 373.30.11 1'elex 53077 Telefax (3 ) 373 38 50 

SWEDEN 

THOMSON-CS,: Komponenter & EJektronrOf AB 
Sandhamnsgatan 65 Box 27080 
S-10251 STOCKHOLM 
Tel. (08) 63.50.60 Telex 120.78 THCSF S 

UNITED KINQDOM ancl IRELAHD 

THOMSON-CSF Componenta and Matarlala Ud 
Ringway House Bell Road 
DANNESHILL 
BASINGSTOKE • HANTS AG 24-0QG 
Tel. (256) 29.155 Telex 858865 

U.S.A. 

THOMSON-CSF Componenta Corporation 
301 Route 17 North 
Rutherford NJ 07070 
Tel. (1.201) 438 23 00 
Telex 710 989 72 86 

For aH othef countries please contact: THOMSON Compo■anta Export 101, bd Murat 1 75781 Paris Cedex 16 - France 
TeJ.: (1) 47.43.96.40 I Telex: TCSF 204780 F 



. ~ ,: : INTERNATIONAL SALES:_ NETWORK::: :.-itt.il ttC:li:•i.t -~ 
DISTR.I BUTORS (October ~-985) . . . .. . '··-·; . . ~- _·· . -· 

ARGKNTINA 

CORTE 
Sgo del Estero 
6434 Pl8o . 
1075 BUENOS AIRES 
Tel. 38.00.10.61718 Twx 21 992 CORTE 

AUST11AUA 

CONSULAUST INTERNATIONAL PTY LlD 
P.O. Box 357 
734 RiYer9d.ie Road 
CAMBERWEU. VIC 3124 
Tel. 03-838.25.66 Twx 37455 CONAUS M 

■aLGIUM AND TH■ N■Tltl!RUNDS 

INELCO 
94, avenue de Guerre 
B 112G-Bruxeflea 
Tel. 02.218.01.80 Telex 64 475 

ITT STANDARD BELGIUM 
componenta and wnfconductora group 
Rue Antoine-Court 15 · 
1080-SRUXELLES 
Tel. ~424.28.00 Twx 22901 ITT MUL 

ALCOM ELECTRONICS BV 
Hollandsch Diep 57 
2904 EP • CAPELLE MN DE IJSSEL 
Tel. 010.51.93.33 Twx 26160 

ITT STANDARD NETHERLAND 
-Phllïpsstraat 27 
2722 NA ZOETERMEl:A-- - - ­
Tel. (31) 79.41.02.24 Twx 32 336 

CANADA 

FUTURE ELECTRONICS 
237 Hymus blvd., Point Claire, 
QUEBEC H9R5C7 
Tel. (514) B94.n10 Twx 610.421.3500 

82 Sl Regis Cresent, North 
Downvieu, ONTARIO, Canada M3J 123 
Tel. (416) 638.4n1 Twx : 610 491 1470 

Dl!NMARK 

SCAN SUPPLY 
18-20 Nannasgade 
OK 2200 • COPENHAGEN 
Tet (01) 83.50.90 Twx 19037 SCAPLY OK 

EQYPT 

ALAG TRADING 
3 Amiralay Hussein Gad Street 
HELIOPOLls-GHARB 
LE CAIRE 
Tel. 690.667 Twx 93031 CHF UN 

FAR ■AIT ASIA 

JARDINE TECHNICAL PRODUCTS UMrTEO 
Wor1d !rade centre 
P.O. Box 30748 CÀUSEWAY BAY 
HONG KONG 
Tel. 5.837.38.88 T elex 60004 JTPHK 

FINLAND 

A LAIKKO OY 
Kolmu Llr4• 18822 
00530 HEl.SINKI 53 
Tel. (0) 75.04.14 Telex 125200 

FIIANC■ 

Il'~ ............ 
ALMEX 
48. rue de r Aubépine 
Z.I. 92160 ANTONY 
T61. (1) '46.66.21.12 Télex 250067 

GALLEC 
40, rue de Fontenelles 
92000 NANTERRE 
Tél (1) 47.7.U6.86 Télex 613232 

GEDIS 
352, Avenue Georges-Clemenceau 
92000 NANTERRE 
Tel. (1) 42.04.04.04 Télex 615051 

MECOOIS 
31, rue de Metz 
94700 MAISONS-ALFORT-- ·-
Tél. (1) 43.7B.30.00 Télex 262061 

PEP 
541, avenue du Général-de-Gaulle 
B.P. 309 
92143 ClAMART CEDEX 
Tél (1) 46.30.24.56 Télex 204534 

SILECICODtCOM 
52, rue des Carrières 
B.P. 43 
94222 CHARENTON 
Tél. (1) 43.75.95.92 Télex 680363 

TCC-015 
30, av. de la République 
94800 VILLEJUIF 
Tél. (1) 46.n.81.71 Télex 260743 

TeKELEC-AlRTRONIC 
6, avenue Salvador-.\llende 
93804 EPINA Y CEDEX 
Tél. (1) 48.21.60.44 Télex 630260 

523, place des Terrasses 
91034 EVRY CEDEX 
Tél. (1) 60.77.82.66 Télex 691158 

Bureau des Arcades 
424 La Closerie - Clos Mont d'Est 
93160 NOISY-LE-GRAND 
Tél. (1) 43.04.62.00 Télex 220368 

·, 
-t : 

l 

1 
j 
1 
1 
1 



- .. ~: ~ . - . 0t• dee BruytrN. rue c.-Vemet 
8.P. 2 
m10 SEVRES 
Tel. (1} 45.34.75.35 T61ex 204552 

' ·· s.· .... du Bourbonnais 
78310 MAUREPAS 
Tél. (1) 30.62.00.58 Télex 698121 

Nord 

DIRECT 
Immeuble Le Tertial 
1, rue dee Promenades 
B.P. 11 
59110 LA MADELEINE 
T61. 20.55.58.03 T61ex 120934 ' 

SI.ECISIOE 
Avenue Robert-schuman 
C2 R611dence de l'Europe 
59370 MONS-EN-8AAOEUI. 
T61. 20.04.75.08 T61ex (734) 160450 

TEKELEC-AIATRONIC 
Immeuble Mouln 2 
5, rue du Colibri 
59650 VILLENEUVE-O'ASCQ 
Tél. 20.05.17.00 Télex 160011 

bt 

SELFCO 
31, rue du Folaé-des•Trelze 
67000 STRASBOURG 
T61. 88.22.08.88 Télex 890706 

SILEC/DEL 
Rue de l'Escault 
Z.I. de Dijon • St-Apollinaire 
21000 DLJON 
Tél. ·eo.71.57.45 Télex 350833 

- -·~LECISLRD _ _ 
36, rue des Jardins 
Le Ban·St·Martln 
B.P. 1 
LONGEVILLE-LES-METZ 
57023 METZ CEDEX 2 

• 

Tél. 87.32.53.12/87.32.26.22 Télex 660177 

SILECICODICOM 
Rue du Grand-Véon 
10000 TROYES 
Tél. 25.82.17:43125.82.17.32 

TEKELEC-AIRTRONIC 
1, rue Gustave-Adolphe-Him 
67000 STRASBOURG 
Tél. 88.22.31.51 Télex 880765 

Rh6ne-Alpea 

AJ..MEX 
Nor1y 2 
Route des Peupliers 
69750 DARDILLY 
Tél. 78.66.00.66 Télex 375187 

GEOIS 
21, rue des Glairons 
38401 SAINT•MAATIN-D'HERES 
Tél. 76.51.23.32 Télex 980788 

e. avenue du ~ 
69350 LA MULATIERE -' .. ,, 
Ttit. 78.51.47.88 T61ex 3055$4 

PEP 
191C, avenue Saint-Exup6ry 
69500 BRON 
Tél. 78.00.70.02 Télex 340855 

SILECIDEL 
lmmlutlle Le l.odlac 
40, avenue de la Maverla 
74000 ANNECY-LE-VIEUX 
Tél. 50.23.17.29 Télex 309261 

ZAC. du Rondeau 
Impasse du Oocteur.Pascal 
38431 ECHIROUES CEDEX 
Tél. 76.22.05.09 Télex 980938 

8, rue des FfW'89 L-.t-E. Bertrand 
69632 VENISSIEUX CEDEX 
Ttit. 78.00.86.97 TELEX 340189 

TEKELEc-AIATAONIC 
22, rue de la Bal'ae 
89100 VILLEURBANNE 
Tél. 78.84.06.08 

ZIRST IV 
Chemin des Pm 
38240 MEYLAN 
Tél 76.41.11.36 T61ex 980207 

OuNt 

ALMEX 
lfMl8Uble Armorique 
171, avenue de Vern 
35100 RENNES 
Tél. 99.51.66.16 Télex Al.MEX RN 741034 F 

COMPOSANT.S S.A.. 
9, rue du ~-Nicolet 
B.P. 1466 . 
35015 RENNES CEDEX. _ _ .. 
Tél. 99.50.-40.40 Télex 740311 

DIRECT 
151-153, mute de Constantine 
B.P. 4012 
76201 ROUEN CEDEX 
Tél. 35.98.40.43 Télex 770842 

GEDIS 
9, rue du Général-Nioolet 
B.P. 558 
35006 RENNES 
Tél. 99.50.18.60 Télex 740056 

SILECISIOE 
Résidence Front-de-Seine 
41, quai du Havre 
76000 ROUEN 
Tél. 35.98.22.99 

SI LEC/RIME 
Aue de la Outée 
B.P. 38 
~ SAINT-HERBLAIN 
Tél. 40.46.12.00 Télex 710084 

TEKELEC-AIRTRONIC 
20, avenue de Crimée 
B.P. 2246 
35022 RENNES CEDEX 
Tél. 99.50.62.35 Télex 740414 



c....... et c.ntre-OuNt 

AUYERLEC 
Z.I.. 2, rue de rlndustrte 
B.P. 2 
83800 COURNON-O'AUVEAGNE 
T61. 73.&4.76.62 Télex 390926 

COMPOSANTS S.A. 
Z.I., Allée de la Détente . 
116381 CHASSENEUIL-OU-POITOU CEDEX 
Tél. 49.52.88.88 Télex 791525 

CJEOIS 
1, rue du Danema,1( 

· 37100 TOURS 
Tél. 47.41.78.46 Télex 750785 

Atluf ......... ldl-PyrNN• 

ALMEX 
Immeuble • Centreda • 
Awnue Dldler-Oaurat 
31700 BLAGNAC 
Tél 81.71.11.22 Télex 521370 

COMPOSANTS s.A. 
Parc Industriel Ber90I 
B.P. 81 
Avenue G.-Elffet 
33605 PESSAC CEDEX 
T61. 58.38.4'0.40 Télex 550896 

55, avenue Louis-Bréguet 
31400 TOULOUSE 
Tél. 81.20.82.38 TtMex 530957 

SILECISPELEC 
55, boulevard de Thibaud 
31084 TOULOUSE CEDEX 
T61. 81.41.05.00 Télex 530777 

SODIMEP 
18, rue des Cosmonautes 
B.P.4345 
Z.I. du Palays 
31038 TOULOUSE CEDEX 

"TIi. 81.54.34.54 Télex 530737 

TEKELEC/AIRTRONIC 
Immeuble • La Montesquieu • 
Avenue Président-Kennedy 
33700 MERIGNAC 
Tél. 56.34.&4.11 Télex 550569 

22/24, boulevard Thibaut 
310&4 TOULOUSE CEDEX 
Tél. 81.40.83.94 Télex 520374 

Prov ... ~e-C6t• d'Azur 

COMPOSANTS S.A. 
Bureau 3000 
Avenue Eugène-Oonadei 
BAt. B 
06700 ST-LAURENT•OU•VAR 
Tél. 93.07.TT.67 Télex 461481 

DIMEL 
Le Marino, avenue Claude-Farrère 
B.P. 1153 
83058 TOULON CEDEX 
Tél. 94.41 .49.63 Télex 430093 

GEDIS 
Mercure C 
Z.I. d'Aix-en-Provence 
13763 LES MILLES CEDEX 
Tél. 42.60.01.TT Télex 420683 

=~ f1;~~ÔJi~f 
Plan de Campagne , ' :.,-: 
13170 LES PENNES-MIRABEAU 
Tél. 42..02.91.08 Télex 440078 

TEKELEC-AIRTRONIC 
eatlment • La Mercure • 
AvenueAmpàr11 
B.P. TT 
13782 LES Mill.ES CEDEX 
Tél. 42.24.40.45 Télex 440928 

GIRIIANT AND AUSTRIA 

EL!CDIS RUGGABER QMBH 
Hertk:nllr. 41 
7250 LEONBERG 
Tel. 07152/6020 Telex 724192 

ECS FREHSDORF GMBH 
Ceil-Zella-Str. 3 
2085 QUICKBOAN 
Tel. 04108/71058 Telex 213893 

METRONIK GMBH 
Kapellenstr. 9 
8025 UNTEAHACHING 
Tel. 0891'811406063 Telex 529524 

RSC-HAlBLEITER GMBH 
lnduslrieltr. 2 
7536 ISPRINGEN 
Tel. 07231/8010 Telex 783650 

RTGI ELEKTAONIK GMBH 
MAridacheslr. 82a 
4600 OORTMUND 1 
Tel. 0231/528421 Telex 8227323 

SETRON 
Scnlffer Elek1ronlk GmbH 
Theodor·Heuss-Str. 4b 
3300 BRAUNSCHWEIG 
Tel. 0531/80011 Telex 952812 

SPOEALE ELEKTRONIK KG 
Mu-Planl<-Str. 1-3 
6072 DREIEICH 
Tel. 08103/3040 Telex 417 983 

ELBATEX GES.M.B.H. 
Endresstr.54 
A-1238 WIEN 
Tet 0222/685611 Telex 0133128 

MAJCONIK A. LUCINI AND CO.OE 
90 Achilleus Street 
KALL.ITHEA - ATHENS 
Tel. (30) 941 .93.29 Telex 219150 MAKO GR 

INDIA 

MELTRON 
(MAHARASHTRA ELECTRONICS CORP.LTD) 
Plot 214 - Backway Reclamatlon 
Raheja/Center 13th Floor 
Nariman Point 
BOMBA Y 400 021 
Tel. 240538 Twx. 0114506 

( 
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,,. 

INDONUIA 

PT GENERAL EKA ENQINEER"S CORP LTD 
.A. Tanah Abang IV H0'19 
JAKARTA 
INOONESIA 
Tel. 361608 Tix -46761 TTGE 1A 

IIIAN 

FARATB. 
PO Box 11/1882 
21 Kandovlln AIiey Opp. VIiia 
Enghelabaw 
TcHERAN 
Tel. (98) 21.67.00.01/5 Twx 213071 FARA IR 

ITALT 

ADVECO 
Vla-Latluada. 20 
20135 MII.N«> 
Tel. 02.545&465 Telex 3'40118 

CAMU. 
Via Tiziano, 18 
20145 • MILANO 
Tel. 02.4881481 Telex 325237 

ELEDRA 
Viale . Elvezla, 18 
20154 MILANO 
Tel. -~751 Telex 332332 

LASI 
V. Le Lombatdla, 1 
20092 • CINISEU.O BA1..SAMO (Ml) 
Tel. 02.8120441 Telex 331810 

MECOM 
Via Ognisaantl, 83 
35100 PNXJVA 
Tel. 049.655811 Telex 430402 

REe011- -· 
Via E. Collamarini, 22 
40136 BOLOGNA 
Tel. 051.534883 Telex 511818 

RG2 
Via Cassini, 81 
10129 TORINO 
Tel. 011 ·584826 

JAPAN 

INTERNIX 
Shif1luku Hamada Bldg. 7◄·7, Nishi Shinjuku, 
Shlnjuku-lul, TOKYO 160 
Tel. Tokyo "('03) 369.1101 Telex J26733 

RtKEI 
1 •26-2, Shlnjuku, Nomura Bldg Nishi Shlnjuku•ku 
TOKYO, 160 
Tel. 03.345.1141 Tetex J24208/J23n2 

MCM JAPAN KK 
Maison L-203 1 • 1-6, Sakurashlnmadli-Setagaya-ku 
TOKYO 154 
Tel. 03.705.5611 
Telex 02466416MCM JPNJ 

MARUEI 8HOJt KK . · 
Asahl Selmel Mllaka Bldg, 1-6-7, ~ 
TOKYO . ,... - ' · .· ·- · 
Tel. ·0422..54.8800. . 

Mll!XICO 

COBRA ELECTRONICA SA 
Cale CUluhtemoc 312 
Col l..l>eraclon 02930 
MEXICO 15 OF 
Tel. (52) 5.355.59.34 Telex 1772108 COELME 

NORWAY 

TAHONICINS 
POltboka140 
l(aldbefcken 

~2 
OSLO 9 
Tel. (02) 18.1&.10 
Twx 73f17 

PHIUPPINU 

EDGE~ MARIŒTlNG CORPORAnON 
5TH FUI, Pacifie Bank B6dg, 
0, Paredee Slrtet, CP.O. Box 2429 
BINONOO, ~ILA 
Tel. 471541/8 Telex RCA 27993 EDAMC PH 

PORTUGAL 

SOCOM RUALDO 
Rua S. Jose 9-15 
P-USBOA 2 
Tel. (351) 19.37.34.81 Twx 16447 CA8l.E RUALDO 

IOUTH UIIICA 

PACE ELECTRONICS COMPONENTS PTY 
P.O. Box ,701 • lsando 1600 
TRANSVAAL 
Tel.. 36.12.11.S 'Twx 8 3196 SA 

80UTN un 'AIIA 

CONY ELECTRONIC PRIVATE LTD 
10 JaJan Besar 03-25 
Sim Um Tower 
SINGAPORE 0820 
Tel. 296.21.11 Twx 34808 AS 

294.09.05 

SOUTH KOREA 

BUK SUNG TRADING COMPANY 
HO 301., Bo Sung Bldg, 
952-54, Cod( Saiwoong. 
GURO-KU, SEOU~ . 
KOREA 
Tet 654.1362.63.64 Tix 0801 26925 

SPAIN 

VECTOR ESPAftA S.A. 
TORRE DE MADRID 
Pza de Espatla-18-7'°-0F 16 
MADRID 13 
Tet. 248.25.65126.75 Telex 49331 vect. 



~ .. .... . SWEDIEN 

FERTRONIC AB 
Box 30351Dalvagen 12 
S17103 SOlNA 
Tel. 8.830060 Twx 11181 FERTAON S 

TH'S ELEKTRONIK AB 
Box 3027 
Amlndevagen 36 
16303 • SPANGA 
Tel. (08) 36.29.70 Twx 111-45 

SWITZERLAND 

MOOULATOA S.A. 
Konlzatruse . 194 
CH-3097 BERN-LIEBEFELD 
Tel (31) 59.22.22 Twx 911 859 MOBECH 

TAIWAN 

HUGE CO LTD 
10/F, nO 95, SEC -4 
Nanklng e roac1 
TalpeVTalwan 
Tel. (02) n1.5373-5/Tx 25619 Huge Co 

THAILAND 
GRAWINNER COMPANY UMITEO 
'l2.6l?:1 Phahonyolhln Road 
Phyathal 
BANGKOK 10-400 
Tel. 278-3-411 • 279.7292 T1x 87.155 GWN TH 

TURKrt 

B~KEY SANAY MALZEMELERI 
T emsilcillk ltd Sir1ceti 
P .O. Box 58320 Slsly 
OSMANBEY • 1ST AMBUL 
Tel. 48.91.-47 • -47.97.40 Twx 23401 HEN TA 

EPAS ELEKTRONIC:S MAMULLERJ-­
Pazar1ama AS 
Abideis Hurriyet Cad. 
Mecidlye Koy y Olu 268 Sisli 
ISTAMBUL 

• 1 ~ 

Tel. -47.73.58/48.94.33/48.94.3-4 Twx 22092 MOV TA 

UNITED KINQDOM AND IRELAND 

ABACUS ELECTRONICS PLC 
Kennet House Pembroke Road 
Newbury 
BERKSHIRE 
RG13 ,ex 
Tel. 95.30680 Tix 847589 

BLOOMER ELECTRONICS COMPONENTS 
9-10 C8m industrial Estale 
Pottadown Co. Armagh 
NORTHERN IRELAND 
Tel. 0762.339818 Tix 748054 

E.S.t. 
Signal House 
Jacklins Lane 
NEW ALRESSORD HANTS SO 249 JJ 
Tet. 096.273.4611 nx 4n621 

5o 

Hl TEK Dlatr1butlon Ud 
Trafalgar way 
BAR HILL 
CAMBRIDGE CB 3 8SQ 
T61. 095-4.81996 Twx 8173-47 

HYCOMPIADDON 
11 Shleld Road 
Alhford Industriel Estate 
ASHFORO MIOOLESEX 
Tel 078-4.24.62.73 T1x 923802 

POLAR ELECTRONICS LTD 
Europa HousetWest Street 
Leighf0n Buzzard 
BEDFORSHIRE LU n NO 
Tel. 0525.3n.093 Tix 825283 

PAONTO ELECTRONICS 
486-478 Cranbrook Road 
GANTS HILL • ILFORO 
ESSEX 
Tel. 01.554.6222 Tbc 8954213 

SEMICONDUCTOR SPECIAUSTS 
C8rroll House 
159, H'igh Street· 
West Drayton 
MIOOLESEX 
Tel. 08954."6415 Tix 21958 

STEATITE MICAOELECTRONICS 
11 th Floor Hagley House 
Hagley Road • Edgbaston 
BIRMINGHAM 816 &aN 
Tel. 021.454.2655 Tix 337645 

TRANSWORLD SC1ENTIAC 
Richardson Street 
HIGH WVCOMBE • BUCKS 
Tel. 0494.36381 Tix 837236 

UNITED COMPONENTS L TD 
Victo,y Electronics DMsion 
Unit 7 Crown Way 
West Drayton 
MIDDLESEX UB7 8PS 
Tet 0895.446622 Tix 8952920 

USA 

ACI ELECTRONICS 
200 Newton road, PLAINVIEW, NY 11803 
Phone: (516) 293-6630 Twx: 510-224-6550 

345, Passeo Tesoro, WALNUT, CA 91789 
Phone: (213) 331-0735 Twx: 910-584-4893 

124 Cummings Pari< 
WOBURN, MA 01 888 
Phone: (617) 935-7230 Twx: 710-348-1672 

66 west Mount Pleasant avenue 
LIVINGSTON N07039 
Phone: (201) 740-033,4 Twx: 710 990_ 1274 

AOD ELECTRONICS 
7 Adler Drive, NE., SYRACUSE, NY 13057 
Phone: (315) 437-0300 



ALL AMERICAN SEMICOtcDUCTOR 
18 251 N.W. 5-4#1 AY«Ue 
MIAMI, FL 3301◄ 
Phone: (305) 821-8282 

2908 Oregon court IUlte G-2 
TOAAANCE, CA 90503 
Phone: (213) 320-0240 Twx: 91()-3.(9-6204 

ANllfEM ELECTRONICS 
17◄ Com"oueut DrM, SAN JOSE, CA 95131 
Phone: (408) 946-8000 ·Twx: 910-338-2038 

170M East Weber 0rtYe. TEMPE, AZ. 85381 
Phone: (602) 966-6600 Twx: 91G-380-1900 

2661 Dow Avenue, l\JSTIN, CA 92680 
Phone: (71 ◄) 730-8000 Twx: 91~1583 

20640 8ahema Street. CHATSWORTH. CA 91311 
Phone: (818) 70o-1000 Twx: 910 ~2083 

8200 SO, Akron St, ENGLEWOOD, CO 80112 
Phone: (303) 790-4500 Twx: 910-925-5273 

15812 so. West ·Upper- Boone Ferry Roed. 
LAKE OSWEGO, OR 97034 
Phone: (503) 68◄-2681 

5020 1 ◄81h Avenue NE. REOMONO, WA 98052 
Phone: (206) 881-0SSO Twx: 91CMl87-0118 

1516 West 200 S 
SALT LAKE CITY, UT 8◄119 
Phone: (801) 973-8555 

◄ 125 Sonw1lo Valley BIYd, Suite A. 
SAN DIEGO, CA 9221 
Phone: (619) 279-5200 Twx: 910-335-1515 

ARIZONÀ COMPONENTS 
2901 W Mc: Dowell road 
PHŒNIX • AZ. 85009 
Phone: (602) 269-5655 

CAMIRPC 
7◄9 Miner Road, CLEVELAND, OH 44143 
Phone: (216) ◄61.◄700 Twx: 810-427-2976 

1712 No. State Aoute 427 LONGWOOD, Fl 32750 
Phone: (305) 834-2031 · 

Cumberiand & Collins Street PHILADELPHIA. PA 19125 
Phone: (215) 739-4095 FAX: 634-5505 

620 Alpha Drive, RIDC Pari<, PITTSBURGH, PA 15238 
Phone: (◄12) 782-3TTO Twx: 710-795-3126 

1020 Leigh station road AOCHESlER, NY 14467 
Phone: (716) 334-5600 

CECO COMMUNICA TlONS 
2115 avenue ·x·, BROOKLYN, NY 11235 
Phone: (212) 646-6300 

DIXIE ELECTRONICS 
1900 Bamwell Street. COLUMBIA. SC. 29201 
Phone: (803) TT9-5332 

Box 8215 Suncrest Drive, GRAY. TN 37615 
Phone: (615) 4TT-3838 

4900 Pelham Road, GREENVILLE, SC. 29207 
Phone: (803) 297-1430 

2220 S. Tryon Street. CHARLOTTE. NC 28234 
Phone: (704) 377-5413 

(ECI) ELECTRONIC COMP. FOR INDUSTRY 
1569 W. King Street, YORK, PA 17404 
Phone: (717) 846-5334 

ELECTRC>-WISE INC. 
44118. &ange! 0rde 
HUNTSVUE. AL 35805 · · 
Phone: (205) 83CM764 

FUTURE ELECTRONICS 
225 Charc0C Avenue 'SAN JOSE, CA 95131 
Phone: (408) 945-9100 

33, Fllnders Road WESTBORO, MA 01581 
Phone: (817) 366-2◄00 

89 N0f1h Slreet DANBURY, CT 06810 
Phone: (203) 743-9594 

7453 Mcx;an Road' LIVERPOOL, NY 13088 
Phone: (315) 451-2371 

2250 So. Redwood Road SALT LAKE CITY, UT 8◄119 
t · 

Phone: (801) 972-84891(800) 343-8755 · 
Tix: 626-304-00 

GENERAL RADIO SUPPL Y 
600 Penn SCreet, CAMOEN, NJ 08102 
Phone:(0)9&4-8560 

GREENE-SHAW ·co 
70 Bftdge. Sll98t NEWTON. MA 02195 
Phone: (817) 969 8900 Tix: 92·2◄98 

1475 Whldley Avenue, NEW HAVEN CT 06525 
Phone: (203) 397-0710 

HANSEN ELECTRONICS 
t 

1.7889 S.W. Tualatln V..., Hwy. BEAVERTON, OR 97005 
Phone: (503) 642-◄◄55 

INTERNATIONAL ELECTRONICS 
10937 Pellicano, EL PASO, TX 79935 
Phone: (915) 598-3406 Twx: 910-989-0628 

2820 •w Broadbent, ALBUOUEROUE, NM 87107 
Phone: (505) 345-8127 Twx: 910-989-0628 

INTERTEC COMPONENTS, INC. 
762 Big Trae Drive LONGWOOD, FL 32750 
Phone: (305) 834-7TT7 

FrAL-
1S.COS Proctor K<le., CITY OF INDUSTRY, CA 91745 
Phone: (818) 968-8515 Tlx: 70-111-2 

JOEL COMPANY 
612·111h Avenue So • HOPKINS, MN 55343 
Phone: (612} 935-6202 Twx: 910-576-3171 

JV ELECTRONICS 
690 E Main Snet EAST HAVEN, CT 06512 
Phone: (203) 469-2321 Twx: 710-474-4826 

155 West Street WILMINGTON, MA 01887 
Phone: (617) 273-4300 

LEHIGH ELECTRONICS COMP., INC. 
1125 S. Cedar Crest Blvd. ALLENTOWN, PA 18103 
Phone: (215) 433-3045 Tlx: 8◄-6035 

MS ELECTRONICS 
8031 Cessna Avenue GAITHEASBUAG, MD 20879 
Phone: (301) 921-0200 Tix: 374-64-52 

NEP ELECTRONICS 
8300 W. Addison Street, CHICAGO, IL 60634 
Phone: (312) 625-8400 Twx: 910-221-1123 

2604 So. 162nd Street 
NEW BERLIN, WI 53151 
Phone: (414) 785-9100 m 



t 

NWR ELECTRONICS 
7862 12th Avenue Sou1h, BlOOMINGTON,. MN 55-420 
Phone: (612) 854-7329 Tix: ~ 

P. O. Box 687, Hwy. 189 No. & 131h Street 
HIBBING. MN 557'46 

9900 PIium Road, Suite 37 
LENEXA, KS 66215 
Phone: (913) 541-0304 

OHM ELECTRONICS 
7'46 Vermont Awnue, PALATINE HILL. IL 60067 
P.O. Box 368 
Phone: (312) 359-5500 Twx: 91<Hl93--C802 

PACESETTER ELECTROHICS 
SC3 Weddell Drive, SUNNYVALE. CA 94086 
Phone: ('408) 734-5470 Twx: 910-339-9559 

5417 E. La Palma ANAHEIM. CA 92807 
~: (213) 233-5800 Tbc 55-9175 

PREHLER ELECTAONICS 
20770 Ord1M1 Lake Road FAAMINGTON HIUS, Ml 48024 
Phone: (800) 321-5982 

17991 eigtewood DrM, MIOOlSURG Helgt1la, OH 44130 
Phone: (216) 243-5510 

PRIEBE ELECTAONICS 
12908 N.E 125th way KIRKLAND, WA 98034 
Phone: (208) 821--ee&S Twx: 910 U◄ 4085 

QUAUTY COMPONENTS 
4257 Kellway Ckde, P.O .. b 819, AOOISON, TX 75001 
Phone: (214) 733-4300 Twx: 910-860-5459 

2427 Rutland Drive, AUSTIN, TX 78758 
Phone: (512) 835--0220 Twx: 910-874-13n 

6126 Westllne, HOUSTON, TX n036 
Phone: (713) 491-2255 

1005 lndustrial Blvd., SUGARLAND, TX n478 
Phone: (713) 2~2255 Twx: 910-880-4893 

9934 E. 21 st, SOUTH TULSA. dk 74129 
Phone: (918) 664-8812 

SOUD STATE, INC 
'46 FIITWld Street, BlOOMFIB.D, NJ 07003 
Phone: (201) 429-8700 Twx: 710-994-47ll0 

STERLING ELECTRONtCS 
3540 D Pin Americen Freeway ALBUQUERQUE, NM 87107 
Phone: (505) 884-1900 Tix: 66-0441 

3501 East Brodway Road PHŒNIX. AZ. 85040 
Phone: (602) 268-2121 Twx: 910-95H555 Tix: 66-7317 

n4 Pfelaler 8111d. PERTH AMBOY, NJ 08861 
Phone: (201) 442-8000 Tir. 13-6679 

4325 November -Avenue RICHMOND, VA 23231 
Phone: (804) 226-2190 Tix: 82-7444 

101 Holly Awnue E., Unit 17 SlcAUNG, VA 22170 
Phone: (703) 450-2373 

50 So. Main Slr9et WALUNGFORO, CT 06492 
Phone: (203) 265-9535 

41 WWMty Oeka Road WALTHAM, MA 02154 
Phone: (617) 894-6200 Tbc 92-3438· 

7304 So Mon Way, &lllek, ENGlEWOOO Co 80112 
Phone: (303) 796-7338 Twx: 910-935-0715 

VAHTAGE COMPONENTS 
23 Sebago Street CUFTON, NJ 07013 
Phone: (201) 667·1840 Twx: 710-989-1-401 

ZEUS COMPONENTS • 
1130 Hawk Clrcle, ANAHEIM, CA 92807 
Phone: (213) 924-0454 Twx: 910-591-1696 

100 Midland Avenue, PORT CHESTER, NY 10573 
Phone: (914) 937.7400 Twx: 710-567-12'46 

· RF GAIN LTD - - ----- - - · -- - --
116 Sot.Ch Long 8-:1'1 Bllld., AOCKVILLE CENTER NY 11570 
Phone: (516) 536-6868 Twx: 510-225-7508 

RM ELECTRONICS t 
1801 Royal Lane, Suite 800 DALLAS, TX 75229 
Pt-.one: (214) 869-2080 

180 Ctossen EU< GROVE. IL 60007 
Phone: (312) 364-M22 Twx: 910-851-3245 

4310 Roger B. Chaffee Road, GRAND RAPIDS, Ml 49508 
Phone: (616) 531-9300 Twx: 810-273-8779 

7031 Corporate Circle Drive 
JNDIANAPOLIS, IN 46278 
Phone: (317) 291-7110 Twx: 810-341-3306 

4902 University Square HUNTSVILLE. AL 35805 
Phone: (205) 852-1550 Twx: 810-726-21TT 

2626s 162nd St., NEW BERLIN, W1 53151 
Phone: (414) 784-4420 

3350 Scott Blvd SANT A CLARA, CA 95051 
Phone: (-408) 496-0411 Twx: 910-338-2208 

SHANNON LTD 
7030 S. 188th Street, KENT, WA 98031 
Phone: (206) 763-0545 Twx: 15-2575 



ADVANCE INFORMATION 

The TSG8751 is a HCMOS high selectivity bandpass filter 

Main features: 

• 4th order 
• Selectivity factor O = 25. 
• Gain at center frequency G0 : 20 dB (typ.) . 
• Low stopband attenuation: Go: - 65 dB {typ.) at f < 0.3 t0 
• High stopband attenuation: Go: - 65 dB {typ.) at f > 3 t0 
• Clock to center freq . ratio : 60 
• Clock frequency range: 1 .5 to 720 kHz. 
• Center frequency range: 25 Hz to 12 kHz . 

