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INTRODUCTION
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 :

P Anti-aliasing & Smoothing filters

b Ground pin biasing techniques using a single supply voitage

p dc 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, hamely :
Gain adjustment
dc output level locking
Oscillators

Requlated power supply

¥y v v v V¥

Wiring & Layout recommendations

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 B6XX, TSG 87XX Standard Series and Semicustom Filters.

GAIN ADJUSTMENT

Majority of standard Thomson Semiconducteurs filters have an inherent pass band
gain of approximately 0dB. In 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 :
p Operational amplifier used for gain adjustment

» Sallen-Key Cell with gain adjustment

THOMSON SEMICONDUCTEURS
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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.

a2
——}
ﬁ‘! R2
e l = Output Gain : G=_R_‘|
FIGURE 1 - INVERTING CONFIGURATION
R2
’ ( R1+R2
Gain : G=—r—
R1 R1
B ~ Output Rz
=1+ —
R1
Input
FIGURE 2 - NON-INVERTING CONFIGURATION

This type of configuration yields high gain values. Only limitations are those
related to the electrical characteristics of the operational amplifiers such as :
gain-bandwidth-product "2 MHz typ." or the output voltage range " -4.2V ,+3.5V"

(values measured using symmetrical -5V ,+ 5V power supplies).
Figure 3 illustrates the arrangement of a non-inverting configuration,

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

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

THOMSON SEMICONDUCTEURS

4



e tv* e (6]
S5V v -ea [1]
100 nF i T
(3] LvL S sa [U]
SGNAL )N «Ea [13]
(Input) SIGNAL
—i
8 (Output)
5 REE 5 +EB
5] our 1 sa i
160k0
0 10%8
Clock [1]) ek -es [10}
I5k0 15k
;@— G pwa (9]

FIGURE 3 - GAIN ADJUSTMENT

2.2 - Sallen-key cell with gain adjustment

In 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.

In 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
—JL
1F
o5 1
Cut-off Frequency : f_ =
A € 2xRC
el ——— Output Damping Factor : £ = 1=
input =——{ "} _I_ + 2
R R
c
I Gain : G=1+a
FIGURE 4 - GENERAL ARRANGEMENT OF A SALLEN-KEY CELL

(With gain adjustment)

THOMSON SEMICONDUCTEURS
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SIGNAL
(input} ™

o= oo Ow-H

Clack

FIGURE 5 - SALLEN-KEY CELL (with gain adjustment)

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

potentiometer settings, i.e. at different gain values.

e _EVEL IV MARKER 1 OGCG. SOOM=
. CCGa3 S. CCCcB MAS (3.7 9. Ci3d3
R : 10kQ
C : 880 pF
- Potentiometer : 22k
0 .CC 1% 10K 100K
START 1C, OCCH:: ST0P 100 000. 00CHz

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

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

This configuration provides gain values of up to 6dB without any appreciable

overshoot in the response curves.
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3.1 -

FILTER OUTPUT DC LEVEL LOCKING

Switched capacitor filters manufactured by Thaomson Semiconducteurs feature a

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

This function is accomplished by applying to this pin, a dc signal corresponding
to the desired output dc 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. Iin general, the voltage applied to "LVL" pin and hence the filter output

level, is set by a potentiometer inserted between V  and vt potentials.
The output level is generally set at OV or at "Ground" (GND) pin potential.

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

as illustrated in Figure 7.

Signal

Input FILTER

Ut} ——y— Gl

DC LEVEL
{ ] averace [ ]
DETECTOR

FIGURE 7 - AUTOMATIC OFFSET COMPENSATION

The detector has a very low cut-off frequency in order to detect the
output dc level and to control it through "LVL" pin.

According to the filter type, two cases are possible :

The dc output voltage is directly proportional to the voltage applied to "LVL" pin

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

A conventional integrator configuration using operaticnal amplifier 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 cut-off frequency —————0 .
" ¥ 2ix R2x C

The dc gain is " —% " and may be adjusted by mndifying the value of the

either resistor; thus allowing accurate control of precision and response.

THOMSON SEMICONDUCTEURS
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FILTER

our E I——"'r ——p Quiput

input

| [
R

GND

FIGURE 8 - Output dc level is inverted and 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 increase:, but the cut-off frequency falls.

Therefore, any risk of instability cccurrence at high gain is eliminated.
Figure 8 depicts the practical application diagram. As shown, the feed-back
network is readily implemented using one of the operational amplifiers available

within the filter package.

a -
5V T v' Ne [1g]
A Wyl B
; 100 nF T m
(3] Lve S sa [
G
SIGNAL W IN +EA
8
[5]GND +e8 [1) ——%
5
[6]our 1 s8 (1} 470kQ
]
Clock B 1] eLk -e8 [¥] seiis
2k 2k
v}n-'t:f (8] Pwr Pwa [9) —r_}ﬁz
100 k22
g, S
\j
SIGNAL
{ratout)
FIGURE 9 - AUTOMATIC OFFSET COMPENSATION
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3.2 - The dc output voltage is inversely proportional to the voltage applied to "LVL" pin

The output signal no longer requires polarity inversion and the arrangement is

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

FILTER
input

ouT [{}——————» Output

GND

FIGURE 10 - Only a R-C Cell (1st order low-pass) is needed for
Automatic 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.

5V e =
-5V -—_&
; 100 oF T
S
SIGNAL »= G
8
5
1
3
Clock =
470 nF
I
SIGNAL
(Output)
FIGURE 11 - AUTOMATIC OFFSET COMPENSATION
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A non-inverting operational amplifier configuration may be used, if feed-back

lecop gain control is required.

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

Input FILYER
- Output -
¢ R2 _R4
R1 ~ R3
R2
THED Vo SN Vgt
4 - CLOCK OSCILLATORS

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

p Crystal-controlled oscillators (Quartz or Ceramic Resonator)

THOMSON SEMICONDUCTEURS
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4.1 - Free-running Relaxation Oscillators

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,

FIGURE 12 - FREE-RUNNING MULTIVIBRATOR

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

VO _R1 _ and the capacitor C begins charging through resistor R until the
R1+ R2
the voltage at the inverting terminal becomes equal to the voltage at the non-
inverting terminal i.e., V. R1 . The amplifier is then t'riggered, its output
2 R1+ R2

fatls 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

osciltator output signal would have the following characteristics :

p Duty Cycle : 05

v R1
p : =2R =
» Period T=2RClog(1+2 2)

It 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 nigh and low saturation veltages 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 . In addition, the frequency and the
amplitude of the output signal will both 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.

In 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.

THOMSON SEMICONDUCTEURS
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In this case. the oscillator period is :

V+
t = RGlag | + 2L {5 - 53‘) + RClog
R2 =

vsat

i
1+ Bl 1 - At
R2 v?

sat

Where V;at and V;at are respectively high and low saturation voltages of the

operational amplifier. V;at and V;a are given in data sheets .

t

+ =
= - = -4, - Iy.
Vsat +3.5V Vsat 4.5V for TSG85XX and +5V , -5V power supply

Electrical configurations are given in Figures 16 and 17 that illustrate 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 + 5V power supply.
In 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 -5V , +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 oscillators.

The TSG 8550 filter 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.

Some curves also illustrate the filter response characteristics obtained using
an external clock generated by conventional logic gates. Note that both curves

are perfectly superimposed.

The foregoing discussion demonstrated that this type of oscitlator offers satisfactory
results irrespective of the power supply type : -5V ,+5V - 0V ,+10V -
oV, +5V.

Note also that this type of oscillator can operate at relatively high frequencies.
In fact, the response curves of the TSG 8550 were obtained at oscillator frequencies
of up to 1.2 MHz approximately. In this case however, one should use a low value

biasing resistor (here, R =10kQ), to obtain appropriate "slew rate" at

PWA
the operating frequency.

THOMSON SEMICONDUCTEURS
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FIGURE 13
EXTERNAL TTL-type CLOCK
(Generated by Logic Gates)

2 volts / division

2 ys / division

FIGURE 14

RC-type FREE-RUNNING OSCILLATOR
(Using one of the filter op-amps)
[-5V ,+5V power supplies]

2 volts / division

2 us / division

FIGURE 15
RC-type FREE-RUNNING OSCILLATOR
(0,+10V power supply)

2 volts / division

2 s / division

THOMSON SEMICONDUCTEURS
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XXow Ow-—-

FIGURE 16 - RC-TYPE FREE-RUNNING OSCILLATOR
(+5V , -5V power supplies)

100 nF
sy —— (1] v*

oV [2]v™

;mom: T
3] v S
G
[4] v
+ 8
GND
o 5
-t 5] OuT X
X
(1] oLk
’ 39k
v — 1) PwE
FIGURE 17 - RC-TYPE FREE-RUNNING OSCILLATOR

(0,+10V or 0,+5V power supplies)

THOMSON SEMICONDUCTEURS
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4.2 - Crystal-controlled Oscillators {or Ceramic Resonator)

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

satisfactory operation of the switched capacitor filters.

it has however two drawbacks :

P 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 foilowed by a

frequency divider circuit.

421 - Transistor-based Oscillator

In 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
+00ka 1.8k8
To filter clock input
2N 2222
-4 47 pF
fosc = S40KHI 2 56 %0
680 pF 1ka
T g
FIGURE 18 - CRYSTAL-CONTROLLED OSCILLATOR

This is a Colpitts-type parallel resonance oscillator. The operating point of the
crystal is such that it behaves like a high Q choke. A capacitive bridge
provides the energy required to initiate the oscillation.

This oscillator does not require any adjustment - its frequency is highly stable
whatever the power supply mode ( -5V ,+5V - 0V  +5V - 0V  +10V).

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

purpose" transistor will be suitable.

THOMSON SEMICONDUCTEURS
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Here, we have employed a Ceramic Resonator whose fundamental frequency is
fosc = 540 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)

[0,+5V power supplyl

1 volt / division
0.5 us / 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. It is seen that there is no significant difference between the curves
obtained in this case and those obtained previously.

It is therefore obvious that the filter operates satisfactorily with an external
Colpitts-type oscillator.

THOMSON SEMICONDUCTEURS
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4.2.2 - Operational amplifier-based Oscillator

Figure 20 shows the general arrangement of this oscillator.

R1
;—:} + Filter
GND p—= Clock
r"—r— - Input

GNO

=

R2

FIGURE 20 - CRYSTAL-CONTROLLED OSCILLATOR

The above figure illustrates how a crystal-controlled oscillator 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 C1 contribute
towards oscillator stability. The feed-back to inverting input through resistor R2
ensures oscillator start-up and dc stability.

The negative feed-back at high 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.

THOMSON SEMICONDUCTEURS
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XX oo Owm-—-

FIGURE 21 - CERAMIC RESONATOR - CONTROLLED OSCILLATOR
(-SV ,+5V power supplies)

FIGURE 22

OSCILLATOR CCONTROLLED BY
CERAMIC RESONATOR
(using one of the filter op-amps)
[-5V ,+5V power supplies]

2 volts / division
0.5 us / division

THOMSON SEMICONDUCTEURS
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Figure 23 ililustrates the application using a single power supply.

In this arrangement, the second operational amplifier configured as voltage follower

is used to bias filter's "Ground" and "Level" pins.

Once again, the same "consumer" ceramic resonator running at fosc = 540 kHz

has been employed in this application.

100 nF
e O]wv*

oV —— | 7]v

; 100 nF T
[3]LvL S

- i G
8

N [5] GnD 5

- 6] out X
(1]cux x

vie—— 1 1) pwr

FIGURE 23 - CERAMIC RESONATOR-CONTROLLED OSCILLATOR
(0,+10V or 0,+5V power supplies)

Oscillogram of Figure 22 shows the clock signal waveform obtained from the
application depicted in Figure 21. Similar waveforms are obtained from the single
supply voltage application illustrated in Figure 23 - only the output voltage levels

are different.

As shown in response curves of paragraph 4.4, the TSG 8550 filter operates
satisfactorily with this type of oscillator. Once again, note that there 15
no difference between the curves obtained using this oscillator and those

using an external TTL-type oscillator.

Obviously, operation at other frequencies is possible by using different ceramic

resonators. The basic configuration remains the same however.

THOMSON SEMICONDUCTEURS
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43

Conclusion

The discussion throughout this section demonstrated how, a clock oscillator is

readily built, and a perfectly stand-alone filter implemented, using only a single

integrated circuit.

>

In applications where frequency adjustment facility is required and price is

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

stable fixed oscillator frequencies.

Crystal—controlled oscillators are suitable for applications requiring highly

Finally, the oscillator using a single transistor aliows 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.

All 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 - T5G 8550 Response Curves using Different Clock Oscillators

REF LEVEL /D1IV MARKER 2 0735. CCGH:z= I@
C. COGCe3 10. co0c8 MAG (B.'RY =40, 145c¢3
G. 00048 10, 0ooda MARKER 2 075. 000Hz l@
MAG<D1> -40. 460c8
r \ ! ]
| i
F
I
[ -
(T
i

The 2 curves are superimposed.

|

i

it
i
L
i

START 1 000. ODOHz
AMPTOD —-20. 0dBm

FIGURE 24

STOP 11 000. DOOH=z

TSG 8550
Powsr Supply : -5V , + 5V
Clock Frequency : 153 kHz
1 - Extamal Clock

2 - Free-running Oscillator
R :25kn
C :33nF

The RC Multivibrator is implemented with
an internal Qperational Amplifier

RC MULTIVIBRATOR OPERATION
(at 153kHz and +5V , -5V power supply)

THOMSON SEMICONDUCTEURS
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Atk d Y25GHREY

A5 D =C. 3 _"_‘1}6)
MARKER 2 12S. 000H=z i@
MAG (D> -40, | 42dB

T Y T ;
) '

TSG 8550

Power Supply : OV ,+ 10V
Clock Frequency : 153 kHz

1 - External Clock

2 - Fres-running Oscillator

v H R : 25kQ
H | i | H C : 3.3nF
i ; H | The 2 curves are superimposed.
___‘;___.___..u‘[.._. : s ‘ :
; L |
E J ;
START 1 0OCQO. OO0OH=z STOP 11 000. O00OH=z
AMPTD -20. OcBm
FIGURE 25 - RC MULTIVIBRATOR OPERATION
(at OV , +10V power supply)
REF LEVEL /DIV MERKER 1 725. COOH= !@
. G0Gda 10. 0CcoDdB MAG (8./R) —-20. 243dB
0. 00DdB8 10. 00CdB MARKER 1 72S5. 000H=z I@
MAG <(D1> -40. 120d8
T T
!
AL
[
i 1 TSG 8550
Powear Supply : OV | +5V
/-\ l/- ] Clock Frequency : 123 kHz
) oy 1-E
v - External Clock
L2 I 2 - Free-running Oscillator
| R :2.5ka

The 2 curves are superimposed. € : 3.3nF

_ [Note the change of frequency]

T

START 1

000. 000HZ STOP 11 0O0O0. OO0OHz

AMPTOD -20. OdBm

FIGURE 26 - RC MULTIVIBRATOR OPERATION
(at OV , +5V power supply)
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Phtw S8 WARAER L 200, Cl0viz
1S GCCcel FaZls W Rt o Z"'-',dsl @
C. CCSe8 10. o0cds MARKER 4 200. 00OH=z | ®

MAS (D1 —40. 295dB
T T T T

!
e P s “
i

S . rossso

s
i | Power Supply : -5V, +5V
i | Clock Frequency : 307 kHz

/ ! 1 - External Clock

2 - Fres-running Oﬂ;:lllllnr

T A :25k0
L € :1nF
TR _L. > SN S—- — F \ R
l } The 2 curves are superimpos I
T |
\ ‘ |
START 1 000. OOOH=z STOP 11 000. O0DH=z
AMPTDO -20. OdBm
FIGURE 27 - RC MULTIVIBRATOR OPERATION
(at 307 kHz clock frequency)
REF LEVEL 01V MARKER 13 T25. 0004H= } ®
C. oG 1C. 0CCeB8 MAG (B/RY -39. 366c8
0. 00048 10. 000d8 MARKER 11 725. 000Hz | ®
MAG <D12 -39. 522dB
[ t / \l
i
I / \ TSG 8550
} I Power Supply : -5V , +5V
| e, / \ | Clock Frequency : B47 xHz

\ /—-—— s 1 - External Clock

2 - Free-running Oscillator
A : 25ko
C : 20pF

The 2 curves are suparimposed.

L
START 1 0OOCO0. 000Hz STOP 31 D00. QOOHzZ
AMPTD -20, 0dBm

FIGURE 28 - RC MULTIVIBRATOR OPERATION
(at B47 kHz clock frequency}
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. 3
C.oLCEa Wk ”"Clc!B MARWER 11 OGO, OCQHz }@
MAT (O -C. 524dB

TSG 8550
Power Supply : -5V ,+5V
Clock Frequency : 540 kHz
1 - External Clock {TTL)

2 - Colpitts Oscillator

; s I REEN S ———
: The 2 curves are supenmpoued '
oo e vome ™ ;...._.._ Esnls !...__‘_.:-__._
( i { 1 H
i | L L L L !
START 1 O0OO0. O0O0OH=z STCoP 21 000. O00H=

AMPTO -20. GdBm

FIGURE 29 - Using an External Transistor-based Oscillator
(Colpitts type)
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S T MR | I
! 1 / \'
H i
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: ] I
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! ‘/ | ! \ ) : Clock Frequancy : 540 kHz
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I ; | | 1 - External Clock (TTL)
! " A 1
/“"1' : : J‘ k ‘[ 2 - Oparational Amplifisr
] i
. 1 L I - +
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_,u_;“ : : =
I : \ !
NS L SO S ] e
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![ i The 2 curves are wpetimpoa-d
L ==
¢ ¥ ! I i | ‘
| 1 ‘ i | i
START 1 000. CO0OHz STOP 21 COO. ODOH=Z
AMPTO -20. 0cdBm
FIGURE 30 - Using a Crystal-controlled Oscillator

(implemented with an internal op-amp)
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TSG 8550
Power Supply : OV | + 10V
Clock Frequency : 540 kHz
1 - External Clock (7L}
2 - Operational Amplifier
.

Caramic Resonator

LTI

| The 2 curves are supsrimposed.

[ 1 T

START 1 000. O0OHz STOP 21 000. O00Hz
AMPTD -20. 0dBm

FIGURE 31 - Operation with Crystal-controlled Oscillator
(at OV ,+10V power supply)

REF _EVEL /DIV VARKER 11 GCO. DOOH: |®
C.Co0¢3 1C.CCOCB  MAS(BUR) -0, 6388
0. 0oods 10.000dB  MARKER 11 00O. OOOHz |®
MAG (01> -0, 644d8B
1 |
[ \ TSG 8550
]’ \ Power Supply : OV , +5V
\ Clock Frequency : S40 kHz
T \ T
. 1 - External Clock (TTL)
// | 2 - Operational Amplifier
.
' Ceramic Resonator
The 2 curves are superimposed.
f— i . T 1 I
[
START 1 0OO. OOOHz STOP 2! DOC. D00HZz
AMPTO -20. Od8m
FIGURE 32 -~ Operation with Crystal-controlled Oscillator

(at OV ,+5V power supply)
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5.1

REGULATED POWER SUPPLIES

Some applications may 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 methods resorting

to a minimum number of components.

The subjects discussed are the following

» Zener Diode Regulation

P Regulation using one of the filter's operational amplifiers

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

rejection ratio will be outlined.

Zener Diode Regulation

This is the most straightforward method of voltage regulation. In 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.

FIGURE 33a - ZENER REGULATION

From the unregulated voltage V+, a stable voltage independent from V'I" variations
is obtained across the zener diode. A voltage follower transistor delivers the
current required by the device. The output voltage is : VZ - VBE and therefore
independent from VT % VBE varies as a function of lE current flowing through
the transistor. This variation is almost negligible due to the fact that :

K E ‘ . . . .
v _.__T IogT— (where lc is the base-emitter junction saturation current),

BE
a
that is, VBE increases by 18 mV when the current doubles. The optional 500Q

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.

FIGURE 33b - VARIABLE ZENER POWER SUPPLY

This arrangement is equally applicable to a negative power supply (VI)‘ In this

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

FIGURE 33¢c - 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 (MPF), independent and uncommitted
operational amplifiers are available to implement functions related to
filtering.

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

illustrated in Figure 34.

This configuration offers an excellent regulation thanks to the high cpen loop

gain of the operational amplifier.

2N 2222

.T.v;):- IV
10,F + [R1.R2
I Vs (_m ) v,
Mg

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

{GNDsLVL)

The reference voltage is generated by a zener diode. Since the amplifier is located
within the filter package, it is also powered by the regulated output voltage Va.
The 6.8kN resistor connected between the collector and the base of the ballast
transistor ensures start-up. This transistor does not need to 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

to enable the regulation.

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

elements R1  R2 and using the relationship ; vt o= R1+R2 v
(ol R1 " Yz

The regulation performed following this procedure, takes into account both,
the input voltage "VI" and the "load variations". This power supply is therefore
particularly suitable for complete applications buiit around Thomson

Semiconducteurs' MPFs.
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v, =2v

4.7kQ

XXoow On-H
P

FIGURE 35 - FILTER WITH SINGLE POWER SUPPLY 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

reguiated Va and Vé voltages with their absolute values as close to each other
v

o

described earlier. The negative voltage regulation resorts to an additional

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

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

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

unique reference voltage is sufficient,
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47w0

2n 2222

v
3.3v I o
CIRT
OV = GND + LVL B ,L
10 k@ I“‘ 10 F
Vo
vl'-
FIGURE 36 - SYMMETRICAL REGULATED POWER SUPPLY
v
1w
10uF l
2| v”
o 10uF T
3jLve S
G
- 4] IN 3.3v
5] GND 8
o 5
GND
- B out X
X 6.8ka
» oLk
g 39 k0 Vi
v B8] PWF
‘ Ve
\
FIGURE 37 - FILTER WITH SYMMETRICAL POWER SUPPLY REGULATION
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5.3 -

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.

Yo 1 7 - Vv
10ka ™~ ‘L 195
: / = GND = :70
i = 10uF
av = vV -0V
FIGURE 38 - SPLIT POWER SUPPLY

Note : This configuration can be simplified by replacing the operational amplifier
with a transistor operating as voltage follower. In this case, the resistor
bridge must be readjusted taking into consideration the voltage shift due

to the transistor base-emitter voltage drop.

Power Supply Rejection Ratio

Figures 39 thru 44 given at the end of this section in paragraph 5.5 depict
supply rejection characteristics of the TSG B550 filter.

It is seen that in general V™ rejection ratios are approximately - 10dB 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 - 15dB reduction).

i
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 - 60dB).

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 5.6V zener diode are much better than those obtained using
a 4.7V zener diode. This is due to the fact that the 5.6V zener diodes exhibit

a much steeper breakdown characteristics.
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5.4 -

5.5 -

Finally, the symmetrical voltage regulator using operational amplifiers discussed
earhier (Figure 36) yields an excellent rejection ratio of less than - 604dB. It is
a difficult task to further improve this ratio as at lewer values, other sources

of noise will be also measured.

Conclusion

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

using a zener diode are simple and efficient solutions.

In addition, if perfect power supply regulation for an application built around
a Thomson Semiconducteurs MPF is also required, it would then be interesting
to implement the regulator using the operational amplifiers available within the

filter package.

Supply Rejection Characteristics of TSG 8550 Filter

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

line trace.
REF /B1V MAWER 3 3ATS. COOH=
P “, Sooua MAS {8, R 3. 3268
0. Co0d8 S, 000dB MARKER 3 375. 000Wz
MAG <O3> -1. 74736
; !
| h
i ! [
— #_ : WF == - 18,6848 (max) ]
i |
. B
! Without Flitering T5G BS50
; '_"'_\_! T I
i ]
: : B ! - _\\/ Symmetrical Power Supply : ¢5V
3 i LA ¢
i ] L £, 1 150KHz
= 1 o 1 R, : 39ka (Grounded)
| —, ToE 4 -5.9808 (max) FWF
N
PRNNSS S—— T | ;1
- Ty — T m—
t A ——
/’/ \ J\ '
3} |
- \ i ! fp S—
Y I
CENTER 3 S00. 000H=z SPAN 5 000Q. 000HZ
AMPYOD -1.0dBm
4 & 3 - K
FIGURE 39 - V'  REJECTION RATIO (with a single filtering capacitor)
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5 T *Sa ‘;E o)
S. 600dB MARKER 3 362. SDDH2
MAG (D3 -1. 26548
o : L™ i |
' | s \ _il :
l__f—_' : I \ | | |
! k L' : | i
T -l
- LAl |
T e \ | | T5G 8550
AT nF J- - 13 TdB {max) H ‘
B i AL
! \
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B i S e fo * 150 kHr
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L PWF
S

oy

-
-
L

CENTER 3 S00. CO0OHz SPAN 5 000. 000OHz
AMPTD -1. OdBm

ki
B

FIGURE 40 - V  REJECTION RATIO (with a single filtering capacitor)
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T 1 Y |
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| 11 N | |
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[ i
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r*:":"—:)\;?t\/l \,1 : T5G 8550
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_’_,_,,.... s il : | .
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R ATv |
A R
: L
CENTER 3 S00. O00Hz SPAN S Q00. O00HZz

AMPTD -1.0d8m

FIGURE 41 - V' REJECTION RATIO (with a zener diode and a filtering capacitor)
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v i TR T FcToto
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B . LG \ ‘
! 4
| / A

R s L T ,,ﬁ,ﬂ ‘%‘Ai' a

(3900 + 4.7V Zener + ‘{r‘nmb:tnr) |
s (3000 + 5.6V Zener + Transistor) = - 56 dB

[
= k= T5G 8550
e

T Symmetrical Power Supply : +5V
. -
|
m‘ Y !. 5 150 kHz
) K:' il Rowr © 39%0 (Grounded)
f‘*‘—‘\‘“ 7 T

(3900 + 5.6V Zener s Trwhtor-l_.?i) = - 60dB

[ [ | [ 1
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FIGURE 42 - V' REJECTION RATIO (with a Zener Diode and a Transistor)
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FIGURE 43 - V' REJECTION RATIO (Cperational amplifier symmetrical regulator)

[Filtering capacitor : 33 uF]
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M : i i
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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 Filters. The discussion
will enable the designer to attain remarkable performances and to obtain in

particular excellent signal-to-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 -

6.2 -

6.3 -

Power supply decoupling

Power supply voltages nvHoang "V as well as “LVLY pin voftage (that in order
to set the output dc level is generally amplified within the device) must be

carefully decoupled.

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

to "Ground” (GND) pin must be efficiently decoupied.