Ordering informations : 

• Plastic 14 pins package: TSG8751XP . 
• Ceramic 14pinspackage : TSG8751XC . 
• Cerdip 14 pins package:TSG8751XJ. 
• Plastic 8 pins package: TSG87511XP. 

X: Temperature range = C : 0°C + 70°C 
1 : - 25°C + 85°C 
V : - 40° C + 85° C 
M :- 55°C + 125°C 
T: - 40°C + 105°C 

Note : For general characteristics, see TSGF04 specifications . 
For non standard quality level , consult THOMSON SEMI­
CONDUCTEURS general ordering information. 
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PSUFFIX 
PLASTIC PACKAGE 

CB-98 

-. . , 
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Ceramic package (C Suffix) 

and Cerdip p3ckage (J Suffix) 

are aise available 

PIN ASSINGNMENTS 

CLK M 

PWA 

OUT 

14 pins: FIL TER l Op-Amp 

8 PWF 

7 CLK IN 

6 OUT 

5 GND 

8 pins : FIL TER ONLY 
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PWA 

POWER ADJUST 
FOR OP. AMP. 

SELECTION 
MODE 

OUT 

TSG8751 

BLOCK DIAGRAM 

OUTPUT S/H 
BUFFER 

TTL/CMOS 
LEVEL CLOCK 

PWF 

POWER ADJUST 
FORFILTER 

FILTER UNIT 
OROER UP TO 4 

LVL 

OUTPUT 
DC LEVEL 

INPUT S/H 

NON OVERLAPPING 
CLOCK GENERATOR 

SCHMITT TRIGGER 
OSCILLATOR 

i-------iMASKPROGRAMMABLE 

CLK IN 

QUARTZ 
OSCILLATOR 

CLK R 
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GND v-
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STG8751 

Fil TER SPECIFICATIONS 

ELECTRICAL OPERATING CHARACTERISTICS 
Tamb = 25°C, V+= 5 V, V - = - 5 V, RL = 5 kû, CL= 100 pF. IPWF = 50 µA 

(unless otherwise specified) 

Characteristic 

External ctock frequency 

Internai sampting freq. 

Clock to center fr. ratio 

Center frequency to = (fic , fhct 2 

Gain at center frequency fe = 60 kHZ 

'PwF =5oµA 

Low eut off frequency Fic= 0 .98 fo 

High eut off frequency the = 1.02 t0 

- 3dB Sandwich [0.9Bt0 . 1.0210 ] 

Quality factor Q = fo BW 

Low stopband attenuation 1<o.310 

High stopband attenuation t >3 10 

Output OC offset voltage 
LVL = 0 V 

IPWF = 50 µA 

OC tevel adjustment 

Level gain 

PWF resistance 

Input current on PWF 

te =60 kHz 
Suppty current tpwf =soµA 

IPWA =OµA 

Supply rejection ratio fe =60 kHz 
fin= 1 kHz 

Input resistance 

Input capacitance 

Output voltage swing 

Output noise BW = 1 kHz 

Signal to noise ratio 
fe =60 kHz 

VtN=2Vrms 

(*) 
(*.) 

At maximum fe (with lpwf = 150 µA) :· f8 / fo = 61 ± 2 % 
Value divided by the gain. 

Symbot Min. 

f e 1.5 

f 1 0.75 

fe te 588 

to 0.025 

Go 19 

1tc 0 .0245 

1hc Q.0255 

BW 1 

Q -
Ais Go - 63 

Ahs Go - 63 

V off -

LVL -

LG -

Rpwf 20 

lpwf 50 

I+ -

1- -

PSRR ... -
PSRR - -

R1N -

C1N -

Vo -

VA -

SNR -

THOMSON SEMICONDUCTEURS 

Typ . Max. Unit 

·- 720 (*) kHz 

- 360 (*) kHz 

60 61.2 -

- 12 ( •) kHz 

20 21 dB 

- 11.76 kHz 

- 12.24 kHz 

- 480 Hz 

25 - -

Go - 65 - dB 

Go-65 - dB 

±100 ± 200 mV. 

±67 - mV 

3 - -

- 72 kÛ 

- 150 µA 

1.6 3 mA 

1.6 3 

30 ( • • l - dB 
31 ( • • l -

3 - MÛ 

20 - pF 

+ 3.5 - VPP 
- 4.5 

91.8(* ., - µv rms 

66 - dB 

3/10 
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TSG8751 

TYPICAL AMPLITUDE RESPONSE CURVE 

AMPLITUDE (dB) 
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AMPLITUDE (dB) 
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TSG8751 

TYPICAL PHASE RESPONSE CURVE IN PASSBAND 

PHASE (deg.> 

+ao 
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0 .98 
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~ 
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TYPICAL GROUP DELAY CURVE IN PASSBAND 

NORMALIZED GROUP DELAY (SEC . Hz) 
NORMALIZED GROUP DELAY 

(GROUP DELAY= EXTERNAL CLOCK FREOUENCY ) 

600 

550 

500 
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400 
0.98 1.00 

NORMALIZED FREOUENCY 
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TSG8751 

TYPICAL OUTPUT DC VOL TAGE ADJUSTMENT FROM LVL PIN 

2000 VôuT (mV) 

1500 

1000 

500 

- 750 -600' -450 -300 
LVL 

150 300 450 600 750 (mV) 

-500 

-1000 

-1500 

-2000 

USER'S GUIDE FOR IPWF AND RPWF CHOICE 

F8 (KHz) 

1 
NON RECOMMENDED - ZONE 

- -
cuRVE 

- ---~ UM coNSUMPT\ON -- ----- QP1ïM 

-
----

-- ZONE OF CORRECT -
FUNCTIONING WITH 

_ OVERCONSUMPTION _ 

1 

50 75 100 125 

72 50 35 28 

THOMSON SEMICONDUCTEURS 

150 

20 

IPWF (µA) 

RPWF (kH) 
Connected 10 GND 

~ 



TSG8751 

CLOCK OSCILLATOR 

The TSGF04 base accepts external compatible TTL/CMOS 
clocks on CLKIN pin and provides an internai oscillator 
performed either by RC or crystal connected between 
CLKIN and CLKR pins. 

The clock selection mode is provided by CLKM pad which 
can be connected to V- or GND voltage levels. This con­
nection is realized by two means, depending on the package 
type chosen: 

The different possibilities are: 

two internai oscillator modes : 

with 14-pin package, via pin CLKM . 
with 8-pin package, by internai connection readily per ­
formed, only on custorn filters. 

(Note that CLKM pin connected to V+, allows the select ion 
of the internai crystal-controlled oscillator, but the selec­
tion by CLKM connected to V- is recommended) . 

CR 
RC 
Crystal 

.------t C L K R 

~ 
CLK R 

R 
ç 

v- ~-----1 C LK IN 

three external clocks : 
- low-TTL 

high-TTL 
CMOS 

The "low-TTL" and "high-TTL" clock levels are : 

Low-TTL 

High-TTL 

v- ----1 CL K M 

GND 

N .C. CLK R 

Clock ------1 CLK IN 
,nput 

CLK M 

GN O 

R 
C1N 

.r CLKIN 

v- CLK M 

GND 

-:- 10 V (resp. T 5 V) 

5 V (resp. 0 V) 

0 V (resp . - 5 V) 

..- 5 V (resp . -'- 10 V ) 

0 V ( resp -:- 5 V) 

5 V (resp . 0 V ) 

For each package version, the following tables resume , the 
availability of the different clocks, in terms of the power 
supply . 

nally set to GND voltage, except in the case of CMOS clock 
and 0-5V power supply, where CLKM is internally connec­
ted to V - voltage . 

Note that in 8-pin version, the clock mode (CLKM) is inter• 

8-pin package 14-pin package 

0.5V 0 . 10 V -5. + 5 V 0 . 5V O. 10 V -5 . + 5 V 

Low-TTL NO C C Low-TTL NO C C 

High-TTL NO YES YES High-TTL NO CLKM = GNO CLKM = GND 

CMOS C YES YES CMOS CLKM = v- CLKM = GND CLKM = GND 

AC mode NO NO NO AC mode CLKM = v- CLKM = v- CLKM = v-

Crystal mode NO NO NO Crystal mode CLKM = v- CLKM = v- CLKM = v-

C = Customization option 

ntOMSON SEMICONDUCTEURS 
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TSG8751 

ELECTRICAL OPERATING CHARACTERISTICS: 

WITH DUAL SUPPLY VOLTAGE: 
T amb = 25° C, V+= 5 V , V - = - 5 V, GND = 0 V , (unless otherwise specified) 

CLKM Characteristic Min . Typ . Max. Unit 

GND Threshold voltage 1 .5 - V 

External clock frequency 5 MHz 

RC MODE: 
High threshold voltage on CLKIN 1 1.25 1.5 V 

Corresponding voltage on CLK R -5 .• V 

V- Low threshold voltage on CLKIN 1.5 - 1.25 - 1 V 

Correspondong voltage on C LK R +5 - V 

Oscillator frequency - - 5 MHz 

Resistor 2 - 10000 kil 

Capacitor 0 - 47 nF 

CRYSTAL MODE: 
Oscillator frequency - - 5 MHz 

V- Resistor - 1 - Mil 
Capacitor CR 10 - 100 pF 

Capacitor C1 N 10 - 30 pF 

WITH SINGLE SUPPLY VOLTAGE: 
Tamb = 25° C, V+= 10 V, V - = 0 V, GND = 5V, (unless otherwise specified) 

CLKM Characteristic Min. Typ. Max. Unit. 

GND Threshold voltage 6.5 - V 

External clock frequency - - 5 MHz 

RC MODE: 
High threshold voltage on CLKIN 6 6.25 6.5 V 
Corresponding voltage on CLK R - 0 - V 

V- Low threshold voltage on CLKIN 3.5 3.75 4 V 
Corresponding voltage on CLK R + 10 - V 

Oscillator frequency - - 5 MHz 
Resistor 2 - 10 000 kil 

Capacitor 0 - 47 nF 

CRYSTAL MODE : 
Oscillator frequency - - 5 MHz 

V- Resistor - 1 -- Mil 
Capacitor CR 10 - 100 pF 

Capacitor C1N 10 - 30 pF 

WITH SINGLE SUPPLY VOL TAGE: 
Tamb = 25° C, V+= 5 V, V - = 0 V, GND = 2.5 V, (unless otherwise specified) 

CLKM Characteristic Min . Typ. Max . Unit. 

GND Threshold voltage - 3 .8 - V 
E xternal clock frequency - - 5 MHz 

RC MODE: 
High threshold voltage on CLKIN 3 3.2 3.4 V 
Corresponding voltage on CLK R - 0 - V 

V- Low threshold voltage on CLK IN 1.5 1.8 2 V 
Corresponding voltage on CLK R - + 5 - V 

Oscillator frequency - - 5 MHz 
Resistor 2 - 10 000 kil 
Capacitor 0 - 47 nF 

CRYSTAL MODE: 
Oscillator frequency - - 5 MHz 

V- Resistor - 1 - Mil 
Capacitor CR 10 - 100 pF 
Capacitor C1 N 10 - 30 pF 

8/10 
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TSG8751 

With internai RC oscillator mode, the user's guide for 
R and C choice is given by following curves and for 

both supply voltages; 0-5 V, 0-10 V. 

F(Hz) 
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TSG8751 

PHYSICAL DIMENSIONS 

CB-2 
mm 

--~+----''-+~-+-'•~ e f e 

1 

• 8.5mo, . •I 

• 0 38 
• 0.508 

" 

Or 

19.9mox. 

OIN 

A50B T0-116 

CE 1 D.A.l .A. 

121 
• ! • 

L1. 

Ditum 

o, 

OIN 

ASOD 
CEi 0.A.l .A. 

1 

0.51 min. 

1.77 ma .11. . _J.62 ,_ (2) 

' 

. 

( 1) Nominal dimension 

(21 True geome1rteal position 

6.35 
(1) 14 p;ns 

' T0-116 F 105 CB-2 P SUFFI X 
JEDEC SITELESC PLASTIC PACKAGE 

CB-98 

. ,. ~ ... o, .,,,, 

~ 
" · 57 max 

· _ ____ , _ ~ 

0.351 tJ 

! 

JEDEC 

f 1 J N(>l"f'l:1NI d1mem,on 

t21 Tn.,e 990m~1riul ~•tion 

F 116 A 

SIIElESC 

8 pir11 

' CB-98 
P SUFFI X 

PLASTIC PACKAGE 

These specifications are subjet to change without notice. 
Please inquire with our sales offices about the availability of the different products. 
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Printed in France 
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TSGF SERIES 
MASK PROGRAMMABLE FILTERS -~~---•-- ANALOG SWITCHED CAPACITOR FILTER ARRAYS 

SEMICONDUCTEURS 

ASIC PRODUCTS 

FEATURES 

• HCMOS Mask Programmable slivitched capacitor 
Filters : fast Design turn-around time (5 to 6 weeks 
average), thanks to gate array approach. 

• J ntegration of any kind of classic, non-classic fi lters : 
Bandpass, Lowpass, Highpass, Band Reject .. . 
Cauer, Chebychev, Butterworth, Legendre .. . 

• Filter order :from 2 to 12. 
• Cascadable structure : higher order achievable. 
• No external components required to realize the filte­

ring function. 
• Additional options available on chip : 

- uncommitted Op-Amps (for anti-aliasing and/or 
smoothing filters, half or full wave rectifier ... ) ; 

- internai divider (sampling frequency generated 
from external clock) ; 

- output sample-and-hold. 

ORIGINALITY 

• TSGF series provides : 
- leapfrog structure for very low sensitivity filters ; 
- cascadable biquadratic cells for non-classic filter 
design. 

SUPPORT 

• TSGF series fully supported by "FI LCAD" ® CAO 

HCMOS 

MPFs 

software from filter synthesis and simulation up to 
layout. 

• Application notes. 
• Evaluation 'Boards. 

CHARACTERiSTICS 

• Input Signal Frequency : 0 to 30 KHz 
• Signal to Noise Ratio : 60 to 85 dB 
• Power Supply : dual± 5 V 

single 0 -10 V 
single 0 - 5 V 

• Adjustable Power Consumption : 0.5 mW to 20 rnW 
per fi lter order. 

• Ouality factor : up to 50 
• Pass-band gain : up to 40 dB 
• Input sensitivity: lmVRMS (min) 

TSGF SERIES PRODUCT RANGE 

Part Number of Uncommitted Output 

Number on-c:h ip filters F ilter order Op-Amps Clock Sample-and Packages 
Hold 

1 nternal oscillator* external* 
PDIP 8-14 pins 

TSGF04 1 2 to 4 1 TTL/CMOS levels driving CDIP 14 pins 
SO wide 16 pins 

1 clock input internai PDIP 8-16 pins 
TSGF08 1 4 to 8 2 CDIP 16 pins TTL/CMOS levels driving SO wide 16 pins 

2 clock inputs external* PDIP 16-18-20 pins 
TSGF12 1 or 2 8 to 12 2 CDIP 16-18-20 pins TTL/CMOS levels driving SO wide 18-24 pins 

• Optional 

FILTERING SOLUTION WITH GATE ARRAY TECHNIQUE 

TSGF series is a family of Mask Programmable Filters 
_ (MPF s) developed by Thomson Semiconducteurs. 

The TSGF product range is composed of 3 switched 
capacitor filter base arrays, TSG F04, TSGF08 and TSG Fl 2 
providing filter integration capabilities from 2nd to 
12th order. 

TSGF04/08/12 are using "gate array" technique : the 
filter customization is achieved only by the fif"al metalli­
zation mask. 

Therefore TSG F series provide users with filter integra­
tion solutions with very fast design turn-around time : 
5 to 6 weeks up to delivery of full tested prototypes. 

TSGF04/08/12 base arrays provide on chip ail necessary 
functioris to realize all kind of filters : 
- transconductance amplifiers 
- switches 
- capacitor fields 
- sample-and-hold 
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- non overlapping phase generator 

Additional on-chip integration capabilities are offered by 
TSGF products such as : 
- prefiltering and post filtering functions antialiasing 
and smoothing filters) 
- cosine filter 

output sample-and-hold driving 
- power consumption adjustment 
- output DC level adjustment. 

TSGF series provide users a fast and complete design solu­
tion for their specific filter circuits resulting in highly ac­
curate and reliable products thanks to switched capaci­
tor technique. 

But Thomson Semiconducteurs' filtering approach is not 
only limited to the Mask Programmable Filter (MPF) 
products. 

Users are given : 

• Standard Device Filters which are general purpose 
filters designed by Thomson Semiconducteurs from the 
3 TSGF base arrays. 

TSG 87xx developed on TSGF04 filter array (2nd 
to 4th order) 
TSG 85xx developed on TSGF08 filter array (4th 
to 8th order) 
TSG 86xx developed on TSGF12 filter array (8th 
to 12th order). 

Refer to data sheets of these standard fi lter products. 

• "Gate Array" Filters which are the TSG F04, TSG F08, 
TSG F 12 fi lter arrays dE!scribed in this data sheet. 

• "Standard Cell" Filters 
By offering TSGF-like macrocells in its librarv, the 
mixed analog/digital TSGSM Standard Cell family also 
provides fi ltering capabil ities and then can ex tend 
integration possibilities offered by TSGF series. 
For example higher than 12th order filters or circuit 
combining filters with digital and analog functions on 
the same chip are achievable with TSGSM Standard 
Cells. 

SWITCHED CAPACITOR TECHNIQUE 

Thomson Semiconducteurs' TSGF products are active 
filters where resistors are replaced by capacitors which are 
switched at a frequency, named sampling frequency (Fil-

v1 ~,_5_1 _______ ✓c>-5_2 ____ v2 

<P I 1 
C1. r 

FIGURE 1 

Figure 1 is showing the basic principle of switched capa­
citor technique. 

The 2 switches (S1 and S2) are controlled by 2 comple· 
mentary and non overlapping clock phases. 
Du ring the phase <P = 1 (S1 on, S2 off) the charge stored in 
C1 is : 

O1=C1.V1(1) 

Du ring the phase <P = 1 (S1 off, S2 cr11) the charge stored 
in C1 becomes : 

02 = Cl .V2 (2) 

1 
During a complete clock period Ti = - =</)+if) the trans· 

f d h 
. Fi 

erre c arge 1s : 

6 0 = 01 - 02 = C1 (V1 - V2) (3) 

Du ring this Ti period, this charge flow is equivalent to a 
current, 1 : 

6 0 = Cl (Vl - V2) = 1. Ti (4) 

C1 (V1 - V2) 
1 =Cl.Fi (V1 -V2) =---- (5) 

Ti 

Comparing (5) with Ohm's law applied to a resistance 

Vl -V2 
l=---(6) 

The equivalent resistor is then : 

Then, with (7), a RC product becomes : 

R 

Ti 
Req =-(7) 

C1 

C 
Req. C =-.Ti (8) 

C1 

SWITCHED CAPACITOR FIL TER BENEFITS 

1 n active filters, the time constant is fixed by the R C 
product but the component values R and C used with the 
Op-amp are absolutely uncorrelated : so triinmings, tunings 
are very often needed to obtain an accurate template. 
On the other hand, with switched capacitor networks, 
only capacitor ratios are used. These ratios are obtained 
with capacitors integrated on the same chip. The available 
accuracy is 0.1 % ta 0.5 % whatever.the temperature con­
dition may be. 
As the time constant is fixed by capacitor ratio, fully 
integrated filters are achievable without triming. ln addi· 
tion, as shown in (8) the time constant RC is proportional 
to the sampling period Ti : the filter eut-off frequency can 
be shifted by tuning the sampling clock frequency without 
any change on the shape of response curves. 

SWITCHED CAPACITOR FILTER FEATURES 

KEY POINTS RESULTS 

• Monolithic filter . • Board size reduction 

• The coefficients of the filter transfer function are completely • High Accuracy template. 
determined by : • Stability in temperature and time . 
- a single crysta1 controlled clock frequency • High order filter achievable . 
- and ratioed capacitors • No adjustment . • Fully HCMOS integrated filters • Clock tunable cutoff frequency . 

• Switched capacitor filters are sampled-and-hold circuits. • Low Power . 

• No external components. 

• Ease and safety of use . 

• Antialiasing prefiltering is required if the input signal is wide 
band. 

• Smoothing post filtering may be used ta avoid spectral rays 
a;ound the sampi ing frequency. 

TltOMSON SEMICONDUCTEURS 
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SWITCHED CAPACITOR FIL TER AR RAY 
ARCHITECTURE 

Ana log switched capacitor fi lter arrays, TSG F series, are 
processed with a 3.5 µ/2 polysilicon layer/1 metal layer 
HCMOS process. 

Thomson Semiconducteurs offers 3 filter base arrays, 
TSGF04, TSGF08 and TSGF12, providing filtering 
capabilities from 2nd to 12th order. 

The 3 arrays are designed around a "Universal biquadratic 
filter cell", Thomson Semiconducteurs patented. This cell 
consists of 2 adder integrators using a transconductance 
amplifier, switches, and capacitor fields. Fields of capa­
citors are composed of hundred unit capacitors (0-1 pF) 
and then provide high and accurate capacitor values. 

Figure 2 shows the TSGF08 chip, outlining all functions 
available on TSGF filter arrays : 

Universal 2nd order Filter Cell. 
Clock divider generating internai sampling frequency 
from external clock. 
Non overlapping phase generator. 
1 nput Sample-and-Hold. 
Uncommitted free Op-amps. 
Power consumption Adjustment cells for filter and 
Op-amps. 
Output Sample-amJ-Hold. 

The internai sampling frequency Fi can be set from 
500 Hz to 700 KHz by an external oscillator (or an inter­
nai one with TSG F04 base wafer). 

When the external available clock frequency is higher than 
700 KHz, the set of Mask Programmable dîviders by 2 îs 
used to adapt the external clock frequency to the sam­
pi i ng frequency. 1 n any case the externat clock frequency 
must be lower than 5 MHz. 

As the ratio Fi/Fe between sampling frequency Fi and 
selected filter frequency Fe is a constant, designers can 
move the filter characteristics (central or eut-off frequency) 
only by tuning the clock. 

A 10 V power supply, either O V and 10 V, or - 5 V and 
+ 5 V, gives the best performances : maximum output 
swing of 8 V. The TSG F filters can also operate with a 
standard 0/5 V power supply. 1 n that case the maximum 
output swing is 2.2 V. 

Typical power consumption is 0.5 mA per filter order. 
This power consumption is user adjustable between 
0.1 mA and 2 mA with an external resistor, depending on 
the frequency range. 

The power consumption adjustment is also provided to 
the uncommitted operational amplifiers : the bias current 
must be increased when a high gain - bandwidth product 
is required. 

""""l'l11UUE (,tilll 

0 .00 t---------~-

-1 2'. 00 

-24. 00 

->o. 00 

loon, ,,. ,,., twl1 \,M,1\11 

-.ie. oo 
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FIGURE 3.A - TSG 8512: 7th OROER CAUER LOW-PASS 
FIL TER 

These uncommitted Op-amps give the designer the capa­
bility to create auxiliary circuits like voltage gain, prefil­
tering and post filtering functions hait or full wave rec­
tifier functions,or local oscillator (Refer to Application 
notes AN-061, AN-069, AN-070, AN-075). 

The offset voltage of TSGF products is typically a few 
millivolts, with a 300 mV max depending of the filter 
fy~. . 

Moreover, there is a possibility to adjust the filter output 
DC levels, thanks to an external bias voltage applied on 
"LV l" pin. Automatic offset compensation can be done 
by mean of one uncommitted on-chip operational ampli­
fier, as indicated in Application note AN-069. 

The TSGF products feature a high input impedance 
(typ. : 3 MS2) and a low output impedance (typ_ : 10 D) 
allowing then cascadable filter network in order to achieve 
higher than 12th order. 

The output buffers are configurated as sample-and-hold 
amplifiers which can drive a 1 KH load resistance and a 
100 pF load capacitance . 

On the TSG F04 and TSG F 12 an external sample-and­
hold clocking allows to connect the filter output directly 
to an analog to digital converter (Optional; see fig.7) 

ln addition some particular switched capacitor cells have 
been implemented on the first 2 integrators of each chip 
allowing realization of special functions like; 

cosine filter 
complementary high pass filter 
exact bilinear leapfrog filter. 

BENEFITS 

With the TSGF series of Thomson Semiconducteurs, 
designers are given unique "Gate Array" filter products 
for the replacement of their passive/active tilters or the 
design of new filters . 
The TSG F04/08/12 provide then with gate Array techni ­
que 3 complete arrays where all functions necessary to 
realize the filter function and its external circuit environ­
ment are available on chips. 

The switched capacitor process permits the realization of 
very accurate and fully integrated filters and breaks down 
the equipment production costs by providing fully tested 
filters parts : tuning or adjustment of external compo­
nents are no more necessary with TSGF series. 

Figures 3A, 3B is showing 2 examples of Standard Filters 
designed with the TSGF08 matrix. 

) 

AJ.lf'lllUOE 1"61 
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FIGURE 3.B TSG 8551 : 8th OR DER HIGH-0 BAND.flASS 
FILTER (0 =351 
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APPLICATIONS 

TSGF products from Thomson Semiconducteurs can inte­
grate all filtering functions (replacement of active or 
?assive filters ... ) and then can be implemented very quickly 
mto an application/equipment requiring a filter with a 
maximum input signal frequency of 30KHz. 

Mask Programmable Filters (MPFs) typical applications 
are : 
- aud io filtering/processing 

signat/frequency detection 
scrambling/coding 
spectrum analysis 
process control 
remote control 
harmonie analysis 
equalization 
frequency tracking 

alarm systems 
robotics 
anti-knock system 
data acquisition (before A/D and after Dl A converters) 
automatic answering 
inwarding 
spreech processing 
security system (coding, recognition) 
sonar detection 
mobile radio 
modems 

BLOCK DIAGRAIVIS 

Figure 4 outlines the mean features and options offered by 
each of the 3 MPF arrays by showing TSOF04,TSGF08 
and TSGF12 block diagrams . 

ntOMSON SEMICONDUCTEURS 
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TSGF SERIES 

PIN DESCRIPTION 

The table below gives the pin description of the 3 MPF 
arrays, TSGF04 TSGF08 and TSGF12. The pin assign­
ment is given for the extended and complete version of 

each array, it means with all the available on-chip options 
connected to the package. 

Name PIN TSGF04 TSGF08 TSGF12 Function Description 
type No No No 

v+ 1 1 1 1 Positive supply 

v- 1 2 2 2 Negative supply 

LVL 1 6 3 LVL1 5 Output DC Filter output DC level adjustment when connecting 
LVL2 20 level adjustment a potentiometer between v+ and v- with its middle point 

to LVL. When no adjustment is needed, LVL pin is 
connected to GND. 

IN 1 7 4 IN1 4 Filter input 
IN2 9 

GND 1 8 5 8 General ground v+ + v-GND voltage = 
2 

OUT 0 9 6 OUT1 6 Filter output 
OUT2.7 

CLK 1 See 7 CLK 1 10 Clock input TTL/CMOS level compatibilitY 
CLKIN CLK211 

PWF 1 14 8 12 Filter power adjustment Filter power consumption can be chosen by connecting 
a resistor between PWF and GND (or v+). Stand by mode 
is obtained by connecting PWF to v- (or non connected) 

PWA 1 10· 9 13 Op Amp power adjustment Idem PWF but for Op Amp (PWA) 

-EB 1 - 10 14 lnverting input 
Op Amp B 

SB 0 - 11 15 Output Op Amp B 

+EB 1 - 12 16 Non inverting input 
Op Amp B 

+EA 1 5 13 17 Non inverting input 
Op Amp A 

SA 0 4 14 18 Output Op Amp A 

-EA 1 3 15 19 lnverting input Op Amp A 

NC - - 16 - Non connected 

CLKSH 1 10· - 3 S/H clock input External driving clock of output sample-and-hold 

CLKIN 1 12 - - Clock input See TSGF04 clock oscillator section 

CLKR 0 13 - - Clock pin for For TSGF04, external RC or crystal oscillator are 
external oscillator connected to CLKIN andCLKR pins. See TSGF04 clock 

oscillator section 

CLKM 1 11 - - Clock selection mode Connected to GND or v- see TSGF04 clock oscillator 
section 

• For TSGF04 when external driving clock of output sample-and-hold (CLKSH) is used, PWF realizes the power adjustment of both 
uncommitted Op-amp and filter. 

NOTE : For other packaging pin-out, refer to package drawings and pin-out at the end of this data sheet. 

TIIOMSON SEMICONDUCTEURS 
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FUNCTIONAL DESCRIPTION 

INTERNAL CLOCK DIVIDER (CLK) 

The internai sampling frequency Fi can be fixed from 
500 Hz to 700 KHz (Fi can be used between 700 KHz and 
1 MHz with some limitations) by an external oscillator (or 
internai one with TSGF04 filter array). When the external 
clock frequency Fe, is higher than 700 KHz, a mask pro­
grammable on-chip divider is used to adapt available clock 
frequency to the sampling rate . 

TSGF04 TSGF08 TSGF12 

Number of divide by 2 8 10 a· 
available per ch1p 

Max . Fe/Fi ratio 256 1024 256 

ln any case, the external clock frequency Fe must be less 
than 5 MHz . 

Example : The TSG851 O features (TSG8510 is a standard 
filter based on TSGF08 array) : 

Fe max = 1.5 MHz and Fi max = 750 KHz then ~ = 2, 

Fi 
only one divider by 2 is used for this filter (which is the 
case of most of Thomson Semiconducteurs' general 
purpose filters). 

NOTE : As the internai clock divider is mask program­
mable, the ratio Fe/Fi is fixed for each filter. The change 
of this ratio is possible but results into a new part number. 

ADJUSTMENT OF OUTPUT DC LEVEL (LVL) 

The output DC offset voltage can be removed thanks to 
an external bias voltage applied on "L VL" pin, as shown 
on Figure 8. 

However automatic offset compensation can be imple­
mented by using one of the uncommitted on- chip.Op­
amps , as indicated in application note AN-069 (see 
fig.9 in AN-069). 

The offset voltage of TSGF filters is typically a few milli­
volts, with a 300 mV max, depending on the type of the 
filter . 

A drift of this offset voltage can be observed when user 
increases the power consumption of the filter with an 
external resistor connected to PWF pin . So when the filter 
operates at high frequencies, a compromise exists between 
the fi lter frequency response performance and its output 
DC offset voltage . 

When no DC output level adjustment is required , LVL pin 
has to be connected to the GND voltage . 

The level ga in, LG , of each filter can be deduced from the 
curve representingVour=f (LVL). This curve is filter 
dependent . 

For example the TSG8510 presents following curve 
shown in Figure 5 (measured with Fe= 256 KHz, lpwF = 
100 µA) : 

.... ,_ 

~~-~-----.._~--+----<>-----+----LVL 
C..Vl 

- 1000 

-1100 

- ,000 

FIGURE 5 - OUTPUT DC VOLTAGE ADJUSTMENT FROM 
LVL PIN 

The TSG8510's level gain is: 

vouT 1000 
LG = -- == --= 3.3 

LVL 300 

For example if one TSG8510 presents a 100 mV offset 
voltage at its output, user must apply an external bias 
voltage LVL = 30mV to compensate it. 

FIL TER POWER ADJUSTMENT (PWF) 

The fi lter power consumption can be chosen by connec­
ting an external resistor, RpwF between PWF and GND 
(or V+) pins. 

This power adjustment operates the variation of the bias 
current of the integrators used in the switched capacitor 
fil ter . This current, 1 PWF, can be low when fil ter operates 
at low eut-off frequencies (Fe == 1 KHz), but must be 
increased at high eut-off frequencies (Fe == 20 KHz), in 
order to charge and discharge the capacitors at a higher, 
rate. 

As a resu lt, an optimal choice of I PWF bias et1rrent can be 
deduced from the curve representing IPWF = f (Fe), Fe 
being the external clock frequency applied on CLK pin. 

This curve is dependent on the filter . For example, as 
shown in Figure 6, the TSG8510 presents following 
characteristics : 

ntOMSON SEMICONDUCTEURS 
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Example If the cutoff frequency of the low pass 
TSG8510 filter has to be set at 3.4 KHz, user must apply 
the external clock frequency Fe = 75 .3 x 3.4::;: 256 KHz. 
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CHOICE 

The User 's guide for I PWF choice indicates : 

• optimal I PWF = 100 µA 

RpwF = 35 kr2 

• non recommanded zone for I PWF < 100 µA 

Operation w ithin this area can lead to increase the 
ripple in the pass band and to decrease the stop band 
attenuation . 

• zone of correct functioning with over consumption for 
IPWF > 100 µA . 

NOTE : Power consumption choice has to be prioritized 
when major concern in TSGF design is the frequency 
response (gain versus frequency). The output DC offset 

voltage cornes in 2nd position in that case. 

EXTERNAL DRIVING OF OUTPUT SAMPLE-AND­
HOLD 

This facility allows the filter output to be connected 
directly to an analog-to-digital converter , as illustrated 
in Figure 7 . 

The clock signal which enters on the CLKSH pin must be 
synchronous with the sampling frequ!:Jncy. As a result, the 
external clock frequency Fe must be the sampling fre­
quency Fj (the on-chip divider does not have to be used). 

Clock frequency 

fe 

Hinh-order. switched­
capacitor filter 

TSGF12 

An1log-to 
dig it.al 

converter 

Conversion frequency, fe 

fe .JlJL 

FIGURE 7- EXTERNAL DRIVING OF OUTPUT SAMPLE 
AND HOLD (EXAMPLE) 

N 
bill 

The clock signal apptied on CLKSH pin has to be opti­
mized in order to read a settled signal issued from the 
switched capacitor filter . 

On the example shown in Figure 7 , a 12th order low pass 
filter makes an ideal antialiasing filter to precede data 
conversion . The filter precludes the need for oversampling 
when driving the A/D converter. 
CLKSH option is only available on TSGF04 and TSGF12 
arrays. 

TltOMSON SEMICONDUCTEURS 
9/35 



10/35 

TSGF SERIES 

MPFs TYPICAL USE 

USE OF THE MPF WITH - 5 V/+ 5 V DUAL POWER 
SUPPLY 

The adjustment of the DC output level of the M .P .F. is 
achieved by an external voltage source (for example, a 
bridge divider connected between the positive and the 
negative power supplies and whose the middle point is 
connected to the LVL pin of the M .P.F .). If no output 
DC adjustment is required, the LV L pin can be directly 
connected to GND . 

The consumption of the filter can be also adjusted by 
means of an external resistance connected between GND 
(or V+) and the PWF pin of the circuit. 

The consumption can thus be chosen to match the parti­
cu lar application. 

-sv +sv 

r---
1 * CpwF 

+ 
V 

v-

LVL 

IN 

GND 

OUT 

CLK 

PWF 

NC 

-EA 

SA 

+ EA 
TSGF08 

+ EB 

SB 

-EB 

PWA 

1 .... 
Grm GND (OR v+) GND (OR v+) 

PL =20 kD(mu(titurn) 

10 kC'l ~ RpwF• RpwA ~75 kC'l 

• If the Op-Amps are not used , RpwA has not to be connected 
between PWA and GND . 

FIGURE 8 - EXAMPLE OF A TSGF0S FEO IN DUAL SUPPL V: 
~· 5V, 0, - 5 V. 

The stand-by mode is obtained by strapping the PWF pin 
to V- (or non connected). 

The adjustment of the power consumption of the two 
operational amplifiers can be achieved exactly like for the 
previous case, but via the PWA pin of the circuit_ The 
stand-by mode is also obtained by strapping the PWA 
pin to v- (or non connected). 

The clock levels are TTL, but CMOS levels are accepted. 
With these previous conditions, the output linear dynamic 
range of the M.P .F . is about 8 V, between - 4.5 V and 
+ 3.5 V . 

A capacitor CpwF can be added in parallel with Rpwf in 
order to improve the clock feedthrough rejection: (Typical 
value CpwF == 33 pF). 

As for all CMOS circuits operating with dual power supply 
(- 5 V , O , + 5 V), it is advised to use clamping diodes 
(Threshold voltage less than 0 .6 V) (Schottky is prefer­
rable) in order to avoid transients during power up which 
could drive TSGF circuits over their maximum ratings . 
Only 1 Schottky diode between GND and V+ is sufficient 
for TSG F products. 

USE OF THE MPF WITH 0/10 V SINGLE POWER 
SÜPPLY 

ln this case, V- is the reference ground of the circuit and 
GN D must be adjusted to + SV by means of the poten­
tiometer PL ( (V+ - V-)/2) , or by using a simple 
bridge divider. But in that case small resistors values 
(2 kD) have to be used in order to set GND at a low 
impedance value. 

The adjustments of the DC output level of the M.P.F ., of 
the power consumptions of the filter and of the operatio­
na! amp!ifiers can be achieved exactly like previously . 

The high level of the clock must be at least 1 .4 V upper 
the GND level. 

With these previous conditions, the output linear dynamic 
range of the M.P.F. is about 8 V between 0.5 and 8.5 V . 

10 V 

,-- - -
1 

.J..CPWF 

+10 V 

,, 
v+ 

V 

LVL 

IN 

GND 

OUT 

CLK 

TSGF0B 

.NC 

-EA 

SA 

+EA 

+ EB 

SB 

-EB 

PWA 

v+ 

""r' 
1 

RPWA 

J. 
GND GND * (OR v+ J GND *(OR v+) 

PL= 20 kD (multiturnl 

10 kC'l ~ RPWF· RpwA ~75 kC'l 

• GND is used, when the user provides the 5 V voltage . 

FIGURE 9 - EXAMPLE OF A TSGF0S FED, IN SINGLE 
POWER SUPPL Y O - 10 V 

PL 
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TSGF SERIES 

USE OF THE MPFWITH 0/5 V SINGLE POWER SUPPL Y 

ln this case, v- is the reference ground of the circuit and 
GND must be adjusted to + 2.5 V by means of the poten­
tiometer PL ( (V+ - V-)/2), and one Op-amp used as 
butter in order to provide a low impedance on GND 
reference. 

Otherwise, without Op-amp, a simple bridge divider is 
sufficient, but smal I resistor values (2 kil) have to be 
used in order to set GND at a low impedance value . 

The other adjustments are achieved exactly like previously 
except for bias resistance of the filter and of the opera­
tional amplitiers (Rpwf and RPWA), whose must be 
exclusively to V+ . 

The clock levels must be CMOS levels. With these previous 
conditions, the output linear dynamic range of the M.P .F . 
is about 2 .i V, between 1 .2 and 3 .4 V. 

ANTI-ALIASING AND SMOOTHING 

• Anti-aliasing : The switched capacitor tilters are sam­
pled systems and must verify the SHANNON condition 
imposing a sampling frequency (Fil equal, at least, to 
the double of the upper frequency (Fel contained in 
the spectrum to transmit. With this condition, no 
information is added or lost on the transmitted signal . 
This theorem describes the well-known phenomenon 
called spectrum aliasing shown figure 11 where the 
entire spectrum to transm it appears around Fj, 2 ·Fi, 

+5V 

v+ NC 

,1 V -EA v+ 

LVL SA 

IN +eA PL 

TSGF0B 
GND + EB 

-
5V OUT SB 

o..n...rL CLK '--EB 

r--- PWF PWA 

1 

CpwF* 

1 .,,. 
GND GND*(OR v+) GND* (OR v+J 

Pl =20 kil(multiturnl 

10 kO ~ RPWF· RpvvA ~75 kO 

*GND is used, when the user provides the 2.5 V voltage. 

FIGURE 10 - EXAMPLE OF A TSGF0S FED IN SINGLE POWER 
SUPPL V 0-5 V. 

3 Fi ... and so on. 

Thus, all spectrum components of the signal contained 
around these frequencies are transmitted by the 
M .P .F ., oppositively to the desired resu lt. 

To cancel the effects of this phenomenon, it is requi­
red, before all sampled systems, to filter all the spec­
trum components of the input signal upper than Fi -
Fe. An analog filter, called "anti-aliasing filter", must 
be therefore applied before the M .P .F . 

GAIN 
ANTI -ALIASING 

FIL TER TEMPLATE 

WITHOUT ANTI -ALIASING FIL TER, 

j 

---
SPECTRUM 

TO 

TRANSMIT 

THE SPECTAUM COMPONENTS AROUND Fj 2 Fj ..... 

\ 
ARE NOT STOPPED BY THE SAMPLED FIL TER 

,/ ~. 
7 1 1 

\ 1 1 
\ 1 1 
\ ALIASING OF THE SPECTRUM ALIASING OF THE SPECTRUM 

\ TO TRANSMIT A ROUND Fi TO TRANSMIT A ROUND 2 Fj 

\ 1 1 
\ 1 1 
\ 1 1 FREQ 

2 F_j + FC 

FIGURE 11 

Phenomenon of the spectrum aliasing 

. Without anti..iliasing fil ter 

. With anti..iliasing filter 

Spectrum to transmit :;i: transmitted spectrum 

Spectrum to transmit = transmitted spectrum 
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TSGF SERIES 

The selectivity of this filter depends upon the F/Fc 
ratio. 

If Fi/Fc > 200,a AC filter (first order low-pass) is suffi­
cient. 
If Fi/Fe < 200, a SALLEN-KEY structure (second 
order low-pass) must be used. This structure and its 

R1 = R2 = arbitrary value 

R1 

Fe = eut-off frequency for the antialiasing filter. 

relationships are described (Figure 12) . ln these rela­
tionships, Fe is is the eut-off frequency desired of the 
anti-aliasing filter and ~ its damping coefficient. For a 
eut-off as tight as possible and in order to correct the 
sin x/x effect , ~ must have a value around O. 7. 

C2 

R2 

c, = 
2rrR1 Fe 

An optimal choice is Fe = 2 x eut-off frequency of 
the main filter 

(C1 = e -C2) 

Ç = damping coefficient; the optimal value is 0.7 

FIGURE 12 

C2 = --1
--

271~ R1 Fe 

SALLEN-KEY structure (second order low-pass Filter) for 

anti-aliasing and smoothing . 

NOTE : 1-i' F;/Fc < 2 (Figure 13), the spectrurn to transmit 
and the spectrum aliased have a part in common and it 

becomes impossible to share the useful signais from the 
undesirable signais. 
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GAIN 

~---7-~-~---------~ 
1 

TO 

TRANSMI 

1 
ALIASING OF THE f 

SPECTRUM AROUND Fj 1 

FIGURE 13 

1 
1 
1 
1 

When Fi /Fe< 2, the speetrum components lncluded between 

Fj -Fe and Fe and whieh are due to speetrum aliasing are not 

stopped by the sampled filter 
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TSGF SERIES 

• Smoothing: As the signal obtained at the output of 
the M .P .F. is a sampled and hold signal, it is often 
required to smooth. it. This smoothing filter can be 
achieved from the SALLEN-KEY structure previously 
described (Figure 12). 

• Hardware implementation: 1 n order to make easier 
anti-aliasing and smoothing. THOMSOI\J SEMICON-

TSGF08 

DUCTEURS has designed, on the TSGF chip one or, 
two general purpose operational amplifiers. A few 
external components are therefore sufficient to achieve 
these functions (Figure 14). 

On the other hand, in the rnost of M .P .F's, a special 
integrated cell is included in the chip (cosine filter) to 
reduce the aliasing effects around Fj. 

C2 

IN + EA 1----~rl lN 

Cl 

GNO +EB ,---~ H11 

,--
1 
1 
1 

...l...çPWF 
ï" 

1 
1 ..... 

GND 

~---< OUT SB 

CLK -EB 

R"2 

R"l 

GND (OR v+) 

PL= 20 kH lmulti1urnl 

10 kO ,;; RpWf. RPWA ,;75 kO 

See an1i-aliasing Rl. R2,C1.C2 

R"I, R"2. c·,. c·2 and srnoothing considerations 

FIGURE 14 

c·, 
Hl1 

c·2 

M.P.F. with anti-aliasing and smoothing filters 

OUT 

Nonetheless, if the application allows it, these two ope­
rational amplifiers can be used to implement other func­
tions (gain, comparator, oscillator .... ). 
ln this case, the circuit shown Figure 15 can be used as 

anti-aliasing or smoothing filter. This structure is the 
same as the SALLEN-KEY structure described Figure 12 
(second order low-pass), in the same way as the corres­
ponding relationships. 

C2 

FIGURE 15 

+sv 

2N 
2222 

-5V 

10 ,H 

Second order low-pa~s Filter (SALLEN-KEY STRUCTURE) 

with a transistor replacing the operational amplifier. 
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TSGF SERIES 

CUT-OFF FREQUENCY DEFINITION 

G (dB) 

Go 

As 

F (Hz) 

0 

FIGURE 16 - DESIGN SPECIFICATIONS 

The eut-off frequency Fe is the passband limit frequency 
as defined on the design specifications above rnentioned. 
The maximum value of the attenuation variation in the 

passband: Ap is 3 dB for Butterworth, Bessel and Legen­
dre filters (Figure 17a), and is called passband ripple for 
Chebychev (Figure 17b) and Cauer filters (Figure17c). 

14/35 

Ap --- iA, 

FIGURE 17a FIGURE 17b FIGURE 17c 

The passband ripple is design dependent and between 
0.05 dB and 0.2 dB with TSGF standard filters. 
The pararneter G0 called passband gain is the maximum 

value of the gain in the passband, · and may have low 
variation from part to part. 
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TSGF SERIES 

ELECTRICAL SPECIFICATIONS 

The following electrical characteristics are common to the 
3 base filter arrays TSGF04, TSGF08 and TSGF12. be-

MAXIMUM RATINGS 

cause their structures are designed with the same basic 
components. 

Tamb = 25°C, v+ = 5 V, GND = 0 V, v-=-5V. IPWF = 100µA (unlessotherwise specified) 

Rating 

Positive supply voltage 

Negative suppty voltage 

Voltage to any pin 
(except for GND) 

Operating temperature range 

Storage temperature range 

WARNING: DUAL POWER SUPPL Y (- ·5 V, 0 . + 5 V) 

Although TSG F circuits are internai ly gate protected to 
minimize the possibility of static damage, MOS handling 
and operating procedure precautions should be observed. 
Maximum rated supply voltages must not be exceeded. 
Use decoupling networks to rernove power supply turn 
on/off transients, ripple and switching transients . 

Do not apply independently powered signais or clocks to 

Threshold voltage 
Jess than 0 .6 V 

Symbol Value Unit 

v+ - 0.15 to + 7 V 

v- - 7to + 0 .15 V 

V (V-) -0.3 to V 
(V+)+ 0.3 

Toper Tmin - 5° Cto oc 

T max+ 5oC 

Tstg - 60 to + 150 oc 

the chip with power off as this will forward bias the sub­
strate. Damage may result if externat protection precau­
tions are not ta ken: 

As for all CMOS circuits operating with three supply 
voltages (V+, GND, V-), it is advised to use clamping 
diodes (Schottky is preferable), in order to avoid transient 
during power up that would drive the circuit over its 
maximum ratings (see figure 18) . 

v+ 

---1GND 

Unnecessary for TSG F 
circuits 

1 

* 
TSGFxx 

v-

FIGURE 18 • APPLICATION HINT FOR CMOS ICs WITH 
TH REE SUPPL Y VOLTAGES 

lltOMSON SEMICONDUCTEURS 
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TSGF SERIES 

ELECTRICAL OPERATING CHARACTERISTICS 

v+ = 5 V, GND = 0 V, v- = - 5 V, Tamb = 25°C, lpwF = 100µA (unless otherwise specified) 

Characteristic Symbol Min. Typ. Max . Unit. 

Positive suppl y voltage v+ 4 5 6 V 

Negative supply voltage v- -6 -5 - 4 V 

Output voltage swing ( •) VouT 1v-) + o.5 - (V+) -- 1.5 Vpp 

Input voltage (*) VIN 1v-) + o.5 - (V+) -1 .5 Vpp 
(with fil ter gain = 0dB) 

Bias current on PWF 
(stand-by mode by connecting 

IPWF 50 - 250 µA 

PWF to v-) -

TTL clock input ··o· · (**) V1L - - + 0 .8 V 

TTL clock input " 1 .. ( • •) V1H 2 - - V 

Ext. clock pulse width Tep 80 - - ns 

Input resistance R1N 1 3 - MD 

Input capacitance C1N - - 20 pF 

Output resistance RouT - 10 - n 
Load capacitance CL - - 100 pF 

Load resistance RL 0 .1 1 - kD 

NOTE : with supply (O . + 10 V) : same specifications 
with single supply (0 , + 5 V) : contact Thomson Semiconducteurs sales office or representative. 

( •) Depending on lpwF current 
(* •) TTL levels are referenced to GNO voltage 

Other filter's characteristics, such as noise, power supply 
rejection ratio, total harmonie distortion ... are filter 
dependent. As a result, for such characteristics, Thomson 
Semiconducteurs can only guarantee the lower level of 
performance for each parameter, as indicated below. (this 
lower level has been determined from measurements on a 
set of hundred different TSGF filters, as shown in figure 
19). 

PSRR + > 2 dB: 
PSRR - > 10 dB 
Vn < 1 mVrms 

V+ Power supply rejection ratio . 
v- Power supply rejection ratio . 
V n is the total output noise voltage 
measured in the passband of the 
filter . 

SNR > 57 dBm / 600 Ohm : Signal to noise ratio with 
V1N = 775 mVrms. 

SNR > 65 dB V : signal to noise ratio with V1N = 2 Vrms . 
THO < 0.1 % : Total harmonie distortion . 

16/35 

As such characteristics are not predictable from simula­
tion results, their typical values are provided from measu­
rements of the custom ized fi lter prototypes. (The se mea· 
surements could be performed by Thomson Semiconduc­
teurs on special request). 

These typical values, obtained with TSGF products, are 
better than the lowest level guaranteed, and designers can 
get a more accurate idea about them by two means. 

1) Such characteristics are given for general-purpose 
filters . Refer to TSG85xx, 86 xx, 87xx data sheets. 

2) Figure 19 gives histograms of the 5 parameters discus­
sed above . These histograms indicate the distribution of 
the typical value of the considered parameter over a set 
of hundred different TSGF filters . (Note that the aim of 
these histograms indicate the dispersion of the considered 
characteristic for a given TSGF filter). 

THOMSON SEMICONDUCTEURS 
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PSRR• > 2 dB 
70% 

2 10 20 30 40 50 PSRR.(dB) 

0 100 

Vn < 1 mVrms 

limit 

l 
500 1000 V 0 (µVrms) 

V n is the total output noise measured 
in the pass band of the Filter. 

70% 

50 

TSGF SERIES 

70% 

10 20 30 40 50 60 PSRA-(dBl 

60 

-{Vin:= 2 Vrms 
SNR > 65d8V 

70 80 90 100 SNR 

SNR = 20 Log V;n 
Yn 

70% 

0 .01 

THO< 0,1 % 

Umit 

l 
0 .05 0.1 

Total Harmonie Distortion. 

FIGURE 19. DISTRIBUTION OF TVPICAL VALUE OVER A SET OF HUNORED DIFFERENT TSGF FIL TERS 

NOISE MEASUREMENT METHOD 

F,eQUrncv 
Synttw:1iz1, 

' l 
GNO 

IN 
MPF 

OUT Spectrum 
Analyrer 

1 Mf! 

JO pF 

Position 1 : Calibration of the spectrum analyzer to O dBV (1 Vrms). 
Position 2 : Measurement with filter input connected 10 GNO . 

Spectral noise Ollnsity 

SIWI 

BW = selectable bandwidth of the spectrum analyze,. 
BP : considered MPF bandwidth to analyze. 

v,1/Hz 

0 BP 

We obtain theoret ical noise voltage : Vn (V,ms) = J J
0

9
P 52 ( w) . dw 

BP/BW 

and measured noise voltage : Vn (Vrmsl L 5 2 (k). BW 
k = 1 

FIGURE 20 - METHOD OF NOISE MEASUREMENT 

ntOMSON SEMICONDUCTEURS 

F req. (Hz} 

THO(%) 
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TSGF SERIES 

UNCOMMITTED ON-CHIP OPERATIONAL AMPLI FIERS 
v+ = 5 V, GND = 0 V, v- = - 5 V, Tamb = 25°C, RL = 2k0hm, IPWA = 100µA (unless otherwise specified) 

Characteristic Symbol Min. Typ. Max. Unit. 

OC open loop gain Go+ 60 75 - dB 
(without load) Go - 60 75 - dB 

Gain bandwidth product Gap 1 2 - MHz 
lwithout load) 

Input offset voltage 
(without load) 

v,o - ±5 ±10 mV 

Output swing VopP - - 4.5 - 4 .7 V 
3.5 3.7 V 

Input bias current 
(without load) 

11B - ±5 ±10 nA 

Supply rejection SVR 60 - 65 - dB 
(without load) 

Common mode rejection CMR 60 65 - dB 
VcM = 1 V (without load) 

Output resistance Ro - 10 - n 
Supply current la+ - 2.6 3 .2 mA 

la- - 2.6 3.2 mA 

Slew rate SR + 2 5 - V/µ.s 
SR- 2 6 - V/µ.s 

18/35 
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TSGF SERIES 

USER'S GUIDE OF lPWA AND RPWA FOR UNCOMMITTED ON-CHIP 
OPERATIONAL AMPLIFIER 
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TSGF SERIES 

CAD SOFTWARE: FILCAD 

1 n order to take full advantage of its Mask Programmable 
Filter TSGF approach for Semicustom applications, 
Thomson Semiconducteurs has developed a comprehen-

sive software package called FILCAD®to cover ail the 
development steps, starting from the feasibility evaluation 
of the customer's specifications, up to the single-metal 
interconnection routing required for the MPF customi­
zation. 

More specifical ly. the FI LCAD system gives the designer 
strong assistance during the following steps : 

Evaluation of MPF solutions well suited to specific 
filter circuit requirements, 
Filter synthesis, leading to a switched capacitor elec­
trical schematic, 
MPF filter simulation (performed with MPF capacitor 
capabil ities), 
Schematic capture and routing of the optional con­
nections, 
Layout file generation, and final verification performed 
by accurate post-routing simulation. 

® Ali FI LCAD modules run on VAX under VMS operating 
System, and are linked together as shown in figure 21 Ali 
modules are fully described in the TSGF's User's manual 

20/35 

(Vol. 5 of Thomson-Semiconducteurs ASIC User's Ma­
nuais). 

The entry to FI LCAD is the customer filter specification 
which can be provided to Thomson Semiconducteurs in 
different forms : 

amplitude • phase • group delay templates 
poles and zeros 
biquadratic cel I coefficients 
polynomial transfer functions 

1 n addition Thomson Semiconducteurs can perform feasi­
bility study of customer specific filter circuits : in order 
for customers to get fast and accu rate answer, Thomson 
Semiconducteurs generated a feasibility analysis TSG F 
questionnaire that customers are kindly required to fill. 
This questionnaire is available on request at Thomson 
Semiconducteurs'Design centers or nearest sales office 
or representati ve. 

MPF ® and FI LCAD ® are registered trademarks of Thom­
son Semiconducteurs. 

VAX® is a registered trademark of Digital Equipment 
Corp. 
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TSGF SERIES 

FI LCAD, CAD software package developed by Thomson 
Semiconducteurs for Switched Capacitor F ilter designs, 
TSGF series, is also available for mixed analog-digital 

TSGSM Standard Cells or Full custom circuits inte­
grating TSGF -like filtering functions . 

FILCAD 

1 

SAFIR 

1 
leapfrog structure 

1 

SWITCAP 

j 

Post routing 
simulation 

EVA 

1 

. 
SIRENA 

1 

SCAPTURE 

' 

FACTOR 

1 • 

GDS2 layout file of 
customization mask 

FI LCAD is a trademark of Thomson Semiconducteurs 
SWITCAP is a trademark of Columbia University 

FIGURE 21 

SYCAB 

Evaluation 
Theorctical 
synthesis 

S.C.F . synthesis 
S.C.F . schematics 

l 
biquad. cascade 

1 

S.C. F. simulations 
Scaling (voltage adjusting process) 
Normal ization of capacitors 
adapted to M.P.F. 
MONTE CARLO analysis 

* S.C .F. Switched capacitor filter 

TltOMSON SEMICONDUCTEURS 
21/35 



Thomson 
CUSTOME R - Semiconducteurs 

TSGF FEASI 81 LITY 

QUESTIONNAI RE 

CUSTOMER 

APPROVAL 

CUSTOMER 

APPROVAL 

CUSTOMER 

APPROVAL 

::. 

TSGF SERIES 

TSGF DEVELOPMENT FLOW 

CUSTOMER 
SPECIFICATIONS 

t 
FEASIBILITY 

ANAL YSIS STUDY 

t 
PROPOSAL OF TSGFXX 

TECHNICAL SPECIFICATIONS 

+ QUOTATION 

,. 
TSGF FIL TER DESIGN 

+SIMULATION 

LAYOUT 

t 
PERSONNALIZATION 

MASK TOOLING 

TSGFXX BASE 

WAFER METALLIZATION 

WAFER 
PROBE 

t 
ASSEMBLY IN 

CERAMIC PACKAGE 

' PROTOTYPE 
FINAL TEST 

VOLUME 
PRODUCTION 

~ 

-

Thomson ---CUSTOMER 
Semiconducteurs 

DELIVERY OF 

TSGF SPEC. PROPOSAL 

OELIVERY OF 

SIMULATION RESULTS 

(LISTING FORM) 

OELIVERY OF FULL 

TESTED PROTOTYPES 

Thomson Semiconducteurs proposes presently 2 design 
interfaces to customers for the design of their filter cir­
cuits with TSGF series : 

- design done by customer up to simulation and then 
completed by Thomson Semiconducteurs. 

The table below outlines custom'er and Thomson Semi­
conducteurs respective responsibilities for these 2 design 
interfaces. 
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design entirely done by Thomson Semiconducteurs 
within its Design Centers ; 
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TSGF SERIES 

DESIGN INTERFACES 

Design Step 

Theoretical Synthesis 

Switched capacitor filters 
Schematics before scaling 

Final Schematics 

Additional Simulation 

Approval 

Schematics Capture 

Layout -
Personnalization Mask generation 

P~t Routing Simulation 

DOCUMENTATION AND SUPPORT 

ln order to bring users the maximum support on switched 
capacitor TSG F filter arrays, Thomson Semiconducteurs 
generated a complete set of documentation and tools 
which are available on request : 
* TSGF User's Manual 
* Application Notes 

• AN052 : How to choose a filter in a specific 
application 

• AN061 : implementation and applications around 

FILCAD int 2 int3 
software 

EVA Thomson Customer 
Semiconducteurs 

SYCAB Thomson Customer 
or 

SAFIR 

SI RENA Thomson Customer 
ISWITCAP) 

SI RENA Thomson Customer 
(SWITCAP) 

- Customer Thomson 

$CAPTURE Thomson Thomson 

FACTOR Thomson Thomson 

SIRE NA Thomson Thomson 
(SWITCAP) 

Standard MPFS 
• AN069 : A supplement to the utilization of switched 

capacitor filters. 
• AN070 : Band Pass and Band Stop F ilters . 
• AN075 :Signal detection and sinewave generation. 

* MPF's evaluation boards. 
• TSGF feasib ility/analysis questionnaire . 

ln addition specialists can be contacted within Thomson 
Filter Semiconducteurs' Design Centers. 
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TSGF SERIES 

TSGF04 
2nd TO 4th OROER ANALOG Fil TER ARRAY 

With the TSG F04 array, whose block diagram is given 
below, user is given 2 different pin-out configurations : 
- 8 pin Dl L version where only the filter up to 4th order 

is accessible. 
- 14 pin OIL version where in addition, one uncommit­

ted Op-amp and one internai oscitlator capability are 
offered. 

When the external driving of output sample-and-hold is 
used (CLKSH pin), PWF pin realizes the power adjust­
ment of both uncommited Op-amp and filter unit. 

TSGF04 will be soon available in SO wide package version 
(0.3 inch): 16 pin version only. 

TSGF04 

BLOCK DIAGRAM 
See figure 4 

TllOMSON SEMICONDUCTEURS 

CB-98 

CB-2 

HCMOS 

CASES 

.~ 
1 P SUFFIX 

PLASTIC PACKAGE 

PSUFFIX 
PLASTIC PACKAGE 

PIN ASSIGNMENTS 

8 pins: FIL TER ONLY 
Compatible with TSGF0B 

v+ 14 PWF 

v- 2 13 CLK R 

-EA 3 12 CLKIN 

SA 4 11 CLKM 

+EA 5 10 PWAorCLKSH 

LVL 6 9 OUT 

8 GND 

14 pins : Filter 
: + 1 Op· Amp 
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TSGF SERIES . 

CLOCK OSCILLATOR 

The TSGF04 base accepts external compatible TTL/CMOS 
clocks on CLKIN pin and provides an internai oscillator 
performed either by RC or crystal connected between 
CLKIN and CLKR pins. 

The clock selection mode is provided by CLKM pad which 
can be connected to V- or GND voltage levels. This con­
nection is realized by two means, depending on the package 
type chosen: 

The different possibil ities are: 

two internai oscillator modes: 

with 14-pin package, via _CLKM pin. 
with 8-pin package, by internai connection readily per­
formed, only on custom filters . 

(Note that CLKM pin connected to V+ , allows the selection 
of the internai crystal-controlled oscillator, but the selec­
tion by CLKM connected to V- is recommended). 

RC ~---< CLK R 
CR 

~ 
CLK R 

- Crystal 
R 

C y---------~ CLKIN 
C1N 

.,--t 
R 

CLKIN 

v----< CLK M y- CLK M 

three externat clocks: 
low-TTL 
high-TTL 
CMOS 

The "!ow-TTL" and "high-TTL" clock levels are : 

Low-TTL 

High-TTL 

For each package version, the following tables resume , the 
availability of the different clocks, in terms of the power 
suppl y. 

Note that in 8-pin version, the dock mode (CLKM) is inter-

8-pin package 

o/5v 0/10V -5/+ 6V 

Low-TTL NO C C 

High-TTL NO YES YES 

CMOS C YES YES 

RC mode NO NO NO 

Crystal mode NO NO NO 

C = Cuuomization option 

GND GND 

N .C. CLK R 

Clock ----1 CLK IN 
,nput 

CLK M 

GND 

+ 
+ 

+ 

10 V (resp . + 5 V) 

5 V (resp. OV) 

0 V (resp . - 5 V) 

5 V (resp . + 10 V) 

0 V (resp . + 5 V) 

5 V (resp. 0 V) 

nally set to GND voltage, except in the case of CMOS clock 
and 0-5V power supply, where CLKM is internally connec­
ted to V- voltage. 