For deceupling purposes, one can use a high quality capacitor located very close
to the filter package pin under consideration (v* , V7 ,LVL or GND). A capacitor

of a few tens of nF will suffice.

Also, decoupling PWA and PWF pins will improve the signal-to-noise ratio.
These pins determine the biasing current of, either operational amplifiers, or the

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

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

with the filter biasing resistor R will in particular, prevent the occurrence

PWF’'
of the so called "clock feedthrough' phenomenon. Clock feedthrough is defined
as the "presence of the clock frequency harmonics at the filter output” and can

give rise to disturbances within the stop band region.

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 terminals, 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.

Operational amplifiers layout considerations

The two operational amplifiers available within the filter package are generally
used feor building anti-aliasing and smoothing filters connected to the switched

capacitor filter input and output terminals,

Consequently, connections such as : common ground, toco close p ¢ board adjacent
tracks, etc.. - susceptible to cause interaction between input and output signals,

must be avoided.
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6.4 -

Non-inverting terminals (+E) need special precaution. In fact, these inputs are

of high impedance type and located next to each other in standard filter pinout
configurations. in the case of standard Sallen-Key celis performing anti-aliasing
and smoothing functions, since the filter input and output signals are routed via
these two inputs, there will be risk of interaction between the signals. 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 =10k will in general enable the selection of

suitable capacitor values.

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

Programmablie Filters.
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Signal Detection & Sinewave Generation

1

INTRODUCTION

The present note outlines the specifications of high selectivity factor (Q>1)
band-pass filters such as standard TSG 8551 and TSG 8550 devices.

Subjects covered are .

B Signal Detection

® Implementation of a very low distortion sinewave oscillator.

These application fields cover a wide range of practical configurations built
around the switched capacitor filters - few examples of which will be described

in detail,

SIGNAL DETECTION

This section discusses various types of the signal detection techniques and

gives an application example of each.

The following topics will be covered successively

e Amplitude detection
e Frequency detection

e Burst duration detection

The TSG 8551 standard filter is best suited to this type of application. This is
a selective band-pass 8th order switched capacitor filter with selectivity

factor Q equal to 35. In addition, it has a relatively high gain (30dB typ.) at
center frequency. The attenuation within the stop band region is typically 70dB.

Consequent to the foregoing, it is obvious that the TSG 8551 is perfectly suitable
for signal detection applications. Since the clock frequency to filter center
frequency ratio is constant, the TSG 8551 can be accurately locked onto the

signal to be detected, by adjusting the external clock frequency.
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2.1 - Amplitude Detection

The objective is to measure the amplitude of 2 given signal selected by
the TSG 8551 filter,

Irrespective of the signal shape, the filter dehivers a sinewave frequency ot which
corresponds to the filter center frequency. This 1s particulariy useful when

measuring a signal super 1mposed on a carrier or lost within interference stgnals.

The detected amplitude level depends on the filter gain at center frequency.
As specified in technical data sheet. the TSG 8551 filter has a fixed gain -
guaranteed gain value of 28 to 32dB at 400 kHz clock frequency.

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

controlled ctock generator.

In fact, 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 lock

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

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

measurement of the signal amplitude.

This function 15 easily implemented using "LEVEL" pin of the TSG 8551 which
controls the output dc level and can therefore be used to bring this level down
to zero. Same as for all other Thomson Semiconducteurs switched capacitor
filters, an automatic offset compensation feature can be also implemented

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

2.1.1 - Sensitivity of Switched Capacitor Filters

Minimum signal amplitude detectable by TSG 8551 is around 1mV peak-to-peak.
Signals 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 cne of the on-chip operational amplifiers. In this case, the

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

2.1.2 - Rectification

In order to measure the amplitude, the signal is generally first rectified

(nalf- or fuli-wave rectification}.

Cnce again, the on-chip operational amplifiers can te used to perform this task.

THOMSON SEMICONDUCTEURS
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2.1.2.1 - Half-wave Rectification

Figure 1 illustrates the operating principles of this rectifier.

FIGURE 1 - HALF-WAVE RECTIFICATION PRINCIPLES

Oiode DI conducts during the input si'gnaf positive
haif cycle while aioac D2 is reverse biased and
there 1s therefore no signal at the output,

During the negative half cycle, diode DI is reverse
brased and diode D2 conducts - the amplifier
operates tn unity goin inverting configuration ond
consequently inverts the negative going input signal
and celivers a positive output signol.

The gain of this configuration can be set by adjusting the. value of the feed-back

resistor - thereby allowing signal amplification if necessary.

As depicted in Figure 2, practical configuration using one of the on-chip
operational amplifiers is readily implemented, The output signal offset can be
suppressed by routing the signal through a capacitor before its application to

the rectifier.

5V

-sv L 100 nF

SIGMAL |

Rectified

'v%g' L Output

Signal

I Tx

CLOCK =
22k
l.?;qu %0

FIGURE 2 - APPLICATION CONFIGURATION OF THE HALF-WAVE RECTIFIER
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2.1.2.2 - Full-wave Rectification

Figure 3 depicts the operating principles of this rectifier.

T

10k 0Ka 10%0 10kn
INPUT {— £
% Dt NN
A p = QUTPUT

D2

10kn o M

FIGURE 3 - FULL-WAVE RECTIFICATION PRINCIPLES

The first amplifier (Al)} opcrotes as half-wave
rectifier - the two rectifiea hoff-cycles are
forwarded to the sccona amplifier (A2) thaot
inverts once again the positive half-cycles

ana transmits dircctly the negative holf-cycles
of the input signal.

This configuration uses two operational amplifiers. The arrangement is straight-
forward, while resistors are of identical value and 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 dc level extraction

from the rectified signal.

r——.ﬂ.echlneu %ugnalm

o . T
G 100 nF
; 10k | 10kQ

Ht
-

N 4148

‘ 4.7 1oKA
] ——
FIGURE 4 - APPLICATION CONFIGURATION OF THE FULL-WAVE RECTIFIER
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213 -

Clock frequency locking

As mentioned earlier, amplitude detection using a hignly selective filter such
as TSG 855t requires perfect frequency stability of both, the signal to be
detected and the filter clock frequency which determines the band-pass center
frequency. Otherwise, frequency beating between the filter center frequency
and the signal frequency would be produced - resulting in amplitude modulation

of the filter output signal.

If the signal frequency is stable, it is an easy task to implement a clock

oscillator using either of sufficiently stable quartz or ceramic resonators.

In general, the signal to be detected is also subject to frequency variations.
This requires the filter center frequency to be locked onto the signal frequency.
The easiest solution to achieve this requirement is to use a Phase Locked Loop

(PLL) operating principles of which are depicted in Figure 5.

Signal f By M ik =, -
Selecies P Oi:‘id“ - Compa:r:mr - Lt::“l:::u
by TSG 8551
3
1IN F
] vGo
[)BiridNar <" Oscitiator
TSG 85514
Clock Signal
FIGURE 5 - PHASE LOCKED LOOP BLOCK DIAGRAM
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Phase locking yields :

The only requirement 1s therefore to setect N and M values such as t¢ make

N

ry to correspond te the constant clock frequency-to-TSG BS51 center freguency
ratio - r.e. "187.2+1%".

Thus if one selects M = 5 the carresponding N value would be 936.

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

simplified by remaoving the frequency divider networks.

Signal f Phase .| Low-pass | Matching veCco
detected "—c,ompaulm L Filter Stage | Osciltator
by TSG B551
+ l'n
A
3 TSG 8551
f Os:i:a?ol Clock Signat
FIGURE 6 - SIMPLIFIED PLL BLOCK DIAGRAM

In this case, the phase is locked onto the frequency of the signal to be detected.
and any variation of this frequency will produce an error voltage at the output

of low-pass filter. This error voltage goes through a matching stage (amplification.
filtering, ..) and is then applied ta a Volitage-Controiled Oscillator (VCO) -

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

Figure 7 depicts the practical application diagram of this arrangement.

THOMSON SEMICONDUCTEURS
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B

§ L 1000

8.2kQ
[RVE — S Signal lnput
f 100 nF
L

L2

15 k@

Detected
Clock Signal 10008

FIGURE 7 - LOCKING THE CLOCK FREQUENCY ONTO THE

DETECTED SIGNAL FREQUENCY
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2.2

The 4046 (CMOS) device fulfils PLL functions while the 745124 (TTL) circutt
generates the clock signal. This application is well suited to amplitude detection

of medium frequency signals "190 Hz".

Tne compenent values given in Figure 7-allow the PLL to remain locked within
a freguency range of +25Hz around the 190 Hz - and if the input signal amplitude
is constant, the amplitude of the detected signal would remain constant within

a +10Hz range around the 190 Hz.

It 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 time constant
of approximately 0.2 second. Conseguently, the given configuration can follow
only relatively low frequency variations of the signal to be detected - "about
10 Hz / sec max." - which corresponds to the characteristics of this type of
application (frequency drift with aging and temperature). A drawback associated
to this type of PLL is the risk of locking onte 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 filters are implemented
by Sallen-Key Cells using the filter operational amplifiers. If reguired, 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 at a given frequency.

Thanks to its high selectivity and gain, the TSG 8551 is particularly suitable for
this type of applications. By adjusting its clock frequency, the TSG 8551 center
frequency can vary from a few tens of Hertz (22Hz typ.) to few tens of kiloHertz
(20.3kHz typ.). As outlined in the previous section, a highly stable clock oscillator
together with precautions to avoid parasitic signals are the major requirements

for appropriate and error-free signal detection.

In general, the detected frequency must, after filtering, go through a signal

shaping stage in order 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 amplifiers configured as Schmitt Trigger.

Figure 8 outlines the operating fundamentals of the Schmitt trigger. Sele ting 3
low hysteresis ratio, the amplifier output flips between the two saturation voltages

at low amplitude input signals.

THOMSON SEMICONDUCTEURS
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o
" > Yo
it "
[lr2
—-i——E-—Hysleresis
FIGURE 8 - SCHMITT TRIGGER OPERATING FUNDAMENTALS

A low positive feea-back is applied to the omplifier by
feeding the reference input with o fraction of the output
voftage. Due to hysteresis, the output voltage level change
does not occur at the same voltage fevel for input voltoge
rising or f[olling. The hysteresis ratio is determined by :

R2

Vo ®i=R2

Note that the illustrated trigger is of inverting type.

Figure 9 illustrates the practical application diagram with TSG 8551 configured

for frequency detection.

JUL

TTL -compatible

POV I Quitpuyt
5V
Composite
Input
Signal
Detected 470 nF
Frequency m |
émum
FIGURE 9 - FREQUENCY DETECTION & TTL-COMPATIBLE QUTPUT

(Component values of the smoothing filter apply to o
frequency of approximately 200 Hz)

THOMSON SEMICONDUCTEURS

10



Signal Detection & Sinewave Generation

2.3

The 100k and 10k resistors set the hysteresis at 1/10th of the amplhifier
saturation voltage. Trigger thresholds are therefore -450mV and + 300 mV
approximately, Consequently, the trigger will operate satisfactarily when the
TSG 8551 output signal reaches 1V peak-to-peak (500 mV amplitude).

The 1V peak-to-peak output level corresponds to an approximatety 30 mV peak-to-
peak filter signal input. The voltage at trigger output swings between -5V and
+3.5V for TSG 8551 symmetrical power supply of -5V | +5V,

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 probiems at the filter output, the signal
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. in this case, the burst must be detected without
introducing any delay. One must therefore setect 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 detection of a 190 Hz signal
frequency using TSG 8550 filter particularly suitable for this type of applicaticon.

The TSG 8550 is a band-pass filter with its gain at center frequency and
selectivity factor equal to 0dB and 7 respectively.

Its group delay at 190 Hz center frequency is about 22ms - making it suitable
for burst detection of at least 250 ms duration as shown in Figure 10.
The application configuration used is a straightforward typical arrangement of
the switched capacitor filters and does not include any anti-aliasing or

smoothing filter.

THOMSON SEMICONDUCTEURS
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FIGURE 10 - BURST OURATION DETECTION
using TS5G BS50

# Signal frequency : 190 Hz

m Waveform 1 (upper)
e Filter input : 200 mV / div

8 Waveform 2 (lower)
®Filter output : 50 mV / div

& t=50ms/div

Comment : The filtes 15 suitable for signal detection
at this 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.

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

delay during rising and falling phases.

FIGURE 11 - BURST DURATKON DETECTION
using TSG 8551

= Signal frequency : 180 Hx

@ Waveform 1 (upper)
®Filter input : 200 mV [ div

B Waveform 2 (lower)
® Filtar output : 2V /div

® t=50ma/ div

Comment : The filtar exhibits a relstively high group
delay for thiz frequency.

THOMSON SEMICONDUCTEURS
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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 2kHz signal freguency
filtered by TSG 8551.

FIGURE 12 - BURST DURATION DETECTION
using TSG 855t
® Signal frequency : 2kHz
B Wavatorm 1 (upper)
@ Filter input : 100 mV / div
u Waveform 2 (lower)
® Filter output : 1V /div
® t=5ms/div
Comment : The group delay is indepandent of

the signal amplitude and inversely
proportional to the signal frequency.

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 :

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

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

Applications are numerous : remote-control, data transmission on teleprinters,

etc ..

THOMSON SEMICONDUCTEURS
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3.1

Conclusion

Wide range of currently available Thomson Semiconducteurs Switched Capacitor
Filters provide for appropriate selection of suitable filters meeting the

requirements of every specific signal detection application.

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

with the on-chip operational amplifiers, greatly simplify the design of signal
detection applications. Also, such configuration arrangement offers the possibility

of implementing additional functions related to signal detection such as rectification,

signal shaping, signal amplification, etc... .

A true tracking filter is implemented by locking the filter clock onto the

frequency of the signal to 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 functions.

VERY LOW DISTORTION SINEWAVE GENERATOR

introduction

Thanks to its high coefficient of selectivity, the TSG 8551 filter is best suited

to this application. This filter can extract from a complex signal, the component
located at the filter center frequency.

In all cases, the TSG 8551 output signal is nearly a pure frequency waveform,

i.e. a sinewave.

We shall use this property to implement a sinewave generator, using only a single
TSG 8551 package.

Various configuration arrangements will be discussed and it will be demonstrated

that thanks to the remarkable characteristics of the switched capacitor filters,
there is a tremendous number of application possibilities for this type of oscillators.

THOMSON SEMICONDUCTEURS
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3.2

3.3

3.31

QOperating Principles

External Clock

(Frequency fe} }

N T5G 8551 oL Smoothing |——=
Filtering

Sinewave Signal
t

Fr ney ; ———
(Erenuency s grs

Attenuationf——

FIGURE 13 - SINEWAVE GENERATOR BLOCK DIAGRAM

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

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 freguency.

Implementation

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

loop attenuator. In 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 fevel, while excessive attenuation will resuit in the signal
amplitude falling gradually until the osciilator is completely halted. It is thus

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

Alternative 1 (Figure 14)
The appropriate solution is to design a true Automatic Gain Control (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 tte
output signal rises, the gate voltage becomes more negative and therefore the

FET conducts less, resulting in filter input signal attenuation.

THOMSON SEMICONDUCTEURS
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3.3.2

5V
SVae— : :
; 100 nF Sinewave
Signal
R

ClncE
10 k0
2N 4416 100 k2
S TN 4148
22kQ
410k
Io,z,uF
FIGURE 14 - SINEWAVE GENERATOR

(with AGC)

Inversely, 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 so as to enable the FET to 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
5V 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)

In this case, the output signal is clipped by two inverse-parallel connected
dicdes. This arrangement results in constant signal amplitude whatever the
output signal amplitude (provided that it is higher than the diode threshold).

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

adjust the output amplitude so as to avoid saturation.

THOMSON SEMICONDUCTEURS
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3.3.3

Sinewave
Signal

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 harmonic distortion).

Alternative 3

Altenuation

SINEWAVE
N TSG8551 |:owr ARKR IN TSG8551 DOt e SICE:‘)AL
] I :
CLOCK
) *
FIGURE 16 -

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. Both 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.

THOMSON SEMICONDUCTEURS
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3.4

3.5

Applications

e Since the frequency of the output sinewave is readily adjustable by the clock
frequency, the first application of this oscillator is Low Frequency Signal
Generator.

® Using an operational amplifier, the generated sinewave can be easily converted
to square and triangular waveforms.

e if 2 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 :
Clock

T Analyzer

Oscillator ; .

5 - Filtered Signal
(Frequency : 1) TSGBS5S51 +—1 TSG8551 (10 measuring instrument)

l Transmitted Sinewave
Sinewave 3 *

Signal '_E == MNoise
| quipment
l under Test I
| CET NI |

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 .qual to the oscillator frequency.

This configuration can be used to implement a selective voltmeter or a netwaork
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.

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 filters can be undoubtedly integrated
into other application configurations thus offering design simplification and

performance enhancement.

THOMSON SEMICONDUCTEURS
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0.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 filter best tailored for a given application. The first step in this approach, and undoubtediy
the most important since it is essential for all the others, therefore consists in indicating how, starting from this
application, the complete system specifications of a filter must be written. This is the purpose of this application note.

Reminders 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 capacitor 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 from one another. We will not
describe In full detail the structure of these filters, bul simply remind their main features, and then briefly describe the
presently available M.P.F.'s.

MAIN FEATURES:

The main featlures of these M.P.F.’s are as {ollows:
e Technology: HCMOST (high-density linear CMOS)
® Available orders: 2 1o 8 (whalever the type of M.P.F.)
Input signal frequency: G to 30 KHz
Internal sampling frequency: 500 Hz to 1 MHz (depending on the M.P.F. considered)
Internal 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 1o 85 dB (depending on the internal structure of the M.P.F. considered)
8 Power supplies: 25V orQ-10V
s Consumption may be adjusted between 0.5 1o 20 mW per order
e Accuracy of the capacitor ratios: 0.1 %
® Accuracy of the cut-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 family will expand in the future, according to the
evolution of requirements. These M.P.F.’s are the following:

— 5 Low-pass M.P.Fs:

TS 8510 (CAUER, 5th order: 32 dB attenuation)
TS 9511 (CAUER, Tth 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: Q=T7)

— 2 Band-pass M.PFs;
TS 8550 (CAUER, 3rd order: Q=5)
TS 8551 (high-selectivity filter: Q=35)

NOTE: The detailed description of these M.P.F.'s has been the subject of a previous application note.
1
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® Custom M.P.F.'s:

THOMSON SEMICONDUCTEURS commits itself to supply the first samples 6 to 8 weeks after the customer's
definition of the template. All types of filters may be provided (BUTTERWORTH, LEGENDRE, CHEBYCHEV, BESSEL,
CAUER), for conventional applications (low-pass, high-pass, bandpass, notch filters, group delay equalizers) or for
simultaneous optimization of the amplitude and the phase templates.

How to define the complete system specifications of a filter

® FILTER SYSTEM SPECIFICATIONS:

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

— the amplitude template (amplitude response curve)
— the phase template (phase response curve)

— the group delay curve

— the pulse and slep responses

— the dynamics

— the nose factor

— the input and cutput impedances

— the load impedance (resistance and capacitance)
— the type of signals to filter {level, 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 1o this type when studying
any other kind of filter (see 3. B).

® Amplilude template (figure 1):

Attenualion
or Gain (dB)
c.A Fa Fe Fp
. s p—— } Frequency
Passband]: [e) :—/‘ :\/: 3 :
ripple K [N I
b
K-8f—————————1 - @
3
©
&
o
=
a
=
Passband Transition Stopband |3
band §
3
>

FIGURE 1: DIFFERENT PAHAME TERS USED FOR DEFINING AN AMPLITUDE TEMPLATE
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We cannot expect two filters, assumed to be similar, to have exactiy 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 amplilude templale is therefore the graphical representation of the filter's

“amplitude - frequency” limiting conditions. its definition is based on the following parameters (low-pass filter):

— maximum passband attenuation {or gain) (Ga): maximum level the signal may reach within the passbhand
(in dB)

E— mEllnimum passband attenuation (or gain) (Gp): minimum level the signal may reach within the passband
in dB)

— minirmum stopband attenuation (G): minimum attenuation level of the signal within the stopband (in ¢8)
— passband: band of frequencies for which the attenuation (or the gain) must fall between G, and Gy,

— transition band: band of frequencies for which the attenuation must fall between Gy, and G,

stopband: band of frequencies for which the attenuation must be less than G,

cut-off frequency (Fg): passband upper limit

— selectivity factor k: equal to the ratio F,/Fy, it defines the width of the templale lransition band, and
therefore of the filter selectivity. It 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 0 dB (in dB}

— passband ripple: maximum amplitude difference between two points of the response curve within the
passband

— cut-off frequency (F.): frequency corresponding o a 3 dB atlenuation relative to the passband transfer
factor.

Nate: The template of a filter is therefore completely determined once the values of G, G, G, F; and Fy, are
known.

® Phase lemplate:

Within a real filter, all the frequencies are not transmitted at the same velocity. A non-constant phase shift
resulls (and therefore a distorlion) between the output signal and the filter input signal. The phase response
curve of a filter is the phase shift 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:

with w = pulsation.

We may infer from this relationship that the steeper the slope of the phase response curve in terms of the
frequency, and therefore the more abrupt the filter cut-off, the greater the group delay of a filter witl 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 1o a normalized group delay e . T equal to T, that is an actual group delay expressed in seconds
equal to: T = Ty/ w,. with w, = cut-off pulsation of the filter.
® Other parameters:
— pulse and step responses;
The puise response of a filter is its response to a DIRAC pulse. It can be shown that:
e x(1) any type of signal: y(1) = hit) % x{1) with * = convolution product

— Y{p) = H(p) . X(p} with H(p) = transfer function
= x(1) DIRAC pulse (6(1)) : y5 (1) = h{1) * 5(1)

— Y5 (p) = H(p)

The pulse response yg (t) of a filter is the time representation of its transfer function H{p). It is an intrinsic
feature of the filter. It contains all the information relative to the response of the filter to any type of signal.

3
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The step response of a filter is its response 10 a HEAVISIDE step (unit step). On figure 2, we can see the
concept of filter seliling time. In effect, if a signal having a spectrum within the filer passband is applied to the
filter, the settling time 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%j}. 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 filter is the ratio between the maximum level of the output signal and its minimum level, that
is, the noise level. It 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 1o
the noise applied al the input. It 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). In
the active filters, the noise is not “white”, or at least not throughout the band considered. It is therefore
necessary to split this band up into severai frequency areas, and to define the corresponding noise features for
each of them. We may then speak 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 specificalions definition time, especially for filters requiring high dynamics (> 60 dB).

— type of signals to be filtered:

Although this may seem obvious, il is not useless to remind the importance of knowing accurately the type of
signal to fiiter, before defining the system specifications of the fiiter. The signal amplitude curve must be
studied in detail (regarding the compatibility with the authorized filter input swing), as well as its frequency
spectrum, in order to suppress the possible interaction of undesired frequencies (50 Hz, various harmonic
components,...} during system specifications definition time.

Iy Vo
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01

FIGUREZ2: SETTLING TIME (t) OF THE STEP RESPONSE OF A FILTER (V) FOR A UNIT STEP (V)

[

THOMSON SEMICONDUCTEURS




® PROTOTYPE LOW-PASS FILTER:

@ Frequency standardization:

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

Examples:

— low-pass:

Gain Gain
1 A

Ga

Gy

Ge

fa = <1
4 rarmalized cut-alt
frequencies of Ihe templale
fb — - Li:' e A
FC
— high-pass:
Gain Gain
A A
i i PRS-
85 e ol
,;? “ 4
—_— |
Gg I
fa 1 fp Freq
Same relationships as above
)
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— bandpass:

Gain Gain
[ 3
B |s—asins G, |~ —
[ O ISR, Gy |——
4
A 7 Jw | : \ 7
A A4 | /‘] ‘ 4 I & ﬁﬁ
I l | —
G !_ l ! G
| ] L [
[ | ! 1
FaFwFy Fo  F'yFenF Freq
Fo =/ Fep - Fen characteristic frequency .= Fa <1
B = Fcp — Fep passband Fo
A—_B relative band fop —Fob o
Fs Fo
k= Fo—Fo selectivity factor fhse - Bl
F'a —F b = <1
o
~= notch:
Gain Gain
A A
G, Ga
Gy GD
# 7\ 4 7 |7
A
_
G, L P —_— G
| I }
| | |
I I ;
FaFeoFly  Fo  F'pFenF’y  Freq Fa feb fo

Same relationships as above
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ra—_Fa -,

FO
fchﬁ |
FD
P Pl 5.9
Fo

fofenf’a  Freq

Same relationships as above




@ Prototype low-pass filter:

Once the standardizations above have been performed, some transformations allow the high-pass, bandpass

and notch filter template to relate back to that of a so-called "prototype” low-pass filter. These frequency

transformations are as follows:

— low-pass — high-pass:

It consists in replacing p by 1/p in the low-pass filter transfer function. Thus, conversion from the low-pass

template to the high-pass template is performed in the following way:

fa — o= 1/,

fy — fi = 1/fy

— low-pass — bandpass:

It consists in replacing p by_:r, (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:

fep fen=Ta . Fa=rp. Mpy=1

— low-pass — nolch filter:

It consists in replacingp by ... 1 in the low-pass filter transfer function. Thus, conversion from the
1 (p+1/p)

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

fop fen="Fa. Fa=fp.Fp=1

Therefore, in the remaining paris of this notice, all the calculations and examples will be related back to a

{prototype) frequency-standardized low-pass filter template, since conversion to the template of any other type
of filler can be obtained using the transformations above.

® FILTER TRANSFER FUNCTION:

® General definitions:

The transter function is the mathematical representation of the filter amplitude response curve. It is an
obligatory intermediate, allowing the calculations of the different filter factors to be carried out. It is expressed
as a ratio betwesn the output leve! 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:

N(p).

H{p) =K
D(p)

(1

with N(p) and D(p}: p polynomials.
This expression may therefore be written in the following way:

5 ;
Hip) = K am . pM T+ ...t a;.ptag @
b pits +b,y.ptby
In this form, the order of the filter is defined as being equal to the degree of the denominalar D{p) (in this case,
n). The stability criterium for a filter 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 filter, the more abrupt its cut-off, as can be
seen on the relationship providing the asymptotic slope of a filter at the cut-off, in terms of its order:

P = 6.n (dB per octave)

We may also express the transfer function in another way, by replacing the coefficients ag, .., 8m; bg,.... b by
the roots z4...., Zm; Pi...., Pn Of the N(p} and D(p) polynomiais:

(pP—z1). . (P—2m) @

®—P) - (P—Pp)

The zeros of the transfer function are the z;...., 2, constants and the poles are the p4, ..., pp, constants. These
constants are either real or imaginary conjugated.