14-pin package 

0/5V 0/tOV -5/+ 5V 

Low-TTL NO C C 

High-TTL NO CLKM =GND CLKM =GND 

CMOS CLKM =V- CLKM =GND CLKM =GND 

RC mode CLKM = V- CLKM=V- CLKM =V-

Crystal mode CLKM =V- CLKM =V- CLKM =V-

26/35 
TllOMSON SEMICONDUCTEURS 



TSGF SERIES 

ELECTRICAL OPERATING CHARACTERISTICS: 

WITH SINGLE SUPPLY VOLTAGE: 
T amb = 25° C , V += 10 V , V - = 0 V , GND = 5V (unless otherwise specified) 

CLKM Charactoristic Min. Typ. Max. Unit 

GND Threshold voltage 1.5 - V 

External dock frequency 5 MHz 

RC MODE: 
High threshold voltage on CLKIN 1 1.25 1.5 V 

Corresponding voltage on CLKR 5 V 

V- Low threshold voltage on CLKIN 1.5 1.25 - 1 V 

Correspondong voltage on CLK R +5 V 

Oscillator frequency 5 MHz 

Resistor 2 .. 10 000 kH 
Capacitor 0 47 nF 

CRYSTAL MODE: 
Oscillator frequency · • 5 MHz 

V- Resistor 1 - MH 
Capacitor CR 10 100 pF 

Capacitor C1N 10 - 30 pF 

WITH DUAL SUPPL Y VOLTAGE: 
Tamb = 25° C, V+= 5 V, V - = -5 V, GND = 0 V (unless otherwise specified) 

CLKM Characteristic Min. Typ. Max. Unit. 

GND Threshold voltage 6.5 V 

External dock frequency - 5 MHz 

RC MODE: 

High threshold voltage on CLKIN 6 6.25 6.5 V 

Corresponding voltage on CLK R - 0 - V 

V- Low threshold voltage on CLKIN 3.5 3.75 4 V 

Corresponding voltage on CLKR ➔ 10 - V 

Oscillator frequency - 5 MHz 
Resistor 2 ... 10 000 kH 
Capacitor 0 ·--· 47 nF 

CRYSTAL MODE : 
Oscillator frequency -· 5 MHz 

V- Resistor 1 - MSl 
Capacitor CR 10 - 100 pF 

Capacitor C1N 10 -· 30 pF 

WITH SINGLE SUPPL Y VOL TAGE: 
Tamb = 25° C, V+= 5 V, V - = 0 V, GND = 2.5 V (unless otherwise specified) 

CLKM Characteristic Min. Typ. Max. Unit. 

GND Threshold voltage 3.8 - V 
External clock !requency - 5 MHz 

RC MODE: 
High threshold voltage on CLK IN 3 3.2 3.4 V 
Corresponding voltage on CLKR 0 -· V 

V- Low threshold voltage on CLK IN 1.5 1.8 2 V 
Corresponding voltage on CLK R .. + 5 .... V 

Oscillator frequency -- 5 MHz 
Resistor 2 10 000 kH 
Capacitor 0 47 nF 

CRYSTAL MODE: 

Oscillator frequency - 5 MHz 
V- Resistor -· 1 - MH 

Capacitor CR 10 100 pF 

Capacitor C1N 10 30 pF 

TltOMSON SEMICONDUCTEURS 
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INVERTING TRIGGER FUNCTIONING FREOUENCY VARIATION AS FUNCTION OF R 

With internai RC oscillator mode, the user's guide for R and C choice is 
given by followi ng curves and for both supply voltages : 0.5 V, 0.1 0 V. 
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TSGF SERIES 

PHYSICAL DIMENSIONS 

8..S mow: 

'- --- ----1----- -

O. A.T.A . 

19. 9moA. 

TO-116 

0.A.T.A. 

038 
0.$08 

1 27mo11. 

6.35111 

JEOEC 

' TO-116 

JE DEC 

02 
O.J 

/ 

7.62 
12) 

(1) NomiNI dtrne-nsion 

12) True geomeoal pcnition 

8 pins 

' F 116A CB-98 

StTHESC 

111 Nominal dimension 

(21 True geome\rical ~ition 

6.J5 
(11 

F 105 

SITELESC 

14 pins 

CB-2 

TltOMSON SEMICONDUCTEURS 

CB-98 

P SUFFIX 
PLASTIC PACKAGE 

CB-2 

P SUFFIX 
PLASTIC PACKAGE 
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TSGF SERIES 

TSGF08 
4th TO Sth ORDER ANALOG FIL TER AR RAY 

The TSGF08 array provides users with filter integration 
from 4th to 8th order. 2 package versions are offered 
to users: 
- 8 pin Dl L, where only the f i lter unit is accessible, 
- 16 pin Dl L, where 2 uncommitted Op·amps are added 

to previous version. 

TSGF08 will be soon available in SO wide package version 
(0.3 inch): 16 pin version only. 

TSGF08 

BLOCK DIAGRAM 
See figure 4 

CB-98 

CB-79 

16 

HCM·os 

CASES 

... 
a11''

1111
ii1V _V~' 
,1 

PSUFFIX 
PLASTIC PACKAGE 

~ 
1 P SUFFI X 

PLASTIC PACKAGE 

PIN ASSIGNMENTS 

8 pins: FIL TER ONLY 
Compatible with TSGF04 

16 NC 

2 15 -EA 

LVL 3 14 SA 

IN 4 13 +EA 

GND 5 12 + EB 

11 SB 

CLK 7 10 -EB 

PWF 8 9 PWA 

16 pins : Filter 
: + 2 Op - Amps 

Compatible with TSG F 12 (with a single filter) 
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TSGF12 
8th TO 12th OROER ANALOG FIL TER AR RAY 

TSGF12 array offers the capability to integrate either 
one single filter tram 8th to 12th order or 2 different 
filters whose sum of orders cannot exceed 12. 

These 2 different filters can have either same clock or 
2 different clock inputs. 

The TSG F 12 p11ckage versions are : 
16 pin DI L 1 filter + 2 Op-amps 
16 pin DI L 1 fil ter+ 2 Op-amps 

+ driving of output S/H 
16 pin DI L 2 filters + 1 Op-amp 

+ 2 clock inputs . 
18 pin Dl L 2 filters + 2 Op-amps 

+ 1 clock input. 
20 pin DI L 2 filters + 2 Op-amps 

+ 2 clock inputs. 
20 pin DI L 2 filters + 2 Op-amps 

+ 2 clock inputs 
+ driving of output S/H. 

TSGF12 array will be soon available in SO wide package 
version (0.3 inch) : 18 and 24 pin versions. 
ln càse of dual filter integration, the CLKSH pin operates 
only on the output of filter n° 1 (OUTPUT 1). ln the 
same case, for the 16 pin version, only LVL2 pin is avai­
lable : therefore user can only adjust the Output DC level 
of filter 2. 

Clock divider: 

The num ber of dividers by 2 a•_1ailable on TSG F 12 array 
is 8. 

Therefore in case of dual filter on chip integration, there 
are 2 possibilities to use the clock divider : 
- if one filter does not require internai dividers, the 

8 dividers by 2 are available for the second filter ; 
- if the first filter requires n internai dividers, it remains 

only 7-n ones available for the second filter. 

TSGF12 

BLOCK DIAGRAM 
See figure 4 

THOMSON SEMICONDUCTEURS 

HCMOS 

PIN ASSIGNMENTS 

CASES 

CB-79 

,.~ 
1 

P SUFFIX 
PLASTIC PACKAGE 

CB-181 

P SUFFIX 
PLASTIC PACKAGE 

CB-194 

P SUFFIX 
PLASTIC PACKAGE 



TSGF SERIES 

PIN ASSIGNMENTS 

v+ 16 LVL2 v+ 16 NC v+ 16 CLKSH 

v- 2 15 -EA v- 2 15 -EA v- 2 15 -EA 

IN1 3 14 SA LVL 3 14 SA 3 14 SA 

OUT1 4 13 + EA IN 4 13 + EA 13 + EA 

OUT2 5 12 NC GND 5 12 + EB 5 + EB 

GND 6 11 PWA OUT 6 11 SB 6 11 SB 

IN2 7 10 PWF CLK 7 10 -EB --EB 

r"':I . Kl 8 9 CLK2 PWF 8 9 PWA 8 PWA 

16 pins : 2 Filters 16 pins : 1 Filter 16 pins : 1 Filter 
+ 1 Op-Amp + 2 Op -Amps + 2Op -Amps 
+ 2 Clock inputs Compatible with + Driving of output S/H 

TSGF08 

y+ 18 LVL2 

v- 2 17 -EA 

IN1 3 16 SA 

LVL1 4 15 + EA 

OUTl 5 14 + EB 

OUT2 6 13 SB 

12 -EB 

IN2 8 11 PWA 

CLK 9 10 PWF 

18 pins : 2 Filters 
+ 2Op -Amps 
+ 1 Clock input 

v+ LVL2 v+ 20 LVL2 

v- 2 -EA v- 2 -EA 

NC 3 SA CLKSH 3 18 SA 

IN1 4 +EA IN1 4 17 +EA 

LVL1 5 +EB LVL1 5 16 + EB 

OUT1 6 SB OUT1 6 15 SB 

OUT2 7 -EB OUT2 7 14 -EB 

GN-D 8 PWA GND 8 13 PWA 

IN2 9 PWF IN2 . 9 12 PWF 

CLK1 10 11 CLK2 CLK1 10 11 CLK2 

20 pins : 2 Filters 20 pins : 2 Filters 
+ 2 Op - Amps + 2Op-Amps 
+ 2 Clock inputs + 2 Clock inputs 

+ Driving of output S/H 

ntOMSON SEMICONDUCTEURS 
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CEi 
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TSGF SERIES 

PHVSICAL DIMENSIONS 

111 Nominal dimenak>rl 
(2) True geome1rical position 

35 
111 

F 117 
SITELESC 

' CB-79 

CB-79 

P SUFFIX 
PLASTIC PAC!(AGE 

P SUFFIX 
PLASTIC PACKAGE 

12 , .. 4 miu . 

0 .A.T.A . JEOfC SIIHf~ 

• 7 
mo• . 

, ..... 
\ . 

o· . . \. ·,~, 

20 pins 

' CB-194 

DIN 

A50G 

CEi D.A.T.A. JE DEC 

CB-194 

P SUFFIX 
PLASTIC PACKAGE 

These specifications are subjer to change without notice. 
Please inquire with our sales offices about the availability of the different products. 
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Thomson 
Semiconducteurs 

Mask Programmable 
Filter Family 

Filter Array 

04 2nd ta 4th order 
08 4th to 8th order 
12 : 8th . to 12th order 

Customer identï"fication 
Number 

Revision 
index 

TSGF SERIES 

ORDERING INFORMATION 

1 TI S I G I F 1 0 1 81 1 1 5 1 41 Al v, 1 p ID 1 

- -

TltOMSON SEMICONDUCTEURS 

C 
1 
M 
V 
T 

Screening Glass 

D Burn-in 
: Standard 

Package 
C Ceramic DI L 
J Cerdip Dl L 
P Plastic Dl L 
FP SO 

Operating 
Temperature Range 

0°C, + 70°C 
- 25°C, + 85°C 
- 55°C, + 125°C 
- 40°C + 85°C 
- 40°C:+ 105°C 
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MASK PROGRAMMABLE FILTERS 
ANALOG SWITCHED CAPACITOR FILTER ARRAYS 

ASIC PRODUCTS 

FEATURES 

• HCMOS Mask Programmable switched capacitor 
F ilters ; fast Design turn-around time (5 to 6 weeks 
average), thanks ta gate array approach. 

• lntegration of any kind of classic, non-classic filters : 
Bandpass, Lowpass, Highpass, Band Reject .. . 
Cauer, Chebychev, Butterworth, Legendre .. . 

• Fil ter order : from 2 to 12. 
• Cascadable structure ; higher order achievable. 
• No external components required to realize the filte­

ring function. 
• Additional options available on chip ; 

- uncommittec.l Op-Amps (for anti-aliasing and/or 
smoothing filters, half or full wave rectifier ... ) ; 

- internai divider (sampling frequency generated 
from external clock) ; 

- output sample-and-hold. 

ORIGINALITY 

• TSGF series provides : 
- leapfrog structure for very low sensitivity filters ; 
- cascadable biquadratic cells for non-classic filter 
design . 

SUPPORT 

• TSGF series fully supported by "FtLCAD" ® CAD 

HCMOS 

MPFs 

software from fi lter synthesis and simulation up to 
layout. 

• Application notes. 
• Evaluation 'Boards. 

CHARACTERiSTICS 

• Input Signal Frequency : 0 to 30 KHz 
• Signal ·ta Noise Ratio : 60 to 85 dB 
• Power Supply : dual ± 5 V 

single O -10 V 
single O - 5 V 

• Adjustable Power Consumption : 0.5 mW to 20 rnW 
per fil ter order. 

• Ouality factor : up to 50 
• Pass-band gain : up to 40 dB 
• Input sensitivity : 1mVRMS (min) 

TSGF SERIES PRODUCT RANGE 

Part Number of Uncommitted Output 

Number on-ch ip filters Filter order Op-Amps Clock Sample-and Packages 
Hold 

Internai oscillator* externat* PDIP 8-14 pins 
TSGF04 1 2 to 4 1 TTL/CMOS levels driving CDIP 14 pins 

SO wide 16 pins 

1 clock input internai PDIP 8-16 pins 
TSGF08 1 4 to 8 2 TTL/CMOS levels driving CDIP 16 pins 

SO wide 16 pins 

2 clock inputs externat• PDIP 16-18-20 pins 
TSGF12 1 or 2 8 to 12 2 TTL/CMOS levels driving CDIP 16-18-20 pins 

SO wide 18-24 pins 

• Optional 

FIL TERII\IG SOLUTION WITH GATE AR RAY TECHNIQUE 

TSG F series is a fami ly of Mask Programmable Filters 
.. (MPF s) developed by Thomson Semiconducteurs. 

The TSGF product range is composed of 3 switched 
capacitor filter base arrays, TSGF04, TSGFOB and TSGF 12 
providing filter integration capabilities from 2nd to 
12th order. 

TSG F04/08/12 are using "gate ar(ay" technique : the 
filter customization is achieved only by the fir>al metalli­
zation mask. 

Therefore TSGF series provide users with filtèr integra­
tion solutions with very fast design turn-around time : 
5 to 6 weeks up to delivery of full tested prototypes. 

TSGF04/08/12 base arrays provide on chip all necessary 
functioris to realize all kind of filters : 
- transconductance amplifiers 
- switches 

capacitor fields 
- sample-and-hold 

June 1987-1 /35 
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TSGF SERIES 

- non overlapping phase generator 

Additional on-chip integration capabilities are offered by 
TSG F products such as : 
- prefiltering and post filtering functions antialiasing 
and smoothing filters) 
- cosine filter 

output sample-and-hold driving 
- power consumption adjustment 
- output DC level adjustment. 

TSGF serles provide users a fast and complete design solu­
tion for their specific filter circuits resulting in highly ac­
curate and reliable products thanks to switched capaci­
tor technique. 

But Thomson Semiconducteurs' filtering approach is not 
only limited to the Mask Programmable Filter (MPF) 
products. 

Users are given : 

• Standard Device Filters which are general purpose 
filters designed by Thomson Semiconducteurs from the 
3 TSGF base arrays. 

TSG 87xx developed on TSGF04 filter array (2nd 
to 4th order) 
TSG 85xx developed on TSG FOS fi lter· array ( 4th 
to 8th order) 
TSG 86xx developed on TSGF12 filter array (8th 
to 12th order). 

Refer to data sheets of these standard f ilter products. 

• "Gate Array" Filters which are the TSGF04, TSGF08, 
TSGF12 filter arrays dtfscribed in this data sheet . 

• "Standard Cell" Filters 
By offering TSGF-like macrocells in its library, the 
mixed analog/digital TSGSM Standard Cell family also 
provides fi ltering capabi I ities and then can ex tend 
integration possibilities offered by TSG F series. 
For example higher than 12th order filters or circuit 
combining filters with digital and analog functions on 
the same chip are achievable with TSGSM Standard 
Cel1s. 

SWITCHED CAPACITOR TECHNIQUE 

Thomson Semiconducteurs' TSG F products are active 
filters where resistors are replaced by capacitors which are 
switched at a frequency, named sampling frequency (Fil. 

v1 _✓a...,5_1 __ ___,.,__ ___ ✓c►5_2 ____ v2 

qi I ~ 
c, 

l 
-----1 

FIGURE 1 

Figure 1 is showing the basic principle of switched capa­
citor technique . 

The 2 switches (S1 and S2) are controlled by 2 comple­
mentary and non overlapping clock phases. 
During the phase qi = 1 (S1 on, S2 off) the charge stored in 
C1 is : 

01=c1 .v1111 

During the phase Î = 1 (S1 off, S2 O'll) the charge stored 
in Cl becomes : 

02 = Cl .V2 (2) 

1 -
During a complete clock period Ti = - = qi + qi the trans-

. Fi 
ferred charge 1s : 

6 0 = 01 - 02 = Cl (Vl - V2) (3) 

During this Ti period, this charge flow is equivalent to a 
current, 1 : 

6 0 = Cl (Vl - V2) = 1. Ti (4) 

Cl (Vl -V2) 
1 =Cl.Fi (Vl -V2) =---- (5) 

Ti 

Comparing (5) with Ohm's law applied to a resistance 

Vl -V2 
l=---(6) 

The equivalent resistor is then : 

Then, with (7), a RC product becomes : 

R 

Ti 
Req =-(7) 

Cl 

C 
Req. C =-.Ti (8) 

Cl 

SWITCHED CAPACITOR FIL TER BENEFITS 

ln active filters, the time constant is fixed by the RC 
product but the component values R and C used with the 
Op-amp are absolutely uncorrelated : so trfmmings,tunings 
are very often needed to obtain an accurate template. 
On the other hand, with switched capacitor networks, 
only capacitor ratios are used. These ratios are obtained 
with capacitors integrated on the same chip. The available 
accuracy is 0.1 % to 0.5 % whatever. the temperature con­
dition may be. 
As the time constant is fixed by capacitor ratio, fully 
integrated filters are achievable without triming. ln addi­
tion, as shown in (8) the time constant RC is proportional 
to the sampling period Ti : the filter eut-off frequency can 
be shifted by tuning the sampling clock frequency without 
any change on the shape of response curves. 

SWITCHED CAPACITOR FIL TER FEATURES 

KEY POINTS RESULTS 

• Monolithic fil ter . • Board size reduction 

• The coefficients of the filter transfer function are completely • High Accuracy template . 
determined by : • Stability in temperature and time. 
- a single Crystal controlled clock frequency • High order filter achievable. 
- and ratioed capacitors • No adjustment. • Fully HCMOS integrated filters • Clock tunable cutoff frequency . • Switched capacitor filters are sampled-and-hold circuits. • low Power . 

• No externat components . 

• Ease and safety of use. 

• Antialiasing prefiltering is required if the input signal is wide 
band. 

• Smoothing post filtering may be used to avoid spectral rays 
around the sampling frequency. 

TltOMSON SEMICONDUCTEURS 
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TSGF SERIES 

SWITCHED CAPACITOR FIL TER ARRAY 
ARCHITECTURE 

Analog switched capacitor filter arrays, TSGF series, are 
processed with a 3 .5 µ/2 polysilicon layer/1 metal layer 
HCMOS process. 

Thomson Semiconducteurs offers 3 fil ter base arrays, 
TSGF04, TSGF08 and TSGF12, providing filtering 
capabilities from 2nd to 12th order . 

The 3 arrays are designed around a "Universal biquadratic 
filter cell", Thomson Semiconducteurs patented . This cell 
consists of 2 adder integrators using a transconductance 
amplifier, switches, and capacitor fields . Fields of capa­
citors are composed of hundred unit capacitors (0.1 pF) 
and then provide high and accurate capacitor values . 

Figure 2 shows the TSGF08 chip, outlining ail functions 
available on TSGF filter arrays : 

Universal 2nd order Filter Cell. 
Clock divider generating internai sampling frequency 
from external clock. 
Non overlapping phase generator. 
Input Sample-and-Hold. 
Uncommitted free Op-amps. 
Power consumption Adjustment cells for filter and 
Op-amps. 
Output Sample-anu-Hold. 

The internai sampling frequency Fi can be set from 
500 Hz to 700 KHz by an external oscillator (or an inter­
nai one with TSGF04 base water). 

When the external available clock frequency is higher than 
700 KHz, the set of Mask Programmable dividers by 2 is 
used to adapt the external clock frequency to the sam­
pling frequency. ln any case the external clock frequency 
must be lower than 5 MHz. 

As the ratio Fi/Fe between sampling frequency Fi and 
selected filter frequency Fe is a constant, designers can 
move the filter characteristics (central or eut-off frequency) 
only by tuning the clock. 

A 10 V power supply, either O V and 10 V, or - 5 V and 
+ 5 V, gives the best performances : maximum output 
swing of 8 V. The TSGF filters can also operate with a 
standard 0/5 V power supply. ln that case the maximum 
output swing is 2.2 V. 

Typical power consumption is 0.5 mA per filter order. 
This power consumption is user adjustable between 
0 .1 mA and 2 mA with an external resistor, depending on 
the frequency range . 

The power consumption adjustment is also provided to 
the uncommitted operational amplifiers : the bias current 
must be increased when a high gain - bandwidth product 
is required. 
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FIGURE JA - TSG 8512 : 7th OR DER CAUER LOW.PASS 
Fil TER 

These uncommitted Op·-amps give the designer the capa­
bility to create auxiliary circuits li ke voltage gain, prefil­
tering and post filtering functions hait or full wave rec­
tifier functions,or local oscillator ( Refer to Application 
notes AN-061, AN-069, AN-070, AN-075). 

The offset voltage of TSG F products is typically a few 
millivolts, with a 300 mV max depending of the filter 
W~- . 

Moreover, there is a possibility to adjust the filter output 
DC levels, thanks to an external bias voltage applied on 
"LVL" pin. Automatic offset compensation can be done 
by mean of one uncommitted on-chip operational ampli­
fier, as indicated in Application note AN-069. 

The TSGF products feature a high input impedance 
(typ. : 3 M.n) and a low output impedance (typ.: 10 S1) 
allowing then cascadable filter network in order to achieve 
higher than 12th order . 

The output buffers are configurated as sample-and-hold 
amplifiers which can drive a 1 KU load resistance and a 
100 pF load capacitance. 

On the TSGF04 and TSGF12 an external sample-and­
hold clocking allows to connect the filter output directly 
to an analog to digital converter (Optional ; see fig.7) 

ln addition some particular switched capacitor cells have 
been implemented on the first 2 integrators of each chip 
allowing realization of special functions like: 

cosine filter 
complementary high pass filter 
exact bilinear leapfrog filter. 

BENEFITS 

With the TSGF series of Thomson Semiconducteurs, 
designers are given unique "Gate Array" filter products 
for the replacement of their passive/active filters or the 
design of new filters. 
The TSGF04/08/12 provide then with gate Array techni­
que 3 complete arrays where ail functions necessary to 
realize the filter function and its external circuit environ­
ment are available on chips. 

The switched capacitor process permits the realization of 
very accurate and fully integrated filters and breaks down 
the equipment production costs by providing fully tested 
filters parts : tuning or adjustment of external compo­
nents are no more necessary with TSGF series. 

Figures 3A, 3B is showing 2 examples of Standard Filters 
designed with the TSGF08 matrix . 
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FIGURE 3.B TSG 8551 : 8th OROER HIGH-0 BAND.PASS 
Fil TER (Q = 35) 
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TSGF SERIES 

APPLICATIONS 

TSGF products from Thomson Semiconducteurs can inte ­
grate all filtering functions (replacement of active or 
passive filter~ .--l ~nd the~ can be implemented very quickly 
mto an apphcat1on/equ1pment requiring a filter with a 
maximum input signal frequency of 30KHz. 

Mask Programmable F ilters (MPFs) typical applications 
are : 

audio fi lteri ng/processi ng 
signal/frequency detection 
scrambling/coding 
spectrum analysis 
process contrai 
remote contrai 
harmonie analysis 
equalization 
frequency tracking 

alarm systems 
robotics 
anti -knock system 
data acquisition (before A/D and after D/ A converters) 
automatic answering 
inwarding 
spreech processing 
security system (coding, recognition) 
sonar detection 
mobile radio 
modems 

BLOCK DIAGRAMS 

Figure 4 outlines the mean features and options offered by 
each of the 3 MPF arrays by showing TSOF04,TSGF08 
and TSGF12 black diagrams. 

ntOMSON SEMICONDUCTEURS 
5/35 



TSGF04 

TSGF08 

TSGF12 

6/35 

CL!( ~ 

•EB 

-EB 

SB 

-EA 

SA 

+ EB 

- (8 

so 

- (A 

SA 

St LECT ION 
MOO( 

CU< IN 

TSGF SERIES 

ourrur snt 
uufHR 

lîl/CMOS 
1.,EvC L CLOCK 

so-o.11TT TAtGGEn 
OSCILLA. TOfl 

OUAI\TZ 

OSCI LLA YOn 

PWf 

ClK R 

H 

Prog. clock div idcr 

~-------14f------------i 
IN 

PWA INI PWF 

INPUT 
FILTE ~ l 

SIH 1 

FILTER UNIT 
OROER UP 

TO 12 

INPUT 
S/H :Z FILTE A 7 

CL OC K GENERA T O R 

rnoG. CL CC K OI VIOER 

L[ V[ L su,n AND TTL IN TER f" AC( 

IN7 CLKI Cl. K2 

FIGURE 4 - BLOCK OIAGRAMS 

lVl 

V ... G t l O v -

Output 
S/H 

buller 

GNO 

L V l1 

V ◄ GN O V -

ntOMSON SEMICONDUCTEURS 

IN 

CLKSH 

OUTI 

ouo 

2 - 1.VL::l' 



TSGF SERIES 

PIN DESCRIPTION 

The table below gives the pin description of the 3 MPF 
arrays, TSGF04 TSGF08 and TSGF12 . The pin assign­
ment is given for the extended and complete version of 

each array, it means with all the available on-chip options 
connected to the package. 

Name PIN TSGF04 TSGF08 TSGF12 Function Description 
type No No No 

v+ 1 1 1 1 Positive supply 

v- 1 2 2 2 Negative supply 

LVL 1 6 3 LVL1 5 Output DC Filter output DC level adjustment when connecting 
LVL2 20 level adjustment a potentiometer between v+ and v- with its middle point 

to LVL. When no adjustment is needed, LVL pin is 
connected to GND . 

IN 1 7 4 IN1 4 Filter input 
IN2 9 

GND 1 8 5 8 General ground v+ + v-
GND voltage= 

2 

OUT 0 9 6 OUT1 6 Filter output 
OUT2 . 7 

CLK 1 See 7 CLK1 10 Clock input TTL/CMOS level compatibility 
CLKIN CLK211 

PWF 1 14 8 12 Filter power adjustment Filter power consumption can be chosen by connecting 
a resistor between PWF and GND (or v+) . Stand by mode 
is obtained by connecting PWF to v- (or non connected) 

PWA 1 10· 9 13 Op Amp power adjustment Idem PWF but for Op Amp (PWA) 

-EB 1 - 10 14 lnverting input 
Op Amp B 

SB 0 - 11 15 Output Op Amp B 

+EB 1 - 12 16 Non inverting input 
Op Amp B 

+EA 1 5 13 17 Non inverting input 
Op Amp A 

SA 0 4 14 18 Output Op Amp A 

-EA 1 3 15 19 lnverting input Op Amp A 

NC - - 16 - Non connected 

CLKSH 1 10· - 3 S/H clock input External driving clock of output sample-and-hold 

CLKIN 1 12 - - Clock input See TSGF04 clock oscillator section 

CLKR 0 13 - - Clock pin for For TSGF04, external RC or crystal oscillator are 
external oscillator connected to CLKIN andCLKR pins . See TSGF04 clock 

oscillator section 

CLKM 1 11 - - Clock selection mode Connected ta GND or v- see TSGF04 clock oscillator 
section 

• For TSGF04 when external driving clock of output sample-and-hold (CLKSH) is used, PWF realizes the power adjustment of both 
uncommitted Op-amp and filter. 

NOTE : For other packaging pin-out, refer to package drawings and pin-out at the end of this data sheet . 

TltOMSON SEMICONDUCTEURS 
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TSGF SERIES 

FUNCTIONAL DESCRIPTION 

INTERNAL CLOCK DIVIDER (CLK) 

The internai sampling frequency Fi can be fixed from 
500 Hz to 700 KHz (Fi can be used between 700 KHz and 
1 MHz with sorne limitations) by an external oscillator (or 
internai one with TSG F04 filter array). When the external 
clock frequency Fe, is higher than 700 KHz, a mask pro­
grammable on-chip divider is used to adapt avai !able clock 
frequency to the sampling rate. 

TSGF04 TSGF0B TSGF12 

Number of divide by 2 8 10 8 available per ch1p 

Max . Fe/Fi ratio 256 1024 256 

1 n any case, the external clock frequency Fe must be less 
than 5 MHz . 

Example : The TSG8510 features (TSG8510 is a standard 
filter based on TSGF08 array) : 

Fe max = 1.5 MHz and Fi max = 750 KHz then ~ = 2, 

Fi 
only one divider by 2 is used for this filter (which is the 
case of most of Thomson Semiconducteurs' general 
purpose filters) . 

NOTE : As the internai clock divider is mask program­
mable, the ratio Fe/Fi is fixed for each filter . The change 
of this ratio is possible but results into a n.ew part number. 

ADJUSTMENT OF OUTPUT DC LEVEL (LVL) 

The output DC offset voltage can be removed thanks to 
an external bias voltage applied on "L VL" pin, as shown 
on Figure 8 . 

However automatic offset compensation can be imple­
mented by using one of the uncommitted on- chip_Qp­
amps , as indicated in application note AN-069 (see 
fig .9 in AN-069). 

The offset voltage of TSG F filters is typically a few milli­
volts, with a 300 mV max, depending on the type of the 
fil ter. 

A drift of this offset voltage can be observed when user 
increases the power consumption of the filter with an 
external resistor connected to PWF pin. So when the filter 
operates at high frequencies , a compromise exists between 
the filter frequency response performance and its output 
DC offset voltage. 

When no DC output level adjustment is required, L VL pin 
has to be connected to the GND voltage. 

The level gain, LG, of each filter can be deduced from the 
curve representingVouT=f (LVL) . This curve is filter 
dependent. 

For example the TSG8510 presents following curve 
shown in Figure 5 (measured with Fe= 256 KHz, IPWF = 
100 µA) : 

v00 ,1mv1 

II00 

IOCMJ 

---------~_.._--+-->---+---+--LYC ..... 
--

- 1000 

- 1000 

-,000 

FIGURE 5 - OUTPUT DC VOLTAGE ADJUSTMENT FROM 
LVLPIN 

The TSG8510's level gain is : 

VouT 1000 
LG = -- ~ - = 3.3 

LVL 300 

For example if one TSG8510 presents a 100 mV offset 
voltage at its output, user must apply an external bias 
voltage LVL= 30mV to compensate it. 

FIL TER POWER ADJUSTMENT (PWF) 

The filter power consumption can be chosen by connec­
ting an external resistor, Rpwf between PWF and GND 
(or V+) pins. 

This power adjustment operates the variation of the bias 
current of the integrators used in the switched capacitor 
filter . This current, IPWF, can be low when filter operates 
at low eut-off frequencies (Fe ~ 1 KHz). but must be 
increased at high eut-off frequencies (Fe ~ 20 KHz), in 
order to charge and discharge the capacitors at a higher, 
rate. 

As a result, an optimal choice of lpwF bias current can be 
deduced from the curve representing IPWF = f (Fe), Fe 
being the external clock frequency applied on CLK pin . 

This curve is dependent on the filter. For example, as 
shown in Figure 6, the TSG8510 presents following 
characteristics : 

THOMSON SEMICONDUCTEURS 



TSGF SERIES 

Example If the cutoff frequency of the low pass 
TSG8510 filter has to be set at 3.4 KHz, user must apply 
the external clock frequency Fe= 75.3 x 3.4 = 256 KHz. 
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FIGURE 6 -TSG8510 USER'S GUIDE FOR IPWF AND RPWF 
CHOICE 

The User's guide for IPWF choice indicates: 

• optimal lpwF = 100 µA 
RpwF = 35 kn 

• non recommanded zone for IPWF < 100 µA 

Operation within this area can lead to increase the 
ripple in the pass band and to decrease the stop band 
attenuation. 

• zone of correct functioning with over consumption for 
IPWF > 100 µA. 

NOTE : Power consumption choice has to be prioritized 
when major concern in TSGF design is the frequency 
response (gain versus frequency). The output DC offset 

voltage cornes in 2nd position in that case. 