Hip) =K

7
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It can be shown that if 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 real 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 nis odd. A new
expression can then be obtained for the transfer function:

Rip} = K P—2) e (P — Zn) @)
(p— pa) (p’(’+2.cr|.p-é-pT?)........(p2+2.ark.p+pk2)

withk = "~ iinisodd, and k = " and without (p — pg) if n is even
2 2

it 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 if n is odd.

@ General transfer funclion for a 1st order cell:

It may be expressed as: H(p} - K . NIpE
1ta.p

with: # p complex pulsation
e« a time constant

This last parameter allows the cut-off pulsation (and therefore the cut-off frequency) of the cell to be defined as
its reciprocal (we = 1/aand F. =1/ (2. n. a)).

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

@ General transfer function for a 2nd order cell:

It may be written as follows: H(p) = K N(p)
1+2. k. plag + pwy?

with: — p: complex pulsation
— K: passband transfer factor
— low-pass and high-pass celis:
The relationship above allows the following parameters to be defined:
e the undamped natural pulsation w, {(or characteristic pulsation) used as a standardization pufsation
(Fq: characteristic frequency)
» the damping factor £ , magnitude without units specifying the shape of the filter responses:

if £ <0707 distinct, transient, wp pulsation osciflations for the unit response; rescnance on the
frequency response,

ifO.707 < & <1 not very distinct, transient oscillations; the final value of the unit response is overstepped.
Mo resonance on the frequency response,

e =1 damping factor critical value,
it >1 no oscillation, aperiodic response without overstepping the final value of the unit response.

e the natural pulsation of the filter w, = w, ./ 1 — &2 characterising the pulsation of the filter transient
osciltations,

o the resonance pulsation w, = wg, . v/ 1 — 2. 2, specifying the resonance position,
[H(jwn)] 1

[H(O)] 2.8 /1—¢2
specifying the value of the gain of the filter for the resonance pulsation.

s the overvoltage or resonance factor Q —

e the relative band A related to the overvollage factor by the relationship Q — 1

Note: The expression of N(p) depends on the type of filter considered:
— pelyncmial low-pass filter: N(p) =1
— polynomial high-pass filter: N(p) = p? / w?
— low-pass eiliptic filter: N{p) = p2 + w2, with w. > w
— high-pass elliptic filter: N(p) = p? + w. with we < wy
— bandpass and notch filter cells:
a8
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The relationships above are slightly different for a bandpass and notch filter, 2nd order cell. In this case:
e Fu =1/ Fgp . Fen with Fp and Fip,: low and high cut-off frequencies of the cell.
o Q= Fy/AF with AF = F¢, — Fp, called relative band
We may infer from this relationship:
a_ Fen—Fep
FO
Note: The expression of N{p) depends on the type of filter considered:
— bandpass filter: N(p) = 2. . p/w,
— notch filter: N(p) = p2 + w?

@ 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
¥ =0.707. In effect, the transient oscillations and the resonance (Q = 1) no longer appear, and tha frequency
response presents a passband equal to the value Fg = wy/(2 . m).

Norm. Freq. 10

1st order

S —10 z2=01

@ z=03

3 2=05"

E. z=07
—20 z=1

% =2

—40 |

FIGURE3: AMPLITUDE RESPONSE CURVES OF A 15T AND A 2ND ORDER LOW PASS CELLS IN TERMS OF
THE DAMPING FACTOR (CALLED Z ON THIS FIGURE)

® CHARACTERISTIC FUNCTIONS:

The méior problem when designing a filter consists in factorising N(p) and D{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 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:

— it must be possible {o synthesize it

— it 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 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.

9
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@ Low-pass polynomial filters:

Their transfer functions comply with N(p) = 1. The following are the most often used:
— BUTTERWORTH fiiters;
They correspond to amplitude response curves with the following features (figure 4);

Amplitude (dB)

0 1 Norm. Freq.
01 10
—10
._20 2 n=
=4

—30 | =5

n—=§
—40 |

FIGURE 4: AMPLITUDE RESPONSE CURVES OF THE BUTTERWORTH LOW PASS FILTERS

— no rippte within the passband
— not very rapid cut-off near the cut-off frequency.
The phase response curves of these fiiters present relatively small phase rotations (figure 5).

Phase (deg)

o LH Norm. Freq.

—90 ]

L
[=-]
(=]

—270 |

—360 ]

—450 4

—540 I;

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 cut-off frequency is equal to 1/2 (figure 6).

Note: The higher the order n of the filter, the closer the amplitude response curve will be to the ideal curve
(rectangular template).

Naorm. group delay

Norm. Freq.

0.1 1 10

A
FIGURE 6: GROUP DELAY CURVES OF THE BUTTERWORTH LOW PASS FILTERS

— LEGENDRE filters:

They correspond to amplitude response curves having the following features (figure 7):
— cut-off as rapid as possible near the cut-off frequency

— regular attenuation within the stopband

"
1 Norm. Freg.

—10 J

Amplitude (dB)
|
n
o

FIGURE 7: AMPLITUDE RESPONSE CURVES OF THE LEGENDRE LOW PASS FILTERS
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The phase response curves are practically identical 1o 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 cut-off frequency is equal 1o 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.

(18] Norm. Freq.
o
Qo
2
L
@
o
=
o
FIGURE 8: PHASE RESPONSE CURVES OF THE LEGENDRE LOW PASS FILTERS
15
>
@
©
o
j=1
=}
e
o
E
<]
z

Norm. Freq

FIGURE 9: GROUP DELAY CURVES OF THE LEGENDRE LOW PASS FILTERS

12

THOMSON SEMICONDUCTEURS




— CHEBYCHEV filters:

They correspond to amplitude response curves presenting the following features (figure 10):
— ripples within the passband (up to 2dB}

— rapid cut-off near the cut-off frequency (at least in the first octave)

Amplitude (dB)

—10

—20

~30

1 Norm. Freq.

o

DN

223323

10

FIGURE 10: AMPLITUDE RESPONSE CURVES OF THE CHEBYCHEV LOW PASS FILTERS
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The phase response curves present grealer rotations than those of the BUTTERWORTH filters (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 cut-off frequency is equal to 1/3 (figure 12).

Note: The order of a CHEBYCHEYV filter is equal to the number of extrema of the amplitude response curves
located within the passband.

0 -ID'T : Norm. Freq.

Phase [deg)

—270 4

—360

—450 J

—540

FIGURE 11: PHASE RESPONSE CURVES OF THE CHEBYCHEV LOW PASS FILTERS

20 4

o
1

-
o
1

aEIag
e
NWhAO®

Norm. group delay

Norm. Freq.
0.1 1 10

FIGURE 12: GROUP DELAY CURVES OF 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 cut-off near the cut-off frequency

— small attenuation within the stopband

0 Norm. Freq.
01 10
—10 4
o
2 —20 _
@
2
=
é
< —30 -
—40 4
—50 |

FIGURE 13: AMPLITUDE RESPONSES CURVES OF THE BESSEL LOWPASS FILTERS

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 cut-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.

o |01 Norm. Freq

—90 J

-180

Phase {deg)

—270

FIGURE 14: PHASE RESPONSE CURVES OF THE BESSEL LOW PASS FILTERS
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3
n==6
=5
> n=4
=
3 n=3
=
2
@ n=2
£
2 1)
- |
¢ —
0.1 1 Norm. Freq. 10

FIGURE 15: GROUP DELAY CURVES OF THE BESSEL LOW PASS FILTERS

@ Low-pass elliptic filters:
Their transfer functions are such that N(p) may ba exprasgsed in.the following way:

k= _" ifniseven

N(p) = (32 + D) - ... (p2+ e with {

g

k= """ itnisodd
2

and wy, ....., wk: transmission zeros.

— CAUER filters:

They correspond to amplitude response curves presenting the following features (ligure 16):
— ripples within the passband

~— very rapid cut-off near the cut-off frequency

— presence of one or several transmission zeros (N(p) roots)

o |01 7 Norm. Freq. 10
 —
—10 |
-20 |

Amplilude (dB)

i

[

[=]

)
33 33
[T T
RN

FIGURE 16: AMPLITUDE RESPONSE CURVES OF THE CAUER LOW PASS FILTERS
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The phase response curves have greater rotations than the CHREBYCHEV filter ones (figure 17).

The group delays are very different for a given order, from one area of the passband to ancther, and their ratio
with the group delays of the frequencies around the cut-off frequency is equal to 1/10 (figure 18).

Phase (deg)

Norm. Freq.

FIGURE17;:PHASE RESPONSE CURVES OF THE CAUER LOW PASS FILTERS

40 J

Norm. group delay

Norm, Freq.

FIGURE 18: GROUP DELAY CURVES OF THE CAUER LOW PASS FILTERS
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® Conclusion:

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, the group delay curves, and also the pulse and step

responses. All 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 interesting because of the regularity of their passband (no ripple) but their

cut-off is not very abrupt

— The LEGENDRE filters associate a convenient regularity of the amplitude response curve with a cut-off
abruptness and a transienl behaviour that are of good quality

— The CHEBYCHEV filters present, at [east within the first octave, an abrupt cut-off, but their transient

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

— The CAUER filters allow an extremely abrupt cut-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 filters

T

Kind of perf Kind of filter

nd of performance

' P m Butterworth Legendre Chebychev Bessel Cauer
Cut—ol? abruptness oe ° _— eoe e
for a given order
Regularity of the Ripple within Ripple within
amplitude response & B am the passbgnq/ _— the passband
curve regular within and the notch

the notch

Regularity of - ° PP i eee
the group delay
Sensitivity EE [ N ] ® [ N ] [ N )
Transrgnl condition - — oo amE eee
distortions
Transmission zeros None None None None Yes
Required overvoltage factors Very low Low Medium Medium High

® ® @ Very mediocre H W B Excelient

® ® : Mediocre B B Very good
®  Medium B : Good
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Some ideas conceming filters design

We will assume for the following that the future designer has a comprehensive knowledge of the system specifications
of the filter required for his application. We will show briefly 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:

— delermining the characteristic parameters of the filter

— selecting the type of filter

— calculating the filter transfer function

— filter synthesis.

A) DETERMINING THE CHARACTERISTIC PARAMETERS OF THE FILTER:

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

— Gy maximum gain within the passband

— Gp: maximum attenuation within the passband

— G¢: minimum attenuation within the stopband

— k. selectivity

— A relative band (only for the bandpass and the notch filters)

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

B) SELECTING THE TYPE OF FILTER:

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 cut-off abruptness

— the passband reguiarily

— the group delay regularity

— the existence of transmission zeros

— the behaviour under transient conditions

C) CALCULATING THE FILTER 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) determining the degrez of this function:

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

b) determining the transfer function of the prototype filter:

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. *

€) tfransposing the transfer function:

If the filter to be designed is not a low-pass (high-pass, bandpass, nolch filter), the transfer function determined
above may be transposed to the corresponding transfer function, using the transformations defined above.

19
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D) FILTER SYNTHESIS:

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

Conclusion:

In most — not to say all — electronic applications, the filtering portion has become one of the most important. We
have found out that it also was the least well known. By defining all the parameters specified in the system
specifications of a filter, and by providing a selection guide amongst the different existing types. we offer anybody
whao wishes to do so the possibility of making up for lost time, and seeing how this may be inserted into his general
application.

20
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NOTES

Information contained in this application note has been carefully checked and is believed 10 be entirely reliable.
However, no rasponsibility is assumad for inaccuracies.

Printed in Franca
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0. 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 to solve these problems, a considerable increase in components (also generally
their size) has to be used. The adjustments in consequence become also more difficult to effect.
In 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 (apphi-
cation, advantages), to describe the M.P.F. general circuit {structure, block diagram, principal
characteristics), to present the THOMSON SEMICONDUCTEURS approach (standard, custom)
andto finish by a quick description of all 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 terminals is Q1 = C x V1.
If the switch is now moved in position 2, the charge at the terminals of C becomes Q2=C x V2.
This switching allows a charge transfer Q=02 -~ Q1 =C x (V2 - V1) = C x AV between the points 1 and
2 of the circuit.

This charge transfer in equivalent to the flow of a current | =AQ/T =AQxF=Cx AV 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 (| = AV/R), then we
can deduce an electrical equivalence between the resistor and the switched capacitor:

_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 to this technigue.

This relationship leads to an important comment. In 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:

In 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 {7 = R x C’) determines, in active filter circuits, parame-
ters such as bandwith and cut-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 to 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'

CxF
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1 2
V]—ﬁ — V2
&

FIGURE 1 - PRINCIPLE OF THE SWITCHED CAPACITOR
1: C produces the charge Q1 =C =x V)
2: C produces the charge Q2=Cx V2

R

FIGURE 2 - STANDARD INVERTING INTEGRATOR (r=Rx C’)

._/%[/2
C |
&

where F is the switching frequency

[F:% with T=9+8)

FIGURE 3 - SWITCHED CAPACITOR INVERTING INTEGRATOR ir:.cc’fi
X
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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 technigue and no external
adjustments, values better than 0.5%. It 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
offered 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 cut-off frequency of
the M.P.F. Itis possible therefore, using this technique, to offset the cutt-off frequency of the M.P.F.
by simply modifying the sampling frequency. This last 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 problemns encountered now in filtering {(varied requirements, prohibitive costs, long lead times) lead
THOMSON SEMICONDUCTEURS to choose a pre-diffused 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 depends 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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FIGURE 4 - A filtering unit consisting of 8 elementary cells each
containing a switched capacitor integrator.
Each capacitance area {Cl and CE) contains an optimum
number of incremental capacitors of 0.1 pF.

Blockdiagram:

The block diagram of the M.P.F. structure utilised is shown in figure 5. The principal internal

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 internal switching of the capacitors.
These phases are imperatively non-overlapping. The internal ¢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-MQOS leve! interface is provided, within the circuit, in order
to obtain the correct voltage swings,

@ a sample and hold unit before the fiitering unit,

@ a sampte and hold amplifier tied to the output of the filtering unit and which enables low impedance
signals 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 availabie 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.

THOMSON SEMICONDUCTEURS



PWA PWF LvL

adjustment of adjustment of adjustment
OP.Amp power filter power of filter DC
consumption consumption output level
sample S sample
b it and hold — > OUT
+ EA - + hold amplifier
® |
-EA =
SA -—
clock generator
- —Vv*
+ EB L + clock divider
B Imask programmable)
-EB =
re—
SB =
TTL-CMOS interface
[ GND
4 4

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

Principal characteristics:

The principal characteristics of proeduct TS85XX are as follows:

@ 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

@ internal sampling frequency: 0.5 to 1000 kHz (depends upon the M.P.F. under consideration)
@ ratio between internal sampling frequency and cut-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 to noise ratio: 70 to B5 dB (depends upon the internal construction of the M.P.F.)

@ power supply: £5V or 0-10 V

@ power consumption adjustable from 0.5 to 20 mW per order

@ capacitor ratio tolerance: 0.1%

® cut-off frequency tolerance: 0.5% (max)

THOMSON SEMICONDUCTEURS




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. All types of filters can be desi-
gned (BUTTERWORTH, LEGENDRE, BESSEL, CHEBYCHEV, CAUER,... } according to the general
applications ({low-pass, high-pass, band-pass, notch, group delay time correctors) or by simuitaneous
optimisation of the response curve both in amplitude and in phase. A special application note on the
custom M.P.F. will explain 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 CIO?:;;? r‘::it:o'f aftt;)r?::t?:nj
TS8510 Low-pass CAUER 5 75.3 33 dBltyp)
TS8511 Low-pass CAUER 7 75.3 55 dB(typ)
TS8512 Low-pass CAUER 7 100 85 dBltyp)
TS8513 Low-pass CHEBYCHEV 8 60 80 dBltyp)
TS8514 Low-pass BUTTERWORTH 8 80 74 dB(typ)
TS8530 High-pass CAUER 3 320 15 dB(typ)
TS8531 7 High-pass CAUER 6 400 32 dBltyp}
TS8532 High-pass CHEBYCHEV 6 500 60 dBityp)
TS8540% Notch (Q=7) 8 930
TS8550* Band-pass CAUER (Q=5) 8 60
TS8551 Band-pass Q=35| 8 187.2 70 dB(typ)

* Preliminary
N.B.: For other information, please consult the corresponding data sheets.

APPLICATIONS

General applications around M.P.F.:

With this new concept of M.P.F., THOMSON SEMICONDUCTEURS is looking to cover all applica-
tions covering standard filters (passive, active) involved in the processing of analog signals.
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 industrial applications
(process control, servomotor control, remote control). For all these applications, each filter
functionisreduced 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 6):

The M.P.F. is fed in dual supply: £5 V.

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 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 V1 (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 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
—-4.5and 3.5 V.

-5V +5V
[ PL *
vt NC
V- ~EA
\— LVL SA
»—— IN +EA
) TS8EXX
2 ono +EB
- OQuT s8
5V Bk
od LI L e 8
PWF PWA
i i
GND or v+ GND or V1

PL =20 k2 {muliturn)
10 k2 < RF, Rop <75 ki

* If the OP. AMPS. are not used, Ryp must not be connected between PWA and GND (or V*).

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.

In this case, V ~ is the reference ground of the circuit and GND must be adjusted to +5 V by means
of the potentiometer P ((VT-v™)/2).

The adjustments of the DC 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.

+10V
T___ v+ NC
F—v- B
v+
itvL SA
N +EA 1PL
TS85XX
GND +EB
10 v = OUT SB
oS LI e _es
PWF PWA
" o
b
GND or V7 v+

PL =20 k&2 {muliturn)
10 k2K RF, Rop< 75 k02

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: 0-56 V.

In this case, V ~ is the reference ground of the circuit and GND must be adjusted to +2.5V by means
of the potentiometer P ({(V 1 -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 V1.

The clock levels must be TTL 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
T— vt NC
F{v- —EA
V+
LvL SA
»—IN +EA PL
TS85XX
GND +EB
———
5V ouT sB
om —— CLK —E8
PWF PWA
A Ron ]
b
vt v+

PL =20 k {multiturn}
10 k< RF, Rop< 75 k0

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
{Fc) 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, all
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 phenomencn, it is required, before all sampled system, to filter all 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/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 relationship are described figure 10. In these relationship, Fc is the cut-off fre-
quency desired of the anti-aliasing filter and { its damping coefficient. For a cut-off as tight as
possible and without overvoltage around it, £ must have a value around 0.7.
N.B. : If Fs/Fec<2 (figure 11), the spectrum to transmit and the spectrum aliased have a part in com-
mon and it becomes impossible to share the useful signals from the undesirable signals.

@ 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 Without anti-aliasing filter,
filter template the spectrum components around Fg, 2 Fg,...

4

are not stopped by the sampled filter

______ ] L
R | |
\ ' '
\ ! !

Spe‘:"”m \ aliasing of the spectrum aliasing of the spectrum

X \ to transmit around Fg to transmit around 2 Fg
transmit \ | .l
\\ | |

i I ! g
FC Fg-F¢ Fs Fs+FC 2Fg 2Fg+Fe

@® Without anti-aliasing filter: spectrum to transmit transmited spectrum
® With anti-aliasing filter  : spectrum to transmit = transmited spectrum

FIGURE 9 - PHENOMENON OF THE SPECTRUM ALIASING
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vt

| ol
2 —
[
e
R1 R2
I +
C1 VT
Cl=.—- &
27R1 x F¢

R1 =Rz = arbitrary value

F = cutoff frequency desired (G =£7 % C3)

£ =damping coefficient
B 1
 2mgRyxfe

FIGURE 10 - SALLEN-KEY (SECOND ORDER LOW-PASS FILTER]
FOR ANTI-ALIASING AND SMOOTHING

Gain
Iy

',5_ ————————— -
|
Z |
spe?;rum l[? aliasing of the |
transmit |/ spectrum around Fg :
(2 |

/ l‘ .

Farhg Fe Fg Fg + FC =

FIGURE 11 - WHEN Fs/Fc<2, THE SPECTRUM COMPONENTS INCLUDING
BETWEEN Fs-Fc AND Fc AND WHICH ARE DUE TO SPECTRUM ALIASING
ARE NOT STOPPED B8Y THE SAMPLED FILTER

1

THOMSON SEMICONDUCTEURS




@® 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 12).

-5V +5V

v NC
V_ —EA |

LVL SA |— Ry R
—4:——«1—:;—«”4

+EA—%

) TS8EXX ——i C1 I—é
GND EB
H . g

——I=

our sB
Npiinl e
0 1 CLK -EB
PWF PWA C2
[]ﬂ?]‘
R Rop
(I~
GND or vVt GND or V¥

PL =20 k@l (multiturn)
10 k2 € RE, Rop <75 kO

R1. A2, Cq, C2 see anti-aliasing
R4, R'2, C'1, C'2 { and smoothing considerations

FIGURE 12 - M.P.F. WITH ANTI-ALIASING AND SMOOTHING FILTERS
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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,... ).

In 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.

FIGURE 13 - SECOND ORDER LOW-PASS FILTER {SALLEN-KEY STRUCTURE}

R

-5V

WITH A TRANSISTOR REPLACING THE OPERATIONAL AMPLIFIER

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

A mouting with a minimum of external components allows to achieve the clock required forthe M.P.F..
The vaiue 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 |
Fg min {kHz) 1.5 4.3 6.7 30 44 84 126 172
Fg 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.

390 2

5 k2

+5 V (multiturn)

+5V

-1

PR

CLK

D

Voo CL
8]
74L814
Q
GND

~

M.P.F.

clock

FIGURE 14 - M.P.F. CLOCK ACHIEVED 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 shali assume that X >>xand F<f(T >1t).Thus, the main signal is
modulated by frequency f during 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 [+ 5 V) correspond to the presence and low levels (0 V) to the absence
of the waves.

In 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
since 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 (frequency f).
An attenuator stage and an anti-aliasing analog 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 x v.

The following first order low pass RC filter detects the enveloppe of the amplified signal and then com-
pares it with a reference valtage 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 unigue 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 facts, THOMSON SEMICONDUCTEURS is ready to provide an answer to every
filtering problem in any application. Due to its 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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EFB7912

| ADVANCE INFORMATION

CMOS

PCM TRANSMIT/RECEIVE FILTER
The EFB7912 is a monolithic device containing the two filters of a PCM TRANSMIT/RECEIVE
PCM line or trunk termination and is designed to minimize power dissipation, FILTER
maximize reliability and provide a low-cost alternative to hybrid filters.
The device consists of two switched-capacitor filters, transmit and receive, L
and power amplifiers which may be used to drive a hybrid transformer
{2-t0-4 wire converter) or an electronic hybrid (SLIC). If an electronic
hybrid is used, the power amplifiers are not needed and may be deactivated
P o el b . 3 CASE CB-79
to minimize power dissipation. The transmit fiiter is a band-pass 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 necessary to give unity gain in the passband
for the decoder-and-receive-filter pair.
* Monolithic device includes both transmit and receive filters
e CCITT G 712 and AT & T D3/D4 compatible C SUFFIX
e Transmit filter includes, anti-aliasing, 50/60 Hz rejection, output CERAMIC PACKAGE
smoathing
e Receive filter includes sin x/x compensation
e External gain adjustment, both transmit and receive filters
e Direct interface with transformer or electronic telephone hybrids.
e 5% power supplies+ 5V, —5V
o Low power consumption :
— 50 mW max without power amplifiers
— 5 mW max power down mode 1 J SUFFIX
o CMOS technology CERDIP PACKAGE
« Standard 16 pin package
e Direct interface to the Efcis EFB7356 A-law PCM Codec
e Pin to pin compatible with standard 2912 PCM filters.
PIN ASSIGNMENT
zsx  BLOCK DIAGRAM
VFEx1- Ante 1 &
w::' sz osmdomn Spaot [t 18 o vEx [ 16 [ vFxo
! VEx! [ 2 15 [ ] GNDA
GNDA 1‘
j asx [ 3 14 [J cLks
o [T T2 vigo [] 4 13 [] Pown
generator e 4o 14 cuxs EFB7912
! pwri (15 12 ; cLK
-____——T._ 1 GuDpD
! pwro" (| 6 11 [ GNDD
PWRO 7 ;
} pwro []7 10 E VFRI
Wi i 1/ !
Lolihf:“ = l::rlizc:::m MT 10 Veg! v 8 o vt
PWRO™ 6 :
|
1
| S G R ;
9 8 13
1% v POWN
SP8143R1-A 1/12
THOMSON-EFCIS ) _
Sales headquarters \f’ *tl THOMSON CSF

COMPONENTS

45, av. de 'Europe - 78140 VELIZY . FRANCE
Tel.:(3) 946 97 19 / Telex : 204780 F
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ABSOLUTE MAXIMUM RATINGS *

| Rating Symbol Value Unit

| Supply veltage v’ +7V \%

I Supply voliage " -7V v
Analog inpui range Vin VT gV, vt v ]
Diguital input range vy VT S v EvT v
Operaling temperature range TA 0°cw70°C b =¢
Storage Lemperature range ) Tog - 55°Co 125°¢C Y%
Pin temperature {Soldering, 10 5! 260° C e
“Stresses above those listed under “Absolute Maximum Ratings’” may causé permanent damage 10 the device. This is asiress rating only
and functional operation of the device at these or any other canditions beyond those indicated sn 1he operational sections of this speci-
fication s not implied. Exposure 1o absolute maximum rating conditions for extended periods may affect device reliability. Standard
CMOS handling procedures should be employed o avoid possible damage 10 device,
ELECTRICAL OPERATING CHARACTERISTICS

Parameter Symbai r Min Nominal Max Unit
Positive Supply Valtage Va [ 4.75 5.0 5.25 v
Negative Supp!y Voltage V- l -5.25 -5.0 -4.7% \Y

D.C. AND OPERATING CHARACTERISTICS
ITA=0"Cto+70°C,V =25V 5% V =-5V £5%, GNDA =0V, GNDD =0V, unless otherwise noted).