EXTERNAL DRIVING OF OUTPUT SAMPLE-AND­
HOLD 

This facility allows the filter output to be connected 
directly to an analog-to-digital converter, as illustrated 
in Figure 7. 

The clock signal which enters on the CLKSH pin must be 
synchronous with the sampling frequ!!nCy. As a result, the 
external clock frequency Fe must be the sampling fre­
quency Fi (the on-chip divider does not have to be used). 

High-order. switched• 
~-~ capacitor filter 

TSGF12 

Clock frequency 

fe 

Analog-to 
digital 

convener 

'• _JLIL 
FIGURE 7- EXTERNAL DRIVING OF OUTPUT SAMPLE 

AND HOLD (EXAMPLE) 

N 
bits 

The clock signal applied on CLKSH pin has to be opti­
mized in order to read a settled signal issued from the 
switched capacitor filter. 

On the example shown in Figure 7, a 12th order low pass 
filter makes an ideal antialiasing filter to precede data 
conversion. The filter precludes the need for oversampling 
when driving the A/D converter. 
CLKSH option is only available on TSG F04 and TSG F 12 
arrays. 

TltOMSON SEMICONDUCTEURS 
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TSGF SERIES 

MPFs TYPICAL USE 

USE OF THE MPF WITH - 5 V/+ 5 V DUAL POWER 
SUPPLY 

The adjustment of the DC output level of the M .P .F. is 
achieved by an external voltage source (for example, a 
bridge divider connected between the positive and the 
negative power supplies and whose the middle point is 
connected to the LVL pin of the M.P.F .) . If no output 
DC adjustment is required, the L VL pin can be directly 
connected to G ND . 

The consumption of the filter can be also adjusted by 
means of an external resistance connected between GND 
(or V+) and the PWF pin of the circuit. 

The consumption can thus be chosen to match the parti· 
cu lar application . 

-sv +sv 

r---
1 * CpwF 

1 

1 ..... 

+ 
V 

v-

LVL 

IN 

GNO 

OUT 

CLK 

PWF 

NC 

-EA 

SA 

+EA 
TSGF08 

+ EB 

SB 

-EB 

PWA 

Gr~o GNO (OR v+ J GNO (OR v+) 
PL =20 kQ(multiturn) 

10 kO ~ RpwF• RpwA ~75 kO 

• If the Op-Amps are not used , RpwA has not to be connected 
between PWA and GND . 

FIGURE 8 · EXAMPLE OF A TSGF0B FED IN DUAL SUPPL Y: 
-t SV,O, -SV. 

The stand-by mode is obtained by strapping the PWF pin 
to V- (or non connected). 

The adjustment of the power consumption of the two 
operational amplifiers can be achieved exactly like for the 
previous case, but via the PWA pin of the circuit. The 
stand-by mode is also obtained by strapping the PWA 
pin to V- (or non connected) . 

The clock levels are TTL, but CMOS levels are accepted. 
With these previous conditions, the output linear dynamic 
range of the M .P .F. is about 8 V, between - 4.5 V and 
+ 3.5 V. 

A capacitor CpwF can be added in parallel with RpwF in 
order to improve the clock feedthrough rejection: (Typical 
value CpwF = 33 pF). 

As for all CMOS circuits operating with dual power supply 
(- 5 V , 0 , + 5 V), it is advised to use clamping diodes 
(Threshold voltage Jess than 0.6 V) (Schottky is prefer­
rable) in order to avoid transients during power up which 
could drive TSGF circuits over their maximum ratings. 
Only 1 Schottky diode between GND and V+ is sufficient 
for TSGF products. 

USE OF THE MPF WITH 0/10 V SINGLE POWER 
SÜPPLY 

ln th is case, V- is the reference ground of the circuit and 
G ND must be adjusted to + 5V by means of the poten­
tiometer PL ( (V+ - v-)/2) , or by using a simple 
bridge divider. But in that case small resistors values 
(2 kQ) have to be used in order to set GND at a low 
impedance value. 

The adjustments of the DC output level of the M.P.F ., of 
the power consumptions of the filter and of the operatio­
nal amplifiers can be achieved exactly li ke previously. 

The high level of the clock must be at least 1.4 V upper 
the GND level. 

With these previous conditions, the output linear dynamic 
range of the M.P .F . is about 8 V between 0.5 and 8.5 V . 

+1ov 

v+ .NC 

11 V - -EA 

LVL SA 

IN + EA 
TSGF08 

GNO + EB 

10V OUT SB 

oSU"L CLK -EB 

PWF PWA .-- -
1 

.,J,,,.,crwF 
,-

1 

J. 
GNO GNO • (OR v+ J GND • (OR v+ J 

PL =20 kQ (multiturn) 

• GND is used, when the user provides the 5 V voltage. 

FIGURE 9 - EXAMPLE OF A TSGF08 FED, IN SINGLE 
POWER SUPPL Y 0-10 V 
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USE OF THE MPF WITH 0/5 V SINGLE POWER SUPPL Y 

ln this case, v- is the reference ground of the circuit and 
GND must be adjusted to + 2.5 V by means of the poten­
tiometer PL ( (V+ - v-)/2), and one Op-amp used as 
buffer in order to provide a low impedance on GND 
reference. 

Otherwise, without Op-amp, a simple bridge divider is 
sufficient, but small resistor values (2 kD.) have to be 
used in order to set GND at a low impedance value . 

The other adjustments are achieved exactly I i ke previously 
except for bias resistance of the filter and of the opera­
tional amplifiers (RPWF and RpwAl. whose must be 
exclusively to V+. 

The clock levels must be CMOS levels. With these previous 
conditions, the output linear dynamic range of the M.P .F . 
is about 2 -~ V, between 1 .2 and 3 .4 V. 

ANTI-ALIASING AND SMOOTHING 

• Anti-aliasing: The switched capacitor filters are sam­
pled systems and must verify the SHANNON condition 
imposing a sampling frequency (Fj) equal, at least, to 
the double of the upper frequency (Fel contained in 
the spectrum to transmit . With this condition , no 
information is added or lost on the transmitted signal. 
This theorem describes the well -known phenomenon 
called spectrum aliasing shown figure 11 where the 
entire spectrum to transmit appears around Fi, 2 ·Fi, 

5V 

0 _n___n__ 

+5V 

NC 

-EA 

___ ....j LVL SA 

IN + eA 1----~ 
TSGF0B .__ ___ GND + EB 

OUT SB 

CLK '---EB 

PWA 1 - - PWF 

1 

CpwF:;: 

1 .. 
GNO GND"(OR v+) GND* (OR v+) 

PL= 20 kD. (multiturn) 

10 kO ,,;; RPWF· RpwA ,,;;75 kO 

*GND is used , when the user provides the 2.5 V voltage. 

FIGURE 10 - EXAMPLE OF A TSGF0B FEO IN SINGLE POWER 
SUPPL Y 0-5 V. 

3 Fj ... and so on . 

Thus, ail spectrum cornponents of the signal contained 
around these frequencies are transrnitted by the 
M .P .F ., oppositively to the desired resu lt. 

To cancel the effects of this phenomenon, it is requi­
red, before all sarnpled systems, to filter all the spec­
trum components of the input signal upper than Fi -
Fe , An analog filter, called "anti-aliasing filter", must 
be therefore appl ied before the M .P .F. 

GAIN 
ANTI-ALIASING 

FIL TER TEMPLATE 

WITHOUT ANTI -ALIASING FIL TER, 

.__ 

SPECTRUM 

TO 

TRANSMIT 

THE SPECTRUM COMPONENTS A ROUND Fj 2 Fi .... . 

\ 
ARE NOT STOPPEO BY THE SAMPLED FIL TER 

,/ ~. 
7 1 l 

\ 1 1 
\ 1 1 
\ ALIASING OF THE SPECTRUM ALIASING OF THE SPECTRUM 

\ TO TRANSMIT AAOUND Fi TO TRANSMIT AROUND 2 Fi 

\ 1 1 
\ 1 1 
\ 1 1 FREO 

2 F_i + FC 

FIGURE 11 

Phenomenon of the spectrum aliasing 

. Without anti-aliasing filter 

, With anti-aliasing filter 

Spectrum to transmit =I= transmitted spcctrum 

Spectrum to transmit = transmitted spectrum 
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TSGF SERIES 

The selectivity of this filter depends upon the F/Fc 
ratio . 

If F/Fc > 200,a RC filter (first order low-pass) is suffi­
cient . 
If Fi/Fc < 200, a SALLEN-KEY structure (second 
order low-pass) must be used . Th is structure and its 

R1 = R2 = arbitrary value 

R1 

Fe = eut-off frequency for the antialiasing filter . 

relationships are described (Figure 12) . ln these rela­
tionsh ips, F c is is the eut-off frequency desired of the 
anti-aliasing filter and ~ its damping coefficient. For a 
eut-off as tight as possible and in order to correct the 
sin x/x effect , ~ must have a value around O. 7. 

C2 

R2 

V 

Cl 
21TR1 Fe 

An optimal choice is Fe = 2 x eut-off frequency of 
the main filter 

(Cl = ~2 
- C2) 

ç = damping coefficient; the optimal value is 0 .7 

FIGURE 12 

C2 = __ , __ 
21T~R1 Fe 

SALLEN-KEY structure (second order low-pass Filterl for 

anti-aliasing and smoothing. 

NOTE: lfi Fj/Fc < 2 (Figure 13), the spectrum to transmit 
and the spectrum aliased have a part in common and it 

becomes impossible to share the useful signais from the 
undesirable signais_ 
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FIGURE 13 

When Fi /Fe< 2. the spectrum components included between 

F j -Fe and Fe and which are due to spectrum aliasing are not 

stopped by the sampled filter 
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TSGF SERIES 

• Smoothing: As the signal obtained at the output of 
the M .P .F. is a sampled and hold signal, it is often 
required to smooth. it. This smoothing filter can be 
achieved from the SALLEN-KEY structure previously 
described (Figure 12). 

• Hardware implementation: 1 n order to make easier 
anti-aliasing and smoothing. THOMSON SEMICON-

-Sv +sv 

PL 
V+ 

v-

LVL 

TSGFOB 

NC 
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SA 

IN + EA 

SV GNO ..- es 
o_f1_fl_ 
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1 
1 

.J..cPWF 
ï 

1 
1 ...,_ 

GND GND (OR V+J 

PL-= 20 kSl (rnulciturnl 

10 kO ,.; RPWF• APWA .;75 kfl 

DUCTEURS has designed, on the TSGF chip one or, 
two general purpose operational amplifiers. A few 
external components are therefore sufficient to achieve 
these functions (Figure 14) . 

On the other hand, in the most of M.P.F's, a special 
integrated cell is included in the chip (cosine filter) to 
reduce the aliasing effects around Fj. 

C2 

IN 

OUT 

R'2 

R ' I 

R 1 . R2. Cl. C2 

R"l. R"2. C"1, C'2 

See anti-aliasing 

and 1moo1hing considerations 

FIGURE 14 

M .P .F . with anti-aliasing and smoothing filters 

Nonetheless , if the application allows it, these two ope­
rational amplifiers can be used to implement other func­
tions (gain, comparator, oscillator .... ). 
ln this case, the circuit shown Figure 15 can be used as 

anti-aliasing or smoothing filter. This structure is the 
same as the SALLEN-KEY structure described Figure 12 
(second order low-pass), in the same way as the corres­
ponding relationships. 

C2 

FIGURE 15 

+sv 

2N 
2222 

-SV 

10k!2 

Second order low-par.s Filter (SALLEN-KEY STRUCTURE) 
with a transistor replacing the operational amplifier. 
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CUT-OFF FREOUENCV DEFINITION 

G (dBI 

Go 

As 

F (Hz) 

0 

FIGURE 16 - DESIGN SPECIFICATIONS 

Thecut-off frequency Fe is the passband limit frequency 
as defined on the design specifications above mentioned. 
The maximum value of the attenuation variation in the 

passband: Ap is 3 dB for Butterworth, Bessel and Legen­
dre filters (Figure 17a), and is called passband ripple for 
Chebychev ( Figure 17b) and Cauer filters ( Figure17c). 

14/35 

FIGURE 17a FIGURE 17b FIGURE 17c 

The passband ripple is design dependent and between 
0.05 dB and 0.2 dB with TSGF standard filters. 
The parameter G0 called passband gain is the maximum 

value of the gain in the passband, · and may have low 
variation from part to part. 
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TSGF SERIES 

ELECTRICAL SPECIFICATIONS 

The following electrical characteristics are common to the 
3 base f ilter arrays TSGF04 , TSGF0B and TSGF72, be-

MAXIMUM RATINGS 

cause their structures are designed with the same basic 
components . 

Tamb = 25° C, V+= 5 V, GND = 0 V, v- =-5V. IPWF = 100 µA (unless otherwise specified) 

Rating 

Positive supply voltage 

Negative supply voltage 

Voltage to any pin 
(except for GNO) 

Operating temperature range 

Storage temperature range 

WARNING : DUAL POWER SUPPL Y (- 5 V, 0 . + 5 V) 

Although TSG F circuits are internai ly gate protected to 
minimize the possibility of static damage, MOS handling 
and operating procedure precautions should be observed. 
Maximum rated supply voltages must not be exceeded. 
Use decoupling networks to remove power supply turn 
on/off transients, ripple and switching transients. 

Do not apply independently powered signais or clocks to 

Threshold voltage 
Jess than 0 .6 V 

Symbol Value Unit 

v+ -0.15to+7 V 

v- - 7 ta+ 0.15 V 

V (V-) - 0 .3 ta V 
(V+)+ 0 .3 

Toper T min - 5°C to 
T max+ 5oC 

oc 

Tstg - 60 to + 150 oc 

the chip with power off as this will forward bias the sub­
strate. Damage may result if external protection precau­
tions are not ta ken : 

As for ail CMOS circuits operating with three supply 
voltages (V+, GND, V-), it is advised to use clamping 
diodes (Schottky is preferable), in order to avoid transient 
during power up that would drive the circuit over its 
maximum ratings (see figure 18). 

v+ 

.---1GND 

Unnecessary for TSG F 
circuits 

1 

~ 
TSGFxx 

v-

FIGURE 18 • APPLICATION HINT FOR CMOS ICs WITH 
TH REE SUPPL Y VOLTAGES 

ntOMSON SEMICONDUCTEURS 
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TSGF SERIES 

ELECTRICAL OPERATING CHARACTERISTICS 
V+= 5 V, GND = 0 V, v- = - 5 V, Tamb = 25°C, IPWF = lOOµA (unless otherwise specified) 

Characteristic Symbol Min. Typ. Max. Unit. 

Positive supply voltage v+ 4 5 6 V 

Negative supply voltage v - -6 -5 -4 V 

Output voltage swing ( •) VouT (V-) + 0.5 - (V+) - 1.5 Vpp 

Input voltage(*) VIN (V-)+ 0.5 - (V+) -1.5 Vpp 
(with fil ter gain = 0dB) 

Bias current on PWF 
(stand-by mode by connecting 

IPWF 50 - 250 µA 

PWF to v-) -

TTL clock input "0" (**) VIL - - + 0.8 V 

TTL clock input " 1" (**J V1H 2 - - V 

Ext. clock pulse width Tep 80 - - ns 

Input resistance R1N 1 3 - Mr2 

Input capacitance C1N - - 20 pF 

Output resistance RouT - 10 - n 
Load capacitance CL - - 100 pF 

Load resistance RL 0 .1 1 - kr2 

: same specifications NOTE : with supply (0, + 10 V ) 
with single supply (0, + 5 V) : contact Thomson Semiconducteurs sales office or representative. 

(•) Depending on lpwF current 
(• *) TTL levels are referenced to GND voltage 

Other filter's characteristics. sueh as noise, power supply 
rejeetion ratio, total harmonie distortion ... are fi lter 
dependent . As a result, for sueh eharaeteristies, Thomson 
Semiconducteurs can only guarantee the lower level of 
performance for each parameter, as indicated below . (this 
lower level has been determined from measurements on a 
set of hundred different TSGF filters, as shown in figure 
19). 

PSRR + > 2 dB : 
PSRR - > 10 dB 
Vn < 1 mVrms 

V+ Power supply rejection ratio. 
v- Power supply rejection ratio. 
Vn is the total output noise voltage 
measured in the passband of the 
filter. 

SNR > 57 dBm / 600 Ohm : Signal to noise ratio with 
V1N = 775 mVrms. 

SN R > 65 dB V : signal to noise ratio with VIN = 2 Vrms. 
THD < 0.1 % : Total harmonie distortion. 

16/35 

As such characteristics are not predictable from simula­
tion results, their typical values are provided from measu­
rements of the eustomized filter prototypes. (These mea­
surements could be performed by Thomson Semiconduc­
teurs on special request) . 

These typieal values, obtained with TSGF products, are 
better than the lowest level guaranteed, and designers can 
get a more accurate idea about them by two means. 

1) Such characteristics are given for general-purpose 
fi lters. Refer to TSG85xx, 86 xx, 87xx data sheets. 

2) Figure 19 gives histograms of the 5 parameters discus­
sed above. These histograms indicate the distribution of 
the typieal value of the considered parameter over a set 
of hundred different TSGF filters. (Note that the aim of 
these histograms indicate the dispersion of the considered 
characteristic for a given TSG F filter). 
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PSRR• > 2 d8 
70% 

2 10 20 30 40 50 PSRR•(d8) 

0 100 

Vn < 1 mVrms 

Umit 

l 
500 1000 Vn (µVrmsl 

V n is the total outpul noise measured 
in the pass band of the Filter. 

70% 

50 

TSGF SERIES 

70% 

10 20 30 40 

60 

-{Vin= 2 Vrms 
SNR > 6SdBV 

70 80 90 100 SNR 

SNR =20 Log V;n v,;-

70% 

0.01 

THO< 0.1 % 

Limit 

l 
0 .05 0 .1 

Total Harmonie Distortion. 

FIGURE 19 - DISTRIBUTION OF TYPICAL VALUE OVER A SET OF HUNDRED DIFFERENT TSGF FIL TERS 

NOISE MEASUREMENT METHOD 

F,equencv 
Synthe1ize, 

\ 

l 
GNO 

IN 
MPF 

OUT 

tMn 
JOpF 

Position 1 : Calibration of the spectrum analyzer to 0 dBV 11 Vrmsl. 
Position 2 : Measurement with filter input connected to GND. 

Spectral noi1e densi1y 

SIW) 

BW = selectable bandwidth of the spectrum an.ilyzer. 
BP = considered MPF bandwidth to analyze. 

VtVHz 

1 -

0 BP 

We obtain theoretical noise voltage : Vn {Vrmsl = J J
0

8
P 5 2 

{ w) . dw 

BP/BW 

and meawred noise voltage : Vn {Vrmsl L 5 2 (kl . BW 
k=I 

FIGURE 20 - METHOD OF NOISE MEASUREMENT 

TltOMSON SEMICONDUCTEURS 

F ,eq. (Hz) 

THO 1%1 
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TSGF SERIES 

UNCOMMITTED ON-CHIP OPERATIONAL AMPLI FIERS 
v+ = 5 V, GND = 0 V, v- = - 5 V, Tamb = 25°C, AL= 2kOhm, IPWA = 100µA (unless otherwise specified) 

Characteristic Symbol Min. Typ. Max . Unit. 

OC open loop gain Go+ 60 75 - dB 
(without load) Go- 60 75 - dB 

Gain bandwidth product Gsp 1 2 - MHz 
(without load) 

Input offset voltage V10 - ±5 ±10 mV 
(without load) 

Output swing VopP - -4.5 -4.7 V 
3.5 3.7 V 

Input bias current 
(without load) 

11B - ±5 ±10 nA 

Supply rejection SVR 60 - 65 - dB 
(without load) 

Common mode rejection CMR 60 65 - dB 
VcM = 1 V (without load) 

Output resistance Ro - 10 - n 
Supply current la+ - 2.6 3.2 mA 

la- - 2.6 3.2 mA 

Slew rate SR+ 2 5 - V/µs 
SR- 2 6 - V/µs 

18/35 
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TSGF SERIES 

USER'S GUIDE OF IPWA AND RpwA FOR UNCOMMITTED ON-CHIP 
OPERATIONAL AMPLIFIER 
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TSGF SERIES 

CAD SOFTWARE: FILCAD 

1 n order to take full advantage of its Mask Programmable 
Filter TSGF approach for Semicustom applications, 
Thomson Semiconducteurs has developed a comprehen-

sive software package called FILCAD ® to cover all the 
development steps, starting from the feasibility evaluation 
of the customer's specifications, up to the single-metal 
interconnection routing required for the MPF customi­
zation . 

More specifical ly, the FI LCAD system gives the designer 
strong assistance during the following steps : 

Evaluation of MPF solutions wel I suited to specific 
filter circuit requirements, 
Filter synthesis, leading to a switched capacitor elec­
trical schematic, 
MPF filter simulation (performed with MPF capacitor 
capabilities), 
Schematic capture and routing of the optional con­
nections, 
Layout file generation, and final verification performed 
by accurate post-routing simulation . 

® Ali FI LCAD modules run on VAX under VMS operating 
System, and are linked together as shown in figure 21 . Ali 
modules are fully described in the TSGF's User's manual 

(Vol. 5 of Thomson-Semiconducteurs ASIC User's Ma­
nuais). 

The entry to FI LCAD is the customer filter specification 
which can be provided to Thomson Semiconducteurs in 
different forms : 

amplitude - phase - group delay templates 
pales and zeros 
biquadratic cell coefficients 
polynomial transfer functions 

1 n addition Thomson Semiconducteurs can perform feasi­
bility study of customer specific filter circuits : in order 
for customers to get fast and accu rate answer, Thomson 
Semiconducteurs generated a feasibility analysis TSGF 
questionnaire that customers are kindly required to fill. 
This questionnaire is available on request at Thomson 
Semiconducteurs'Design centers or nearest sales office 
or representative. 

MPF ® and FI LCAD ® are registered trademarks of Thom­
son Semiconducteurs. 

VAX ® is a registered trademark of Digital Equipment 
Corp. 

20/35 
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TSGF SERIES 

FI LCAD, CAO software package developed by Thomson 
Semiconducteurs for Switched Capacitor Filter designs, 
TSGF series, is also available for mixed analog-digital 

TSGSM Standard Cells or Full custom circuits inte­
grating TSGF-like filtering functions . 

FILCAD 

EVA 

. 

SAFIR SYCAB 

Evaluation 
Theorctical 
synthesis 

S.C.F. synthesis 
S.C.F. schematics 

1 1 
leapfrog structure biquad. cascade 

l.____ _____ ___,I 

SWITCAP 

Post routing 
simulation 

•• 

SI RENA 

SCAPTURE 

• 

FACTOR 

1 

GDS2 layout file of 
customization mask 

S.C.F. simulations 
Scaling (voltage adjusting process) 
Normalization of capacitors 
adapted to M.P.F. 
MONTE CARLO analysis 

* S.C.F. Switched capacitor filter 

FI LCAD is a trademark of Thomson Semiconducteurs 
SWITCAP is a trademark of Columbia University 

FIGURE 21 

TltOMSON SEMICONDUCTEURS 
21/35 



Thomson 
CUSTOME R - Semiconducteurs 

TSGF FEASIBILITY 

QUESTIONNAI RE 

CUSTOMER 

APPROVAL 

CUSTOMER 
APPROVAL 

CUSTOMER 

APPROVAL 

TSGF SERIES 

TSGF DEVELOPMENT FLOW 

CUSTOMER 
SPECI FICA Tl ONS 

t 
FEASIBILITY 

ANAL YSIS STUDY 

PROPOSAL OF TSGFXX 
TECHNICAL SPECI FICA Tl ONS 

+ QUOTATION 

TSGF FI L TER DESIGN 
+ SIMULATION 

LAYOUT 

PERSONNALIZATION 
MASK TOOLING 

TSGFXX BASE 
WAFER METALLIZATION 

WAFER 
PROBE 

ASSEMBLY IN 
CERAMIC PACKAGE 

• PROTOTYPE 
FINAL TEST 

VOLUME 
PRODUCTION 

-

-

-

Thomson ---CUSTOMER 
Semiconducteurs 

DELIVERY OF 

TSGF SPEC. PROPOSAL 

DELIVERY OF 

SIMULATION RESUL TS 

(LISTING FORM) 

OELIVERY OF FULL 

TESTED PROTOTYPES 

Thomson Semiconducteurs proposes presently 2 design 
interfaces to customers for the design of their filter c ir­
cuits with TSGF series : 

- design done by customer up to simulation and then 

22/35 

design entirely done by Thomson Semiconducteurs 
within its Design Centers ; 

completed by Thomson Semiconducteurs. 
The table below outlines customèr and Thomson Semi­
conducteurs respective responsibilities for these 2 design 
interfaces. 
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TSGF SERIES 

DESIGN INTERFACES 

Design Step 

Theoretical Synthesis 

Switched capacitor filters 
Schematics before scal ing 

Final Schematics 

Additional Simulation 

Approval 

Schematics Capture 

Layout -
Personnalization Mask generation 

Post Routing Simulation 

DOCUMENTATION AND SUPPORT 

ln order to bring users the maximum support on switched 
capacitor TSGF filter arrays, Thomson Semiconducteurs 
generated a complete set of documentation and tools 
which are available on request : 
* TSGF User's Manual 
* Application Notés 

• AN052 : How to choose a filter in a specific 
application 

• AN061 : implementation -and applications around 

FILCAD int 2 int 3 
software 

EVA Thomson Customer 
Semiconducteurs 

SYCAB Thomson Customer 
or 

SAFIR 

SIRE NA Thomson Customer 
(SWITCAP) 

SI RENA Thomson Customer 
(SWITCAP) 

- Customer Thomson 

SCAPTURE Thomson Thomson 

FACTOR Thomson Thomson 

SI RENA Thomson Thomson 
(SWITCAP) 

Standard MPFS 
• AN069 : A supplement to the utilization of switched 

capacitor filters. 
• AN070 : Band Pass and Band Stop Filters. 
• AN075 :Signal detection and sinewave generation. 

* MPF 's evaluation boards. 
* TSG F feasibility/analysis questionnaire. 

ln addition specialists can be contacted within Thomson 
Filter Semiconducteurs' Design Centers. 
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TSGF SERIES 

TSGF04 
2nd TO 4th ORDER ANALOG Fil TER ARRAY 

With the TSGF04 array, whose block diagram is given 
below, user is given 2 different pin-out configurations : 
- 8 pin Dl L version where only the filter up to 4th order 

is accessible. 
- 14 pin Dl L version where in addition, one uncommit­

ted Op-amp and one internai oscillator capability are 
offered. 

When the external driving of output sample-and-hold is 
used (CLKSH pin). PWF pin realizes the power adjust­
ment of bath uncommited Op-amp and filter unit. 

TSGF04 will be soon available in SO wide package version 
f0.3 inch): 16 pin version only. 

TSGF04 

BLOCK DIAGRAM 
See figure 4 

TIIOMSON SEMICONDUCTEURS 

CB-98 

CB-2 

HCMOS 

CASES 

.~ 
PSUFFIX 

PLASTIC PACKAGE 

... 
1
r,;t{){YP 

PSUFFIX 
PLASTIC PACKAGE 

PIN ASSIGNMENTS 

8 pins: FILTER ONLY 
Compatible vvith TSGF0B 

v+ PWF 

CLK R 

-EA 3 CLKIN 

11 CLKM 

+EA 5 PWA orCLK SH 

OUT 

GND 

14 pins : Filter 
: + 1 Op" Amp 
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TSGF SERIES. 

CLOCK OSCI LLATOR 

The TSGF04 base accepts external compatible TTL/CMOS 
clocks on CLKIN pin and provides an internai oscillator 
performed either by RC or crystal connected between 
CLKIN and CLKR pins. 

The clock selection mode is provided by CLKM pad which 
can be connected to V- or GND voltage levels. This con­
nection is realized by two means, depending on the package 
type chosen: 

The different possibilities are: 

two internai oscillator modes: 

with 14-pin package, via .CLKM pin. 
with 8-pin package, by internai connection readily per­
formed, onty on custom filters. 

(Note that CLKM pin connected to V+, altows the selection 
of the internai crystal-controlled osciltator, but the selec­
tion by CLKM connected to V- is recommended). 

RC ~--1 CLK A 
CR 

~ 
CLK R 

- Crystal 
A 

C 
v----11------1 CLK IN C1N 

.-1 
R 

CLKIN 

v----1 CLK M v- CLK M 

three external clocks: 
low-TTL 
high-TTL 
CMOS 

The "low-TTL" and "high-TTL" clock levets are: 

Low-TTL 

High-TTL 

For each package version, the following tables resume, the 
availability of the different clocks, in terms of the power 
supply. 

Note that in 8-pin version, the ctock mode (CLKM) is inter-

8-pin package 

o/sv 0/10V -5/+ 5 V 

Low-TTL NO C C 

High-TTL NO YES YES 

CMOS C YES YES 

RC mode NO NO NO 

Crystal mode NO NO NO 

C = Customization option 

GND GND 

N.C. CLK R 

Clock -----t CLK IN 
input 

CLK M 

GND 

+ 
+ 

+ 

-

10 V (resp. + 5V) 

5 V (resp. 0 V) 

0 V (resp. - 5 V) 

5 V (resp. + 10 V) 

0 V (resp. + 5 V) 

5 V (resp. 0 V) 

nally set to GND voltage, except in the case of CMOS clock 
and 0-5V power supply, where CLKM is internalty connec­
ted to V-voltage. 

14-pin package 

0/5V 0/10V -5/+ 5V 

Low-TTL NO C C 

High-TTL NO CLKM =GND CLKM =GND 

CMOS CLKM =V- CLKM =GND CLKM =GNO 

RC mode CLKM=V- CLKM =V- CLKM =V-

Crystal mode CLKM =v- CLKM=V- CLKM=V-

26/35 
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TSGF SERIES 

ELECTRICAL OPERATING CHARACTERISTICS: 

WITH SINGLE SUPPLY VOLTAGE : 
Tamb = 25° C. V += 10 V. V - = 0 V , GND = 5V (unless otherwise specified) 

CLKM Characteristic Min . Typ. Max . Uni t 

GND Thrcshold voltage 1.5 - V 

External clock frequency 5 MHz 

AC MODE : 
High threshold voltage on CLKIN 1 1.25 1.5 V 

Corresponding voltage on CLK A 5 V 

V - Low threshold voltage on CLK IN 1.5 1.25 - 1 V 

Correspondong voltage on CLKR + 5 V 

Osci llator frequency 5 MHz 

Resistor 2 -- 10 000 kSl 
Capac itor 0 47 nF 

CRYSTAL MODE : 

Osci llator frequency 5 MHz 

V- Resistor 1 - MH 

Capaci tor CR 10 100 pF 

Capacitor C1N 10 - 30 pF 

WITH DUAL SUPPL Y VOLTAGE: 
Tamb = 25° C, V+= 5 V. V - = - 5 V, GND = 0 V (unless otherwise specified) 

CLKM Characteristic Min. Typ. Max. Unit . 

GND Threshold voltage 6 .5 V 
External clock frequency - · 5 MH z 

AC MODE : 

High threshotd voltage on CLKIN 6 6.25 6 .5 V 
Corresponding voltage on CLK R - 0 - V 

V - Low threshold voltage on CLK IN 3.5 3.75 4 V 
Corresponding voltage on CLK R + 10 - V 

Oscillator frequency - 5 MH z 
Aesistor 2 10 000 kS2 
Capacitor 0 -- 47 n F 

CRYSTAL MODE : 
Osci llator frequency -- 5 MHz 

V- Aesistor 1 - MU 
Capacitor CR 10 - 100 pF 
Capacitor C1N 10 -- 30 pF 

WITH SINGLE SUPPL Y VOLTAGE: 
Tamb = 25° C. V+= 5 V, V - = 0 V. GND = 2.5 V (unless otherwise specified) 

CLKM Characteristic Min. Typ. Max . Unit. 

GND Threshold voltage 3.8 - V 
External clock !requency - 5 MHz 

AC MODE : 
High threshold voltage on CLK IN 3 3 .2 3 .4 V 
Corresponding voltage on CLK R 0 - V 

V- Law threshold voltage on CLK IN 1.5 1.8 2 V 
Corresponding voltage on CLK A -- +5 -- V 

Oscillator frequency 
. 

5 MHz --
Resistor 2 -- - 10 000 kH 
Capacitor 0 47 nF 

CRYSTAL MODE : 

Oscillator frequency - 5 MHz 
V - Resistor - - 1 - MH 

Capacitor CR 10 100 pF 
Capacitor C1N 10 30 pF 

TltOMSON SEMICONDUCTEURS 
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INVERTING TRIGGER FUNCTIONING FREQUENCY VARIATION AS FUNCTION OF R 

With internai RC oscillator mode, the user's guide for R and C choice is 
given by following curves and for both suppl y voltages : 0.5 V, 0.10 V. 
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PHYSICAL DIMENSIONS 
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TSGF SERIES 

TSGF08 
4th TO ath ORDER ANALOG Fil TER ARRAY 

The TSG F0B array provides users with filter integration 
from 4th to 8th order. 2 package versions are offered 
to users: 

8 pin DIL, where only the filter unit is accessible, 
- 16 pin DI L, where 2 uncommitted Op-amps are added 

to previous version. 

TSGF0B will be soon available in SO wide package version 
(0.3 inch): 16 pin version only. 

TSGF08 

BLOCK DIAGRAM 
See figure 4 

CB-98 

CB-79 

HCM·os 

CASES 

P SUFFI X 
PLASTIC PACKAGE 

16 ~ 
1 P SUFFIX 

PLASTIC PACKAGE 

PIN ASSIGNMENTS 

v+ 8 PWF 

v- 2 7 CLK 

LVL 3 6 OUT 

IN 4 5 GND 

8 pins: Fil TER ONLY 
Compatible with TSGF04 

v+ 16 NC 

v- 2 15 -EA 

LVL 3 14 SA 

IN 4 13 + EA 

GND 5 12 + EB 

OUT 6 11 SB 

CLK 7 10 -EB 

PWF 8 9 PWA 

16 pins : Filter 
: + 2 Op -Amps 

Compatible with TSGF12 (with a single filter) 

TIIOMSON SEMICONDUCTEURS 



fa 2.54 
(2) 

OIN 

A500 
CEi 

0,llum 

o, 

OIN 

A50E 

C El 

• t • t • 

D.A .T. A . 

: 0 .A .T.A . 

0 38 
0.308 

l.27rno•. 

6.35(1) 

JEOEC 

JE DEC 

02 
O.J 

162 
12) 

TSGF SERIES 

11) Nominol di_,...,., 

12) Tru■ geo,ne,rical po,M1K>tl 

8 pins 

' F 116A CB-98 

SllEL!SC 

, 
/ 

I 
0.2 
O.J 

8-5.mo~ . 

(l I Nominal dimension 
(21 True geome1rical position 

6.35 
(1) 16 pins 

' F 117 CB-79 

SITElESC 

CB-98 

P SUFFIX 
PLASTIC PACKAGE 

CB-79 

PSUFFIX 
PLASTIC PACKAGE 

TllOMSON SEMICONDUCTEURS 
31/35 



32/35 

TSGF SERIES 

TSGF12 
8th TO 12th ORDER ANALOG FIL TER ARRAY 

TSG F 12 array offers the capability to integrate either 
one single filter from 8th to 12th order or 2 different 
filters whose sum of orders cannot exceed 12 . 

These 2 different filters can have either same clock or 
2 different clock inputs . 

The TSG F 12 p;ickage versions are : 
16 pin OIL 1 filter + 2 Op-amps 
16pinOIL 1filter+20p-amps 

+ driving of output S/H 
16 pin OIL 2 filters + 1 Op-amp 

+ 2 clock inputs. 
18 pin OIL 2 filters + 2 Or-amps 

+ 1 clock input . 
20 pin OIL 2 filters + 2 Op-amps 

+ 2 clock inputs. 
- 20 pin OIL 2 filters + 2 Op-amps 

+ 2 clock inputs 
+ driving of output S/H . 

TSGF12 array wilt be soon available in SO wide package 
version (0.3 inch): 18 and 24 pin versions. 
ln case of dual filter integration, the CLKSH pin operates 
only on the output of filter n° 1 (OUTPUT 1) . 1 n the 
same case, for the 16 pin version, onty LVL2 pin is avai· 
lable : therefore user can only adjust the Output DC level 
of filter 2 . 

Clock divider: 

The number of dividers by 2 a11ailable on TSG F 12 array 
is 8. 

Therefore in case of dual filter on chip integration, there 
are 2 possibilities to use the clock divider : 
- if one filter does not require internai dividers, the 

8 dividers by 2 are available for the second filter ; 
- if the first filter requires n internai dividers, it remains 

only 7-n ones av ail able for the second fi lter. 

TSGF12 

BLOCK DIAGRAM 
See figure 4 
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TSGF SERIES 

PIN ASSIGNMENTS 

v+ 16 LVL2 v+ 16 ] NC v+ 16 CLKSH 

v- 2 15 -EA v- 2 15 -EA v- 2 15 -EA 

IN1 3 14 SA LVL 3 14 SA 3 14 SA 

OUT1 4 13 + EA IN 4 13 +EA 13 +EA 

OUT2 5 12 NC GND 5 12 + EB GND 5 12 + EB 

GND 6 11 PWA OUT 6 11 SB OUT 6 11 SB 

IN2 7 10 PWF CLK 7 10 -EB CLK 7 --EB 

~LK1 8 9 CLK2 PWF 8 9 PWA PWF 8 PWA 

16 pins : 2 Filters 16 pins : 1 Filter 16 pins : 1 Filter 
+ 1 Op - Amp + 2Op -Amps + 2Op -Amps 
+ 2 Clock inputs Compatible with + Driving of output S/H 

TSGF08 

v+ 18 LVL2 

v- 2 17 -EA 

IN1 3 16 SA 

LVL1 4 15 + EA 

OUTl 5 14 + EB 

OUT2 6 13 SB 

12 -EB 

IN2 8 11 PWA 

CLK 9 10 PWF 

18 pins : 2 Filters 
+ 2Op-Amps 
+ 1 Clock input 

v+ 20 LVL2 v+ 20 LVL2 

v- 2 -EA v- 2 -EA 

NC 3 18 SA CLKSH 3 18 SA 

IN1 4 17 +EA IN1 4 17 +eA 

LVL1 5 16 +EB LVL1 5 16 +EB 

OUT1 6 15 SB OUT1 6 15 SB 

14 -EB OUT2 7 14 -EB 

GN-0 8 13 PWA GND 8 13 PWA 

IN2 9 12 PWF IN2. 9 12 PWF 

CLK1 10 11 CLK2 CLK1 10 11 CLK2 

20 pins : 2 Filters 20 pins : 2 Filters 
+ 2 Op - Amps + 2 Op - Amps 
+ 2 Clock inputs + 2 Clock inputs 

+ Driving of output S/H 
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TSGF SERIES 

PHYSICAL DIMENSIONS 
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O.A.T.A. JfOEC SITElfSC 

• 1 ..... 

, ..... 
\ 

o· .. \. 
Ï S~ 

20 pin, 

' CB-194 

OIN 

A50G 

CEi 0.A.T.A . JE DEC 

CB-194 

P SUFFIX 
PLASTIC PACKAGE 

These specifications are subjer to change without notice. 
Please inquire with our sales offices about the availability of the different products. 
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Thomson 
Semiconducteurs 

Mask Programmable 
Filter Family 

Filter Array 

04 2nd to 4th order 
08 · : 4th to 8th order 
12 8th to 12th order 

Customer identffication 
Number 

Revision 
index 

TSGF SERIES 

ORDERING INFORMATION 

I TI S I G I F 1 0 I 8 1 1 I 5 1 4 1 A 1 V 1 1 P I DI 

- ....... 

ntOMSON SEMICONDUCTEURS 

Screening Class 

D Burn-in 
: Standard 

Package 
C Ceramic Dl L 
J Cerdip OIL 
P Plastic DI L 
FP SO 

Operating 
Temperature Range 

C 0°C + 70°C 
1 - 25°C, + 85°C 
M - 55°C, + 125°C 
V -40°C, + 85°C 
T - 40°C, + 105°C 
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ADVANCE INFORMATION 

The TSG8540 is a HCMOS bandreject filter. 

Main features: 

• 6th order 
• Selectivity factor : Q = 5 
• Attenuation at center frequency from 36 dB to 56 dB depending on 

center frequency 
• Typical clock to center frequency ratio: 925 
• Clock frequency range : 18.5 kHz to 1110 kHz 
• Center frequency range : 20 Hz to 1200 Hz 

Ordering informations: 

• Plastic 16 pins package : TSG8540XP 
• Ceramic 16 pins package: TSG8540XC 
• Cerdip 16 pins package:TSG8540XJ 
• Plastic 8 pins package: TSG8540XP 

X: Temperature range = C: 0°C + 70°C 
l : -25°C+ 85°C 

V : - 40° C + 85° C 
M :- 55°C + 125°C 
T : - 40°C + 105°C 

Note : For general characteristics, see TSG FOS specifications. 
For non standard quality level, consult THOMSON SEMI­
CONDUCTEURS general ordering information. 
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PIN ASSIGNMENTS 
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V- 2 15 -EA 
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16 pins FIL TER +2 OP-AMPs 

8 pins : FIL TER ONLV 
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Filtres monolithiques CMOS 
à capacités commutées, 
un nouveau concept : 

Filtres Programmables par Masque 
(FPM) 

par C. CAil,LON, J.-P. ROCHE et C. TERRJER 
Thomson Semiconducteurs EFCIS 

Mémoire issu du Séminaire 84 Circuits Intégrés Analogiques 

RESUME 

Les filtres à capacités commutées constitue/li un impor­
tant progrès dans la miniaturisation et la mise au point 
des équipements, puisqu'ils ne nécessitent aucun compo­
sant externe et leur courbe de réponse peut être transposée 
très facilement sur l'axe fréquentiel par une simple fré­
quence d'horloge. 

Après une justification de la complémentarité des filtres 
de type analogique et des filtres numériques dans les 
équipements, les auteurs décrivent les principes utilisés 
dans Les filtres à capacités commutées ainsi que les princi­
pales méthodes de synthèse. 

La description d'un circuit prédiffusé destiné au filtrage 
par commutation de capacités est présentée, ainsi que plu­
sieurs réalisations de filtres de gabarits très variés (passe­
bas, passe-haut, passe-bande, type Cauer, Chebychev, 
Butterworth. 

Les performances obtenues sur ces circuits laissent entre­
voir d'importants débouchés pour ces nouvelles techni­
ques. Un nouveau concept est né: les Filtres Programma­
bles par Masques (FPM). 

1. INTRODUCTION 

L'introduction depuis quelques années de techniques 
de filtrage par commutation de capacités, associées 
aux technologies MOS particulièrement adaptées pour 
réaliser des dispositifs à transfert de· charges (inter­
rupteurs quasi parfaits, impédance d'entrée élevée des 
amplificateurs opérationnels) a rendu possible -l'inté­
gration de filtres monolithiques, destmés à remplacer 
les filtres actifs réalisés jusqu'alors à l'aide de compo­
sants discrets. Pourquoi réaliser des filtres capables 
de traiter des signaux analogiques, à une époque ou 
la densité d'intégration permet de réaliser des pro­
cesseurs de signaux de plus en plus performants, 
capables eux aussi de réaliser des fonctions de filtrage 
sur des signaux numérisés ? 

En fait, ces deux techniques sont complémentaires : 

Les signaux du monde physique sont pour la plupart 
des signaux de type analogique. Des capteurs per­
mettent de transcrire ces grandeurs physiques en gran-

ABSTRACT 

Switched capaciror jilters represenr a major step f orward 
in the mi11iamrizatio11 ana design of equipme11t as they 
require no exterTUJl compo11e111s and their response curve 
can be very easily converted to the frequential axis by 
means of a simple dock f requency. 

The authors first justify the complementarity of analog 
and digital type filters in the equipment and the11 go on 
ro de.scribe rhe principles used in the switched capacitor 
Jilters, together with the main methods of synthesis. 

The description of a prediffused circuit, intended for 
filtering by means of capacitor switching, is described to­
gether with several types of filters of very dif f erent size 
(low-pass, high-pass, band-pass, Cauer, Chebychev or But­
terworth type). 

The performance obtained on these circuits points to 
widespread applications for the.se new techniques. A new 
concept is born: the Mask Programmable Filters (MPF). 

deurs électriques, qu'il est souvent nécessaire de traiter 
avant numérisation : amplification, filtrage. En effet 
la numérisation d'un signal passe par l'utilisation de 
convertisseurs analogique/ numérique qui travaillent 
d'une façon générale sur des signaux d'amplitude 
adaptée : préamplification, amplification, réglage de 
gain (automatique ou manuelle). De plus, ces conver­
tisseurs procèdent par échantillonnage de signaux 
électriques, d'où la nécessité de limiter le spectre 
fréquentiel à fa demi-fréquence d'échantillonnage pour 
éviter les phénomènes de battement de fréquence 
(conditions de Shannon) : filtrage antirepliement. 

Afin de respecter au mieux les conditions de Shannon 
et d'éviter un suréchantillonnage, le filtrage antireplie-­
ment nécessitera l'utilisation de filtres d'ordre élevé, 
afin de tendre vers le filtre parfait (irréalisable). C'est 
dans ce domaine que les filtres à commutation de 
capacités interviennent en premier lieu. 

Le passage du domaine numérique au domaine 
analogique nécessite l'utilisation de convertisseurs 

L'011de Eltclrique - Mai-Juin 1985 - Vol. 65 - N" 3 / 7 



Pré-Amplification Filtrage Echanti l. 
Capce ur Amplification . Anti lonnage 

. 
C.A.N. ~ 

C. A. G. Repliement blocage 
'i"rai tement 

nuc,êrique 

du 

Récepteur Amplit'ice.tion Filtre 
signal 

, 
de de lissage ~ C.N.A. 

Puissance bu correct.ion 

Fig. 1. Schéma synoptique général d'une chaîne de traitement de signal . 

numérique-analogique qui délivrent on signal à temps 
continu échantiUonné--bloqué. Afin d'améliorer le taux 
de distorsion harmonique, un filtrage sera souvent 
nécessaire. C'est là une deuxième application des filtres 
à capacités commutées. 

Bien entendu ces domaines d'applications ne sont 
pas Jîmitatüs, et un filtre à capacités commutées pourra 
aisément remplacer un filtre actif, dans des équipe­
ments entièrement analogiques. 

D'une façon générale, une chaîne de traitemept de 
signal se présentera sous la forme donnée sur la 
figure 1. 

IL PRINCIPES UTILISES POUR LE FJLTRAGE 
A CAP A CITES COMMUTEES 

11.1. Montage de base 

Le montage de base de tout filtre actif est le circuit 
intégrateur. Le filtre, répondant à une fonction de 
transfert déterminée, sera réalisé par association de 
plusieurs intégrateurs et d'un certain nombre de résis­
tances et capacités de rebouclage. 

Le montage intégrateur de base est donné sur la 
figure 2. 

La fonction de transfert d'un tel montage est : 

v. -
v. - - RCp (1) 

(p = j w = variable de Laplace). 

Le produit RC détermine la. constante de temps de 
l'intégrateur. En circuit intégré MOS, ce produit RC, 
peut être réalisé, mais avec une surface de silicium 

C 

Ve R 

Vs 

Fig. 2. Montage intégrateur utilisé dans les filtres actifs. 
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C2 

Fig. 3. Montage intégrateur à capacité commutée. 

importante et surtout une forte imprécision due essen­
tiellement à la non-corrélation entre les paramètres 
fixant la valeur des résistances et celle des capacités. 
Le montage intégrateur de base des filtres à capacités 
commutées est donné sur la figure 3. 

Dans ce montage la résistance est remplacée par une 
capacité C1 et deux interrupteurs commandés par des 
phases q> et qi complémentaires et non recouvrantes. 
On notera T la période de commutation de ces inter­
rupteurs et fH la fréquence correspondante (f = 1 /fa). 

On montre [1], que la capacité commutée c._ est 
l'équivalent d'une résistance de valeur: 

T 
R = C1 . fn - Ci ' (2) 

ce qui donne pour le montage intégrateur la fonction 
de transfert : 

(3) 

Remarques concernant ce résultat : 

l O La relation (3) représente une approximation. En 
effet le fait d'utiliser des interrupteurs indique que l'on 
a à faire à un système échantillonné, et dans ce cas 
on doit utiliser la transformée en z : variable z ou 
z-1 = e-J .. •.r, et non plus la variable de Laplace p. 

2° La. constante de temps du montage est égale à : 

RC équivalent Ci 
c, . f11 ' 

(4) 

elle est réalisée par un rapport de deux capacités et est 
inversement proportionnelle à la fréquence d'échantil­
lonnage fH- On sait réaliser en technologie MOS des 
rapports capacitifs très précis (de l'ordre de 0,5 % ). 



De plus la constante de temps RC pourra être réglée 
par la fréquence d'échantillonnage fa., ce qui permettra 
de réaliser des filtres à fréquence de coupure variable 
(Je module et la phase de la fonction restant constants). 

3° On pourra réaliser des constantes de temps éle­
vées avec une swface de silicium réduite : la constante 
de temps est d'autant plus élevée que C1 est petit et Ja 
fréquence d'échantillonnage basse. 

11.2. Phénomènes jntrodoits 
par l'échantillonnage du signal 

Les filtres à capacités commutées procédant par 
échaatillonoage, les phénomènes de repliement de 
spectre (battement entre fa fréquence du signal et )a 

fréquence d'échantillonnage) vont intervenir. Ces filtres 
nécessiteront donc un propre filtre aotirepliement mais 
qui pourra être très simple (premier ou second ordre). 
En effet, il sera possible de suréchant.illonner le signal 
d'entrée grâce à •la rapidité de l'amplificateur opéra­
tionnel qui effectue le transfert de charge d'une capacité 
à une autre. 

Dans ce cas les phénomènes de repliement de spectre 
interviendront à des fréquences relativement élevées 
par rapport à la Créqueoçe de coupure du filtre, ce 
qui rendra d'autant plus simple la réalisation du filtre 
antirepliement qui doit être obligatoirement à temps 
continu (non échantillonné) : une cellule Sallen et 
Key du second ordre utilisant un seul amplificateur 
opérationnel conviendra dans la plupart des cas. 

Dans Je cas où le filtre à capacités commutées est 
utilisé comme filtre antirepliement avant traitement 
numérique, c'est lui-même qui supportera le suréchan­
tillonnage et non. le processeur qui sera ainsi libéré 
pour réaliser d'autres opérations de traitement. 

En sortie, le filtre à capacités commutées se comporte 
comme un échantillonneur-bloqueur et on pourra soit 
utiliser directement ce signal pour réaliser la conversion 
analogique-numérique (cas où les fréquences d'échantil­
lonnage du filtre et celle du convertisseur sont des 
multiples entiers), soit lisser ce signal par un filtre 
simple (la plupart du temps un simple circuit RC 
suffira). 

Le synoptique général d'un filtre à capacités commu­
tées est donné figure 4. 

Le bloc (1) a pour fonction de limiter la bande de 
fréquence du signal d'entrée à f8 /2, tout en n'altérant 
pas la bande passante du filtre à' capacités commutées 
(filtre d'ordre 2 souvent suifisant). 

Le bloc (2) est le fùtre à capacités commutées 
d'ordre élevé (zone de transition raide). 

Ve 

Fig. 4. Sch,;11111 .1ynopriq11e 
con1n1111ées. 

Filtre ê. capacilés 
eommuti-es 

(2) IH 

général ,t 1111 

Fll\re 
da tissage 

Vs 

filtre à capacités 

Le bloc (3) est facultatif et dépend de l'utilisation 
souhaitée. 

Le circuit intégré que nous présenterons au cha­
pitre 4, est prévu pour réaliser ces trois blocs avec 
un minimum de composants extérieurs. 

Du point de vue mathématique nous avons vu en 
remarque que la variable de Laplace p ne peut plus 
être utilisée puisqu'elle est réservée aux systèmes dits 
à temps continu. Nous utiliserons la variable z = e.l"T 
ou plus souvent z-1 = e-j"T qui correspond à un retard 
pur d'une période d'échantillonnage. 

Ecrivons l'équation. régissant le transfert de charge 
du schéma intégrateur (fig. 3). 

ch.arge Cz [instant T] = charge Cz [instant (T- 1)] 
+ fi charge transférée, (5) 

si on vient échantillonner la sortie sur la phase qi on 
aura: 

C..i V~ (kT) = Cz V. [(k-1) T] -Ci Ve [(k-1) T], 
(6) 

le signe - est généré par l'entrée - de l'amplificateur. 

Si l'on traduit cette équation aux différences en 
z-1 on obtient : 

d'où: 

Gi V. (z) = Cz z-1 V. (z) -Ci z-1 Ve (z), 

V. (z) 
V 0 (z) 

(7) 

(8) 

Si cin vient échantillonner la sortie sur la phase <P on 
aura: 

v. (z) = Ve (z) 
(9) 

On obtient dans ce cas l'intégrateur LDI (Lossless 
Discrete Integrator) ou encore de Bruton. 

.Pour obtenir l'équivalence de l'équation (9) avec 
celle de l'équation (3) en p on peut écrire : 

V. (z) C1 1 -z:ir.; 
Ve (z) - - C..! . fn . k 1 - z- 1 ' 

(10) 
d'où: 

p 
1 -z:112 

= T . l -z-1 • 

(11) 

de même pour l'équation (8) : 

1 I -Z:1 

p === 1; • 1--z:l = 
(12) 

Il s'agit là de l'intégration dite par < les rectangles 
retardés>. 

D'autres types d'intégration peuvent être utilisés : 

intégration par les < rectangles avancés> : 

1 1 p == T. l-z-1• (13) 
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Fig. 5. Schéma en coupe mtllant en évidence la présence de capacités parasites 
dues aux jonctions des transistors utilisés comme interrupteurs. 

- intégration par « les trapèzes > (ou bilinéaire) : 

_l = T . l + z-1 (14) 
p } - z·l 

Cette dernière ne peut pas être réalisée simplement 
à l'aide d'un seul intégrateur (sauf dans Je cas d'inté­
grateur ditférentiel [2]), mais elle pourra l'être au 
niveau d'une cellule bîquadratique utilisant deux inté­
gratcw-s rebouclés : cellule d'ordre 2. 

ll.3. Différentes coofigoratioos rencontrées 
dans les filtres à capacités commutées 

L'intégrateur de la figure 3 n'est pratiquement jamais 
utilisé car il ne s'affrandùt pas des capacités parasites 
introduites par la réalisation technologique des inter­
rupteurs. 

La réalisation de la cellule d'entrée en technologie 
MOS est donnée figure 5. 

Nous voyons sur ce schéma en coupe que les capa­
cités de jonction des transistors utilisés comme inter­
rupteurs sont en parallèle avec la capacité Ci. La 
valeur de la capacité équivalente est alors : 

c, * = C1 + ½,l + Cp2• (14) 

Ces deux capacités parasites vont venir altérer Je 
rapport capacitif. (D'autant plus que les capacités de 
jonction Ci,1 et ½2 varient en fonction de la polari­
sation des jonctions.) 

Afin d'éliminer les imprécisions dues à ces capacités 
parasites, on aura recours à des cellules qui éliminent 
leur influence : cellules commutées à quatre interrup­
teurs. Deux cellules sont utilisées (fig. 6 et 7). 

La cellule (fig. 6) sera du type « Z l) et a comme 
particularité d'inverser le signal. 

La cellule (fig. 7) sera du type " K :i, et transmet le 
signal sans inversion. 

La cellule générale permettant de générer toutes les 
configurations nécessaires à la réalisation de filtres est 
donnée par Je schéma (fig. 8). 

La fonction de transfert générale en z correspon­
dante sera: 

V~ (z) _ 1 
V~ (z) - C.i (1 - z-•) [- C1 .. (1 - z·l) - Cn, 

Cie z-l/2 + c,d z-l + c,~ z- 11~1. 
(16) 
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Fig. 6. Ce/lu.le à capacité commutée s'a//rw1chissanl des capa­
cités parasilu: cellule inverseu.re. 
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Fig. 7. Cellule à capacité commutée s'affranchissant des capo.­
cités parasites: cellule 110n in verseuse. 
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Clb 

C2 

Fig. 8. Cellule générale donnant les di/férenle/1 possibi/ité.s 
de réalisation d'un intégrateur à capacités commutées. 

III. DIFFERENTES METHODES DE SYNTHESE 
DE FILTRES A CAPACITES COMMUTEES 

IU.1. Simulation des filtres RLC 

Cette méthode permet de transcrire un filtre RLC 
passif en un filtre à capacités commutées ayant les 



mêmes caractéristiques (gabarit identique, sensibilité 
aux valeurs des composants réduîte). 

On part d'une table [3] pennettant de calculer les 
éléments RLC, à partir d'un gabarit donné. Pour un 
filtre d'ordre 3 de type elliptique, on obtient le schéma 
donné figure 9. 

Ecrivons les équations d'état de ce système sous 
forme matricielle : 

C2 

Vl vs 
Ve---~ Re 

Cl l L2--+ Il l C3 

Fig. 9. Filrre passif RLC de rype elliptique, d'ordre 3. 

[ - -
1 

- (C, + C~)p] -1 -C!p VI R, R~ 

+ 1 -L2p + 1 Il + 0 V.,= O. 

-C2p -1 [- ~- - (C~ + C.)p] -Vs 0 

(17) 

Si l'on remplace la variable p par la variable z en utilisant la transformée de Bruton (LDI) : 

1 1 - z-1 

(18) p = T · 2·112 ' 

on obtient la matrice en z correspondante : 

Tous les éléments de cette matrice sont réalisables 
à l'aide des cellules de base représentées à la figure 8 
et décrites dans l'équation (16). 

Pour obtenir le schéma à capacités correspondant 
on utilisera les règles suivantes : 

l O L'ordre étant de 3, on utilisera trois amplifica­
teurs numérotés de l à 3. 

2° Un élément de la matrice sera indicé de la ma­
nière suivante : Cti où « i )> représente l'indice de 
ligne et • j > l'indice de colonne. 

(a) Un élément placé sur la ligne « i > sera connecté 
à l'entrée de l'amplificateur de muuéro « i > . 

(b) Un élément placé sur la colonne « j > sera 
connecté à la sortie de l'amplificateur de numéro « j >. 

Par exemple: Le terme - L.i (1 - z-l) est situé à 
la ligne 2 et colonne 2 (i = 2 ; j = 2). Cette cellule 
du type Ch sur le schéma figure 8, sera connectée entre 
l'entrée de l'amplificateur n° 2 et la sortie de l'ampli-

l - 1 / '' -z -
R. 

+ 0 

0 

Vl 

Il 

-Vs 

V~ o. (19) 

ficateur n° 2. A l'aide de ces règles, on en déduit le 
schéma complet (fig. 10). 

Le schéma obtenu est du type • Leapfrog >, synthèse 
LDI (Bruton). On peut réaliser également une synthèse 
bilinéaire, en prenant la transformée p ➔ z adéquate 
[relation (14)], moyennant quelques transformées ma­
tricielles pour rendre les cellules réalisables : on obtien­
dra un schéma à peu près identique, avec des phases q> 
et <p, et des valeurs de capacité, différentes. 

DJ.2. Mise en casCHde de cellules biquadratiques 

Nous ne développerons pas ici cette méthode en 
détail. Nous nous \imiterons à donner le principe 
d'obtention de tels schémas, qui sont en général beau­
coup plus sensibles aux valeurs des composants que 
dans la méthode précédente. 

Une cellule biquadrat.ique est une cellule de fonction 
de transfert N (z)/D (z) où D (z) est un polynôme en z 
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Fip. 10. Schéma du filtre <1 capacités comm11ties d'ordre 3 
simulant exactement le filtre passif RLC de la figure 9. 

d'ordre 2 et N (z) un polynôme dont l'ordre peut varier 
de 2 à 1 ou même devenir une constante. 

D (z) réalisera deux pôles réels ou deux pôles 
complexes conjugués. Il en est de même pour N (z), 
si la fonction globale comporte des zéros. 

On part de tables donnant la fonction de transfert 
F (p) répondant au gabarit. Par une des transforma­
tions p ➔ z on pourra déduire F (z) correspondante. 
On décomposera numérateur et dénominateur sous 
forme de produits de facteurs du dewcième ordre. 
L'association d'wi terme d'un polynôme d'ordre 2 au 
numérateur et au dénominateur donnera la cellule bi­
quadratique que l'on réalisera à l'aide de deux. inté­
grateurs rebouclés. La fonction de transfert global sera 
réalisée par la mise en cascade de telles cellules 
(fig. 11). 

Ve 
Cellule 

91.quadrat:lque Ht> l 

Cellule 

8iquadratlque N° 2 

Vs ---~ 

Fig. 11 . Schéma synoptique d'1111 filtre réalisé par mise en 
cascade de cellules biquadrariques. 

On pourra se reporter à la bibliographie citée [4] [5] 
pour davantage de détai}s sur cette méthode. 

Ill.3. Cellules biqWldratiques couplées 

Pour cette méthode on reportera le lecteur à la 
bibliographie citée [6]. Sous une forme générale, la 
structure se présentera sous la forme donnée figure 12. 

Quelques autres méthodes de synthèse existent dans 
la lîttéT<tture înais nous ne les développerons pas ici. 
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Cellule 

Biquad. 

t;• l 

Ve 

Cellule 

Blqoad . 

N' 2 

Cellule 

Biquad . 

:,• 3 

Fig. 12. Schéma synoptique d'un filtre réa/isi à l'aide de 
cellule.s biquadratiques couplées. 

IV. FILTRE PROGRAMMABLE PAR MASQUE: 
STRUCTURE INTEGREE GENERALE 
UTILISANT UNE TECHNIQUE 
PREDIFFUSEE POUR LA SPECIALISATION 
DES FILTRES 

Dans le but de réaliser aisément des filtres intégrés 
monolitlùques, par l'une quelconque de ces méthodes, 
nous avons développé une cellule générale cascadable 
utilisant une technique prédiffusée [7] [8]. 

Ainsi avec un seul niveau de masquage (niveau alu­
minium) on obtiendra des filtres de gabarits variés : 
passe-bas, passe-haut, passe-bande, réjecteur ... Le cir­
cuit décrit se li.mite à un ordre 8 et est réalisé en 
technologie HCMOS 1 (technologie CMOS 4 µm., cais­
son de type P). Le concept de « Filtre Programmable 
par Masque » (PPM) va permettre la réalisation rapide 
de filtre à la demande. 

IV .1. Description de la cellule générale 

Elle se compose. de huit intégrateurs de deux types ; 
- intégrateur de type impair (1, 3, 5, 7) ; 
- intégrateur de type pair (2, 4, 6, 8). 



v,,---~ 

v,o---------1 

""------

Fig. I 3. lnrégrateur universel d~ type ..- impair» t1!ilisé dans 
la cellule l{énéra/e. 

Le schéma synoptique de ces cellules est le suivant : 
- cellule de type impair (fig. 13) ; 
- cellule de type pair (fig. 14). 

Ces deux cellules sont bâties autour d'un amplifi­
cateur opérationnel du type transconducteur dont le 
schéma est donné en figure 15. 

Les champs de capacités, symbolisés par des ree,. 
tangles C, K, Z sont réalisés entre deux couches de 
silicium polycristallin isolées par 800 Â d'oxyde de 
silicium. Ces champs sont formés de capacités élémen­
taires d'environ 0,1 pF, qu'il est possible de relier par 
une connection d'aluminium afin de donner à la capa­
cité la valeur désirée. Le passage par des capacités 
élémentaires, toutes identiques, permet d'obtenir de 
très bons rapports capacitifs pour fixer les coefficients 
du fùtre (fig. 16) : 

Ci n. C., n 
C, = m . C,, = m' (20) 

indépendant de la capacité élémentaire C,, . 

Les interrupteurs sont du type CMOS : un transistor 
MOS de type P et un transistor MOS de type N sont 
associés en parallèle et commandés par des phases 
complémentaires recouvrantes. Ceci permet d'homo­
généiser la résistance série de l'interrupteur quel que 
soit la dynamique du signal appliqué. Le choix des 
phases cp ou cp de commande est réalisé par le masque 
aluminium. 

Le même masque aluminium permet de choisir une 
ou plusieurs cellules d'entrée sur les intégrateurs (cer­
taines connections en pointillés sur les figures 13 et 14 
représentent différentes possibilités de connection par 
aluminium. Toutes ne sont pas représentées sur les 
schémas). 