DIGITAL INTERFACE

Parameter Symbol Min Typ 1) Max Unit
Input Current, CLKS 1y = - +10 A
VIL min V) S VIH max
Input Low Level Current, CLK LT E - *.10 A
VIL min S Vi SVIL max L,
input High Level Current, CLK B K - 500 - - A
VIH min = V1 SIViH max _
Input current, POWN 7 Iy -100 - - LA
ViLmin SVi SViHmax
Input Low Voltage (except CLKS) Vi - - 08 A"
Input High Volrage lexcept CLKS! Viy 2a - vt \
Input Low Vol}age, CLKS ’ V[L v . — Y +05 v |
7 Input Intermediate Voltage, CLKS V Vi Gi‘JDD -08 — 7 GNDD+ 0.8 v
Input High Voltage, CLKS ViH v -05 - v* v
POWER DISSIPATION
Parameter N Symbol Min Twp (V) Max Unit
V" Standby Current lcco - - 500 uA
PDWN = Vi min
V™ Standby Current IgRO - - 500 uA
FDWN= Vg min
V:(:‘;;-:era:inq Current, Power Amplifiers Inactive (2} [Felot} - - 5 mA
PWARI=V
V™ Operating Current, Power Ampiifiers inactive (2) lagy - - 5 mA
PWRI= V"~
V" Operating Current (3) lgea - - 8 mA
V" Operating Current (3) igr? = - 8 A

Note : 1 — Typical values are for Ta= 25° C and nominal power supply vaiues.
2 - GSy, VFxC, VFRO ouviputs loaded by s 10 k&3 resistor.
3 —PWROQ", PWRO™ outpurs conrected by a 1.2 ki? resistor. GSy, VFx0, VFRO outputs loaded by @ 10 ki2 resistor, at nominal ievels.
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D.C. AND OPERATING CHARACTERISTICS (continued)

(TA=0°Ct0+70°C, V"' =+«5V 5% V™ =-5V 5% GNDA =0V, GNDD =0V, unless otherwise noted).
ANALOG INTERFACE, TRANSMIT FILTER INPUT AMPLIFIER
Parameter Symbol Min Typ (1) Max Unit
Input Leakage Curreat, VFx 1", VEX1™, V= < vj, < v* Tex) -100 - 100 nA
tnput Resistance, VExI™, VEx1™, (V™ < Vip < V¥) _ Rix| 10 - - M
Output Offset Voliage VOGSX - — +30 mVv
VFXI* Connected to GNDA |aput Op Amp at Unity Gain
DC Open loop Voliage Gain, GSx , (R 2> 10k Q) AyoL 60 80 - d8
Open Loop Unity Gein Bandwidth, GSx fe - 1 ~ MHz
Qutput Voltage Swing, GSx VOoxI +23 - - \%
R> 10KQ
Load Capacitance, GSx CLxi - - 20 pF
Load Resistance, GSx R X 10 - = Ko
Common Mode Voltage Range vVom -2.3 = +2.3 v
Common Mode Rejection ratio CMRR - 50 = dB8
-23V £V, €23V

ANALOG INTERFACE, TRANSMIT FILTER

Parameter Symbol Min Typ (1} Max Unit
Qutput Resistance, VFX O Rox - 1 5 Q
Output OC Offser, VF xO Vosx + 200 - + 800 mV
VFxI* Connected 1o GNDA Input Op Amp at Unity Gain
Load capacitance, VF xQ CLx = = 20 pF
Load Resistance, VFxO RLx 3 - - K
Qutput Voltage Swing (1 KHz, VF x O, except DC offset) Voxi 3.2 - - v
RLx > 10k
Output Voltage swing {1 KHz, VFx O, except DC offset} Voxz 25 - — \
RLx = 3kn ’

Note : 1 — Typical values for Tpo= 253 € and nominal power supply values
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D.C. AND OPERATING CHARACTERISTICS (continued)
(TA=0"Cro+ 70°C, V' =¢85V 5%,V =-5V 5% GNDA =0V, GNDD = 0V, unless otherwise noted).
ANALOG INTERFACE, RECEIVE FILTER
Parameter Symbaol Min Typ (1) Max Unit
Input Leakage Current, VF gl IBR = = 3 A
-32<Vip< 3.2V
Input Resistance, VFRI RiR 1 s RO P M
Qutput Resistance, VFRO Ror - 1 5 Q
Ouiput OC Offser, VF RO VOsR = = + 300 mV
VrRl Connected to GNDA
Load Capacitance, VF RO Cip - - 20 pF
Load Resistance, VF RO RLR 10 - - K2
Quiput Voltage Swing VF g0 Vor +32 e - \2
RLp = 10k
ANALOG INTERFACE, RECEIVE FILTER DRIVER AMPLIFIER
Parameter Symbol Min Typ Max Unit
Input Leakage Current, PWRI IBRA - = 1 BA
-32vvip <32V
Input Resistance PWRI Riga 10 =~ M2
Output Resistance, PWRO' PWRO" RORA = 1 — Q2
louT <10mA, - 3.0V <Vgopr <30V
Output DC Offser, PWRG' PWRO™ VOSRA = - +75 mv
PWRI connected to GNDA
Loaa Capacitance, PWRO' PWRO™ CLRA - - 100 pF
Output Voltage Swing Across A, PWRD PWRO™ Single Ended VORA1 :
Connection
R=10KS 3z = - v
PL=6000 R Connected tc GND A +29 - = v
Rp=300Q +25 - v
Differential Quiput Volrage Swing, F'WRD* PWRD- I
Balance Output Connection VORAZ
RL=20KQ +6.4 - v
RL=1200 82 A Connected Between PWRG' and PWRO +58 | = = v
R_=6000 +5.0 - - v
Nate ; | — Typical values are for T = 259 C and nominal power supply vaiues,
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AC CHARACTERISTICS

(TA=0"Cto+70°C, V' =+5V +5% V™ =-5V +5%, GNDA =0V, GNDD =0V, unless otherwise noted).

Clock Input Freguency : CLK =1.536 MHz £ 0.1 % CLKS =V (Tiedto V7}
CLK = 1.544 MHz 1. 0.1 % CLKS = V| (Tied to GNDD}
CLK = 2.048 MHz * 0.1 % CLKS = V| (Tied to V*)

TRANSMIT FILTER TRANSFER CHARACTERISTICS

Parameter Symbol Min Typ Max Unit
Gain Relauve 10 Gain at | KHz Gax
0dBmO Input Signal, Gain Setting Op Amp at Non Inverting Unity Gain
Below 60 Hz - - -25 dB
200 Hz 04BmO Signal= 1.1 Vs ot GSx -1.8 - -0.125 dB
300 Hz 10 3000 Hz =16 VRms at VF xO -0 125 o +0.125 dB
3300 Hz -Q0.35 - +0.128 dB
3400 Hz -0.7 - + 0125 dB
4000 Hz - - -4 dB
4600 Hz and Above - - 1 =32 dB
‘ Absolute Passband Gain at 1 KHz, VFxO Gax +285 3.0 3.15 dB
Ry = ©° Note 3
Gamn Variation wilh Supplies at 1| KHz Gaxs = 0.04 =5 dB/V
0dBmO Signal level, Suppties £5 %
Cross Talk, Receive to Transmit, Measured at VF xO CTex - - - 70 di
20 10g (VFxO / VFQO}
VFRI™ 1.6 VRMmS, | KHz Input VFxI", VExI™ Connected to
| GSx, GSx Connected through 10 KS2 to GNDA |
Differential Envelope Delay, VFxC, 1 KHz 10 2.6 KHz Bpx - - 120 us
| Absolute Delay at 1 KHz, VFxD Dax - — 200 us
’ Single Frequency Distortion Praducts DPyy - - - 48 oB
0d8m Input Signat at 1 KHz
Single Frequency Distortion Products a1 Maximum Signal Level of DPy2 - - -45 a8
+3dBm0
1.6 VRMS. 1 KHz Input Signal at GSx. Input Op Amp
a1 20 dB Gain. The+ 3 dBmO signal at VFx0 is 2.24 Vrps.
v Pawer Supply Rejection Ratio at t KHz, VFx1= 0 Vs PSRR1 30 - - dB
V"~ Power Supply Rejectian Ratio at 1 KHz, VFyx1=0 VRMS FSRR2 35 - - dB
Notes : 1 — Typical values are for Tg= 25° C and nominal power supply values,
2 — A noise measurement of 16 dBrnCo into a 600 2 load a1 the filter oulput is equivalent to 10 dBrnCo
3 - For precise gain calculation refer to figure page 9.
NOISE CHARACTERISTICS at VFx0 Gain Setting Op-Amp at Unity Gain
Parameter Symbol Min Typ Max Unit
Total C Message Noise |
0dBmO Signal = 1.25 Vg at VFxO Nexq - - 12 dBrnCo
0dBmO Signal = 1.6 Vs at VFx0 NCxo - - 10 dBrnCoi
Total Psophometric Noise
0aBmO Signal ~ 1.25 Vrms Npxq - - -78 dBmOp
0dBmO Signal = 1.6 Vg NpX2 - - - 80 dBmOp
5/12
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AC CHARACTERISTICS (continued)
(TA=0°C10+70°C, V' =+5V 5%, V™ =-5V 5% GNDA =0V, GNDD =0V, unless otherwise noted).
Clock Input Frequency . CLK = 1.536 MHz 0.1 % CLKS = V| {Tied to V™)
CLK = 1544 MHz 0.1 % CLKS = V|1 (Tied to GNDD}
CLK =2048MHz £ 0.1 % CLKS = V|H (Tied to V*)
RECEIVE FILTER TRANSFER CHARACTERISTICS
Parameter Symbol Min Typ (1) Max Unit
Gain Relative ta Gain at 1 KHz with sin x/x Carrection of Codec GRR
0dBmQ input Signal
Below 200 Hz (0dBmO Signal= 1.6 VRms) = - «0.125 d8
200 Hz -05 - +0.125 dB
300 Hz 10 3000 Hz -0125 a «0.125 dB
3300 Hz -0.35 o +«0.125 dB
3400 Hz -0.7 - +0 125 dB
4000 Hz - - 14 dB
4600 Hz at 7600 Hz - = -30 dB
7600 Hz at 8400 Hz - - - 40 dB
8400 Hz and ahove = -30 dB
Absolute Passband Gain a1t 1 KHz, VFRQ GAR -0.135 0 +0.1% a8
Ry =%, Note 3
Gain Variation with Supplies ot 1 KHz GARS - 0,04 - dB/v
0dBmO Signat level, Supplies + 5 %
Cross Talk, Transmit to Receive. Measured at VFRO CTxp — = - 70 dB
20 log (VFRO/VFXO0)
VFEx!=16 VRms. | KHz, Input VFRI Connected to GNDA
Differential Envelope Delay, VFRO. 1 KHz 1o 2.6 KHz BpR - — 130 S
Absolute Detay at ! KHz, VFRO BaAR = &= 150 M
Single Frequency Distoruon Products DPRy - - - 48 dB
0dBm Input Signal at | KHz
Single Frequency Distortion Products at Maximum Signal Levet ot OPR2 - - - 45 dB
+3dBm0 {2.24 VRmg), 1 KHz
V' Power Supply Rejection Ratio at 1 KHz, VFRI=0 VRps PSRRI 30 = = dB
V™ Power Supply Rejection Ratio at 1 KHz, VFRI=0VRMS PSRR2 35 - = dB
Notes : 1 — Typecai vaiues are for Ta= 25° C end nominal power supply values.
+ 2 — A noise measurement of 16 dBrnCo into a 600 €2 ioad at the filter output is equivalent to 10 dBrnCo.
3 — Far precise gain calculation refer 1o figure page 9.
NOISE CHARACTERISTICS at VFRO Qutput or PWRO* and PWRO"~ Connected with Unity Gain
Parameter Symbol Min Typ Max Unit
Total C Message Naise
0dBm0 Signal = 1.25 Vgmg at VFRO NCRy - - 12 ds8rnCo
0dBmO Signal = 1.6 VRmg at VFRO NCR2 - - 10 dB8rnCo
Total Psophometric Moise
0dBmO Signal = 1.25 VRpmg at VFRO NpR1 - — - 78 dBmOp
088m0 Signal = 1.6 Vymg at VFRO NpRo — = - 80 dBmOp
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PIN DESCRIPTION

NAME N® FUNCTION DESCRIPTION

VExI* 1 Input 1 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 comes 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
filter 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
sampling system.

VExI™ 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 £ 22V, 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 impeadance connected
to the GSyx output should be greater than 10 kf2 in parailel with 20 pF.
This pin is also the input of the transmit filter,

TRANSMIT AND RECEIVE GAIN ADJUSTMENT
VExT g
Vext™ 2 \ TRANSMIT 16 o vFxO
VExi 2 L FILTER
GSx 3
R2
R B2
1 GAIN;IfR—1 LR x=R1+R22 10k
VFRO
A° 4 RECEIVE )
FILTER
" L |
Z 2 My
RLp=Rg* M ZL> 1oke
e Ra+ 2
VFRO 4 Output Pin 4 is analag 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 wansformer hybrid. PWRI is a high impedance input which
can be driven by VFRO directly. The input voitage 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™.

THOMSON-EFCIS Integrated Circuits

9f12




PIN DESCRIPTION (continued)

NAME

N®

FUNCT!ON

DESCRIPTION

PWRO"

Qutput

Pin 6 is the non-inverting side of the power amplifiers. Power driver output
is capable of directly driving hybrid transformers.

PWRO™

Output

Pin 7 is the inverting side of the power amplifiers. Power driver output is
capable of directly driving hybrid transformers.

Suppty

Pin 8 is the negative supply pin. The voltage applied 1o this pin should be
-5V £5%,

Supply

Pin @ is the positive supply pin. The voltage applied to this pin should be
+5V15%.

VFRI

10

Input

Pin 10 is the analog input to the receive filter. The receive signal is typically
generated by the decoder section of a 4 or A law companding Codec. The
receive filter is a low-pass switched-capacitor filter 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 passhand.

GNDD

11

Ground

Pin 11 serves as the digital ground return for the internal clock. The digital
ground is not internally connected to the analog ground. The digital and
analog grounds should be tied together as close as possible to the system
supply ground.

CLK

lnput

The digital clock signal should be supplied 10 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 (Refer to Table 1). For
proper oparation this clock should be tied to the receive clock of the Codec.

TABLE 1
Codec Clock " Clock Bits/Frame FILTER CLK, Pin 12 FILTER CLKS, Pin 14
1,636 MHz 192 1.536 MHz VT (5V)
1.544 MHz 193 1.544 MHz GNDD
2.048 MHz 256 2.048 MHz V'L BV)

NAME N FUNCTION DESCRIPTION

PDWN 13 fnput This control 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 levels may be used. An internal puil-up to the positive
suppiy is provided. A settling time of 15 ms (typ) should be allowed after
power is restored.

CLKS 14 Input Clock (pin 12, CLK) frequency selection. If tied 10 V™, CLK frequency
should be 1.536 MHz. If tied to 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 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 should be tied together as
close as possible to the system supply 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 ocutput should be
AC coupled 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 R1 and DC blocking capacitor C1, are
non-critical. The capacitor value should exceed 0.1 uF,
R1 should be less than 50 k§2, and the product R1 x C1
should exceed 4 ms.

The Power Supply decoupling capacitors should be 0.1 uF.
In order to take advantage of the excellent noise per-
formance of the EFB7356 and EFB7912, care must be
taken in board layout to prevent coupling of digitaf noise
into the sensitive anatog lines.

- XMIT GAIN = 20 x LOG (E%%Eﬁgh 3d8

- RCV GAIN

=20 x LOG (P4 )

R4+ R5

|_ MASTER
N CLOCK
gE R1 DIG OUT
3 ¥
ANALOG XMIT
AT 3 B GND SYNC
SLIC XMIT
or EFB7912 EFB7356 CLk C‘:'[};ELI)TNF;‘(L
HYBRID | oo, PWRO &
" ) POWER e
PWRO POWN O ——¢——QPOWER  RCV SYNG
3 PWRI RCV CLK
AN
O VFRO VFRI ——f—— UU?"OG DIG IN
V' GNDD V' v— GNDD V*
{} } -
R— V}
>
. SRRy e ~ PDWN
HYBRID INTERFACES TO THE EFB7312 AND YREF INTERFACES TO EFB735%6
O— osx
i
g VFx1™ []Q:b DIGITAL TRUNK
VFEx!* ’
o PWRO"
IR
: EFB7912 + EFB7356
[ 100K *
a=d
RO = =
=
=3
(= 100K
< *MATCHED TO * 0.1 %
-48v Oov
0.7 uF
MC1403
2
*
*25v 10K
D__ TO 10K t uF
AN
OTHER CODEC { GNDA r
IN THE BOARD ; {Jonea
-25V i 464 K 1 uF

Rp = 600 or 900 €2

4q
1/2 MC34001\PJ_

7|12
6
a
3

O
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CASE CB-79

C SUFFIX
CERAMIC PACKAGE

JSUFFIXE
CERDIP PACKAGE

. 635 i
1 moa
I 98
1
i
762 =
0" -
"o
3.0 I TN [ NN g IO O N (! I i A l_i“
;
s - — 9 . - - -
== 224s 16 Outputs
Dire '
. F N7 CB-79
CE Data JEDEC SITELESC THOMSON-EFCIS

This is advance information and specifications are subject to change without notice.
Please inquire with our sales offices about the availability of the different packages.

Printaed in France
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THOMSON
SEMICONDUCTORS

ETL 9444
ETL 9445
ETL9344
ETL 9345

SINGLE CHIP MICROCONTROLLERS

The ETL9444/1.9445 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 all system timing, internal
logic, ROM, RAM and |/0 necessary to implement dedicated control
functions in a variety of applications. Features include single supply
operation, a variety of output configuration options, with an instruc-
tion set, internal architecture and | /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 appropriate choice for use in numerous

human interface control environments. Standard test procedures

andreliable high-density fabrication techniques provide the medium

cessor at a low end-product cost.

The ETL9344/L9345 are exact functional equivalents, but extended
temperature range versions of the ETL9444 /19445 respectively.

® Low cost
® Powerful instruction set

NMOS

SINGLE CHIP
MICROCONTROLLERS

to large volume customers with a customized controller oriented pro.

ETLO444/9344

N SUFFIX
PLASTIC PACKAGE

® 2k x 8 ROM, 128 x 4 RAM
23 1/0 lines (ETL9444) 54 N SUFFIX
@ True vectored interrupt, plus restart ) PLASTIC PACKAGE
e Three-level subroutine stack .
e 16 us instruction time
® Single supply operation (4.5-6.3V)
e Low current drain (13mA max.) PIN ASSIGNMENTS
e Internal time-base counter for real-time processing (See page B)
® Internal binary counter register with MICROWIRE® serial 1/0
capability
e General purpose and TRI-STATE® outputs
o LSTTL/CMOS campatible in and out aofr ~ #hw
e Direct drive of L::D digit and segment lines CKO E 2 27[] o
L] ?aogmare/hardwure compatible with other members of ET 9400 oxi []3 26[] o2
® Extended temperature rgnge devices AESET (] e B
ETL9344/L9345 (-40° C to + 85° C) (s 27 a3
e Wider supply range (4.5-8.5V) optionally available w6 2311 a2
157 ETLoass 2200 &
wls ETLM4 51 o
w1 s 20[7] na
e 10 97 o
vee 1 18[7] sk
L3 C l? 17 :] 50
L2 |: 13 16[] s
L [ha 1507 o
mgﬂiﬂngMlCOﬂDﬂCTORS THOMSON

45, av. de 'Eusope - 78140 VELIZY - FRANCE
Tel. :(3) 946 97 19 / Telex : 204780 F

@ COMPONENTS
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ETL9444/9445e ETL9344/9345

ETL9444/L9445

ABSOLUTE MAXIMUM RATINGS

Voltage at Any Pin Relative to GND ~0.5Vto +10V

Ambient Operating Temperature 0°Cto +70°C

Ambient Storage Temperature -65°C to +150°C

Lead Temperature (Soldering, 10 seconds) 300°C

Power Dissipation 0.75 Watt at 25°C
0.4 Watt at 70°C

Total Source Current 120mA

Total Sink Current 120mA

Absolute maximum ratings indicate limits beyond which damage
to the device may occur. DC and AC electrical specilications are
not ensured when operating the device at absolute maximum
ratings.

DC ELECTRICAL CHARACTERISTICS 0°C g Ty € +70°C, 4.5V € Ve € 9.5V (Unless otherwise specified)

Parameter Conditions Min. Max. Units
Standard Operating Voltage (Vee) Note 1 a5 6.3 v
Optional Operating Voitage (VCC)A 45 95 )
Power Supply Ripple peak to peak - 0.5 v
Operating Supply Current all inputs and outpuls open - 2 | mA

Input Voltage Levels
CKIl Input Levels
Crystal Input (£32, 16, +8)

Lagic High (Vi) 2.0 = v
Logic Low {V)) ~0.3 0.4 v
Schmitt Trigger fnput (+4)
Logic High (V) 0.7Vee - v
Logic Low (Vy) -0.3 06 v
AESET Input Levels Schmitt trigger input
Logic High 0.7V e v
Logic Low -0.3 0.6 v
SO Input Level (Test mode) 20 25 v
All Other Inputs
Logic High Vee = Max, 3.0 = v
Logic High with TTL trip level options 20 e v
Logic Low selected, Vo =5V 5% -0.3 0.8 v
Logic High with high trip level options 3.6 - v
Logic Low selecled -0.3 1.2 v
Input Capacitance = T pF
Hi-Z Input Leakage = +1 HA
Qulput Voltage Levels
LSTTL Operation Vee=5V 5%
Logic High (Vgu) lon = —25pA 27 - v
Logic Low (Vo) lgp =0.36mA = 0.4 v
CMOS Operation
Logic High lon = —10uA Vee -1 - v,
Logic Low loL = +10uA - 0.2 v

Note 1 : Vo voltage change must be less than 0.5V in a 1 ms period to maintain proper operation.
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ETL9444/9445 ETL 9344/9345

ETL9444/L9445

DC ELECTRICAL CHARACTERISTICS (continued) 0°C € Ty € +70°C, 4.5V € V¢ € 9.5V (Unless otherwise specified)

Parameter Conditlons Min. Max. Units
Output Current Levels
Output Sink‘current
SO and SK Outputs (lg) Voo =9.5V, Vo =04V 1.8 - mA
Vg = 8.3V, Vg =0.4V 1.2 - mA
Ve = 4.5V, Vg, =0.4V 09 - mA
Lp-L7 Qutputs and Standard Voo = 9.5V, Vo =0.4V 08 = mA
Gg-G3, Dp-D3 Outputs (in) Vec =6.3V, Vo =0.4V 0.5 & mA
Vg = 4.5V, VoL = 0.4V 0.4 - mA
Gg-Gj and Dg-Dj Outputs with Ve =9.5V, Vo =10V 15 = mA
High Current Options (o} Vee = 8.3V, Vo =1.0V 1 = ma
Vee =4.5V, Vg = 1.0V 7.5 - mA
Ggp-Gg and Dg-Dg Outputs with Vee =9.5V, Vg =1.0V 30 = mA
Very High Current Options (o) Vee =6.3V, Vg = 1.0V 22 - mA
Vec =4.5V, VoL = 1.0V 15 = mA
CKI (Singte-pin RC oscliiator) Vee =45V, Viy =35V 2 - mA
CKO Vee = 4.5V, Vo = 0.4V 0.2 s mA
Qutput Source Current
Standard Configuration, Vee = 9.5V, Vou = 2.0V -140 -800 uA
All Qutputs (lox) Vec=6.3V, Vpy =2.0V ~7h -480 uh
Voo = 4.5V, Vg =2.0V -30 -250 A
Push-Pull Contiguration Nee =9.5V, Vor =4.75V -1.4 - mA
SO and SK Outputs (Ign) Voo = 6.3V, Vo = 2.4V -1.4 = mA
Vec = 4.5V, Vo =1.0V -1.2 - mA
LED Configuration, Lp-L7
Outputs, Low Current Voo =9.5V, Vg = 2.0V -1.5 -18 mA
Driver Option (lgy) Vee = 6.0V, Vo =2.0V -15 -13 mA
LED Configuration, Lg-L7
Qutputs, High Current Vec = 9.5V, Vg =2.0V -3.0 ~35 mA
Driver Option (loy) Vee =6.0V, Vg =2.0V -3.0 ~25 mA
TRI-STATE®Configuration, Vee = 9.5V, Vou =5.5V -0.75 ” mA
Lo-L7 Outputs, Low Vog =8.3V, gy =3.2v -0.8 = mA
Current Driver Option (lgy) Vee = 4.5V, Vo =1.5V -0.9 = mA
TRI-STATE®Contiguration, Voo = 9.5V, Vou = 5.5V -15 - mA
Lg-L7 Outputs, High Vee =6.3V, Vo =3.2V -1.6 “ mA
Current Driver Option (loy) Vce = 4.5V, Vou = 1.5V -1.8 = mA
Input Load Source Current Voo =5.0V, V. =0V -10 -140 KA
CKO Output
RAM Power Supply Option
Power Requirement vp =33V = 6.0 mA
TRI-STATE® Qutput Leakage
Current ~-25 +2.5 uA
Total Sink Current Allowed
All Dutputs Combined = 120 mA
D. G Ports o 120 mA
Ly-Ly4 - 4 mA
L3-lo = 4 mA
All OtherPins = 15 mA
Tota! Source Current Allowed
Al 1O Combinad - 120 mA
L7-Lq = 60 mA
La-Lo = 60 mA
Each L Pin = 30 mA
All Other Pins = 1.5 mA
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ETL9444/9445 ¢ ETL 9344/9345

ETL9344/L9345

ABSOLUTE MAXIMUM RATINGS

Voltage at Any Pin Relatlve to GND ~0.5V to +10V
Ambient Operating Temperature —40°C to +85°C
Ambient Storage Temperature —65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

Power Dissipation

Total Source Current
Total Sink Current

0.75 Watt at 25°C
0.25 Watt at B5°C
120mA
120mA

Absolute maximum ratings indicate limits beyond which damays
to the device may occur. DC and AC electrical specitications are
not ensured when operating the device at absolute maximum
ratings.

DC ELECTRICAL CHARACTERISTICS —40°C < T, € +85°C, 45V € Vg < 7.5V (Unless otherwise specified)

Parameter Conditions Min. Max. Units
Standard Operating Voltage {(Vgc) Note 1 45 55 "
Optional Operating Voltage (Vo) 45 7.5 v
Power Supply Ripple peak to peak = 0.5 \
Operating Supply Current all inputs and outputs open = 15 mA
Input Voitage Lavels
CKI Input Levels
Crystal Input
Logic High (V) 22 = v
Logic Low (Vi) -0.3 0.3 v
Schmitt Trigger Input
Logic High (Vi) 0.7Vee = v
Logic Low (Vi) -0.3 0.4 v
RESET Input Levels Schmitt Trigger Input
Logic High 0.7Vee = %
Logic Low -0.3 0.4 v
S50 Input Level (Test mode) 2.2 25 v
All Other Inputs
Logic High Voo = Max. a0 - v
Logic High with TTL trip level options 2.2 = v
Logic Low selected, Voo =5V +5% -03 086 v
Logic High with high trip level options 3.6 = v
Logic Low selectea ~0.3 1.2 v
Input Capacitance = 7 pF
Hi-Z Input Leakage -2 +2 nh
Qutput Voltage Levels
LSTTL Operation Veg=5V=5%
Logic High (Vaw) lon = —20uA 2.7 - \
Logic Low (Vo) lgi = 0.36mA - 0.4 v
CMOS Operation
Logic High Tow ==104A Vee -1 = \
Logic Low lar = +10.A - 0.2 v

Note 1 : Vo voltage change must be less than 0.5V in a 1 ms period 1o maintain proper operation.
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ETL9344/L9345

DC ELECTRICAL CHARACTERISTICS (continued) — 40°C < Tp € +85°C, 4.5V £ V¢ € 7.5V (Unless otherwise specified).