L'association d'une cellule de type impair et une 
de type pair forme la cellule de base universelle, 
cascadable pour obtenir des filtres de degré plus élevé. 

IV .2. Description du premier filtre program.mabJe 
par masque (FPM) 

Le cœur du circuit est formé par l'assemblage de 
quatre cellules universelles décrites en 4.1. Toutes les 
sorties d'intégrateurs ainsi que Je signal d'entrée du 

.,. 
C, 

"' 
\'Jp 

V4p 

Vs 

Fig. 14, ln!égrateur univerul de type « pair i> r11ilisi da11s 
la ce/111/e générale. 

P<1 r 7 3!0 

j:: 1----

, Ve~ 

Bioe P3 
100 
7, 

Pl P2 
de ~00 

10 

Nl 
VJ 

Polaris:ac1ons 160 
6 

L 
j~J 

•

~-V4 ------------1 
320 
-6-

vss 

P5 
320 
6 

P6 
320 

6 

Vs 

N2 
160 
6 

Fig. J 5. Sch'éma du transco11ducreur utilisé pour la réalisation 
des intégrateurs. 

COl\tleetlon 
Aluminium_,. _ _,_,. 

Si Hc\u.n, 
Poly l 

---- ( ------· 

SI llciur,o 
Poly 2 

Fig. 16. Reprisenlation partiel/,• d'1111 champ de capacités 
élémentaires. Méthode d'interconnection de ces capa­
cités par le niveau aluminirtm. 

filtre sont rassemblés sur Wl bus de neuf lignes. Suivant 
l'ordre du filtre à réaliser, l'une de ces lignes est 
sélectionnée par une connection aluminium et est en­
voyée sur un amplificateur suiveur sortant à basse 
impédance. 
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Fig. 17. P/wto8raphie du F.P M. réalisé en tecl,no/ogie CMOS. 

Deux cellules commutées supplémentaires sont 
adjointes à la première cellule pour permettre la réali­
sation de structures particulières [9) [ lO]. 

L'entrée horloge est compatible TTL/CMOS, et un 
circuit de génération des différentes phases <rn , cpp , 
<pn, <pp est réalisé sur Je circuit. Une chaine, program­
mable par masque, de diviseur.s par deux permet 
d'adapter la fréquence d'horloge de l'utilisateur aux 
nécessités du filtre. 

Un réglage de consommation par résistance exté­
rieure permet d'adapter la puissance dissipée par le 
circuit en fonction du filtre généré (gamme de fréquence 
d'échantillonnage utilisée). 

Un réglage du niveau continu de sortie est égale­
ment possible grâce à un plot de commande. 

Une cellule d'échantillonnage-blocage d'entrée est 
disponible pour certains types de filtres (passe-haut et 
passe-bande). 
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Enfin, deux amplificateurs libres sont implantés sur 
le circuît, dans le but de réaliser, à moindre coût, les 
cellules de filtrage antirepliement et de lissage. (Deux 
résistances identiques et deux capacités extérieures de 
précision standard 10 % permettent la réalisation d'une 
cellule SALLEN et KEY d'ordre 2.) L'ensemble de ces 
fonctions est intégré sur 9,5 mm2 de silicium (fig. 17 
et 18). 

V, LOGICIELS DE SYNTHESE ET SIMULATION 
DE FIL"IRES A CAPACITES COMMUTEES 

Afin de faciliter le calcul des filtres à capacités 
commutées, un certain nombre de logiciels ont été mis 
en place, tant pour la synthèse des différentes struc­
nues que pour leur simulation [ 11] [ 12] [ 13]. 

Par exemple, le logiciel de simulation SWITCAP [14), 
qui tient compte à la fois des caractéristiques des 
amplificateurs de transconductance (pôle - impédance 



Fig. 18. Synoptique du circuit i,uëgré. 

de sortie) et des interrupteurs (résistance passante : R,0 

et capacités parasites), permet de prévoir avec précision 
les spécifications des filtres avant même leur réali­
sation. 

Avec cet ensemble d'outils logiciels, associé au cir­
cuit de filtrage précédemment décrit, il est possible de 
générer rapidement une série de filtres pour le cata­
logue Thomson - Semi-conducteurs, ainsi que des 6ltres 
spécifiques clients à la demande. 

VI. REALISATIONS DE FIL TRES UTILISANT 
LE CONCEPT DE FILTRE PROGRAMMABLE 
PAR MASQUE (FPM) 

Ces circuits issus de l'expérience acquise sur les 
composants analogiques pour les télécommunications, 
sont proposés en produits standard et en produits 
4 custom ~ (filtre adapté aux exigences de l'utilisateur). 

Ces filtres, compatibles broche à broche entre eux, 
peuvent aller de l'ordre 2 à l'ordre 8. 

Les caractéristiques typiques de ces filtres sont les 
suivantes: 

tension d'alimentation : ± 5 V (± 1 V) ; 

- dynamique des signaux en sortie : > 80 dB ; 

- excursion de tension en sortie : ± 4 V ; 

- réglage du niveau continu de sortie possible ; 

- réglage de la consommation du circuit (par résis-
tance externe) (exemple du filtre EFG 8510, 40 mW 
typique) ; 

- horloge compatible TIL/CMOS; 

- gamme de fréquence d'échantillonnage : 1 kHz à 
l MHz; 

- gamme de fréquence du signal d'entrée 0 à 
50 kHz; 

rapport signal sur bruit : 70 dB à 85 dB ; 

spécifications du buffer de sortie : 
• impédance de sortie : < 3 Q, 
• charge admissible en sortie : 75 Q, 100 pF ; 
gamme de température : - 25 ·c à 125 ·c. 

VI.1. Filtres standards (catalogue) 

Une gamme de cinq filtres passe-bas, trois filtres 
passe-haut et deux filtres passerbande sont disponibles 
actuellement Leurs principales caractéristiques sont 
résumées dans le tableau de la figure 19. 

Les courbes de réponse fréquentielles mesurées à 
l'aide d'un analyseur de réseaux sont données aux 
figures 20, 21, 22 et 23 pour les quatre filtres 
EFG 8510 - EFG 8512 - EFG 8513 - EFG 8530. 

Vl.2. FIitres à la demande ( «. costom ») 

Ces filtres sont réalisés selon les exigences de gabarit 
formulées par l'utilisateur (gabarit spécifié en gain, 

Fig . 79. Tnh/enu rét:apit1tlntif des fi/Ires standards. 

FCNCTJCN 

PASSE-SAS 

PASSE~IJT 

PASSE-~OE 

Nota 

APPEI..LATICN ORDRE TYPE F~ch./Fe ATTEN~TICN 

EFû 8510 5 f.AUER 37.65 33 dB à 1.36 Fe 

Ef6 8511 7 CAUER 37.65 50 dB à L27 Fe 

EFG 8512 7 CAUER 50 75 dB à 1.8 Fe 

EFG 8513 8 

EFG 8514 8 

EF6 8530 3 

EFG 8531 6 

EFG 8532 6 

EFG 8550 8 

EFG 8551 8 

fréq. d'échantillonnage max. 
Fréquence d' horlo9e 
Gain en bande passante 
Fréquence de coupure 
Fr~quence centrale 
Coeff. de surtension 

CHEBYCIEV 30 70 dB à 2,25 Fe 

BUTTERWORTH 40 50 dB à 2.2 Fe 

CAUER 160 13 dB à 0.5 Fe 

CAUER 200 30 dB à 0.5 Fe 

CHEBYC1iEV 250 23 d.8 à 0.5 Fe 

CHEBYCHEV 55 75 dB à f > 2 fo 
Q = 4,76 f( 0.5 fo 

SELECTJF 23.4 60 dB~ f > 1,15 Fo 
Q = 35 

: Fech. = 1 111t2 
: FH = 2 Féch, 
:Go=OdB 
: Fe 
: Fo 
: Q = fo / M 

f < 0.86 Fo 

sauf pour EFG 8551 où FH = 8 Féch. 
sauf pour EFG 8551 oà Go = 30 dB 

l}jOULATJCN EN S,::WE PA~E 

0.2 dB 

0,5 dB 

0.2 dB 

0.3 dB 

Haxi111ally flat 

0.2 dB 

0.2 dB 

0.5 dB 

0.2 dB [ 0.92 Fo - 1.08 fo 1 

-3 dB pour f = 0.99 Fo 
et f = 1.01 Fo 
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Fig. 20. EFG 8510. Cauer. 
Fréquence d'échanrillonnage: 128 KH,;. 
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Fig. 11. EFG 8512. Caucr. 
Fréquence à'échantillonnage : 50 KHz. 
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Fig. 22. EFC 8513. Chebychev. 
Fréquence d'écha11rillonnagc: 30 KHz . 
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Fig. 23. EFG 8530. Cauer. 
Fré.quence d 'échantillonnage: J(,(} KHz. 
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Fig. 24. Passe bande d'ordre 8 Cliebycl1ev . 
Fréquence d'échantil/onnage : 80 KHz, 

phase, temps de propagation de groupe, temps d'éta­
blissement). Ils sont compatibles broches à broches 
avec la série standard et possèdent les mêmes carac­
téristiques générales. Un exemple de filtre spécifique 
réalisé pour un besoin interne à Thomson est donné 
à la figure 24 (application Sonar). 

VJ.3. Applications 

Les domaines d'application de ce circuit sont prin­
cipalement les télécommunications, la robotique, les 
acquisitions de données {filtrage avant conversion ana­
logique/numérique et lissage après conversion numé­
rique/analogique; Ies filtres de détection ou sélection 
de fréquence : décodage des signaux émis sur le réseau 
50 Hz (ou 60 Hz) ou sur le réseau téléphonique]. 

Ces filtres sont également bien adaptés aux équipe-
ments tels que : 

détecteurs sonar, 
systèmes audiovisuels, 
instrumentation embarquée, 
traitement de la parole, 
instrumentation biomédicale, géophysique ... 

- SV • sv GND 

V+ 

~-------+V-

1-------+ LVL 

---rn 
a) FILTRE SEUL 
(LVL est connecté à GND lorsqu'il n'y a pas besoin de 
réglage du niveau continu en sortie) 

-SV +5V 

V♦ 

v-

LVL 

CIi!) 

Ill 
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OOT 

CU 

P\ll' 

NC 

-l'.A 

s,. 

+El. 

•E'B 

Si 

-i:11 

PllA. 

SICHJJ.. 
D' [/ITR[E 

SIC~Al. 

DE SORTIE 

l\'l est conneccè a. GND 
lorsqu'il n'y d pas besolt 
de rèçl .age du t'iilo'NU 
continv en :sor-lle 

b) FILTRE ANTI-REPLIMENT + FILTRE + FILTRE DE 
LISSAGE 

Fig. 25. Schémas typiques d'11tilîsaJion: 

La figure 25 montre la facilité de mise en œuvre 
de c.e nouveau type de composant : 

a) avec la version en boîtier huit broches filtre 
seul; 

b) avec la version en boîtier seize broches : filtre 
+ deux amplificateurs opérationnels. 

Les deux amplificateurs opérationnels libres peuvent 
réaliser les filtres antirepliement et de lissage (cellules 
SALLEN et KEY) ou d'autres fonctions spécifiques à 
l'utilisateur. La broche PWA connectée à v- permet 
d'annuler la consommation des amplificateurs non 
utilisés. 

En outre, il est possible à partir d'un même circuit 
de transposer le gabarit sur l'échelle des fréquences, 
en. agissant simplement sur la fréquence d'horloge 
(cf. § 2.1.). 

• Exemple de réglage pour un passo-bas : 

EFG 8510 où Fc-cii./Fc = 37,65 

- avec FR = 256 kHz ➔ F~. = 128 kHz, 
on obtient Fe = 3,4 kHz 
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- avec FB = 753 kHz ➔ Fkh. = 376,5 kHz, 
on obtient F c = 10 kHz 

• Exemple de réglage pour un passe-bande : 

EFG 8850 où Féc1>./F0 = 30 

avec F,c = 60 kHz ➔ Féc.h. = 30 kHz, 
on obtient: 
fréquence centrale: F 0 = 30/30 = 1 kHz 
fréquence de coupure basse à 3 dB : 

Fe = 0,9 X Fo = 0,9 kHz 
fréquence de coupure haute à 3 dB : 

Fe' = 1,1 X F 0 = 1,1 kHz 

avec FH = 600 kHz - F1,cb. = 300 kHz, 
on obtient: 
fréquence centrale: F0 = 300/30 = 10 kHz 
fréquence de coupure basse à 3 dB : 

F 0 = 0,9 X Fo 9 kHz 
fréquence de coupure haute à 3 dB : 

Fe' = 1,1 X Fo 11 kHz 

VII. CONCLUSION 

L'approche prédiffusée mise en œuvre pour la réali­
sation de filtres à capacités commutées apporte une 
très grande souplesse et une grande sécurité de concep­
tion et de réalisation des circuits de filtrage : à chaque 
conception de filtre correspond la génération d'un 
nouveau masque alwnîrùum, d'où l'appellation Filtre 
Programmable par Masque (FPM) ; la fréquence de 
coupure du filtre pouvant être modifiée au gré de 
l'utilisateur par variation de la fréquence de l'horloge 
externe au circuit. 

. Cette approche permet en outre d'apporter avec un 
délai minimal (six à huit semaines) et un coût optimal, 
une solution efficace aux problèmes de filtrage des 
équipementiers. La facilité de mise en œuvre, l'absence 
de réglage et le nombre nùnîmal de composants exter-· 
nes sont autant d'atouts pour l'utilisation croissante de 
ce type de composant. 

Ce nouveau concept est appelé à se généraliser et 
sera bientôt aussi familier que celui des « gate arrays > 

(réseaux prédiffusés de portes) et microcalculateurs 
masqués. Des outils de développements de filtre seront 
mis à la disposition des clients. Ces derniers pouvant 
eux-mêmes, dans un proche avenir, développer leur 
filtre sur mesure grâce à de véritables « compilateurs 
de filtres >. Ces logiciels permettront la réalisation 
directe de la spécialisation du Filtre Programmable par 
Masque à partir des spécifications désirées : synthèse -
simulation - routage - génération de bande masque, 
pouvant être effectués à partir de postes de travail 
spécialisés et disponibles. 

Comme il existe actuellement des <i: gate arrays > de 
300, 1 000, 2 000 ou 5 000 portes, il existera très 
rapidement des Filtres Programmables par Masque per­
mettant la réalisation de filtres d'ordre 4, 8, 12, 16 
afin d'être en mesure de s'adapter plus finement au 
besoin de l'utilisateur. 
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O. LEENHARDT - Applications laboratory 

Object of thls application note: 

The approach of THOMSON SEMICONDUCTEURS regarding fillering is aimed al providing ail the information 
required for designing the tiller best tailored for a given application. The first step in this approach, and undoubtedly 
the most important since it is essential for ail the others, therefore consists in indicating how, starting from this 
application, the complete system specifications of a !iller must be written. This is the purpose of this application note. 

Remlnders about the present status 
of the THOMSON _SEMICONDUCTEURS fllters 

The THOMSON SEMICONDUCTEURS approach consists in manufacturing Mask Programmable Filters (M.P.F.). 
These fillers are of the switched capacitor type. They ail have the same structure, up to the last mask level 
(interconnection level) . This level is therefore the only one differenciating these filters !rom one another. We will not 
describe in full detail the structure of these filters, but simply remind their main features, and then briefly describe the 
presently available M.P.F.'s. 

MAIN FEATURES: 

The main features of these M.P.F.'s are as follows: 

• Technology: HCMOS1 (high-density linear CMOS) 

• Available orders: 2 to 8 (whatever the type of M.P. F .) 

• Input signal frequency: G to 30 KHz 

• Internai sampling frequency: 500 Hz to 1 MHz (depending on the M.P.F. considered) 
• Internai sampling frequency/cut-off frequency ratio: 10 to 200 (depending on the M.P.F. considered) 

• The response curves (amplitude and phase) may be translated by changing the sampling frequency 

• Signal/noise ratio: 70 to 85 dB (depending on the internai structure of the M.P.F. considered) 

• Power supplies:± 5 V or O - 10 V 

• Consumption may be adjusted between 0.5 to 20 mW per order 

• Accuracy of the capacitor ratios: 0.1 % 
• Accuracy of the eut-off frequencies: 0.5 % (max.). 

STANDARD M.P.F.'S AND CUSTOM M.P.F.'S: 

THOMSON SEMICONDUCTEURS manufactures two types of M.P.F.'s: 

e Standard M.P.F.'s: 

They make up a family presently consisting of 10 models, but this family will expand in the future, accord ing to the 
evolut ion of requirements. These M.P.F.'s are the foilowing: 

- 5 Low-pass M.P.F.'s: 

TS 8510 (CAUER, 5th order: 32 dB attenuation) 
TS 9511 (CAUER. 7th order: 50 dB attenuation) 
TS 8512 (CAUER. 7th order: 75 dB attenuation) 
TS 8513 (CHEBYCHEV, 8th order) 
TS 8514 (BUTTERWORTH. 8th order) 

- 3 High-pass M.P.F.'s: 

TS 8530 (CAUER, 3rd order: 15 dB attenuation) 
TS 8531 (CAUER, 6th order: 15 dB attenuat ion) 
TS 8532 (CHEBYCHEV. 6th order) 

1 Notch M.P.F.'s: 

TS 854-0 (8th order: 0=7) 

2 Band-pass M.P.F.'s: 

TS8550 (CAUER, 3rd order: 0=5) 
TS 8551 (high-selectivity filter: 0 = 35) 

NOTE: The detailed description of these M.P.F.'s has been the subject of a previous application note. 
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• Custom M.P.F.'s: 

THOMSON SEMICONDUCTEURS comm,ts ,tself to supply the first samples 6 to 8 weeks alter the customers 
definition of the template. Ali types of filters may be provided (BUTTERWORTH, LEGENDRE, CHEBYCHEV, BESSEL, 
CAUERJ, for conventional applications (low-pass, high-pass, bandpass, notch Îilters, group delay equalizers) or for 
simultaneous optimization of the amplitude and the phase templates. 

How to define the complete system specificatlons of a filter 

• FIL TER SYSTEM SPECIFICATIONS: 

The system specifications of a filter are complete when they indicate: 

the amplitude template (amplitude response curve) 
the phase template (phase response cu rve) 
the group delay curve 
the pulse and step responses 
the dynamics 
the noise factor 
the input and output impedances 
the load impedance (resistance and capacitance) 
the type of signais ta filter (tevel, spectrum, ... ) 

- the value of the power supply-sources 
- the operating temperature range 
- the size (the dimensions) 
- the price 

Amongst all these parameters, the knowledge of three of them is essential from the technical point of view: 

- the amplitude template 
- the phase template 
- the group delay curve. 

As we shall see later on , the following definitions may be used, with minor modifications, for all types of filters. 
Our definitions are given only for low-pass filters, since we can always relate back to this type when studying 
any other kind of filter (see 3. 8). 

• Amplitude template (figure 1): 

Attenuation 
or Gain (dB) 

Ga1--------F+•-F~c------<Fb 

Passban<lIO 
npple K 

Gb1-------~ 
K-3 

Frequency 

(J) 

0 
-g. 
"' :, 
C. 

"' 
Transition Stopband ~ 

i---------+---band-+-----'------1~ -
Passband 

5· 
::, 

FIGURE 1: DIFFERENT PARAMETERS USED FOR DEFINING AN AMPLITUDE TEMPLATE 
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We cannot expect two filters, assumed to be similar. to have exactty identical response curves. This is the 
reason why we use the concept of template, which is a sort of envelope of the response curve limits in terms of 
the frequency. The amplitude template is therefore the graphical representation of the filter's 
"amplitude - frequency" limiting conditions. Ils definition is based on the following parameters (low-pass tiller) : 

- maximum passband attenuation (or gain) (Ga): maximum level the signal may reach within the passband 
(in dB) 
- min,mum passband attenuation (or gain) (G,): minimum level the signal may reach within the passband 
(in dB) 

minimum stopband attenuation (Ge) : minimum attenuation level of the signal within the stopband (in dB) 

- passband: band of frequencies for which the attenuation (or the gain) must fall between Ga and Gb 

- transition band: band of frequencies for which the attenuation must fall between Gb and Ge 
- stopband: band of trequencies for which the attenuation must be less than Ge 

- eut-of! frequency (F8 ) : passband upper limit 
- selectivity factor k: equal to the ratio FafFb, it detines the widlh of the template transition band, and 
therefore of the filter selectivity. Il is always less than 1. 

Other parameters must be added when the response curve considered falls within this template: 
- passband transfer factor (K): attenuation (or gain) factor of the response curve within the passband, relative 
to the O dB (in dB) 
- passband ripple: maximum amplitude differe~ce between two points of the response curve within the 
passband 
- eut-off frequency (F cl: frequency corresponding to a 3 dB attenuation relative to the passband transfer 
factor. 

Note: The template of a filter is therefore completely determined once the values of Ga, Gb, Ge, Fa and Fb are 
known. 

• Phase template: 

Within a real filter, ail the frequencies are not transmitted al the same velocity. A non-constant phase shift 
results (and therefore a distortion) between the output signal and the tiller input signal. The phase response 
curve of a filter is the phase shifl curve due to this filter, in terms of the frequency. As with the amplitude 
response curve, it must be within a phase template, sort of graphical representation of the "phase - frequency" 
limiting conditions of the filter. 

• Group delay curve: 

As a consequence of what we have seen above, the group delay concept is preferred to that of propagation 
velocity of each of the frequencies of a spectrum. We shall thus no longer speak of the propagation velocity for 
a given frequency, but for a group of frequencies. This group delay is related to the phase shift by the following 
relationship: 

t: = _ _ d_<I> __ 

with w = pulsation. 

We may inter from this relationship that the steeper the slope of the phase response curve in terms of the 
frequency, and therefore the more abrupt the tiller eut-off, the greater the group delay of a filter will be. 

Note: On the group delay curve of the different filters shown below (see 3. D). the value to read on the y-axis 
corresponds to a normalized group delay wc . T equal to T 0 , that is an actual group delay expressed in seconds 
equal to: T = T ,/ "-'c• with "-'c = eut-off pulsation of the tiller. 

• Other parameters: 

- pulse and step responses: 
The pulse response of a tiller is ils response to a DIRAC pulse. Il can be shown that: 

• x(t) any type of signal: y(t) = h(t) * x(t) with * = convolution product 
- Y(p) = H(p) . X(p) with H(p) = transfer function 

• x(t) DIRAC pulse (6(1)): Y6 (t) = h(t) * 6(t) 

- Yô (p) = H(p) 

The pulse response Y6 (t) of a filter is the time representation of its transfer function H(p). lt is an intrinsic 
feature of the filter. lt contains ail the information relative to the response of the tiller to any type of signal. 
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The step response of a tiller is its response to a HEAVISIDE step (unit step). On figure 2, we can see the 
concept of filter settling time. ln effecl. if a signal having a spectrum within the filter passband is applied to the 
filler, the sellling lime is equal to the lime elapsed between the lime the signal was applied at the tiller input 
and the output signal obtained, to within a given percentage of the final value (1%) . This settling time is closely 
related to the width (8) of the filter passband (1/8 for a bandpass, 1/28 for a low-pass) 

- dynamics: 

The dynamics of a filter is the ratio between the maximum level of the output signal and ils minimum level, that 
is, the noise level. lt is expressed in dB. 

- noise factor: 

The noise factor is the ratio between the total tiller output noise power and the output noise power due only to 
the noise applied at the input. lt is expressed in dB. For a given structure, the filter output noise mainly 
depends on the amplitude template, since it is an exponential function of the overvoltage factor Q (see 3. C). ln 
the active filters, the noise is not "white", or at least not throughout the band considered. lt is therefore 
necessary !o split this band up into several frequency areas, and to define the corresponding noise features for 
each of them. We may then~eak of a noise power (or voltage) per Hertz (or Hertz square root), for a given 
frequency (nW/Hz or nV/y Hz). The noise optimization of a tiller is not always easy, and this should be kept in 
mind at system specifications definition time, especially for filters requiring high dynamics (> 60 dB) . 

- type of signais to be filtered: 

Allhough this may seem obvious, il is not useless to remind the importance of knowing accurately the type of 
signal to filter, before defining the system specifications of the filter. The signal amplitude curve must be 
studied in detail (regarding the compatibility with the authorized filter input swing), as well as ils frequency 
spectrum, in order to suppress the possible interaction of undesired frequencies (50 Hz, various harmonie 
components, ... ) during system specifications definition lime. 

Vo 

± 1 %ofV0 

v, 

0.9 
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FIGURE 2: SETTLING TIME ('<I OF THE STEP RESPONSE OF A Fil TER (Vol FOR A UNIT STEP (V1) 
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• PROTOTYPE LOW-PASS FIL TER: 

• Frequency standardizallon: 

By standardizing the frequency units, the template of any fil ter may be related back to an template for which 
only the frequency ratios intervene. 

Examples: 

- low-pass: 

Gain Gain 

Gat----------, 

fa 

< 1 

.. 
Freq 

fa= ~ 
Fe 

fb=~ 
Fe 

rrormalized eut-oit 

t,equenOos ol the tempra1a 

- hlgh-pass; 

Gain 

---~ 

---~l{ J-. 
1 

1 

1 

1 

Freq 

> 1 

Gairi 

Same relationships as above 
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- bandpass: 

Gain 

F0 = J Fcb . Fch characterist ic fr~quency 

B = Fch - Fcb _passband 

I!. = ~ relative band 
Fo 

k = F"b - F'b selectivity factor 
F"a - F'a 

- nolch: 

Gain 

Same relationships as above 

6 

Gain 

Ge 
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lcb - Fcb 
Fo 

l'b=~ 
Fo 

Gain 

l'a lcbf'b l "b fch f"a 

< 1 I" - F"a a---
Fo 

< 1 fch - Fen 
Fo 

< 1 f"b~ 
Fo 

t'a fcbl'b f 'b fch l "a 

Same relationships as above 
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• Prototype low-pass !Iller: 

Once the standardizations above have been performed, some transformations allow the high-pass, bandpass 
and notch !iller template to relate back to that of a so-called "prototype" low-pass tiller. These frequency 
transformations are as follows: 

- low-pass - high-pass: 
lt consists in replacing p by 1/p in the low-pass filter lransfer funct ion. Thus, conversion !rom the low-pass 
template to the high-pass template is pertormed in the following way: 

fa - r. = 1/ fa 

lb - f'b = 1/ fb 

- low-pass - bandpass: 

lt consists in replacir'lg p by l . (p + 1/p) in the low-pass filter transfer function. Thus, conversion from the 

low-pass template to the bandpass·template is performed in the following way: 

fcb · fch = t'a · l"a = f"b · l"b = 1 

- low-pass - notch tiller: 
lt consists in replacing p by 

1 
1 in the low-pass tiller transfer function. Thus, conversion from the 

-z;: . (p+ 1/p) 

low-pass template to the notch lilter template is performed in the following way: 

fcb · fch = fa · f"a = f'b · f"b = 1 

Therefore, in the remaining parts of this notice, ail the calcula lions and examples will be related back to a 
(prototype) frequency-standardized low-pass tiller template, since conversion to the template of any other type 
of filter can be obtained using the transformations above. 

• FIL TER TRANSFER FUNCTION: 

• General definilions: 

The transfer function is the mathematical representation of the lilter amplitude response curve. lt is an 
obligatory intermediate, allowing the calculations of the different !iller factors to be carried out. Il is expressed 
as a ratio between the output levai and the input level of the filter, in terms of the frequency. This ratio may be 
expressed as a function of the complex variable p: 

H( ) = K N(p) 
p D(p) 

(1) 

with N(p) and D(p): p polynomials. 

This expression may therefore be written in the following way: 

H(p) = K am . pm + ...... + a, p+aa 

bn . pn + ...... + b1 . p+bo 
(2) 

ln this form , the order of the tiller is defined as being· equal to the degree of the denominator D(p) (in this case, 
n). The stability criterium for a tiller dictates that the degree of D(p) (the order of the filter) be greater or equal 
to the degree of N(p). On the other hand, the higher the order of a !iller, the more abrupt ils eut-off, as can be 
seen on the relationship providing the asymptotic slope of a filter al the eut-off, in terms of ils order: 

P = 6.n (dB per octave) 

Wa may aise express the transfer function in another way, by replacing the coefficients a.,, .. , am: b0 , .. , bn by 
the roots z1, ... , Zm; p1,. .. , Pn of the N(p) and D(p) polynomials: 

H(p) = K (p - z,) . ...... (p - Zm) 

(p - P1) ... .... · (p - Pn) 
(3) 

The zeros of the transfer function are the z1, ...• Zm constants and the poles are the p1, .... Pn, constants. These 
constants are either real or irnaginary conjugated. 
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Il can be shown that il n is even, the poles of H(p) are all imaginary conjugated, two by two; and that if n is odd, 
there is a single negative rea! root. D(p) may therefore be written in the form of a product of 2nd order factors, 
if n is even; and in the form of a product of 2nd order factors and of a 1 st order factor, if n is odd. A new 
expression can then be obtained for the transfer function : 

(p- z,) .. ..... (P-Zm) 
H(p) = K 

(P - Po) . (p2 + 2 . a, . P + P;) . . (p2 -t 2 . Uk . p + p~ ) 

with k = ~ if n is odd, and k = ~ and without (p - p0 ) if n is even 
2 2 

Il can then be shown that any filter can be obtained by cascading 2nd order cells if n is even, or 2nd order 
cells and one 1st order cell il n is odd. 

• General transler function for a 1st order cell: 

Il may be expressed as: H(p) = K ~ 
1 +a. p 

with: • p complex pulsation 
• a time constant' 

(4) 

This last parameter allows the eut-off pulsation (and therefore the eut-off lrequency) of the cell to be defined as 
its reciprocal (wc = 1/a and Fe= 1/ (2. rr. a)). 

a is a lime value such that 3.a (5.a) characterises the time alter which the response has reached 95% (99%) ot 
ils final value. 

Note: The expression of N(p) depends on the type of filter considered : 

- polynomial low-pass filter: N(p) = 1 

- polynomial high-pass filter: N(p) = p/a (with p - 1/p) 

• Gene rai transfer funcllon for a 2nd order cell: 

Il may be written as follows: H(p) = K N(p) 

1 + 2 . ~ . p/ w0 + p2/ w0 2 

with : - p: comptex pulsation 
- K: passband transler factor 

- low-pass and high-pass cel 1s: 

The relationship above allows the following parameters to be defined: 

• the undamped natural pulsation w0 (or characteristic pulsation) used as a standardization pulsation 
(F0 : characteristic frequency) 

• the darnping factor ~ , magnitude without units specifying the shape of the tiller responses: 

if ~ < 0.707 distinct, transient, wp pulsation oscillations for the unit response; resonance on the 
frequency response, 

il 0.707 < l < 1 

il~ = 1 

not very distinct, trans,ent oscillations; the final value of the unit response is overstepped. 
No resonance on the frequency response, 

damping factor critical value, 

if~ > 1 no oscillation, aperiodic response without overstepping the final value of 1he unit response. 

• the natural pulsation of the filter wp = w0 . ~ characterising lhe pulsation of the filter transient 
oscillations, 

• the resonance pulsat ion w, = w0 . J 1 - 2 . 2, specifying the resonance position, 

• the overvol1age or resonance factor Q = 1 H (jwr)I 

1 H(O) I 2 . ( ~ 
specifying the value of the gain of the tiller for the resonance pulsation. 

• the relative band 6. related to the overvoltage factor by the relationship Q = _ 1_ 
6, 

Note: The expression of N(p) depends on the type of tiller considered: 
- polynomial low-pass !iller: N(p) = 1 
- polynomial high-pass tiller: N(p) = p2 / w2 

- low-pass ell iptic tiller: N(p) = p2 + w2= with w~ > w0 

- high-pass elliptic fil ter: N(p) = p2 + w~ with w= < w0 

bandpass and notch tiller cells: 
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The relationships above are slighlly ditterent for a bandpass and notch filter, 2nd order cell. ln this case: 

• F0 = J Fcb. Fch with Fcb and Fch: low and high eut-off frequencies of the cell. 

• Q = Fof6F with t.F = Fch - Fcb• called relative band 

We may inter from this relationship: 

0= Fch-Fcb 
Fo 

Note: The expression of N(p) (epends on the type of tiller considered: 

bandpass !iller: N(p) = 2. . p/w0 

- notch tiller: N(p) = p2 + w 2 

• Conclusion 

Figure 3 shows the shapes of the amplitude response curves of the 1st and 2nd order low-pass cells, for 
different values of ~. Let us keep in mind that a 2nd order !iller presenting interesting features is obtained for 
~ = 0.707. ln effect. the transient oscillations and the resonance (Q = 1) no longer appear, and the frequency 

response presents a passband equal to the value F0 = wof(2. rr). · 
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FIGURE3: AMPLITUDE RESPONSE CURVES OF A 1ST ANO A 2NO OROER LOW PASS CELLS IN TERMS OF 

THE OAMPING FACTOR (CALLEO Z ON THIS FIGURE) 

e CHARACTERISTIC FUNCTIONS: 

The major problem when designing a filter consists in factorising N(p) and O(p), in order to write the transfer 
function in the form shown on expression 4. To simplify the calculations, it is often preferrable to start from the 
template considered and to try to have a well known characteristic function pass within il. As there are a great 
number of functions that may be inscribed within a given template, the selection of one of them will depend on 
the following features: 

- il must be possible to synthesize il 
- il must be possible to split it up into a product (or an addition) of functions, and il must be possible to carry 
each one out 

- il must comply with the tiller system specifications (phase, group delay, ... ) 

The filter designer must therefore optimize his selection, taking into account all these constraints. A relatively 
great number of well known characteristic functions simplifies this task. 
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• Low-pass polynomial lillers: 

Their transfer funclions comply with N(p) = 1. The following are the most often used: 

- BUTTERWORTH filters: 

They correspond lo amplitude response curves with the following features (figure 4): 

0 
0.1 

-10 

éo 
~ 
Q) n=2 u -20 
-~ n = 3 ëi. 
E n=4 <! 

-30 n=5 

~~6 

-40 

Norm. Freq. 

FIGURE 4. AMPLITUDE RESPONSE CURVES OF THE BUTTERWORTH LOW PASS FILTERS 

- no ripple within the passband 

- not very rapid eut-off near the eut-off frequency. 
The phase response curves of these filters present relatively small phase rotations (figure 5). 
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FIGURE 5: PHASE RESPONSE CURVES OF THE BUTTERWORTH LOW PASS FILTERS 
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The group delays are relatively constant within the passband and their ratio with the group delays of the 
frequencies around lhe eut-off frequency is equal to 1/2 (figure 6) . 

Note: The higher the order n of the filler, the closer the amplitude response curve will be to the ideal curve 
(rectangular template). 
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FIGURE 6: GROU' DELAY CURVESOF THE BUTTERWORTH LOW PASS FILTERS 

- LEGENDRE filters: 

They correspond to amplitude response curves having the following features (figure 7): 

- eut-off as rapid as possible near the eut-off frequency 

- regular attenuation within the stopband 
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FIGURE 7: AMPLITUDE RESPONSE CURVES OF THE LEGENDRE LOW PASS FILTERS 
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The phase response curves are practically identical to those of a BUTTERWORTH filter (figure 8). Regarding 
the group delays for a given order, they are relatively constant within the passband. and their ratio with the 
group delays for the frequencies around the eut-off frequency is equal to 1/2 (figure 9). But since the slopes of 
these curves are very steep for this frequency, these time are in general higher than those of the 
BUTTERWORTH filters. 
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FIGURE 8: PHASE RESPONSE CURVES OF THE LEGENDRE LOW PASS FILTERS 
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FIGURE 9: GROUP DELAY CURVES OF THE LEGENDRE LOW PASS FILTERS 
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- CHEBYCHEV filters: 

They correspond to amplitude response curves presenting the following features {figure 10): 

- ripples within the passband (up to 2d8) 
- rapid eut-off near the eut-off frequency {al least in the first octave) 

o -r,:~--a-::;;;;iiiiii!!~~!'i~~;=.::3~:-:::;:--------_::N:::o::_rm:.:.::_. :_F:_::req:::!:.. ---:;;,-
0.1 10 

-10 
in 
:S. 
Q) 
-0 

-~ -20 
a. 
E 
<( 

-30 

-40 

n.= 2 
n=3 
n=4 
n=S 
n=6 

FIGURE 10: AMPLITUDE RESPONSE CURVES OF THE CHEBYCHEV LOW PASS FILTERS 
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The phase response curves present greater rotations than those of the BUTTERWORTH fillers (figure 11 ). The 
group delays within the passband are not identical for a given order, and their ratio with the group delays of the 
frequencies around the eut-off frequency is equal to 1/3 {figure 12). 
Note: The order of a CHEBYCHEV fil ter is equal to the number of extrema of the amplitude response curves 
located wilhin the passband. 
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~ 

"' "' n =3 "' tf. - 270 

-360 
n = 4 

-450 
n = S 

n = 6 
- 540 

FIGURE 11 : PHASE RESPONSE CURVES OF THE CHEBYCHEV LOW PASS FILTERS 
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FIGURE 12: GROUP DELAY CURVESOF THE CHEBYCHEV LOW PASS FILTERS 
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- BESSEL filters: 

They correspond to amplitude response curves presenting the following features (figure 13) : 

- very slow eut-off near the eut-off frequency 

- small attenuation within the stopband 
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FIGURE 13: AMPLITUDE RESl'ONSES CURVES OF THE BESSEL LOW PASS FILTERS 
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The phase response curves are practically identical to those of the BUTTERWOATH filters (figure 14). These 
filters are mainly interesting because of their group delays, strictly constant within the passband until beyond 
the eut-off frequency (figure 15). They therefore have a very close to a pure delay characteristic. and they must 
be used in ail applications for which the non-distortion of the signal is an essential factor. 
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FIGU,RE 14:PHASE RESPONSE CURVES OF THE BESSEL LOW PASS FILTERS 
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FIGURE 15: GROUP OELAY CURVES OF THE BESSEL LOW PASS FILTEÀS 

• Low-pass elliplic lillers: 

Their transfer functions are such that N(p) may be expressed in the following way: 

N(p) = (p2 + wf) . . (p2 + wf) with ( 

and w1 •. . . . , wk: transmission zeros. 

- CAUEA füters : 

k = _ n_ if n is even 
2 

k = ~ifnisodd 
2 

They correspond ta amplitude response eurves presenting the following features (figure 16) : 

- ripples within the passband 

very rapid eut-off near the eut-off frequeney 

presenee of one or several transmission zeros (N(p) roots) 
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FIGURE 16: AMPLITUOE RESPONSE CURVESOFTHE CAUER LOWPASS FILTERS 
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The phase response curves have greater rotations than the CHEBYCHEV filter ones (figure 17) . 

The group delays are very different for a given order, from one area of the passband to another, and their ratio 
with the group delays of the frequencies around the eut-off frequency is equal to 1/ 10 (figure 18) . 
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FIGURE17; PHASE RESPONSE CVRVES OF THE CAVER LOW PASS FILTERS 
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FIGURE 18: GROVP DELAY CVRVES OF THE CAVER LOW PASS FILTERS 
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• Conclusion: 

A number of nomographs. tables and curves provide, for each type of function and according to ils order, the 
amplitude response curves, the phase response curves. the group delay curves, and also the pulse and step 
responses. Ali these characteristics. and a few others, are summarized in the table on figure 19. 

Regarding our subject, we will keep in mind the following : 

- The BUTTERWORTH filters are ,nteresting because of the regularity of their passband (no ripple) but their 
eut-off is not very abrupt 

- The LEGENDRE filters associate a convenient regularity of the amplitude response curve with a eut-off 
abruptness and a transient behaviour that are of good quality 

- The CHEBYCHEV filters present, at least within the first octave. an abrupt cut-ott, but their transient 
behaviour is not very performing 

- The BESSEL filters present a very good transient behaviour, but their eut-off is not very abrupt 

- The CAU ER filters allow an extremely abrupt eut-off be obtained, but their group delay regularity is 
mediocre. They present transmission zeros. 

Figure 19: Comparison between the performances of the diflerent klnds of tilters 

Kind of performance 

Cul-off abruptness 
for a g iven order 

Regulari ty of the 
amplitude response 
curve 

Regularity of 
the group delay 

Sensitivity 

Transient condition 
distort,ons 

Transmission zeros 

Required overvoltage factors 

• • • · Very mediocre 
• •: Mediocre 

• : Medium 

Butterworth 

•• 

■■■ 

■ 

· ■ ■ 

■■ 

None 

Very low 

■ ■ ■ : Excellent 

■ ■ : Very good 

■ : Good 

Legendre 

• 

■■ 

• 
■■ 

■■ 

None 

Low 
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Kind of flller 

Chebychev 

■■ 

Ripple within 
the passband/ 
regular within 

the notch 

•• 
• 
•• 
None 

Medium 
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Bessel 

••• 

■ ■ 

■ ■ ■ 

■ ■ 

■■■ 

None 

Medium 

Cauer 

••• 
Ripple within 
the passband 
and the notch 

••• 
•• 
••• 

Yes 

High 



Sorne ldeas conceming filters design 

We will assume for the following that the future designer has a comprehensive knowledge of the system specifications 
of the !iller required for his application. We will show briefly how, starting !rom these system specifications, he may 
design the filter required. Since this study is beyond the scope of this application specification, this approach will 
necessarily be very brief. 

The design of a tiller is performed in four steps: 

- determining the characteristic parameters of the filter 

- selecting the type of filter 

- calculatir,g the filter transfer function 

tiller synthesis. 

A) OETERMINING THE CHARACTERISTIC PARAMETERS OF THE FIL TER: 

From the amplitude template related back to the prototype filter template (standardized low-pass), the 
following parameters are assumed to be known: 

- G8: maximum gain within the passband 

- Gb: maximum attenuation within the passband 

- Ge: minimum attenuation within the stopband 
- k: selectivity 

- Il. relative band (only for the bandpass and the notch filters) 

The knowledge of these parameters will allow the complete design of the tiller to be performed. 

B) SELECTING THE TYPE OF FIL TER: 

We have seen the different features of the BUTTERWORTH, LEGENDRE, CHEBYCHEV, BESSEL and CAUER 
filters . Let us keep in mind that the main criteria used for selecting a given type of tiller are the following : 

- the eut-off abruptness 

- the passband regularity 

- the group delay regularity 

- the existence of transmission zeros 

- the behaviour under transient conditions 

C) CALCULATING THE FIL TER TRANSFER FUNCTION: 

Let us assume that the type of tiller is known. We must now determine ils transfer function . Three steps are 
required to this end: 

a) detennlnlng the degreo of thls !unctlon: 

Thé desired amplitude template is related back to the prototype tiller template (standardized low-pass) ; by 
placing the different response curves of the above filters within this template, we obtain not only a type of !iller 
but aise ils order, and thereby the degree of the corresponding transfer funclion. 

b) detennlnlng the lransfer function of the prototype fllter. 

Depending on the different values of the parameters of the prototype amplitude template desired, a number of 
nomographs and tables allow the calculation of the transfer function corresponding to this template to be 
carried out. 

c) lransposlng the transler luncUon: 

If the filter to be designed is nota low-pass (high-pass, bandpass, notch filler), the transfer function determined 
above may be transposed to the corresponding transfer function, using the transformations delined above. 
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D) FIL TER SYNTHESIS: 

lt mainly consists in factorising the final transfer function in the form of a product of 1 si and 2nd degree 
factors. The desired fil ter may then be easily designed, by cascading the 1 st and 2nd order elementary fillers 
corresponding to each of these factors. 

Conclusion: 

ln most - not to say all - etectronic applications, the filtering portion has become one of the most important. We 
have found out that it atso was the least well known. By defining all the parameters specilied in the system 
specifications of a filter, and by providing a selection guide amongst the diflerent existing types, we ofler anybody 
who wishes to do so the possibility of making up for lost lime, and seeing how this may be inserted into his general 
application. 
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NOTES 

Information contained in this application note has been carefully checked and is believed to be entirely reliable . 
However, no respons ibility is as.sumed for inaccuracies. 

Printed in France 
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Band-pass & Band-stop Filters 

By Jacques REBERGA ASIC Design Center MOS Division 

- INTRODUCTION 

Standard switched capacitor filters currently marketed by Thomson Semiconducteurs 

cover in particular a range of Band-pass and Band-reject filters - all of which have 

in general a high selectivity factor. 

One may require to implement a band-pass or band-stop filter of lower Q figure. 

The objective of this application note is just to demonstrate how such requirement 

is fulfil led by using one low-pass and one high-pass standard filters. 

Throughout our discussion, we shall outline and illustrate, once again, the 

remarkable flexibility of use inherent to switched capacitor filters. 

Subjects covered are : 

- Band-pass Filters 

2 - Band-stop or Band-reject Filters 

2 - BAND-PASS FIL TERS 

2.1 - Filter Synthesis Fundamentals 

Cascaded combination of one low--pass and one high-pass filters yields a band- pass 

fil ter. 

Low - pa1 Hlgh-paa 

7-r 1 1 
1 1 

f ,. 
C C 

BAND-PASS 

f 
C 

FIGURE 1 - BAND-PASS FILTER FUNDAMENTALS 

Note however that in this arrangement the low-pass filter precedes the high-pass 

filter so as to limit the signal frequency band as it enters the first stage, thus 

i mproving the signal-ta-noise ratio. 

Switched capacitor filters manufactured by Thomson Semiconducteurs are active 

filters having a high input and a low output impedances of typically "3 MO" and 

"10 O" respectively, thus making them particularly suitable for cascaded 

combination - by coupling the output of one to the input of the other. 
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Band-pass & Band-stop Filters 

The following standard filters are employed throughout the present section 

TSG 8512 7th order Cauer-type low-pass filter 

TSG 8532 6th order Chebychev-type high-pass filter 

Obviously, other standard filters may be cascaded according to requirements. 

2.2 - Using a common clock 

Figure 2 depicts the frequency response of the two filters put in cascade and 

operating at an identical clock frequency of 400 kHz. 

REF LEVEL 
C.OOOdB 

f:: 1::.:--' 
1 

1 

1 

/OIV 
10.000dB 

..,.._ 

START 20.000Hz 
AMPTO -S.OdBm 

FIGURE 2 

MARKER A 261.SOOHz 
MAG(8 / Rl -S.221d9 

\ 
\ 

\ 
1\ BANC-PASS FILTER 

\ TSG8512 

\ 
\ TSG 8532 

\ ,, "ldentlcat Clock Frequency : 400 kHz" 

\/ (Withoul Anti-aHasing & Smoothing Filters) 

STOP 10 000.000Hz 

BAND-PASS FIL TER FREQUENCY RESPONSE 

lt is clearly seen that there is no significant difference between this curve and 

the curves of Figure 3 illustrating the frequency response of the filters operating 

separately but at the same 400 kHz clock frequency. 

lt is thus obvious that direct cascading of the filters does not affect the 

operating characteristics of the either filter. 
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Band-pass & Band-stop 1-ilters 

REF LEVEL 
O. COOc3 
O. OOOdB 

r f 
r T 
1 

[ 
~ 

1 
'@ 

r 
1 

/DIV 
:G.DDOd9 
ID.OOOdB 

\ 
- \ 

\ 
~ 

\ 
~ 

1 

-

JI) 

0 
TSG 8512 (Low-pass Flltor) 

"Clocl< Fr-y : 400 kH•" 

' . "--+--- \ ~~-t---
i \ 

© 

t--i- 1 j 
STI\RT 2 0. OOOHz 
I\MPTO - 5.0dBm 

-

\ 
1 

STOP 10 000.000Hz 

TSG8532 (Hlgh-pass F;itor) 

11 ldentical Clock Frequency : ilOO kHr" 

FIGURE 3 FREQUENCY RESPONSE OF LOW-PASS (TSG 8512) & 

HIGH-PASS (TSG 8532) FIL TERS . 

[ Corn mon Clock Frequency : 400 kHz ] 

Figure 4 outlines the interesting characteristics of a band-pass filter implemented 

as discussed above. 
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O.OOOdB 
O.OOOdB 

~ 
1, 

1/ 

I 

I 
~ 1-- ... 

1,-

1/~ 
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10 
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10. OOOdB 
10.000dB 

I 
!/ 

V. 
'1 
l"1 

100 
STIIRT 10. OO□Hz 

MIIRKER 41.872Hz 
MIIG CB/R) -3. 314dB 
MIIRKER 15 848.832Hz 
MIIGC8 / R) -3 06Sd8 

1/ • 
J 

I 

Il 
Il 
\ 

J \" "' ,., -, 
~ "-1 ~ i-.,. 

IK lOK l □OK 

STOP 100 000.000H:z: 

BAND-PASS FIi. TER 

TS08512 (Low-puo) 

TSG 8532 (Hlgh-p&N) 

ldentlcal Clock Fr-y : 

► 20kH• 

► 100kH• 

► 500kHI 

► 1.5 Mltt 

FIGURE 4 FREQUENCY RANGE SHIFTING OF BAND-PASS FIL TER 
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i:,ano-pass 11, t:1ano-stop t-tlters 

Figure 4 illustrates how by simple mod i fication of the common clock frequency, 

the frequency range of the band-pass fi1ter is sh i fted without causing any 

modification to its frequency response curve. 

Due to inherent characteristics of the switched capacitor filters, the clock to 

eut-off frequency ratio is always known. lt is thus a simple matter to calculate 

the clock frequency as a function of the signal frequency one wishes to use. 

For example, in the case of TSG 8512 fil ter, this ratio ts : 

f 
_...!}_ = 100 + 11, 
f -

C 

Where f e is the external clock frequency. 

If f c is to be the upper eut-off frequency equal to 5 kHz, we shall therefore 

select f = 500 kHz. 
e 

f 
Also, since~=500+1'J(, for TSG8532, the lower eut-off frequency f~ will be lkHz. 

f' -
C 

This curve is given in Figure 4. 

Note that in ail cases, the pass-band-width remains constant at 4 x f~. 

Different band-widths are obtained by cascading other standard filter types. 

Corresponding calculations are similar to those outlined above. 

2.3 - Two different clock frequencies (Figure 5) 

Figure 6 depicts the frequency response of a band - pass filter implemented by 

cascading TSG 8512 and TSG 8532 filters but each operating at a different 

frequency. 

Similar to the former case, it is obvious that the frequency response characteristics 

of the individual filters are not modified by this configuration and remain unchanged 

after cascading. 

Note however that in this case, the signal delivered at the output of the first 

filter (TSG 8512) goes through a smoothing filter before entering the second 

filter (TSG 8532). 

This process is necessary as the operating frequencies of the filters are different 

and consequently there will be lack of synchronization between the sampling 

performed by each individuel filter. 

ln the absence of the signal smoothing process, this fact will give rise to 

disturbances within the eut-off frequency band. 

Similarly, the signal d.elivered by the second filter goes through a smoothing filter. 
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These smoothing filters are implemented by 2nd order Sallen-Key Cells each 

using one of thP, on-chip operational amplifiers of the .,witched capac i tor 

filter (Figure 5). 

y •~ •5 V 

V - • -SV 
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3 
2 

,, .. 

2hG 

-
FIGURE 5 - BAND-PASS FIL TER 

(Two separate clocks) 
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The eut-off frequeney of these Sallen - Key Cells is ehosen to be twiee the 

upper eut-off frequency of the band-pass filter so as to eliminate any signal 

disturbance within the pass band region. 

REF LEVEL 
O.OOOdB 

/ OIV 
10.000dB 

START 10.000Hz 

MARKER 3 162. 278Hz 
MAG <B/R) -3. 4 78dB 

STOP 100 000.000Hz 

BAND-PASS FIL TER 

"Two different clock trequenclee" 

TSG 8512 "Clock : "300 kHr" 

TSG 8S32 "Clock : 90 kHz" 

Antl-ali..tng & Smoothlng Fllters 

(le . &kHz) 

FIGURE 6 LOW Q BAND-PASS FREQUENCY RESPONSE CHARACTERISTICS 

Figure 7 illustrates how the cascading of two filters yields an extremely steep 

band-pass eha r acter isti es. 
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/OIV 
10.000dB 
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~ ~)~ 

100 
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li 

MARKER I e2s.g2gHz 
MAG(B / R) -3.2gBd8 

l-/. ..... ~ 
Il 
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TSG 8512 "Clock : 200 kHz0 

1 TSG 8S32 "Clock : 800 kH111 

v"' 
""'k, 
~ 

~ 

.L 
1K 1 )K 100 K 

STOP 100 000.000Hz 

FIGURE 7 STEEP BAND-PASS FREQUENCY RESPONSE CHARACTERISTICS 
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Band-pass & Band-stop Filters 

The band-pass obtained in this case has a selectivity factor of about 4. 

Note that the clock frequencies employed (200 kHz and 800 kHz) allow the use 

of a single external oscillator running at 800 kHz (or its multiple frequencies). 

The second clock frequency is then derived from this master clock using 

a counter. 

ln Figures 8 and 9, one of the clock frequencies is maintained constant while 

the other is varied. This arrangement results in an adjustable band - pass filter. 

REF LEVEL 
O.OOOdB 
O.OOOdB 

10 

/ DIV 
10.000dB 
10.0DDd8 

START 10.00DHz STOP 100 000.000Hz 

BAND-PASS FIL TER 

TSG 8512 

TSG 8532 

With Anti-a l iasing & Smoothlng Filters 

TSG 8532 "Fh.:Mt clock : 100 kH:r;" 

TSG 8512 "Variable clock : " 

► 20kHt 

► 5-0 kHl 

► 100 kHz 

► 300 kHz 

► 800 kHz 

► 1.5 MHz 

FIGURE 8 SHIFTING THE UPPER CUT -OFF FREQUENCY 
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ri-. 
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FIGURE 9 - SHIFTING THE LOWER CUT -OFF FREQUENCY 
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Band-pass & Band-stop Fllters 

Each eut-off frequency is adjusted with precision and if separate clocks are 

used, adjustments will be entirely independent. 

If separate clocks are not available, one may use a single master oscillator and 

then derive the required frequencies using a frequency divider circuit. 

ln this case, the frequencies would be the multiples of one another_ 

By appropriate selection of the division fac·tor, the frequency bandwidth is changed_ 

The filter frequency response curve is readily shifted along the frequency axis by 

simple modification of the master oscillator frequency (Figure 10)_ 

X tal 

.-----10t-----. 
3.2MH.r 

2.2MO 

,------ ------7 
1 1 

1 
1 

4024 
r--1_00_,_kH_,--1► f e( 2 ) 

L _____ _ r~ r~ 
'-<1) 

1.6MHz 400 kHz 50 kt·b: 

800kHz 200kHt 25kHz 

FIGURE 10 - CLOCK GENERATION FOR AOJUSTABLE BAND- PASS 

(Deriving two different clock frequencies from a Master Oscillator) 

lllustrated example gives identical results to those depicted in Figure $ _ 

According to requirements, a single 4-bit 74163 TTL-type counter may be used 

as frequency divider _ 

For adjustable band-stop filter, either a 4020-type 14-stage counter or a 

4060-type counter that also includes an on-chip crystal oscillator would be 

sui fabl ~ alternatives_ 

To implement an appropriate oscillator, refer to the "Application Note : AN-069" 

( A Supplement to the Utilization of Switched Capacitor Filters] that discusses 

in detail how to build crystal-controlled and free-running oscillators using the 

on-chip ope rational amplifiers of the filter circuits-
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Band-pass & Band-stop Filters 

For example, curves depicted in Figure 9 may be obtained, in the case of TSG 8512, 

using the ceramic resonator discussed in the application note mentioned above -

and in the case of TSG 8532 , by adjusting the frequency of a free-running oscillatN 

whose frequency is varied by a potentiometer as illustrated in Figure 11. 
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FIGURE 11 ADJUST ABLE BAND-PASS FIL TER 

(Upper eut-off frequency set by crystal-controlled oscillator) 

A band-pass fi lter is thus implemented using only 2 switched capacitor fi lters 

of Thomson Semiconducteurs configured as active elements. 
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Band-pass & Band-stop Filters 

A wide frequency adjustment range is available using RC-type free-running 

relaxation oscillators (Figure 12) . 
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FIGURE 12 AOJUST ABLE BAND-PASS FIL TER 

(Upper and Lower eut-off frequencies are bath adjustable) 

ln order to obtain excellent performances and specially to improve the 

signal-to-noise ratio, addition of anti-aliasing and smoothing filters suited 

with the upper eut-off frequency of the banêf-pass is also necessary. 
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3 - BAND-STOP FILTERS 

3.1 - Filter Synthesis Fundamentals (Figure 16) 

Low-pass 

I 
1 

f 
C 

-i 1 
f' 

C 

BAND-STOP 

u 
1 1 
1 1 

f' f 
C C 

FIGURE 13 - BAND-STOP FIL TER FUNDAMENTALS 

A band-stop filter is obtained by adding the output signais of a high-pass and 

a low-pass filter. 

The adder circuit is configured using an operational amplifier. 

ln the case of Thomson Semiconducteurs' switched capacitor filters, the adder 

circuit is readily implemented using one of the operational amplifiers contained 

in the same package as the filter circuitry. lt is thus clear that only two 

packages, one low-pass and the other high-pass, are required to implement a 

band-stop fi lter. 

An adder is built using either of the configurations given below 

R 
R 

V 1 ---C=::J--, 

>---- Output= -(V 1 + V 2 ) 

FIGURE 14 - INVERTING ADDER 
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R 

Output= V 
1 

• v
2 

R 
v2----C=}---_J 

FIGURE 15 NON-INVERTING ADDER 
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FIGURE 16 BAND-STOP FIL TER 

(Two separate clocks) 
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Band-pass & Band-stop Filters 

3.2 - Results 

Sim i lar to band-pass discussion, the standard devices employed here are 

TSG 8512 Low - pass 

TSG 8532 High-pass 

Other standard circuits can be used according to the desired eut-off frequency 

slope and attenuation. 

Figure 17 depicts the response curves of the individual filters. 

REF LEVEL 
O.OOOdB 
O.OOOdB 

! 
f--

/ DI V 
:O.OOOdB 
10.000dB 

L---!---!-rt+t+tt-~ .P-.H:+++l+ll--f---+i-+rlti+--+-+--H-1+1fH 

10 100 IK !OK 100K 
ST/1RT 10. OOOHz STOP 100 000.000Hz 

0 
• LOW-PASS FIL TER 

TSG 8512 "Cloc:k : 32 kHz" 

© 
HIGH--PASS FIL TER 

TSG 8532 "Clodl : 1.170 MHz" 

FIGURE 17 - FREQUENCY RESPONSE OF LOW-PASS & HIGH-PASS FIL TERS 

Figure 18 illustrates the frequency response curve of the band-stop filter 

built using these two filters operating at the same frequency as previously. 

Once again, it is obvious that the operating characteristics of each filter remain 

unaffected by this arrangement. The response curve is obtained directly from 

Figure 17. 
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REF LEVEL 
O.OOOdB 
0.000d8 

Band-pass & Band- stop Filters 

/ DI V 
10.000dB 
10. OODdB 

BAND - RE.JECT FIL TER 

TSO 8512 "Clocl< : 32 kHz" 

TSG 8S32 11 Clock : 1.170 MHz1
' 

0 
Witt, non- hw.rting Adde r 

(Filter op - amp APWA :: 39k0) 

© -
Wit:h inw•rting Addet 

(Filter op-i:!imp) 

FIGURE 18 BAND-REJECT FREQUENCY RESPONSE 

Also, there is no significant difference between an inverting and a non-inverting 

adder (except for output signal phase inversion). 

For our present discussion, from now on, we shall use non - inverting adder 

arrangement. The configuration will therefore be identical to that given in 

Figure 16; that il lustrates how a band-stop fi lter is readi I y bui I t using two 

switched capacitor filters. 

ln Figures 19 and 20, the clock frequency of one filter is constant while the 

other is adjustable. 

The outstanding flexibility of such band-stop filter is clearly demonstrated by 

observing the tact that the adjustment of one fi lter has no influence whatsoever 

on the other. 

As discussed earlier, refer to section concerning Oscillators (Application Note 

AN--069) for details on how to implement the appropriate clock circuits. 

One of the operational ampl i fiers available may be used_ to build crystal-controlled 

or RC-type variable oscillators. 

Electrical diagrams of these oscillators are identical to those given in Figures 

11 and 12. 

Similarly, if clock frequencies are multiples of each other, a single master 

oscillator and frequency divider combination may be used. 

Any modification of the master frequency will shift the filter response curve 

a long the frequency axis (see Figure 10). 
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REF LEVEL 
O.OOOdB 
O.OOOdB 

/ OIV 
10.000dB 
10.000dB 

Band-pass & Band-stop Filters 

MARK!::R 45.063Hz 
MAG (8/R) -69. l 93dB 
MARKER 1 l 1 9. 1 55Hz 
MAG (8/R) -37. 765d8 ,----.,..,.-~-=-~-~~~-~ 

j-- · 

' j..-- _ ..... _ , ' 1 : 1 • 

_, __ :..Li.Jj __ 
1 1 : ' ! " 

L .... l __ j __ ; , . : ., 
10 !00 

START 10. OOOtlz 

BAND-STOP FIL TER 

TSG 8532 "Flxed clod< : 1.5 MHz" 

TSG 8512 ''\larlabl• clock 

► 2.5kHz 

► 7.5kHz 

► 15 kHi 

► 25 kH, 

► 50 kHz 

► 70 kHz 

FIGURE 19 SHIFTING THE LOWER CUT -OFF FREQUENCY 

REF LEVEL 
O.OOOdB 
O.OOOdB 

/ OIV 
10.000dB 
10.000dB 

MARKER 30.840Hz 
MAG <B/R) -40. 173d8 
MARKER 432.514Hz 
MAG <B/R) -62. 521 dB 

BAND-STOP FIL TER 

TSG8512 "'Fl•ed clodc : 2 kHz" 

TSG8532 "Varl~• dock : " 

► 40kHil 

► 90kHz 

► 80kHz 

► 100kHz 

► 200kHz 

► 400kHz 

► 800kHz 

► BOO kHz 

FIGURE 20 SHIFTING THE UPPER CUT -OFF FREQUENCY 
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Band-pass & Band-stop Filters 

3.3 - BAND-REJECT FIL TERS (Figure 21) 

An interesting application of band-stop filters is implementation of frequency­

reject filters, i.e. steep band-stop filters. 

For this application, a low-pass TSG 8512 and a high-pass TSG 8531 filters are 

used. The TSG 8531 is a standar°d 6th order Cauer-type high-pass filter and was 

chosen for this application due to its sharp eut-off characteristics. 
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FIGURE 21 BAND-REJECT FIL TER 

(Adjustable center frequency} 
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Band-pass & Band-stop Filters 

Figure 22 shows response curves obtained at different center frequencies. 

REF LE'IEL 
O.OOOdB 

/ DIV 
10.00□dB 

MARKER 100.000Hz 
MAG (8/R) - 52. 073d8 

BANO-REJECT 

TSG 8512 + TSO 8531 

For different cent..- fr-.,..,d• : 

20 Ha: 1 50 Ha: , 100 Hz 1 400 t-lr 

The two clack frequencln have a 

conat.it . ratio of I O 

FIGURE 22 - SHIFTING THE FREQUENCY RESPONSE OF BAND-REJECT FIL TER 

The frequency ratio of the clocks was selected to be constant and equal to 10. 

This allows use of a single oscillator followed by a frequency divider. 

Figure 21 illustrates the electrical dlagram of this band-reject filter. 

This type of band-reject filter is generally employed for the suppression of 

mains frequency transients, i.e. 50 Hz or 60 Hz. 

ln this case, the application characteristics are as follows : 

► 50 Hz canter frequency 

► 60 Hz canter frequency 

TSG 8531 filter clock frequency : 36 kHz 

TSG 8512 filter clock frequency : 3.6 kHz 

Selectivlty Factor : Q "' 1.6 

Attenuatlon at 50 Hz : 45 dB 

TSG 8531 fllter clock frequency 43 ftHz 

TSG 8512 filter clock freq\J9ncy 4.3 kHz 

Selectlvlty Factor Q a 1.6 

Attenuatlon at 60 Hz : 48 dB 
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t:1an<1-pass & t:1an0-stop t-ilters 

/ 0I V REF LE 'IEL 
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START 10.000Hz STOP 1 000.000Hz 
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TSG 8531 "Clock : 38 kHi" 

FIGURE 23 50 Hz BAND-REJECT FIL TER FREQUENCY RESPONSE 
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FIGURE 24 60 Hz BAND-REJECT FIL TER FREQUENCY RESPONSE 
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