Parameter Conditions Min. Max. Units

Output Current Levels
QOutput Sink Current

SO and SK Outputs (o) Vee = 7.5V, VoL =0.4V 1.4 - mA
Ve =5.5V, Vo =0.4V 1.0 - mA
Vec = 4.5V, Vo = 0.4V 08 - mA
Lo-L7 Outputs, and Standard Vec =75V, Vg =0.4V 06 = mA
Gp-Ga. DO-D3 Outputs (o) Vee =55V, Vo =0.4V 05 = mA
Ve =4.5V, Vg =0.4V 0.4 - mA
Gp-G3 and Dg-Dg3 Outputs with Vee =7.5V, Vg =1.0V 12 = mA
High Current Options (IgQ) Vee =5.5V, Vg = 1.0V 9 = mA
Vee =45V, VoL = 1.0V 7 = mA
Gg-Gg and Dg-D3 Outputs with Vee =T7.5V, Vg = 1.0V 24 - mA
Very High Current Options (lp.) Vee =5.5V, Vo = 1.0V 18 = mA
Vee =4.5V, Vor = 1.0V 14 - mA
CK! (Single-pin RC oscillator) Vee =4.5V, Vi =3.5V 2 - mA
CKO Voo =4.5V, Vg =0.4V 0.2 - mA
QOutput Source Current
Standard Configuration, Vee = 7.5V, Vor = 2.0V =100 -000 uA
All Qutputs (lon) Vee =5.5V, Vor=2.0V -55 —-600 pA
Voo = 4.5V, Vo = 2.0V -28 -350 uA
Push-Pull Configuration Vee =7.5V, Vou =3.75V -0.85 - mA
SO and SK Outputs (lgn) Voo =5.5V, Vor =2.0V -1.1 = mA
Vee =4.5V, Vo = 1.0V ~1.2 - mA
LED Configuration, Lg-L7 Vee =7.5V, Vo = 2.0V -1.4 =27 mA
Outputs, Low Current Vee = 6.0V, Vo = 2.0V -1.4 -17 mA
Driver Option (o) Vee =5.5V, Vg = 2.0V -0.7 -15 mA
LED Configuration, Lg-L7 Ve =7.5Y, Vo = 2.0V -2.7 -54 mA
Outputs, High Current Voe = 6.0V, Vou = 2.0V -27 -34 mA
Driver Option (ion) Vec = 5.5V, Vo =2.0V -1.4 -30 mA
TRI-STATE®Contiguration, ‘WVee =75V, Vou = 4.0V -0.7 = mA
Lg-Ly Outputs, Low Vee =5.5V, Vou =2.7V -0.6 = mA
Current Driver Option (g} Voo = 4.5V, Vo = 1.5V -0.9 = mA
TRI-STATE®Configuration, Ve =T7.5V, Vou = 4.0V -1.4 = mA
Lo-L7 Outputs, High Vee =554, Vou =27V -1.2 - mA
Current Driver Option (log) Vec =45V, Vogu=1.5V -1.8 = mA
Input Load Source Current Vee = 5.0V, Vi =0v -10 -200 uA
CKO Output '
RAM Power Supply Option
Power Requirement Vg =3.3V = 8.0 mA
TRI-STATE® Qutput Leakage
Current -5 +5 uA
Total Sink Current Allowed
All Outputs Combined = 120 mA
B, G Ports - 120 mA
Ly7-Lg - 4 mA
L3-Lg - 4 mA
All Other Pins - 1.5 mA
Total Source Current Allowed
All /O Combined - 120 mA
L7-Lg = 60 mA
La-Lg - 60 mA
Each L Pin - 30 mA
All Other Pirs ’ = 1.5 mA
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ACELECTRICAL CHARACTERISTICS

ETL9444/19445 : 0°C < Ty < 70°C, 4.5V € Ve € 9.5V (Unless otherwise specified)
ETLS344/19345 : —40°C & Tp < +B5°C, 4.5V < Vg < 7.5V (Unless otherwise specified).

Parameter Conditions Min. Max, Units
Instruction Cycle Time — tg 16 40 HS
CKI

Input Frequency — +32 mode  * o8 20 MHz
+16 mode 0.4 1.0 MHz
+8 mode 0.2 0.5 MHz
+4 mode 0.1 0.25 MHz

Duty Cycle 30 60 %

Rise Time fi=2MHz =, 120 ns

Fal! Time - 80 ns

CK! Using RC (+4) R=56kQ+5%
C=100pF £ 10%
Instruction Cycle Time 16 28 KS
CKO as SYNC Input
tsyne 400 = ns
INPUTS:
INg-INg, G3-Go, L7-Lo

tseTup ] 8.0 us

thoLp = 1.3 us
St
tseTup = 20 us
twoLo - 1.0 us
OUTPUT PROPAGATION DELAY Test condition:
» C =50pF, R = 20kR, Vour= 1.5V
80, 8K Outputs
tod1, tpdo - 40 us
All Other Outputs
tpdi, tpdo - 56 S

7123
THOMSON SEMICONDUCTORS




ETL9444/9445« ETL9344/9345

FIGURE 2 — CONNECTION.DIAGRAMS
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Pin Description Pin Description
L7-Lo 8 bidirectional 1/O ports with SK Logic-controlied clock (or general
TRI-STATE® purpose output)
G3-Gg 4 bidirectional VO ports CKI System oscillator input
D3-Dg 4 general purpose outputs CKo gifég:‘eoiz;i:ﬁ‘g;:‘”:;‘::e(?;gggﬂa;r
IN3-INg 4 general purpose inputs (COP444L only) SYNC input)
sl Serial input (or counter input) RESET Systemn reset input
1o} Serial output (or general purpose output) Vee Power supply

GND Ground
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FIGURE 3 — INPUT/OUTPUT TIMING DIAGRAMS (CRYSTAL DIVIDE-BY-16 MODE)
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FIGURE 3a — SYNCHRONIZATION TIMING
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FUNCTIONAL DESCRIPTION

A block diagram of the ETL9444 is given in Figure
Data paths are illustrated in simplified form to depict
how the various logic elaments communicate with
each other in implementing the instruction set of the
device. Positive logic is used. When a bit is set, itis a
logic 1" (greater than 2 volts). When a bit is reset, it
is a logic "0" (less than 0.8 voits).

All functional references to the ETL9444/1.9445
also apply to the ETL93d4/19345,

Program Memory

Program Memory consists of a 2048 byte ROM. As
can be seen by an examination of theETL94441.9445
instruction set, these words may be program Instruc-
tions, program data or ROM addressing data. Because
of the special characteristics associated with the JP,
JSRP, JID, and LQID instructions, ROM must often be
thought of as being organized into 32 pages of 64
words each.

RCM addressing Is accomplished by a 11-bit PC regis-
ter. Its binary value selects one of the 2048 B-bit words
contained in ROM. A new address is lcaded into the
PC register during each instruction cycle. Unless the
instruction Is a transter of control instruction, the PC
register is loaded with the next sequential 11-bit binary
count value. Three levels of subroutine nesting are
implemented by the 11-bit subroutine save registers,
SA, SB, and SC; providing a lastin, first-out (LIFO)
hardware subroutine stack.

ROM instruction -words are fetched, decoded and
executed by the Instruction Decode, Contro) and Skip
Logic circultry, ;

Data Memory

Data memory consists of a §12-bit RAM, organized as
B data registers of 16 4-bit digits. RAM addressing is
implemented by a 7-bit B register whose upper 3 bits
(Br) select 1 of 8 data registers and lower 4 bits (Bd)
select 1of 16 4-bit digits in the selected data register.
While the 4-bit contents of the selected RAM digit (M)
is usually loaded intc or from, or exchanged with, the
A register (accumulator), it may also be loaded into
or from the Q latches or loaded from the L ports. RAM
addressing may also be performed directly by the
LDD and XAD instructions based upon the 7-bit con-
tents of the operand field of these instructions, The
Bd register also serves as a source register for 4-bit
data sent directly to the D outputs.

Internal Logic

The 4-bit A register {accumulator) is the source and
destination register for most 110, arithmetic, logic
and data memory access operations. It can alsoc be
used to load the Br and Bd portions of the B register,
to load and input 4 bits of the 8-bit Q latch data, to
input 4 bits of the 8-bit L I/O port data and to perform
dala exchanges with the SIO register.

A 4-bit adder performs the arithmetic and logic func-
tions, storing its results in A. it also outpuls a carry
bit to the 1:bit C register, most often employed to
indicate arithmetic overflow. The C register, in con-
junction with the XAS instruction and the EN register,

1.
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also serves to control the SK output. C can be out-
putted directly to SK or can enable SK to be a sync
clock each Instruction cycle time. {See XAS instruc-
tion and EN register description, below.)

Four general-purpose inputs, IN3-1Ng are provided.

The D register 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 muitiplexed LED display.

The G register contents are outputs to 4 general-
purpose blidirectional /O ports. G I/O ports can be
directly connected to the digits of a multipiexed LED
display.

The Q register is an internal, latched, 8-bit register,
used to hold data loaded to or from M and A, as well
as 8-bit data from ROM. Its contents are output to the
L WO ports when the L drivers are enabted under
program control. (See LEI instruction.)

The 8 L drivers,when enabled, output the contents of
latched Q data to the L'I/O ports. Also, the contents
of L may be read directly into Aand M. L /O ports can
bedirectly connected to the segments of a multiplexed
LED display (using the LED Direct Drive output con-
figuration option) with Q data being outputted to the
Sa-Sg and decimal point segments of the disptay.

The SIO register functions as a 4-bit serial-in/serial-
out shift register or as a binary counter depending on
the contents of the EN register. (See EN register
description, below.) Its contents can be exchanged
with A, allowing it to Input or output a continuous
serial data stream. S1O may also be used to provide
additional parallel /0 by connecting SQ to external
serial-in/parallel-out shift registers.

The XAS instruction copies Cinto the SKL lateh. Inthe
counter mdde, SK is the output of SKL; in the shift
register mode, SK outputs SKL ANDed with the
ctock.

The EN register is an internal 4-bit register loaded
under program control by the LEI instruction. The
state of each bit of this register selects or deselects
the particular feature associated with each bit of the
EN register (EN3-ENg)

1. The least significant bit of the enable register,
ENg,selects the S10 register as either a 4-bit shift
register or a 4-bit binary counter. With ENgset, 510
is an asynchronous binary counter, decrementing
its value by one upon each low-going pulse ("1 to
“'0") ocurring on the Sl input, Each pulse must be
at least two instruction cycles wide. SK oulputs
the value of SXL. The SO ocutput is equal 1o the
value of EN3. With ENg reset, SI0 Is a serial shift
register shifting left each instruction cycle time.
The data present at Sl goes inlo the least signifi-
cant bit of 510. SO can be enabled to output the
most significant bit of S10 each cycle lime. (See 4
below.) The SK output becomes a logic-controlled
clock.

2. With ENq set the INq input is enabled as an inter-
rupt input. Immedialely following an interrupt, ENq 7
is reset to disable further interrupts.
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3. With ENjp set, the L drivers are enabled to output

the data in Q to the L /O poris, Resetling EN2

disables the L drivers, placing the L /0 ports in a
high-impedance input state.

4, ENg,in conjunction with ENg,affects the SO oul-
put. With ENg set (binary counter option selected)

SO will output the value loaded into ENg. With ENg

reset (serial shift register option selected), setting

ENa enables SO as the output of the S10 shift regis-
ter, outputting serial shifted data each instruction
time. Resetting ENj with the serial shift register
option selected disables SO as the shift register
cutput; data continues to be shifted through SIO
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
ENj and ENg.
®

Enable Register Modes — Bits EN; and EN,

EN; ENp SI0 Sl SO SK
Q 0 Shift Register Input to Shift Register 0 if SKL= 1, SK = CLOCK
IfSKL = 0,SK =0
1 0 Shift Register Input to Shift Register Serial Out If SKL = 1, SK = CLOCK
HEKL =0,8K =0
0 1 Binary Counter Input to Binary Counter 0 If SKL = 1,8K = 1
If SKL = 0,8K = 0
1 1 Binary Counter Input to Binary Counter 1 1fSKL = 1,SK = 1
fSKL = 0,8K =0
Interrupt

The following features are associated with the IN,
interrupt procedure and protocol and must be consi-
dered by the programmer when utilizing interrupts.

a. The interrupt, once acknowledged as explained
below, pushes the next sequential program counter
address (PC + 1) onto the stack, pushing in 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 is set to hex address OFF (the last word of
page 3) and EN1 is reset.

b. An Interrupt will be acknowledged only after the
following conditions are met:

1. EN4 has been sel.

2. A low-going pulse (1" to “0") at ieast two
instruction cycles wide occurs on the INq input.

3. A currently executing instruction has been
completed.

4. All successive transfer of control instructions
and successive LBIs have been completed (e.g.,
If the main program is executing a JP instruc-
tion which transters program control to another.
JP instruction, the interrupt will not.be acknow-
ledged until the second JP instruction has been
executed.

c. Upon acknowledgement of an interrupt, the skip
logic status is saved and later restored upon
popping of the stack. For example, it an interrupt
occurs during the execution of ASC (Add with
Carry, Skip on Carry) instruction which results in
carry, the skip ogic status is saved and program
control is transferred 1o the interrupt servicing
routine at hex address OFF. At the end ol the
interrupt routine, a RET instructinn is execuled to
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“pop'’ the stack and return program control to the
instruction following the original ASC. At this
time, the skip logic Is enabled and skips this
instruction because of the previous ASC carry.

Subroutines and LQID instructions should not be
nested within the interrupt service routine, since
their popping the stack will enable any previously
saved main program skips, interfering with the
orderly execution of the interrupt routine.

d. The first instruction of the interrupt routine at hex
address OFF must be a NOP.

e. A LEl instruction can be put immediately before
the RET to re-enable interrupts.

Initialization

The Reset Logic will initialize (ctear) the device upon
power-up if the power supply rise time is less than
ims and greater than ‘1us. If the power supply rise
lime is greater than 1ms, the user use provide an
external RC network and diode to the RESET pin as
shown below. If the RC nelwork s not used, the
RESET pin must be pulled up to Vg either by the inter-
nalload or by an external resistor (>40kQ) to Vge. The
RESET pin is configured as a Schmitt trigger inpult,
Initialization will occur whenever a logic “0" is
applied to the RESET input, provided it stays low for
at least three instruction cycle times.

+ —y

> Veo

RESET
ETL9444
= GNO

i |
RC =5 x power supply
Power up clear cireuit

AMA

<roTCw IMmIOT

Rise time (R 2> 40 ki
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Upon initialization, the PC register is ¢leared 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,
providing a pulse each Instruction cycle time. Data
Memory (RAM) is not cleared upon initialization. The
first instruction at address 0 must be a CLRA.

Oscillator

There are four basic clock osclllator configurations
available as shown by Figure 4.

a. Crystal Controlled Oscillator. CKI and CKO are
connected to an external crystal. The instruction
cycle time equals the crystal frequency divided by
32 (optional by 1B or 8).

b. External Osclllator. CKl is an external clock input
signal. The external frequency Is divided by 32
(optional by 16 or 8) to give the Instruction cycle
time. CKO is now available to be used as the RAM
power supply (Vr), as a general purpose input, or
as a SYNC input.

i3le

CC
(Vi OR GENERAL
I PURPOSE INPUT
— PIN)
b
CKI CKO
nr (VR OR GENERAL
EXTERNAL PURPOSE INPUT
GLOCK OR SYNC PIN)

Crystal Oscillator

Component Values

Crystatl

Value A1(Q) | R2{Q) | C1(pF) | C2(pF)
455kHz 4.7k M 220 220
2.097 MHz 1k ™ 30 6-36 )

¢. RC Controlled Oscillator. CKl is configured as a
single pin RC controlled S¢chmitt trigger oscillator.
The instruction cycle equals the oscillation fre.
quency divided by 4. CKO is avaiiable as the RAM
power supply (Vg) or as a general purpose input.

d. Externally Synchronized Osclilator. Intended for
use in multi-COP systems, CKO is programmed to
function as an input connected to the SK output of
another COP chip operating at the same frequency
(COP chip with L or C suffix) with CKI connected
as shown. In this contiguration, the SK output con-
nected to CKO must provide a SYNC (instruction
cycle) signal to CKGQ, thereby allowing synchronous
data transfer between the COPs using only the S|
and SO serial /O pins in conjunction with the XAS
instruction. Note that on power-up SK is automatl-
cally enabled as a SYNC output. (See Functional
Description, Initialization, above.)

—{l— e

1 ) g
I $ L
= = }
CKI CKO CKI CKO
sK |—J
d
ETLO444 /19445, ETLOA44/LD445
S0 si
si s0
RC Controlled Oscillator
Instruction
Cycle Time
R (kQ) C (pF) (us)
51 100 191 15%
82 56 19+ 13%

Note: 200kQ > R 2 25kQ
360pF > C 2 50pF

FIGURE 4 — ETL9444/L 9445 OSCILLATOR
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CKO PIn Options

In a crystal controlled oscillator system, CKO is used
as an output to 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 (accumulator) upon execution of
an INIL instruction. As another option, CKO can be a
RAM power supply pin (Vg), allowing its connection
to a standby/backup power supply to maintain the
integrity of RAM data with minimum power drain
when the main supply is Inoperative or shut down to
conserve power. Using either option is appropriate in
applications where the ETL9444/19445 system timing
configuration does not require use of the CKO pin.

/O Optlons

ETL9444/19445 outputs have the following cptional
configurations, illustrated in Figure 5 :

a.Standard — an enhancement mode device to
ground in conjunction with a depletion-mode device
to Vec, compatible with LSTTL and 'CMOS input
requirements. Available on SO, SK, and all D and
G outputs,

b. Open-Drain — an enhancement-mode device to
ground only, allowing external puli-up as required
by the user's application. Available on SO, SK, and
all D and G outputs.

<. Push-Pull An enhancement-mode device to
ground in conjunction with a depletion-mode device
paralleled by an enhancement-mode device to Vee.
This configuration has been provided to allow for
fast rlse and fall times when driving 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., but may be disabled.
Available on L outputs only.

{.LED Direct Drive — an enhancement-mode device
to ground and 10 Vg, meeting the typical current
sourcing requirements of the segments of an LED
display. The sourcing device is clamped to limit
current flow. These devices may be turned off
under program control {See Functional Descrip-
tion, EN Register), placing the outputs in a high-
impedance state to provide required LED segment
blanking for a multiplexed display. Available on L
outputs only.

g- TRI-STATE® Push-Pull — an enhancement-mode
device to ground and Vc. These outputs are TRI-
STATE outputs, allowing for connection of these
outputs to a data bus shared by other bus drivers.
Available on L outputs only.
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ETL9444/1.9445 inputs have the following optional
configurations :

h. An on-chip depletion load device to Vgc.

I, A Hi-Z input which must be driven to a “1" or 0"
by external components.

The above input and output configurations share com-
mon enhancement-mode and depletion-mode devices.
Specificaily, all configurations use one or more of six
devices (numbered 1-6, respeclively), Minimum and
maximum current (loyr and Vour curves are given in
Figure 6 for each of these devices to allow the designer
to effectively use these /O configurations in designing
a system.

The SO, SK outputs can be configured as shownin a.,
b., or ¢, The D and G outputs can be configured as
shown in a. or b. Note that when inputting data to the
G ports, the G outputs should be set to “1.” The L
outpuls gan be configured as ind., e., f. or g.

An Important point 1o remember if using configura-
tion d. or f. with 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 B, device
2); however, when the L-lines are used as inputs, the
disabled depletion device can not be relied.on to
source sufficient current to pull an input to logic “1".

RAM Keep-AIiv:e Option

Selecting CKO as the RAM power supply (Vg) allows
the user to shut off the chip power supply (Vgc) and
maintain data in the RAM. -

To insure that RAM data integrity ismaintained,
the following conditions must be met:

1. RESET must go low before V¢ goes low during
power off; Ve must go high before RESET goes
high on power-up.

2. Vg must be within the operating range of the chip,
and equal to Vg * 1V during normal operation.

3. Vp must be = 3.3V with Vg off.

ETL9445

If the ETL9444 Is 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-
INg). Use of this option preciudes, of course, use of
the tN options and the interrupt feature, which uses
IN1. All other options are available for the ET19445.
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Table 1is a symbel table providing internal architecture,
instruction operand and operational symbais used in

ETL9444/L9445,ETL9344/L9345 Instruction Set

the instiuction set table.

Table 2 provides the mnemonic, operand, machine
code, data flow, skip conditions, and description asso-
ciated with each instruction in the ETLS444/1.9445 ins-
truction set.

TABLE 1 — ETL9494/L9445 ETLH344/L9345 INSTRUCTION SET TABLE SYMBOLS

Symbol Definition Symbeol Definition
INTERNAL ARCHITECTURE SYMBOLS INSTRUCTION OPERAND SYMBOLS
A 4-bit Accumulator d 4-bit Operand Field, 0=15 binary (RAM Digit
B 7-bit RAM Address Register Select)
Br Upper 3 bits of B (register address) r 3-bit Operand Field, 0-7 binary (RAM Reglster
Bd Lower 4 bits of B (digit address) Select)
Cc 1-bit Carry Register a 11-bit Operand Field, 0-2047 binary (ROM
o] 4-hit Data Qutput Port Address)
EN 4-bit Enable Register y 4-bit Operand Field, 0-15 binary (Immediate
G 4-bit Register to latch data for G I/Q Port Data)
L Two 1-bit latches assoclated with the INg or RAM(s) Contents ot RAM location addressed by s
ING inputs ROM(t) Contents of ROM lacation addressed by t
iN 4-bit Input Port
L 8-bit TRI-STATE® 1/Q Port OPERATIONAL SYMBOLS
M 4-bit contents of RAM Memory pointed to by B
B Register + Plus
PC 11-bit ROM Address Register (program _— Minus
_counler) —_ Replaces
Q 8-bit Register to latch data for L 1O Port S is exchanged with
SA 11-bit Subroutine Save Register A
sBe 11-bit Subroutine Save Register B 7 areHalio
sC 11-bit Subroutine Save Register C A The one’s complement of A
SIO  4-bit Shiflt Register and Counter ® Exclusive-OR
SK Logic-Controlled Clock Qutput 5
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ETL9444/9445 ¢ ETL9344/9345

TABLE 2 = ETL9444/L9445 INSTRUCTION SET

Machine
Hex Language Code
Mnemonic |(Operand | Code Binary) Data Flow Skip Conditions Description
ARITHMETIC INSTRUCTIONS
ASC 30 001§]0000D| A+C+RAM(B) ~ A Cany Add wih Carry, Skip on
Carry = C Carry
ADD N LLRR] 0001! A+RAM(B) — A None Add RAM 10 A ‘
ADT 4A 0100/1010Q A+10i1p— A MNone Md.Ten to A
AISC y 5- 010 1] ¥ A+y—= A Carry Add Immediate, Skip on
Carry (y « 0)
CASC 10 |0001]0000 A+RAMB) +C ~ A Carry Complement and Add with
Carry —- C Carry. Skip on Carry
CLRA 00 0000/0000 0~ A None Clear A
COMP | 40 [0 100[0000] A-—A None Ones complement of Ato A
NOR 44 0100[0100) None None No Operation
RC 32 00110010 "0 =G None Reset C
SC 22 0010/0010 1" —=C None Set C
XOR 02 0000/0010 A a RAM(B) —= A 'None Exclusive-OR RAM with A
TRANSFER OF CONTROL INSTRUCTIONS
JID FF IRRRIERRE] AOM (PCy0.8. AM) — PCy.g|None Jump Indirect {Nole 3)
JMP a 6- 01 1219‘310_5' Cla-PrC None Jump
= a7o
JP a == 1 %0 a = PCgp Nane Jump within Page (Nole 4)
(pages 2.3 only) i
of
= 11 as0 a = PCsg
all other pages)
JSRP a == 10| asg PC+1—=SA—=5SB—5SC [None Jump to Subroutine: Page
00010 — PCi0:6 (Note 5)
a = PCs
JSR a 6-  |9110)1|ar0s PC+1—SA—~58~58C [None Jump to Subroutine
a—PC
s 279
RET 48 0100/1000 SC —~ S8 - SA - PC None Return from Subrouting
RETSK 49 [0100[1001 SC—- S8~ SA~PC Always Stap on Return Return from Subroutine
then Skip
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TABLE 2 — ETL9444/L.9445 INSTRUCTION SET (continued)

THOMSON SEMICONDUCTORS

Machine
Hex  Language Code ]
Mnemonic|Operand | Code (Binary) Data Flow Skip Cenditions Description
MEMORY REFERENCE INSTRUCTIONS
CAMQ 33 0011|001 1| A—Q7.4 None Copy A. RAM 10 Q
C 00111100 RAMBr—+Q3.0
COMA 3 0011|0011 Q7 4—+~RAM(B) None Copy Q to ARAM. A
2 oigjisog) | QoA
LD t -5 00| r (0101 RAM(B}—A . None Load RAM inta A,
(r =03) Br & —Br Exclusive-OR Br wah r
LOD g 23 0010|0011 RAM{r d)—=A None Load A with RAM pointed
-- 0] d to directly by r.d
LD BF 10111111 ROM(PCp.0.AM)—Q =None Load Q Indirecl (Nole 3)
SB—5C
RMB 0 4C 0100[1100 0-—=RAM(B)g. None Resel RAM Bit
1 45 0t00j0o101 0—RAM(B)}
2 42 0100/0010 0—=RAM(B}
3 43 0100/0011 0-+~RAM(B)3
SMB Q 40 0100|1101 1 —=RAM(B)p None Set RAM Bit
1 47 0100[1101 1 —=RAM(B)y
2 46 0t00|D110] 1—=RAM(B)7
3 48 0r100(1011 1—RAMB)3
S ¥ 7- ov1y vy y —=RAM(B) None Store Memory immediale
8d + 1—Bd and Incrtement Bd
X ' -6 00| rjor10 RAM(Br==A None Exchange RAM with A,
(r=0:3) Brgp r— Br Exclusive-OR Br with r
XAD id 23 0010j00 11 RAM(r dj=+A None Exchange A with RAM
-- It e d pointed to dwectly by r.d
XDs r -7 00| r ]0! 11 RAM(B)=—A Bd decrements past 0 Exchange RAM with A
r=03) Bd - 1—=8d and Decremenl Bd.
Br Br —Br Exclusive-OR Br with ¢
Xis 3 -4 00| r 0100 RAM(B) -+ A Bd increments past 15 Exchange RAM with A
=03 Bd +1—+8d and Increment 8d,
o Brépr ~ Br Exclusive-OR Br with
REGISTER REFERENCE INSTRUCTIONS
CAB 50 01010000 A — Bd None Copy A to Bd
CBA 4 0100[1110] Bd - A None Copy 8d 10 A
LBI g 00| r (@ - 1) rd-—-B Skip until not a LB1 Load B Immediate with r.d
(r=03 (Note 6)
a=0 915
or
33 0011001 ||'
-- i r ad
fany r. any 0)
LEI y 3 {00 110001 y =~ EN None Load EN tmmediate (Note 7)
6- c110] vy
XABR T2 [0001/0010 A= Bi(0- A3 None Exchange A with Br
18/23
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TABLE 2 — ETL9444/1.9445 INSTRUCTION SET {continued)

Machine
Hex Language Code
Mnemonic| Operand Code {Binary) Data Flow Skip Conditions Description
TEST INSTRUCTIONS
SKC 20 00100000 Lol R Skip il Cis True
SKE 21 00100001 A = RAM(B} Skip 1f A Equals RAM
SKGZ 33 00110011 G3p =0 Skip it G 18 Zeto
21 0010/0001 ) {all 4 bits}
SKGB2Z 33 00110011 1sl byte Skip if G Bit is Zero
4] 13} 0000/000 1 Gp=20
1 =
11" 00010001 2nd byte Gy =0
2 03 00000011 Gz =0
3 13 0001001 1 Gz = 0
SKMBZ a [1]] 00000001 RAM(B)g = 0 Skip it RAM 8il is Zero
1 1 00010001 RAM(B)y = 0
2 03 0000lc011 RAM(B); = 0
3 13 00010011 RAM(B)3 = 0
SKT 41 0100/0001 A time-base counter Skip on Timer
carry has occurred (Note 3)
since last test
INPUT/QUTPUT INSTRUCTIONS
ING 33 00110011) G- A Naone Input G Porlts to A
2A 00101010
ININ 33 00110011 IN—A None lhput IN Inputs to A
28 00101000 {Note 2)
INTL 33 00110011 L3, CXO,“0", ILg —~ A None input IL Latches to A
29 001001001 (Note 3)
INL 33 00110011 L7:a — RAM(B) None Input L Ports 1o RAM, A
2E 0010/1110] Lap— A
0BD 33 00110011 Bd - D None Output Bd to D Outputs
3E - 00111110
oGl ¥ a3 001100111 y—~G i None Outpul 1o G Porls
5. 0+01] y ’ | immediate
OMG 33 00110011 RAM(B) -~ G None Qutput RAM to G Ports
3A 00111010
XAS 4F [0v00[1111Y A~ SI0, C = SKL None Exchange A with 510

(Note 3}

Note 1 : All subscripts for alphabetical symbols indicate bit numbers unless explicitly defined {e.g., Br and Bd are explicitly defined). Bits are’
numbered 0to N where 0 signifies tha least significant bit (low-order, right-most bit). For example, A; indicates the most significant (left-most) bit of

the 4-bit A register.

Note 2 : The ININ instruction is not available on the 24-pin ETL3445 or ETL3345 since these devices do not contain the IN inputs.

Note 3 : For additional information on the operation of the XAS. JID. LQUID. INIL. and SKT instructions, see below.

Note 4 : The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two- page boundary ol pages 2 or 3, The
JP instruction, otherwlse, permits a jump 1o & ROM location within the current 84-word page. JP may not jump to the last word of a page.

Note 5: A JSRP transfers program control to subroutine page 2 (0010 s loaded into the upper 4 bits of P). A JSRP may not be used whenin pages

2 or 3. JSAP may not jump to the last word in page 2.

Note 6: LBIlis a single-byte instructionifd =0,9,10, 11,12, 13, 14 or 15. The machine code for the lower 4 bits equals the binary valye of the "d" data
minus 1, e.g.,to load the lower four bits of 8 (Bd) with the value 9 (1001,), the lower 4 bits of the LBI instruction equal 8(1000,). To load 0, the lower 4
bits of the LBl instruction should equal 15 (11115).
Note 7 : Machine code for operand field y tor LE instruction should equal the binary value to be latched into EN, where a™1" or “0" in each bit of EN
corresponds with the selection or deselection of a particular function associated with each bit (See Functional Description, EN Register).
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ETL9444/9445« ETL9344/9345

The following information is provided to assist the
user in understanding the operation of several uniqus
Instructions and to provide notes useful to program-
mers in writing ET1L9444/1.9445 programs. d

XAS Instruction

XAS (Exchange A with S10) exchanges the 4-bit con-
tents of the accumulator with the 4-bit contents of
the SIO register. The contents of SIO will contain
serlal-in/serlal-out shift register or binary counter
data, depending on the value of the EN register. An
- XAS instruction will also affect the SK output. (See
Functional Description, EN Register, above.) If SIO is
selected as a shift register, an XAS Instruction must
be performed once every 4 Instruction cycles to
effect a continuous data stream.

JID Instruction

JID (Jump Indirect) is an indirect addrassing instruc-
tion, transferring program control to a new ROM
location pointed to indirectly by A and M. It loads the
tower 8 bits of the ROM address register PC with the
contents of ROM addressed by the 11-bit word,

PC1p:8 A. M. PCq10,PCg and PCg are not affected by
this instruction.

Note that JID requires 2 instruction cycles to execute.

INIL Instruction

INIL (Input IL Latches to A) inputs 2 latches, ILg and

ILg (see Figure 7) and CKO into A. The IL3 and ILg
latches are set if a low-going pulse (“1” to 0"} has
occurred on the IN3 and INg inputs since the last INIL
instruction, provided the input pulse stays low for at
least two instruction times. Execution of an INIL
inputs IL3 and ILg into A3 and AO respeclively, and
resets these latches to allow them to respond to sub-
sequent low-going pulses on the IN3and INg lines. If
CKO is mask programmed as a general purpose
input, an INIL will input the state of CKO into A2. If
CKO has not been so programmed, a “1" will be
placed in A2, A "0" is always placed in A1 upon the-
execution of an INIL. The general purpose Inputs
IN3-INp 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
puises which occur too often to be read conveniently
by an ININ instruction, )

Note : IL latches are not cleared on reset : IL3 and I
notinput on ETL9444/1L9445.

LQID Instruction

LQID (Load Q Indirect) loads the 8-bit Q reglster with
the conlents of ROM pointed to by the 11-bit word
PC1p.PCg, PCg. A, M. LQID can be used for table
lookup or code conversion such as BCD to seven-
segment. The LQID instruction “pushes” the stack
(PC+1 -+ SA—~SB-+SC)and replaces the least signi-
ficant 8 bits of PC as foliows: A — PC7.4, RAM(B) —»
PCg.0, leaving PC1g, PCg and PCg unchanged. The
ROM data pointed to by the new address is fetched
and loaded into the Q latches. Next, the stack is
“popped” (SC —~ 5B —~ SA -PC), restoring the saved
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value of PC to continue sequential program execu-
tion. Since LQID pushes SB — SC, the previous
contants of SC are lost. Also, when LQID pops the
stack, the previously pushed contents of SB are left
in 8C. The net result is that the conlents of SB are
placed in SC (SB -~ SC). Note that LQID takes two
Instructiun cycle times to execute.

SKT Instruction

The SKT (Skip On Timer) instruction tests the state of
an internal 10-bit time-base counter. This counter
divides the instruction ¢ycle clock frequency by 1024
and provides a latched indication of counter over-
flow. The SKT Instruction tests this latch, executing
the next program instruction if the latch is not set. If
the latch has been. set since the previous test, the
next program instruction is skipped and the latch Is
reset. The features associated with this Instruction,
therefore, allow the ETL9344/1L9345 to generate its
own time-base for real-time processing rather than
relying on an external Input signal.

For example, using a 2.097 MHz crystal as the time-
base to the clock generator, the instruction cycle
clock frequency will be 65kHz (crystal frequency -+ 32)
and the binary counter output pulse frequency will be
64Hz. For time-of-day or similar real-time processing,
the SKT instruction can call a routine which incre-
ments a "seconds” counter every 64 ticks.

Instruction Set Notes

a. The first word of a ETL9444/1.9445program (ROM
address 0) must be a CLRA (Clear A) instruction.

b. Although skipped Instructions are not executed,
one instruction cycle time is devoted to skipping
each byte of the skipped instruction. Thus all
program paths except JID and LQID take the same
number of cycle times whether instructions are
skipped or executed. JID and LQID instructions
take 2 cycles It execuied and 1 cycle if skipped.

¢. The ROM is organized into 32 pages of 64 words
each. The Program Counter Is an 11-bit binan
counter, and will count through page boundaries. M
a JP, JSRP, JID or LQID instruction is located in the
last word of & page, the Instruction operates as if
it were in the next page. For exampie: a JP located
in the last work of a page will jump to a location in
the next page. Also, a LQID or JID located 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 ETL9444/1.9445 mask-programmable 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, 13, and 20 must all
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 external circuitry.

Option

Option
=0

1=0: Ground Pin — no aptions available

2: CKO Output

clock generator output to crystaliresonator
(0 not allowable value it option 3=3)

pin is RAM power supply (Vg) input
general purpose input. load device to Ve
general purpose input, Hi-Z

multi-COP SYNC input (CKI = 32, CKI = 16)
multi-COP SYNC input (CKI + 8)

3: CK! Input

oscillator input divided by 32 (2MHz max.)
oscillator input divided by 16 (1 MHz max.)
oscillator input divided by 8 (500kHz max.)
single-pin RC controlled oscillator divided by 4
oscillator input divided by 4 (Schrnitt)

Option 4: RESET Input
=0: load device 10 Vg
=1: Hi-Z input

=1
=2:
=3
=4:
=5

Option
=0
=1
=
=3
=4:

Optiomr5: Ly Driver
=0: Standard output
=1: Open-drain output
=2: High cutrent LED direct segment drive output
=3: High current TRI-STATE® push-pull output
=4: Low-current LED direct segment drive oulput
=5 Low-current TRI-STATE® push-pull output
Option 6: Lg Driver
same as Option 5
Option 7: Lg Driver
same as Option 5
Option 8: Ly Driver
same as Option 5
Option 9: IN§ Input
=0: load device 1o V¢
=1 Hi-Z input
Option 10: IN2 Input
same as Option 9
Option 11: Vg pin
=0: 45V to 6.3V operation
=1 4.5V 1o 9.5V operation
Option 12: L3 Driver
same as Option 5
Option 14; Ly Driver
same as Option 5
Option 14: Ly Driver
same as Oplion 5

Option 15: Lg Driver
same as Option 5

THOMSON SEMICONDUCTORS

Option 16: 3l 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: INg Input
same-as Option 9
Option 20: IN3 Input
same as Option 9
Option 21: Gg 1/0 Port
=0: very-high current standard output
=1 very-high current open-drain output
=2 high current standard output
= 3! high current open-drain output
=4: standard LSTTL outpul (fanout = 1)
=5 opendrain LSTTL oulput (fanout = 1}

Option 22: G1 1/0 Port
same as Option 21

Option 23: G2 I/0 Port
same as Option 21
Option 24: Gz I/0 Port
same as Option 21

Option 25: D3, Output
same as Oplion 21

Option 26: D Output
same as Option 21

Option 27: D1 Output
same as Option 21

Option 28: Dg Output
same as Option 21

Option 29: ( Input Levels

=0: standarg TTL input l2vels
0" =0.8V, 17 =2.0V)
higher voitage input levels
{0 =12V,"1" =3.6V)

Opticn 30: IN fnput Levels
same as QOgplion 29

=1

Option 31: G Inpul Levels
same as Option 29

Option 32: Stinput Levels
same as Oplion 29

Opuion 33; RESET Input
=0: Schmilt tingae: input
=1: standard TTL input levels
= 2. mgher vollage inpul levels

Option 34: CKO Input Levels (CKO =input: Option 2=2,3)

same as Option 29

Option 35 COP Bonding
=0 ETL9444 (28-pin device)
=1 ETL3445 (24-pin device)
=2: both 28 and 24-pin versions
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ETL8444/9445« ETL 9344/9345

TEST MODE (Non-Standard Operation)
2. The D3-Dp outputs drive the digits of the multi-

The SO output has been configured to provide for stan-
dard test procedures for the custom-programmed
ETL9444. With SO forced to logic 1", two test modes are

plexed display directly and scan the columns of
the 4 x 4 keyboard matrix.

provided, depending upon the value of Si: 3. The IN3-INginputs are used to input the 4 rows of
i - the keyboard matrix. Reading the IN lines in
4: RAMarid interma: Logic Tess ModeiSU=1) conjunction with the current value of the D
b. ROM Test Mode (SI = outputs allows detection, debouncing, and deco-
These special test modes should not be employed by the ding .o! ey I.:me of the 16 keyswitches. X .
user ; they are intended for manufacturing test only. 4. CKl is configured as a single-pin oscillator input
allowing system timing to be controlled by a
APPLICATION EXAMPLE : single-pin RC network. CKO is therefore available
ETL9444 General Controller for use as a general-purpose input
Figure 8 shows and interconnect diagram for a ETL9444 5. ﬂp:ﬁ. S\'eitl?)cg% i‘;eg“:;"ap‘ginta"wac:&?‘?g gg”g':é
;ﬁf::ss_a general controller. Operation of the system is as SK can be used as general purpose outpuls.
N N ; 6. The 4 bidirectional G 1/0 ports (G3-Gg) are avai-
1. The Lz-Lg outputs are configured as LED Direct & P
Drive outputs, allowing direct connection to the table for use as reqL'nrec.I by the user's application.
segments of the display. 7. Normal reset operation is selected.
8 SEGMENT
Ve Vee DATA LINES
b < Lo-L7
3
b—n-| CKI
T 4 DIGIT
GND GND . . & . | LED DISPLAY
Voo —E\i:._ RESET ETL9444
o DD
I o
= D2
D3
INPUT ———=| CKO
INg I Y N [
4 GENERAL (] Go - G ™y N N N N P
" N N N KEYSWITCH
EVENT 2 N N MATRIX
cour\rll;e? —] s IN3 AN
IN . g
¥ SK SO
2 GENERAL OUTPUTS
—_—

FIGURE 8 — ETL9444 KEYBOARD/DISPLAY INTERFACE

COPS, MICROWIRE and TRI-STATE are registered trademarks of National Semiconductor Corp.
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ETL9444/9445 ETL9344/9345

PHYSICAL DIMENSIONS inches (millimeters)

1410

AR ARRGERND® 6 E

(L)
";,i!'; 0.550 0.00%
PN NO. | INDENT 113970 :0.120)
_\\\.
ORORERORNEOREORORDET DTS TRD)
0.030
e 0860 0.050
0.606-0.620 MAX (1524}

B it [ 0480
m.un—us.mjﬁj:I I phird 457 max

i s A .

0.009-0.01%
0825 (0.229-030) S840,
i 0825 oovg | 0.075 :0.015 { L 100 IL‘ 0.018 -0.003 0 125 (0508
(1a.07s '"”] {1.905 -0.381) I'- =1 7540} T a0 e M
4.3, TYP Mk
MOLDED DUAL-IN-LINE PACKAGE (N) %
ORDER NUMBER ETL 9444-N
PACKAGEN 28 A
. 1200 |
. T
mAx
[ (0 [ (8 [ (W) ) 6 5 ] 7
0.063
(17608) 0.540 -0.005
ano 9 .18 0120
[ORERNRORCENNOENRDRCREDRD
0 0040 | 0.180
0E00-01 | {iWEn o 457 max
(15.240-15.740) { Tve |
I'T 0915
] @
—- MK
0.009-0.015
0,028 TR
0a23 [OEET e A
f— ally — | *‘I |‘ 0.100 || 0018 -0.003 0128
; Zon s e SO SR
(sams 'y 0.075 0018 (25401 I~ Gwrars  anw
13,904 -9 341} Tye MIN

MOLDED DUAL-IN-LINE PACKAGE (N}
ORDER NUMBER ETL9445N
PACKAGE N24 A

These specifications are subject to change without notice.
Please inquire with our safes offices about the availebility of the different packages.
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ETL9444/9445e ETL 9344/9345

NOTES

Prnted in France
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EFB7912

ADVANCE INFORMATION

PCM TRANSMIT/RECEIVE FILTER

The EFB7912 is a monolithic device containing the two filters of a
PCM line or trunk termination and is designed to minimize 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-t0-4 wire converter) or an electronic hybrid (SLIC). If an electronic
hybrid is used, the power amplifiers are not needed and may be deactivated
to minimize power dissipation. The transmit filter is a band-pass 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 necessary 1o give unity gain in the passband
for the decoder-and-receive-filter pair.

e Monolithic device includes both transmit and receive filters

e CCITT G 712 and AT & T D3/D4 compatible

e Transmit filter includes, anti-aliasing, 50/60 Hz rejection, output
smoothing

CMOS

PCM TRANSMIT/RECEIVE
FILTER

CASE CB-79

1 C SUFFIX
CERAMIC PACKAGE

1 J SUFFIX
CERDIP PACKAGE

generator g 4 14 CLKS

- ~v_r_1| GNOD

e Receive filter includes sin x/x compensation
« External gain adjustment, both transmit and receive filters
* Direct interface with transformer or electronic telephone hybrids.
e 5% power supplies+ 5V, —5V
e Low power consumption :
— 50 mW max without power amplifiers
— 5 mW max power down mode
e CMOS technology
e Standard 16 pin package
e Direct interface to the Efcis EFB7356 A-law PCM Codec
e Pin 10 pin compatible with standard 2912 PCM filters.
csx BLOCK DIAGRAM
3
o g e -
! A
VExl" 2 —4—— Anti- '
V‘:I, ! i stasivg Bindpus Smoosy »1—: 16 vixo
| :
GNDA 15—¢ ]
] t
i i
i Clock —f— 12 o
i
)
1
I
I

b — —4 1
1
|

1 1
|

L Sin x/ !

OW-DISS n x/x
filter ™  correction = 10 veal
1
1
i
0
i
|

PIN ASSIGNMENT

vexi' [ 16 [J viyo
VExI" [ 2 15[ ] GNDA
Gsx []3 14 7] CLKS
vego [ 4 13 [] poWN
EFB7912

ewri [s 12 ] cLk
pwro' (] 6 11 [J GnoD
pwro ] 7 10 [ vEgl

v s s [J v

THOMSON-EFCIS

Sales headquarters

45, av. de I'Europe - 78140 VELIZY - FRANCE
Tel.:{3) 946 97 19/ Telex : 204780 F
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- EFB7912

ABSOLUTE MAXIMUM RATINGS *

Rating Symbaol Value Unit
Supply voltage v? + TV v
Supply voltage v -7V v
Analog input range Vig VT gV, KV v
Digital inpul range V) vT g v gVt v
Operating termperature range Ta 0°Cwo70°C %g
Storage 1emperature range Tstg - 65°C 10+ 125°C %6
Pin temperature (Sotdering, 10 s} 260° ¢ e

*Stresses above those listed under "Absolute Maxirmum Raungs” may cause perrnanent damage (o the device. This is a stress rating only
and functional operation of the device at these or any other conditions beyond thase indicated in the operational sections al this speci-
tcation 1s not implied. Exposure 10 absolute maximum rating conditions for extended periods may affect device raligbility. Standard
CMOS handling procedures should be erployed to avoid possible damage to device.

ELECTRICAL OPERATING CHARACTERISTICS

Parameter Symbol Min Nominal Max Unit
Positive Supply Voltage Ve 4.75 5.0 5.25 v
Megative Supply Voltage V- -5,25 -5.0 -4.75 \Y
D.C. AND OPERATING CHARACTERISTICS
(TA=0°C1t0+70°C, V' =«5V256% V =-5V 5% GNDA =0V, GNDD = 0V, unless otherwise noted)
DIGITAL INTERFACE
Parameter Symbol Min Typ (1) Max Unit
Input Current, CLKS I - _ +10 uA
VIL min S VI = Vid max
Input Low Level Current, CLK I = = + 10 uA
VIL min = VI = ViL max
Input High Level Current, CLK [IT™] - 3500 = = KA
ViH mia S VY1 S VIH max
Input current, PDWN -h -100 - - uA
ViLmin S VI SViHmax L
Input Low Voltage {except CLKS) ViL - - 038 Ay
input High Volrage (except CLKS) Vin 24 v v
Input Low Veliage, CLKS Vi v V7405 v
Input Intermediate Voliage, CLKS Vit GNDD-0.8 - GNDD+ 08 v
Input Higit Volnge,_f_‘LKS e Vi \:_“ -05 — v’ v
POWER DISSIPATION
T T ) Parameter T Syrmbot M:a Typ (1) r Max Unit 1
V' Standby Current leco = - - 500 HA
PDWN = V| min .
V"™ Standby Current lego s ey 500 A
PDWN = V| min
v’ Operalwng‘Currer\t, Power Amplifiers Inactive (2) lees = = 5 1 mA ]
PWRI=V
V'~ Operating Cursent, Power Amplifiers inactive (2} igg1 - — 5 mA
PWRI=V o
v" Operaung Carrent (3] - ice? - - 8 mA
V™ Operating Current (3) iggy - = 8 mA

2012

Note : | — Typical vatues ara for Ta = 25° C and nom:nal power supply values.

2 -GSy, VFx0, VFgO outputs loaded dy a 10 kil resistor,

3 - PWRO™, PWRO™ outputs cannected by a 1,2 k(2 resistor, GSy, VFxO. VF RO outputs loaded by a 10 k42 resistor, at nominal levels,

THOMSON - EFCIS
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D.C. AND OPERATING CHARACTERISTICS {continued)

(TA=0°C1t0+-70°C,V* =45V 5% V™ =-5V £5% GNDA=0V,GNDD =0V, unlessotherwmenoted)

ANALQOG INTERFACE, TRANSMIT FILTER INPUT AMPLIFIER

Parameter Symbol Min Typ 1) Max Unit
Input Leakage Current, VExI', VExI™, v= < Vin € V* Tex| - 100 - 100 nA
Input Resistance, VEx 1™, VFxI™, (VT < Vi, £ V) Rix| 10 - - MQ
Output Oifset Vottage VoGsy - = +30 mV
VFXI* Connected td GNDA Input Op Amp at Unity Gain
DC Open loop Voitage Gain, GSx , (R = 10k Q) AyoL 60 80 — dB
Open Loop Unity Gain Bandwidth, GSx fc - 1 - MHz
QOutput Vottage Swing, GSx Voxi +23 - - v
R = 10KQ
Load Capacitance, GSx CiX1 - - 20 pF
Load Resistance, GSx RLXI 10 - - K
Commeon Mode Voltage Range vem -23 - +23 \4
Comeon Mode Rejection ratio CMRR - 50 - dB
-23Vv <V, €23V
ANALOG INTERFACE, TRANSMIT FILTER
Parameter Symbol Min Typ (1) Max Unit
Output Resistance, VFxO Rox - 1 S i)
Qutput DC Offser, VFxO Vosx + 200 - + 800 mV
VFXI' Connected to GNDA Input Op Amp at Unity Garn .
Load capacitance, VF x O Crx - - 20 pF
Load Resistance, VFx O R x 3 - — K-
Output Vaoltage Swing (1 KHz, VFxO, except DC offset) Voxi +3.2 - = v
RLx = 10kQ
Output Voliage swing {1 KHz, VFx 0, except DC offset) Voxy 125 _ _ v
Rix = 3k
Note : 1 — Typical vaiues for Tpo= 2‘50 C and nominal power supply values
312
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D.C. AND OPERATING CHARACTERISTICS (continued)

(TA=0°C10:70°C, V' =+5V 5% V" =-5V+5% GNDA =0V, GNDD = 0V, unless otherwise noted).
ANALOG INTERFACE, RECEIVE FILTER
Parameter Symbol Min Typ (1} Max Unit
Input Leakage Current, VFRI 18R - = 3 A
-3.2<Vinp< 3.2V
Inpur Resistance, VFgI RiR T — - Mo
Output Resistance, VFRO RoR - 1 5 a2
| Output DC Oftset, VFRO VOsR - - + 300 mv
VFRI Connecied toa GNDA
Load Capacitance, VFRO CLR - - 20 pF
Load Resistance, VFRO RLp 10 - - K
Output Voltage Swing VF O VOR +3.2 = = ¥
Rip = 10k02

ANALOG INTERFACE, RECEIVE FILTER DRIVER AMPLIFIER

Parameter Symbol Min Typ Max Unit
input Leakage Curcent, PWRI IgsRA - - ° 1 HA
-32v v, <azyv
Input Resistance PWRI Ripa 0 = - M2
Output Resistance, PWRO' PWRG™ RORA o 1 - @
lout <10mA, - 3.0V <Vout <30V
Output DC Offser, PWRO PWRO™ VosrA = - 75 mv
PWRI connected 1o GNDA
Load Capacitance, PWRO' PWRO CLRrA = - 100 pF
Output Voltage Swing Across R . PWRO PWRO™ Single Ended VoRA!
Connection
Re= 10K +3.2 _ _ v
RL=600 02 R Connected toGNDA 129 - = \
R =300 2 t25 - - v
Ditferential Qutput Valiage Swing, PWRO' PWRO™
Balance Output Connection VORAZ
R =20K _ +6.4 = - \Y
R = 1200 2 R Connected Between PWRO" and PWRO +58 - - v
RL=600 Q2 +56.0 - - v

Q@ -
Note : 1 — Typical values are for T4 =25 C and nominal power supply values,
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AC CHARACTERISTICS

(TA=0"C10+70°C, V* =+B5V £5% V™ =-5V £5% GNDA =0V, GNDD =0V, unless otherwise noted).

Clock Input Frequency : CLK = 1.536 MHz £ 0.1 % CLKS = V) (Tiedto V™)

CLK = 1.544 MHz * 0.1 % CLKS = V| (Tied to GNDD)

CLK =2.048 MHz*0.1% CLKS =V (Tied to V)

TRANSMIT FILTER TRANSFER CHARACTERISTICS

THOMSON-EFCIS Integrated Circuits

Paramater Symbol Min Typ Max | Unit
Gain Relatjve 10 Gain a1 1 KHz GRX
0dBmO Input Signal, Gain Setting Op Amp at Non Irwerlmg Unity Gain
Below 60 Hz - - -25 de
400 Hz 0dBmO Signal= 1.1 Vams 8t GSx -8 - -0.125 d8
300 Hz 10 3000 Hz =16 Vams at VExO -0.125 = +0.126 dB
3300 Hz -0.35 - +0.126 dB
3400 Hz -0.7 - +0.128 dB
4000 Hz - - -14 d8
4600 Hz and Above - - -32 dB8
Absolute Passband Gain at 1 KHz, VFx0 GAX +285 3.0 3.15 d8
Ry = ©, Note 3 |
Gain Variation with SuﬁnlLes at 1 KHz GAXS - 0.04 - dB/vV
0d8mO Signal level, Supplies 5 %
Cross Talk, Receive to Transmir, Measured a1 VF %O CTax — - - 70 daB
20log (VF O/ VFRO)
VERIa 1.6 VRMS, | KHz Input VEx ', VFxI™ Connected fo
GSx, GSx Connected thraugh 10 K2 te GNDA
Differential Envelope Delsy, VFxG, 1 KHz to 2.6 KHz Opx - - 120 us
Absolute Delay at 1 KHz, VF 3O Dax - - 200 us
Single Frequency Distortion Products DPxy - - - 48 dB
0dBm Input Signal at 1 KHz
Single Frequency Distortion Products at Maximum Signal Level of DPx2 - - -45 dB
+3dBm0
1.6 VRpms. 1 KHz tnput Signal at GSy. Input Op Amp
at 20 dB Gain, The+ 3 dBmO signal a1 VFx0 is 2.24 VRis.
V" Pawer Supply Rejection Ratio at 1 KHz, VFxI= 0 Vams PSRR1 30 - - dB
V™ Power Supply Rejection Ratio at 1 KHz, VFx1= 0 Vams PSRR2 35 - - dB
Notes : 1 — Typical values are lor T o= 25° C and nominal power supply values.
2 — A noise measurement of 16 dBrnCo into a 600 Q2 load at the filter output is equivalent 10 10 dBrnCo.
3 — For precise gain calculation refer to figure page 9.
NOISE CHARACTERISTICS at VFx0O Gain Setting Op-Amp at Unity Gain
Parameter Symbol Min Typ Max Unit
Total C Message Noise
0dBmO Signal = 1.25 VRpg at VFx0 Nexg - - 12 dBrnCo
0dBm0 Signal = 1.6 Vgmg a1 YFx0 NCx2 - = 10 dBrnCo
Total Psophometric Noise
0dBmO Signal = 1.25 Vs Npx1q - -78 dBmOp
0dBmO Signal =16 Vrms Npxo - - - 80 dBmOp
5/12




EAIREE

AC CHARACTERISTICS {continued)
(TA=0°C10+70°C, V" =+6V 5% V™ =-5V +5% GNDA =0V, GNDD =0V, unless otherwise noted}.
Clock Input Frequency * CLK = 1.536 MHz 0.1 % CLKS = Vi (Tiedto V")
CLK = 1.544 MHz t 0.1 % CLKS = V[| {Tied to GNDD)
CLK =2.048 MHz £ 0.1 % CLKS = Viy (Tied to V*}
RECEIVE FILTER TRANSFER CHARACTERISTICS
Parameter Symbol Min Typ (1) Max Unit
Gain Relative to Gain at 1 KHz with sin xix Correction of Coder GRR
0dBmO Input Signat
Below 200 Hz {GdBmO Signat= i.6 Vms! - = + 0125 dB
200 Hz -05 e +0.125 d8
300 Hz ro 3000 Hz -0.125 - +0125 dB
3300 Hiz -035 - +0.125 dB
3400 Hz -0.7 - +0.125 dB
4000 Hz - - -14 da
4600 Hz at 7600 Hz = = -30 ds
7600 Hz at 8400 Hz E - -40 dB
8400 Hz and above e = - 30 ds
Absotute Passband Gain at 1 KHz, VFRO GAR -0.15 0 +015 dB8
R =%, Noe3
Gain Variation with Supphes at | KHz GARS - 0,04 - d8/Vv
0dBmO Signal leve!, Supplies £6 %
Cross Tatk, Transmit to Receive, Measured a1 VFRO CTxRr — — - 70 dB
20 log (VFRO/VF x O}
VFxl=1.6 VRms. | KHz, Input VFR! Connected 10 GNDA
Differential Envelope Delay, VERO, 1 KHz to 2.6 KHz ? OpR = = 130 us
Absolute Delay at 1 KHz, VFRO OAR —_ - 150 us
Single Frequency Distortion Products DPRy - - -48 dB
QdBm Input Signal at 1 KHz
Single Freguency Distortion Products at Maximum Signal Level of OPgR2 - - - 45 dB
+3dBm0 (2.24 VRms). | KHz
V™ Power Supply Rejection Ratio at 1 KHe, VFRI= 0 VRms PSRR1 30 - - dB
V7 Power Supply Rejection Ratio at 1 KHz, VFRI= 0 VRMS PSRR2 35 - - dB
Notes : 1 — Typical values are for T A= 25° C and nominal power supply values.
2 — A noise measurement of 16 dBrnCo into a 600 2 load at the filter output is equivalent ta 10 dBrnCo.
3 — For precise gain calculation refer ta figure page 9.
NOISE CHARACTERISTICS at VFRO Output or PWRO* and PWRO™ Connected with Unity Gain
Parameter Symbol Min Typ Max Unit
Totai C Message Noise
0dBmO Signal = 1.25 Vg ot VERO NcRy - - 12 dBrnCo
OdBmO Signal = 1.6 Vg at VFRO NcRro - e 10 dBrnCo
Total Psophametric Naoise
OdBmQ Signal = 1.25 Vrps at VFRO NpR4 - - -78 dBmOp
0dBmO Signal = 1.6 Vpg at VFRO NPR2o - - - 80 dB8mOp
6/12 X X
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GAIN RELATIVE TO GAIN AT 1 KHz (dB)

-30

-40

-60

TRANSMIT FILTER TRANSFER CHARACTERISTICS

- 25dB, 80 Hz

+0.125 a8
300 Hz " Torea

-0.125dB

200 Hz *0:

- 1.8 dB 200 Hz

TYPICAL TRANSMIT FILTER 3400 Hz
TRANSFER FUNCTION

TYPICAL TRANSMIT FILTER——]
TRANSFER FUNCTION

+0.125dB
3300 Hz

25 dB 3400 Hz

—

]
60 Hz

100 Hz 200 Rz t KHz 4 KHz

FREQUENCY (Hz])

EXPANDED SCALE
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GAIN RELATIVE TO GAIN AT t KHz (dB)

RECEIVE FILTER TRANSFER CHARACTERISTICS

+2 = ”\‘
TYPICAL RECEIVE FILTER > :
TRANSFER FUNCTION——— . w
+0125d8  +0,125 g ‘Filter Only) Py : i
AL : ; +0.125 dB 3000 Hz 4 G
R 3 o
o : a
0548 TR W Z
-y 200 Hz -0.125dB 300 Hz - 0.125 dB 3000 Hz §
0.35 dB 3300 Hz v
2 -0.7 dB 3400 Hz
0 ;7%///%})/;’ o s }
A A A A . a
104
7~ TYPICAL RECEIVE FILTER TRANSFER
. FUNCTION WHEN ADDED TO THE
20 é SIN x/x OUTPUT RESPONSE OF THE CODEC
T 4
.
2 307_ 2’
-a0l /
74
.
-50.L .
t — Tttt t
0 Hz 100 Hz 200 Hz 1 KHz 4 KHz 10 KHz

FREQUENCY (Hz2)
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PIN DESCRIPTION

NAME N° FUNCTION DESCRIPTION
VExI* 1 toput 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 comes from the transmit
leg of a 2-ta-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
filter 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
sampling system.

VExI™ 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 2.2V, low DC cffset 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 cperation, the load impedance connected
to the GSx output should be greater than 10 k£ in parallel with 20 pF.
This pin is also the input of the transmit filter.

TRANSMIT AND RECEIVE GAIN ADJUSTMENT
vEx© g \
e i TRANSMIT
VExIT 2 L FILTER
GSx 3
AN
Wy
R2
Ay GAN=1+ B2 R =R1+R2Z 10k
Ry v LX=
VFRO
e 9 RECEIVE 0 VFRl
FILTER
R3
ZL % Ra
RLp=Ras M 2L yokn
ey R4+ Z)

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 10 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 VFRO 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™.

THOMSON-EFCIS Integrated Circuits
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[ EFB7912

PIN DESCRIPTION {continued)

NAME

N

FUNCTION

DESCRIPTION

PWRO"

Output

Pin & is the non-inverting side of the power amplifiers. Power driver outpui
is capable of directly driving hybrid transformers.

PWRO™

Qutput

Pin 7 is the inverting side of the power amplifiers. Power driver output is
capable of directly driving hybrid transformers.

Supply

Pin 8 is the negative supply pin. The voftage applied to this pin should be

Supply

-5V £5%.

Pin 9 is the positive supply pin. The voltage applied Lo this pin should be
+5V £5%.

VFRI

Input

Pin 10 is the analog input to the receive filter. The receive signal is typicaily
generated by the decoder section of a u or A law companding Codec. The
receive filter is a low-pass switched-capacitor filter 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 aver the passband.

GNDD

Ground

Pin 11 serves as the digital ground return for the internal clock. The digital
ground is not internally connected to the analog ground. The digital and
anzlog grounds should be tied together as close as possible to the system
supply ground.

Input

The digizal clock signal should be supptied 10 pin 12. Three clock frequencies
11.536 MHz, 1.544 MHz, 2.048 MHz) may be wused. The desired clock
frequency is selected by the CLKS input (Refer to Table 1}. For
proper operation this ctock should be tied to the receive clock of the Codec.

i)

TABLE 1

Codec Clock

Clock Bits/Frame FILTER CLK, Pin 12 FILTER CLKS, Pin 14

1.636 MHz
1.544 MHz
2.048 MHz

192 1.536 MHz VT (EV)
193 1.544 MHz GNDD
256 2.048 MHz V' BV)

NAME

FUNCTION

DESCRIPTION

PDWN

Input

This control input is used to place the filter in the standby power-down
made, Power-down occurs when the signal on this input is pulled high.
Standardd TTL tevels may be used. An internal pull-up to the positive
supply is provided. A settling time of 16 ms (typ) should be allowed after
power is restared.

CLKS

Input

Clock (pin 12, CLK) frequency selection. if tied to V™, CLK frequency
should be 1.536 MHz. If tied 1o Ground, CLK should be 1.544 MHz. If
tied 1o V7, CLK should be 2.048 MHz.

GNDA

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 should be tied together as
close as possible to the system supply ground.

VFExO

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 cougled to the transmit {encoder) section of the Codec.

10112
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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 shoutd exceed 0.1 uf,
R1 should be less than 50 k2, and the product R1 x C1
should exceed 4 ms.

SLIC
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The Power Supply decoupling capacitors should be0.1uF.
In order to take advantage of the excelient noise per-
formance of the EFB7356 and EFB7912, care must be
taken in board layout to prevent coupling of digital noise

into the sensitive analog lines.
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FILTERING:
A NEW CONCEPT

STANDARD FILTERS: A catalogue of low-pass, high-pass,
band-pass, notch filters.

SEMI CUSTOM FILTERS: Any kind of specifications with
order up to 12.

t
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A MASK PROGRAMMABLE FILTERS (M.P.F) FAMILY
AND ITS "“FILCAD" SOFTWARE PACKAGE

A CMOS M.P.F CHIP FAMILY WITH A "CAD PACKAGE" CAPABLE OF TRANSFORM ANY
FILTER SPECIFICATION INTO INTEGRATED CIRCUIT ON A SHORT LEAD TIME (4 or 8 weeks
depending on filter specifications).

Three M.P.F bases and a complete 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:

e S.C.F order between 2 and 4.
« 1 optional internal 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.

TSGB608 base:

¢ S.C.F order between 4 and 8.
¢ 2 uncommitted operational amplifiers.
o 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 (X 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.

® 8 0 0 0 9

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 - TSGBHKO8 - TSGB612
FILCAD input is the filter template. Then, synthesis, simulations and routing programs are
Iinke;(d 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.

43 - 45, Avenue de I'Europe 78140 VELIZY-FRANCE Tel. {1) 39.48.97.19 Telex : 2407B0F
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TSG8704 TSGB508 TSG8612

By using the three M.P.F bases and CAD tools, THOMSON SEMICONDUCTEURS is proposing
a complete filter family which includes standard filters and semi custom filters.

MPF FAMILY
2 to 4th order 4 to 8th order 8 to 12th order
(one filter) {one filter) {one filter
or two filters
with Z order < 12)
TSG8704 TSG8508 TSG8612
| I
STANDARD FILTERS SEMI CUSTOM FILTERS
Low-pass: TSGFO04 / Customer identification
TSG8510:; 5th order CAUER (PCM) TSGFO8 / Customer identification
TSGB511: 7th order CAUER (50 dB) . W——
TSGB512; 7th order CAUER (75 dB) TSGF12 / Customer identification

TSG8513: 8th order CHEBYCHEV
TSG8514: 8th order BUTTERWORTH

High-pass:
TSG8530: 3rd order CAUER

TSG8531: 6th order CAUER
TSG8532: 6th order CHEBYCHEV

Notch:
TSG8540: 6th order (Q = 7)

Band-pass:

TSG8550: 6th order CAUER (Q = 7)
TSGB8551: 8th order (Q = 35)

Voice-grade dual filter for telephone line
interface:

TSG8670: 4th order low-pass
8th order band-pass

For every M.P.F, the cutoff frequency (or center frequency for band-pass and notch) is clock
programmable: frequency response is shiftable simply by clock tuning.

THOMSON SEMICONDUCTEURS




FILCAD

FILCAD is a software package developed by THOMSON SEMICONDUCTEURS available for its
Switched Capacitor. Filter designs: M.P.F, but also Full Custom or Semi Custom Circuits
containing such Filter cells.

Evaluation
EVA Theorical
synthesis
1 S.C.F synthesis
GENERAL ‘ S.C.F schematics
PURPOSE
S.CF
CAD
TOOLS SAFIR SYCAB
for leapfrog structure biquad. cascade
M.P.F L |
Std cells
Full Custom
\ e S.C.Fsimulations
 Dynamic scalin%
+« Normalization o
SIRENA capacitors
adapted to M.P.F
¢ MONTE CARLO analysis
SCHEMATIC
CAPTURE
SPECIFIC '
LAYOUT
FAD TOOLS = FACTOR
or
M.P.F /\
PG tape Automatic
of specialization mask layout draft
(GDS2 standard)
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TSG85XX: Standard filters
TSGFO08/Customer ident.: Semi Custom Filters

SWITCHED CAPACITOR MASK
PROGRAMMABLE FILTER

The TSGBSXX 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 internal filter are obtained during the last step of
chip realization. The specialization 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 B weeks
after the filter template definition.
‘This technique has also been used to define THOMSON SEMICONDUC-
TEURS family of general purpose filtars.
Based on the switched-capacitor structure, these circuits exhibit all the
advantages of this technique, namely precise template, high temperature
and long-range stability, almost no extarnal component, no adjustment,
low consumption, high density, easy customization, low cost and high
security of use.
Available order: 4 to 8 (any type).
e Input signal frequency range: 0 1o 30 kHz.
e S/N ratio (depends on the internal structure); 60 to 85 dB.
o Clock tunable cutoff frequency
e Powaer supply requirements: £6 Vor 0-10 V.

Powear consumption: adjustable from 0.5 mW to 20 mW per order.
AVAILABLE PRODUCTS:

e Standard *
Low pass: High pass:
TSG8610: bth arder Cauer (PCM) TSG8530:; 3rd order Cauer
TSG8611: 7th order Cauer (50 dB) TSG8631: 6th order Cauer
TSGB512: 7th order Cauer (75 dB) TSG8532: 6th Chebychev
TSG8613: 8th order Chebychev Bandpass:
TSG8514: 8th order Butterworth TSG8560: 6th order Cauer
Notch: TSGB551: 8th order (Q = 35)
TSGB540: 6th order (Q = 7).

e Semi Custom
TSGF08/Customer identification.

TYPICAL APPLICATIONS:

e Telecommunications.

o Robotic,

e Sonar detection,

« Data acquisition (before A/D and after D/A conversions).

e Speech processing.

, Audio processing.

@ Instrumentation (portable, medical,...).

@ Spectrum analysis (noise, speech)

® |ndustrial applications (process control,...).

® All low frequency classical applications where low power and smatl
sizes are researched.

* The standard circuits TSG8512, TSG8532 and TSG8540 are respec-
tively equivalent to R5609, R5611 and R5612 (Reticon).

LINEAR HCMOS1
M.P.F

SWITCHED CAPACITOR
MASK PROGRAMMABLE FILTER
(Order: up to eight)

CASE CB-79
L |
1
P SUFFIX
CASE CB-98 PLASTIC PACKAGE
8 |
b
Ceramic package {C suffix)

and Cardip package (J suffix)
are also available

PIN ASSIGNMENT

vt ~ s[]pwr
v [z 7[JcLK
Lve [a &[] out
in 4 5[] GND

8 pins: FILTER ONLY

v - 16 [JNe

v-[a2 15[]-Ea
wis 14 []sA

IN[]a 13[]+EA
cnoqs 12[]+e8
out[]s 1 ]ss
cLk[]7 10[]-€E8
PWF 8 9 []pwa

16 pins: FILTER+2Z OP-AMPs

43-45, Avenue de I'Europe - 78140 VELIZY-FRANCE - Tél. (1) 39.46.97.19 Télex 240780F
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BLOCK DIAGRAM
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PIN DESCRIPTION (8 pin package)
{minimal version : filter only)
Name Typa N° Function Description
vt 1 1 Positive supply
M t 2 Negative supply
LVL, | 3 Output DC Filter output DC leve! adjustment when connacting
level adjustement a potantiometer between and V- with its middle paint
to LVL. When no adjustmant is needed LVL pin is
connected to GND.
IN 1 2 Filter input
GND 1 B General ground
our o} 6 Filter output
CLK I 7 Clock input TTL levels
PWF 1 B Filter power Filter power consumption can be choosen by connecting
adjustemant a resistor between PWF and GND [or V). Stand by mode

iseglblsined by connecting PWF to V- (or non connec-
ted).

218
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LE=11-1+ 7 V.9

PIN DESCRIPTION (18 pin package)
(extended version : filter + 2 op Amps)

Name Type N* Function Description
vt ] 1 Positive supply
V- ] 2 Negative supply
VL i 3 Qutput DC Filter output DC level adjustment when connecting
lavel adjustment a potentiometer batween V* and V- with its middle point
1o LVL. When no adjustment is needad, LVL pin is
cannected to GND.
IN I 4 Filter input
GND | 5 General ground
out o] 6 Filter output
CLK ) 7 Clock input TTL levels
PWF I ] Filtar power adjustment Filter powaer consumption can ba choosen by connecting
a resistor between PWF and GND {or V). Stand by mode
is obtained by connecting PWF to V- (or non connected)
PWA I 9 Op Amp power adjustment] Idem PWF but for Op Amp (PWA)
-EB 1 10 Inverting input
Amp B
58 o] " Output Op Amp B
+es i 12 Non inverting input
Op Amp B
+EA ] 13 Non inverting input
Op Amp A
SA o] 14 Output Op Amp A
“EA 1 15 Inverting input Op Amp A
NC 16 Non connected
3/19
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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 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 diffarent phases
neaded for tha intarnal switching. Thae internal clock is
performed through an intarnal mask programmable
divider which adapts if requiredthe 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 voltage
swings.,

The output sample and hold buffer is connected to the
filter output and so allows a low impedance signal deliv-
ary.

MAXIMUM RATINGS

The output DC level adjustment is also possible with an
external vohage source (obtained for exampie through a
resistor divider).

Two uncommitted general purpose operational amplifi-
ers are also available.

They can be used by the customer to implement other
analog functions (for example gain, pre or post fiiter-
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 ad]ustment pins. So the consumption of
the structure can be chosen to adapt it to tha applica-
tion. The stand-by moda can be obtained by connecting
the corresponding pins to the V~ supply (or non
connected),

Rating Symbeol Value Unit
Positive supply voltage vt -0.1610+7 v
Negative supply voltage V- -7to+0.16 v
Voltage to any pin {exept for ground) v V--0.3t v
vt+03
DC current per pin (except for supplies) lo 150 mA
Temperature °c
Operating t° range Toper |-g0to+130
Storage 1° range Tsig - 60 10 + 150

4/19
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ELECTRICAL CHARACTERISTICS FOR FILTERONLY T=25T

Characteristic Symbol Min Tye Max Unit
Positiva supply voltage vt 4 6 8 v
Negative supply voltage v -8 -6 -4 v
Output voltage swing Vou V' +06 vioas vy,
Input voltage (with filter gain = OdB) Vin V' '+ 05 vF.18 VEE
Bias current on PWF (stand by mode by connacting PWF to V'i lowe 60 260 A
{ {or non connected)
| TTL clock input 0" Vi +0.8 v
| TTL clock input 1" ViK 2 v
External clock pulse width o 80 nS
Input resistance Rin 1 3 MQ
Input capacitance CiN 20 pF
Output resistance Rout 10 2]
Load capacitance Cp 100 pF
Load resistance Ry 0.1 1 KQ

NB) With single supply (O - 10 V) : same specifications

With single supply (O - 5 V) : specifications can be asked to Thomson Semiconducteurs commercial office

ELECTRICAL CHARACTERISTICS FOR OP. AMP.
=+B6V V=-BV T=25'C R =2KQ Ipya=100pA

Characteristic Symbol Typ Tested Unit
limita
DC open loop gain [ hd 76 80 dB (min)
(without toad) G’ 76 60 d8 {min)
Gain-band with product (without load) G- BW 2 1 MHz (min)
| Input offset voltage {without load) VioFF +5 +10 mV (max)
Output swing VouT -46 -42 V (min)
36 36 V {max)
Input bias current {without load) Ibias +5 +10 nA (max)
Supply rejection {without load) SVR 85 60 dB {min)
Common mode rejection Vepy = 1V (without load) CMR 85 60 dB (min)
Output ghort circuit current (without load) log 100 mA
Power consumption Pg + 28 3.2 mA (max)
- 26 32 mA (max)
Slew rate SR + 5 V/us
. 8 V/uS
6/19
THOMSON SEMICONDUCTEURS
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GAIN BANDWITOTH PRODUCT (MHz}

SUPPLY CURRENT (mA)

* USER’S GUIDE OF 'owa AND Rpy s FOR OPERATIONAL AMPLIFIER *
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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 frequency,
named sampling frequency (Fs), as follows:

82

51
WD 1 —5
c1 l :

The two switches (S: and Sz) are controlled by two
complementary and non overlapping clock phases.

During the phase @ =1 (S on, S; off), the charge stored
inCyis:
=Ci Vs n

During the phase @= 1 (S off, Sz 0n), the charge stored
in Cz bacomes:

V2

Qz=C,V:z (2)
During a complete clock peried Tg = F_1 =@+ B,
S
the transferred charge is:
AQ = Qy — Qa = Cy (Vi — Va) (3)

During a period Tg, this charge flow is equivalent to a
current |, such as:

Comparing (5) with Ohm law applied to a resistance:
_Vi—Vz

(5)
=== (®
The equivalent resistor is:
R = Req = Is (7)
Cs
Then, with (7), @ RC product becomes:
C
C==—.T 8
Req.C .15 (8)

WHY THIS TECHNIQUE CAN BE USED TO
REPLACE CLASSICAL ACTIVE FILTERS?

In active filters, the time constants are fixed by RC pro-
ducts. But the component values R and C used are
absolutely uncorralated, so trimmings are often needed
to obtain an accurate 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 0.56% whataver the temperature
conditions may be.

As tha time constants are fixed by capacitor ratios, fully
integrated filters are achievable without trimming. In
addition, as shown in (B), the time constant RC is propor-
tional to the sampling period Tg. Another important

AQ=Ci(Vy— Va)=1.Tg (4) property of switched capacitor filters is that cut-off fre-
CiiVi— Va) quency can be shifted by shifting the sampling clock
andso: 1=C;.Fg(Vi —Va)= %’ 5) without any change on the shape of response curves,
]
e
THOMSON SEMICONDUCTEURS
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SWITCHED CAPACITOR ACTIVE FILTER
FEATURES

The main features are summarized in the following
table:

Kesy points

Reauity

= Monglithie filter

« Every time constant defined by :
— capacitor ratios
— clock frequency

« Fully integrated filters with CMOS technology

= Switched capacitor networks ara sampled and hold systems

« Board size reduction

s Precise template.

« Stability in tempaerature and time

» High order filtar achievable

» No adjustment

« Template transposable by tuning the clock

» Low power
» Ease and safety of use
» No external cornponent

» Antialiasing pre-filtering is needed if the input signal
is wide band (See Application note)

« Smoothing post-fitering may be used to avoid spectral
rays around the sampling frequency {See Application note)

HOW TO CHOOSE HIS TYPE OF FILTER?

A number of nomographs, tables and curves provide, for
each type of function and according to its order, the
amplitude responsa curves, the phase responsa curves,

the group delay curves, and also the pulse and step
responses. All thase characteristics, and a few others,
are summarized in the following table:

Kind of filter
Kind of g Butterworth Legendre Chebychev Beass! Cauer

nce
Cut-off, abruptness
for a given order L ) s i ane
Regularity of the Ripple within the Ripple within the
“amplitude - frequaency” passband/regu'lar passband and the
curve i e within the notch o notch
Regularity of the
group Delay - o 3 s 000
Sensitivity T - 5 . ™
Transient condition
dlltoﬂ'loﬂ! - s oo e 000
Transmission zeros None None Nene None Yes
Required overvoltage
factors Very low Low Medium Medium High

°% : Very mediocre
% : Mediocre
@ : Medium
** : Excelient
** :Very good
+ Good

-

Wa will keap in mind the following:

e the BUTTERWORTH filters are interesting becausa of
the regularity of their passband; {no ripple) but their
cut-off is not vary abrupt,

the LEGENDRE filters associate a conveniant regu-
larity of the amplitude responsa curve with a cut-off
abruptness and a transient behaviour that are of
good quality,

B/18
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the CHEBYCHEV filters present, at least within the
first octave, an abrupt cut-off, but their transient
behaviour is not parforming,

the BESSEL filters present a very good transient
bsehaviour (constant group delay in passband), but
thair cut-off is not very abrupt,

the CAUER filters allow an extramely abrupt cut-off
to be obtained, but their group delay regularity is
mediocre. They presant transmission zeros.
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CUT-OFF FREQUENCY DEFINITION

G {daB) “
G
¢ Ap 4
4
4
s
/ As
/
L
] L
| LLL LSl
! |
| 1
] 1
I 1
¢ L F (Ha)
[+] Fe Fy
0 1 FalFe
FIGURE 1 — DESIGN SPECIFICATIONS
The cut-off frequency Fc is the passband limit frequency passband: Ap is 3 dB for Butterworth, Bessel and
as defined on the design ‘specifications above men- Legendre filters {figure 2a), and is called passband rip-
tioned. ple for Chebychev (figure 2b) and Cauer filters
. " . {figure 2c).
The maximum value of the attenuation variation in the
Go G Go
[Tt Ap DI__ _fap . “{Ap
] As h As As
! 1
1 5 1 - \ -
| ) | )
1 1 L [
| 1 1 1 1l
Fe Fy Fe Fg Fe Fy
FIGURE 2a FIGURE 2b FIGURE 2
The passband ripple is design dependant and between The parameter G, called passband gain is the maximum
0.05 dB and 0.2 dB with TSGB6XX standard filters. value of the gain in the passband, and may hava low

variation from part to part:

919
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TSGBBXX

Example:
TSGB510 with Fe = 256 kHz — Fc =3.4 kHz
Gy min=-0.3 d8

Gy max =0 dB
Ap =0.05 dB
i /
Go =0dB 0dB
f Ap=0.05d8 r
| B
1 Go =-03 i Ap=0.05d8
|
! !
| 1
! 1
1 1
Fe=3.4 kHz Fe=34 kHz
FILTER No. 1 FILTER No. 2
This two cases show that the two filters TSGB510{Ne. 1 - 0.35 dB for filter No.2

srd No.l)ha.a l_he Sameo- it irequpRey Wittdifiarant The passband ripple remains constant, only the fre-
values of gain : :

- 0.05 dB for filter No. 1 quency responsa curve is shifted with G, variation.

10/18
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TYPICAL APPLICATION

Typical use of the M.P.F. (Figure 3}

The M.P.F is fed in dual supply: £5 V.

The adjustment of the DC output level of the M.P.F is
achleved by an external voltage source (for example, a
bridge divider connected between the positive and the
negative power supplies and whose the middie point is
connected to the LVL pin of the M.P.F). If no output DC
adjustmant is required, the LVL pin can be directly con-
nected to GND.

The consumption of the filter can be also adjusted by
means of an external resistance connected between V+
{or GND) and the PWF pin of the circuit,

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 pravious 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, batween
—4.5Vand+35V.

A capacitor Cpyyf can be added in parallel with
Rpwe in order to improve the clock feedthrough
rejection: (Typical value Cpyr = 33 pF).

-5V +5Vv
PL m
v Ne -
1 .
v -EA L
LVL SA -
-1 IN +EA |-
T8G
|||—— GND 86XX tgg |
—— ouT s8 |-
sv
od LI o ek e |-
e PWF PWA
|
|
ik *
= Crwr Rpwr Rop
|
1
— M
GNDOR V GNDORV

P = 20 k{2 {mubhtiturn)
10 kO < Rpyyr. Rgg <75 kO

FIGURE 3

* If the OP AMPS are not used, Rop must not be con-
nected between PWA and GND.
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TSGBBXX

Usa of the M.P.F. with 0-10 V {Figure 4) The high level of the clock must be at least 1.4 V upper
. the GND level.

The M.P.F is fad in single supply: 0-10 V. n i "

Inthis case, V" ia the reference ground of the circuit and With !_hna prm;io: . Mc%ndi‘tmns. ms' voulpul linesr

GND must be adjusted to +5 V by means of the potenti- drhgaeméc\;ange of the M.P.F is about between 0.5

ometer P ((V* — V' )/2). AN

The adjustments of the DC output level of tha M.P.F, of
the power consumptions of the filter and of the opera-
tional amplifiers can be achieved exactly lika previously.

+i10v
—v* Ne
= —EA
||’-— v ot
LvL SA
TS6G 4+ ]
-— N EA L
BEXX
GND +es L
1wov -] OUT se | B
o I'LI'L | CcLK ~E8 |
PWF PWA
[ i
!
1
1
wde
R
T PWF PWF Rop
|
i
-
vt vt vt

P =20 k2 (multiturn)

10 k(1 < Rpyyr, Ry, <75 kO

FIGURE &
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TSGBBXX

Use of the M.P.F. with 0-6 V (Figure 5)

The M.P.F is fed in gingle supply; 0-8 V.

In this case, V" is the refarence ground of the circuit and
GND must be adjusted to + 2.5 V by means of the
potantiometer Py_{{V* — V')/2).

The other adjustments are achieved exactly like pre-

viously except for bias resistances of the filter and of the
operational amplifiers (Rf and Rop), whose must be
axclusively to V*,

The clock levela must be TTL levels. With these previous
conditions, the output linear dynamic range of the M.P.F
is about 2.2 V, between 1.2and 34 V.

+5Vv
vt NC -
v —EA
'w— vh
LVL sa ||
o N TSG tga P
8EXX
GND +EB [
BV = OUF SB | -
oJITL o Jox —es |
i PWF PWA
-
|
|
.
C R
— FE s Rop
|
I
-
vt vt vt

£ = 20 k82 {multiturn}

10 K62 < Rpyyr, Ry, <75 k02

FIGURE b
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TSG8BXX

Anti-aliasing and smoothing (Figure 6)

o Anti-aliasing: The switched capacitor filters are
sampled systams and must verify the SHANNON
condition imposing a sampling frequency (Fs) equal,
at least, 10 the doubls of the upper frequency (Fc)
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 6, where the entire spactrum to
transmit appears around Fs, 2Fs, 3Fs,... and so on.

GAIN

Thus, all spactrum companents of the signal con-
tained 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 — Fc. An analog filter, called “anti-aliasing filter”,
must be therefore applied before the M.P.F.

WITHOUT ANTI-ALIASING FILTER,
THE SPECTRUM COMPONENTS AROUND Fs, 2F5’
ARE NOT STOPPED BY THE SAMPLED FILTER

~ ~

ANTI-ALIASING
FiLTER TEMPLATE

1
\ I I
SPECTRUM \ |

e ! ALIASING OF THE SPECTRUM ALIASING OF THE SPECTRUM

TO TRANSMIT AROUND F TO TRANSMIT AR '

TRANSMIT ‘\ § I OUND 2Fg

\ | |
\ l I FREQ
Fg Fg—Fc Fs Fg+Fe 2Fg—F, 2Fg P HF,
FIGURE 6

Phanomanon of the spactrum aliasing

. Without anti-aliasing filter : Spectrum to transmit 7 transmitted spectrum

. With anti-aliasing filter

The selectivity of this filer 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

THOMSON SEMICONDUCTEURS

Spectrum to transmit = transmitjed spectrum

relationships are described (figure 7). In these relation-
ships, Fc is the cut-off frequency desired of the anti-
aliasing filter and £ its damping coefficient. For a cut-
off as tight as possible and without overvoltage around
it, ¥ must have a value around 0.7.




TSG85XX

vt
c2
_l= -
R1 R2 i
-'_‘:}_' +

l]|—|
<|

c1 = E_
R1 = R2 = arbitrary value 27R1 Fec
Fc = cut-off frequency for the antialiasing filter.
An optimal choice is Fe = 1.2 x cut-off frequency of (c1 = £ -cal
the main filter
E = damping coefficient; the optimal value is 0.7 1
2nER1 Fe

FIGURE 7

SALLEN-KEY structure {second order low-pass Fiiter) for
antj-aliasing and smoothing.

N.B) If Fs/Fc < 2 (figurel 8), the spectrum to transmit becomes impossible to share the useful signals fromthe
and the spectrum aliased have a part in common and it undesirable signals.

GAIN

J

PECTRUM
| Y ALIASING OF THE

SPECTRUM AROQOUND F

-
o

ANMRNAY

TRANSMI s

FREQ

b ———————

n
ud

(¢}
-

«
1
n

a

w

FIGURE 8

When F3/Fc < 2, the spectrum companents included batwesn
Fs-Fc and Fc and which are due to spectrum aliasing are not
stopped by the sampled filter
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TSG8bXX

o Smoothing: As the signal obtained at the output of

the M.PF is a sampled and hold signal, it is often
required to smooth it. This smoothing filter can be
achiaved from the SALLEN-KEY structure praviously
dascribed (figure 7).

Hardware implementation: In order to make easier
anti-aliasing and smoothing, THOMSON SEMICON-

-5V +5v
T -
N, % v NC
| -
v
LVL
TS5G
— IN 85XX

v 1||— GND
o JTLIML

DUCTEURS has designed, on the even chip of the
M.P.F, two general 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 spacial
integrated cell is included in the chip (cosine filter) to
reduce the aliasing effects around Fs.

ouT
CLK
s PWE
-
|
1
I
==Cpwr Rewr
I
1
iy a:
GND OR V

P =20 k2 {multiturn)
10 k2 < Rpy. Rgp 75 K

R1,R2,C1,C2
R'1,R2,C1,C'2

FIGURE 8

See anti-aliasing

and smoothing considarations

M.P.F with anti-aliasing and smoothing filters
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Nonetheless, if the application allows it, these two anti-aliasing or smoothing filter. This structure is the
operational amplifiars can be used to implement other same as the SALLEN-KEY structure described figure 7
functions (gain, comparator, oscillator,...), (second order low-pass), in the same way ag the corres-
In this case, the circuit shown figure 10 can be used as ponding relationships.

+5v

R1 R2

2N
1 1 2222

10 k2

FIGURE 10

Second order low-pass Filter {(SALLEN-KEY STRUCTURE)
with a transistor replacing the operational amplifier.

17119
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TSGB5XX

PHYSICAL DIMENSIONS

CASE CB-79

P SUFFIX
PLASTIC PACKAGE

Ameme ek !

e -~

rororerer L L
i
' JSUFFIX

2 16 o
ow ¥ CERDIP PACKAGE

CASE CB-98
y o
\
AR

1 T gl posivas

B

= ¥

A500 | ‘ Fusa | cEel P SUFFIX
= L i) = PLASTIC PACKAGE

These specifications are subject to change without notice
Please inquire with cur sales offices about the availability of the different packages
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‘> THOMSON SEMICONDUCTEURS

TSG85XX

M.P.F STANDARD PRODUCT

Those MPF standard preducts are HCMOS universal 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 TSGB5XX general characteristics.

Here is the description of this family:

LINEAR HCMOS1
M.P.F

SWITCHED CAPACITOR
MASK PROGRAMMABLE FILTER
{(STANDARD FILTER}

Part number Function Type Order | Clock to cut-off
freq. ratio
TSG8510 Low - Pass Cauver 6 75.3
TSGB511 Low - Pass Caver 7 75.3
TSGB612 Low - Pass Cauar 7 100
TSGB513 Low - Pass Chebychev ] 60
T5G8514 Low - Pass Butterwarth 8 80
15G8530 High - Pass Couer 3 320
TSGB631 High - Pass Cayer 8 400
T5GB532 High - Pass Chabychev 1] 500
TSGB540* Notch a=7 3 930
TSGB550 Band - Pass CauerQ =7 6 48
TSGBS51 Band - Pass | Selective Q = 36 8 187.2

* Preliminary

Note: Except for TSGB561 {Go = 30 dB)
Go = 0 dB for all M.P.F.

CASE CB-78
*
!
P SUFFIX
CASE C8-98 PLASTIC PACKAGE

8

1
Ceramic package (C suffix)
and Cerdip package (J suffix)
are also available

PIN ASSIGNMENTS

Ny
v 80 pwr
v-[2 70 ek
BLOCK DIAGRAM w 3 6 our
i s 5[ ano
i Ji
'S * 8 pins: FILTER ONLY
el e
Power adjust | Qutput ‘
for filter DC lovel
=
3
8 th order Output
posibility S/H ] v e 0 ne
til | buffer
B M v-[2 15 0 A
Clock ganerator | wve O3 14 : SA
. [n ] in 4 13 [] +ga
. clock divi
rog. clock divider GNDE5 12 : +EB
Level 3 ] 11
T out [ 1 se
intariaos CLKE7 10 ] ~EB
L;.l X - ewr 8 9 [ pwa
CLK vt v
GND
18 pins: FILTER + 2 OP-AMPs
19/19
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A THOMSON SEMICONDUCTEURS

TSG8510

SWITCHED CAPACITOR MASK
PROGRAMMABLE FILTER

The TSGB510 is a HCMOS lowpass elliptic filter,

CAUER type.

5th order.

Stopband attenuation: 33 dB (typ).
Passband ripple: 0.05 dB (typ).

Clock to cut-off freq. ratio: 756.3.

Clock frequency range: 1 to 1500 kHz.
Cut-off frequency range: 13 Hz to 20 kHz.

Ordering information:

Note:

e Plastic 18 pins package; TSG8510XP.

e Ceramic 16 pins package: TSGB510XC.

e Cerdip 16 pins package: TSGB510XJ.

e Plastic 8 pins package: TSGB5101XP.

X: Temperaturerange = C :  0°C, + 70°C
| :-25°C, + 85°C

V:-40°C, + 85°C
M: -659C, + 126°C

For general characteristics, see TSG85XX specifications.
For non standardquality level, consult THOMSON SEMI-
CONDUCTEURS general ordering information.

LINEAR
HCMOS1
M.P.F

SWITCHED CAPACITOR
MASK PROGRAMMABLE FILTER

CASE CB-79

P SUFFIX

CASE CB-98 PLASTIC PACKAGE

iLTs
B J i
1
Ceramic package (C suffix)
and Cerdip package (J suffix)
are also available

AMPLITUDE (dB)

AMPLITUDE RESPONSE CURVE

—10

-20

—-30

— 40 /ﬁl\-"“--._

005 01 02 0.5 1 2 5 10 20

NORMALIZED FREQUENCY

PIN ASSIGNMENT

v ~ g 1 pwr
v-[02 70 e
we 3 6 1 our
w 04 54U Gno

8 pins: FILTER ONLY

v 16 [J N

v-[]2 15 —EA
v [J3 14 gs»\

N[ 1317 +ea
Gnp [5 12 1 +Es
out 6 1 [Jse
e 7 10 [] _gp
pwe 8 9 [ pwa

16 pins: FILTER + 2 OP-AMPs

43-45, Avenue de |'Europe - 78140 VELIZY-FRANCE - Tél. (1) 39.46.97.19 Télex 240780F
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1208010

FILTER SPECIFICATIONS

Lowpass filter: TSGB510; Type: Cauer; Order: 6.
Vt=86V. V-=-6V, T=26"C, RL=5 kOhm, CL = 100 pF, lpwr= 100 A

Characteristic Symbol Typ. Tested Unit Conditions
{imits
External clock frequency Fe 1 kHz {min)
1500 (") kHz {max)
Internal sampling frequency Fi 05 kHz {min)
750 (%) kHz {max)
Clock to cutoff {r. ratio Fa/Fc 753+1% -
Cutoff frequency Fc 0.013 kHz {min)
20(%) kHz (max)
Passband gain G, -0.3 dB (min)
Q dB {max)
Passband ripple Ap Q.06 0.4 dB (max) Fo = 256 kHz
Stopband attenuation As 33 32 dB (min) Fe=256 kHz, F>*1.37 Fc
Qutput DC offset voltage Voff + 100 + 200 mV (max) LVL = 0 Volt
DC fevel adjustment LvVL + 80 mV
Level gain LG 33 —
PWF resistance RpwE 10 kQhm {min}
72 kOhm (max)
Input current on PWF lpwE 60 M A (min)
250 u A (max)
vt supply current 1+ 3 B mA (max) Fa = 100 kHz
V-~ supply current I 3 6 mA (max) lpwa =0 A
v+ supply rejection ratio PSRRT 35 d8 Fe = 256 kHz
V" supply rejection ratio PSRR* b6 dB Fin =1 kHz
Input resistance Rin 3 M Ohm
Input capacitanca Cin 20 pF
Output voitage swing Vo +35 Vp - p (max)
-45
Output noisa Vn 89 pVrms BW = 3.4 kHz
Fa = 256 kHz
Signal to noise ratio SNR a7 dB8 Vin = 2 Vrms

{*) At maximum Fe

{with lpwf = 2B0 p1 A} - passband ripple - Ap =08 dB
- passhand gain: Gp = - 0.4 dB

THOMSON SEMICONDUCTEURS

: - stopband attenuation As > 32 d8 for F > 1.37 Fc
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T5G8510

NORMALIZED GROUP DELAY (SEC. Hz)

PHASE (dag.)

NOARMALIZED GROUP DELAY
EXTERNAL CLOCK FREQUENCY

{GROUP DELAY =

+180

+90

- 180

75

PHASE RESPONSE CURVE {IN PASSBAND)}

02 03 04 0.5 0.6 0.7 08

NORMALIZED FREQUENCY

GROUP DELAY CURVE (IN PASSBAND)

09

(Fel

02 03 04 0.6 06 0.7 08
NORMALIZED FREQUENCY

6

THOMSON SEMICONDUCTEURS

09




TSG8510

OUTPUT DC VOLTAGE ADJUSTMENT
FROM LVL PIN

k VouT (mV)
2000

| 1000

+ + = LVL
)
8 & 8§ 8§ g§ ™
- 500
— 1000 L
—1500 L
— 2000 1

USER’S GUIDE FOR lpwF

Fe [kHz) AND Rpywg CHOICE
1500
cu“i”'e
500 | NON RECOMMENDED —\)‘N“’“ON
ZONE cons
200
M
«V

100 of

- ,/ ZONE OF

CORRECT FUNCTIONING

- WITH OVERCONSUMPTION

10

5

2 )

1 = lpwi A}

50 100 150 200 250
RpwE (<€)
72 35 20 14 10 Connected to GND
4/5
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PHYSICAL DIMENSIONS

CASE CB-79

b nwew ] ln B
e |
P SUFFIX

{ ASOE | iy | a7
cn Dara wote sirnesc PLASTIC PACKAGE
- CASE CB-98
A
.
"
Ly o
u i ’
B Tom ot s
Bus
1
FisA | ce-98 P SUFFIX
W PLASTIC PACKAGE

These specifications are subject to change without natice
Please inquire with our sales offices about the availability of the different packages
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[ %) THOMSON SEMICONDUCTEURS |

TSG8511

SWITCHED CAPACITOR
MASK PROGRAMMABLE FILTER

The TSGB511 is a HCMOS lowpass alliptic filter,

CAUER type.

Tth order.

Stopband attenuation: 56 dB (typ).
Passband ripple: 0.1 dB (typ).

Clock to cut-off freq. ratio: 75.3.

Clock frequency range: 1 to 1300 kHz.
Cut-off frequancy range: 13 Hz to 17.3 kHz.

o 99800

Ordering informations:

e Plastic 16 pins package: TSG8511XP.
e Ceramic 16 pins package: TSG8511XC.

® Cerdip 16 pins package: TSG8511XJ.

o Plastic 8 pins package: TSG85111XP.

X: Temperaturerange =C : 0°C, + 70°C
1 :-25°C, + 85°C

V:-40°C,;+ 85°C
M: -65°C, + 125°C

Note:

For general characteristics, see TSGB5XX specifications.

For.non standard quality level, consult THOMSON SEMI-
CONDUCTEURS general ordering information.

LINEAR HCMOS1
M.P.F

SWITCHED CAPACITOR
MASK PROGRAMMABLE FILTER

AMPLITUDE RESPONSE CURVE

- 10
~ 20

- 30

- 40
- 5O ]

AMPLITUDE (dB}

- 60

- 70
- 8o

01 02 0.6 1

2 B

NORMALIZED FREQUENCY

CASE CB-79
®
1
P SUFFIX
CASE CB-98 PLASTIC PACKAGE
8 I .!
1
Ceramic package (C suffix)
and Cerdip package (J suffix)
are slso available
PiN ASSIGNMENT
sl T 5 H e
v-[J2 70 ok
Lve O3 61 our
v Os 5[ enp

B pins: FILTER ONLY

V+E1 -/ 16 [1 ne
v-[]2 15 [] -ea
we O3 14 [1 sa
N[ 131] +ea
GND 5 12 [ +es
out [ 1 [Ise
ck 7 101 _gs
rwr []8 9 [1 pwa

16 pins: FILTER + 2 OP. AMP3

43-45, Avenue de I'Europe - 78140 VELIZY-FRANCE - Tél. (1) 39.46.97.19 Télex 240780F



TSG8611

FILTER SPECIFICATIONS
Lowpass filter: TSGB611; Type: Cauer; Order: 7.

vt=86V, v-=-6V, T=25"C, RL=5k Ohm, CL = 100 pf, lpwf =100 u A
Charactaristic Symbol Typ. Tested Unit Conditions
limits
External clock frequency Fa 1 kMz (min)
1300 (*) kHz (max)
Internal sampling freq. Fi 0.6 kHz (min)
650 (") KHz (max)
Clock to cutoff fr. ratio Fe/Fc 76311 % _
Cutoff frequancy Fc 0.013 kHz (min)
17.3(") kHz {max)
Passband gain Gg 0.3 dB (min)
| o dB (max)
Passband ripple Ap 0.1 05 dB (max) Fo = 266 kHz
Stopband attenuation As 56 60 dB (min) Fa = 266 kHz
F>13Fc;
Qutput D¢ offsat voltage V off + 150 + 300 mV (max) LVL =0 Volt
DC level adjustment LVL + 64 mv
Lavel gain LG -4.7 —
PWF resistance RpwF 10 K Ohm (min)
72 K ohm (max)
input current on PWF Tewr 50 MA {min)
260 MA (max)
V+ supply current I+ 3.5 mA (max) Fe = 100 kHz
V- supply current i- 3.6 b mA (max) lpwa = OuA
V+ supply rejection ratio PSRR + 32 dB Fe = 256 kHz
V- supply rejection ratio PSRR- 47 dB Fin = 1 kHz
Input resistance LT 3 M Ohm
\_ Input Capacitance CiN 20 pF
Output voltage swing Vo +356 Vp-p (max}
-4.5
Output noise Vn 168 MV rms. BW = 3.4 kHz
; Fe = 266 kHz
Signal to noise ratio SNR 82 dB Vin = 2 Vrms

{*) At maximum Fe: stopband attenuation AS > 50 dB for F>>1.3 Fc

{with (pwi = 2B0uA)

passband ripple : Ap = 0.5d8

passband gain : G, = -0.7 dB

THOMSON SEMICONDUCTEURS
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LR~ A At L

PHASE (deg.]

NORMALIZED GROUP DELAY (SEC. Hz}

¥

NORMALIZED GROUP DELAY
EXTERNAL CLOCK FREQUENCY

(GROUP DELAY

- 180

- 270

- 360

250

PHASE RESPONSE CURVE (IN PASSBAND)

[

0.1 0.2 0.3 0.4 0.5 06 0.7 08 09 1
(Fe)

NORMALIZED FREQUENCY

GROUP DELAY CURVE (IN PASSBAND])

L
e
0.1 02 03 04 05 06 0.7 08 08 1
NORMALIZED FREQUENCY {Fe)
a6
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Tl 1 1

OUTPUT DC VOLTAGE ADJUSTMENT
FROM LVL PIN

VouT imv)

1500 1

1000 1

o & § § g § LVL

(mv)

| | 1 4 - 500
4 - 1000
- 1500
— 2000
- 2500
- 3000
USER'S GUIDE FOR lpwr
| FeikHz) AND Rpwf CHOIC
1300
1000 —
CURVE e
500 | NON RECOMMENDED ‘R_“oﬂ
ZONE consy
200 N -
>
100 b
i l/
20 ZONE OF
& CORRECT FUNCTIONING
WITH OVERCONSUMPTION
3
2
i - Ipwe (2A)
50 100 160 200 250 PYE
i N 1 L L RPWF (129]
72 36 20 14 10 Connected to GND
a/6
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PHYSICAL DIMENSIONS

- _ CASE CB-79

P | @ e s

16 e
" .
ASOE —[ Fuz cs-7e P SUFEIX
< oara sore e PLASTIC PACKAGE
e CASE CB-98
T
=
\
N
yres
11 M et
01 Yo g P
LI*S
1]
F oA [ ca98 P SUFFIX
smuax PLASTIC PACKAGE

These specifications are subject to change without notice
Please inquire with our sales offices about the availability of tha different packages
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| ) THOMSON SEMICONDUCTEURS

TSG8512

SWITCHED CAPACITOR
MASK PROGRAMMABLE FILTER LINEAR HCMOS1
SWITCHED CAPACITOR

The TSGB512 is a HCMOS lowpass elliptic filter. MASK PROGRAMMARBLE FILTER
e CAUER type.
e 7th order.
o Stopband attenuation: 85 dB (typ).
® Passband ripple: 0.15 dB {typ). CASE CB-79
e Clock to cut-off freq. ratio: 100.
® Clock frequency range: 1 to 2000 kHz.
e Cut-off frequency range: 10 Hz to 20 kHz.
Ordering informations: L
e Plastic 16 pins package: TSGB512XP. ‘ P SUFFIX
e Ceramic 16 pins package: TSGB512XC. CASE CB-98 PLASTIC PACKAGE
e Cerdip 16 pins package: TSG8512XJ.
e Plastic 8 pins package: TSGB5121XP. Y
X: Temperaturerange =C : 0°C, + 70°C 8 i

1 :-25¢°C, + ;

V : -40°C, + gg:‘é Ceramic package {C suffix)

and Cerdip package (J suffix)

M: -55°C, + 125°C are also available

Note: For general characteristics, see TSG85XX specifications.

For non standard quality level, consult THOMSON SEMI-
CONDUCTEURS general ordering information. PIN ASSIGNMENT
vi o 8 [0 pwr
v-[2 0 e
v L3 6 0 our
in L4 s GND
AMPLITUDE RESPONSE CURVE SLping: FILTER. ONLY
o
-1 \ v 6 One
g :;: \ v-[]2 15 1 —ea
s = o \ i e 14 E sA
o
2 -80 \ n 4 13 [ +ea
é —§0 \‘ GND [5 12 [ +gs
% :;g 1 out 6 11 []se
cux 7 0[] _ep
01 02 05 1 2 5 10 pwr []8 8 [ pwa
NORMALIZED FREQUENCY 16 pins: FILTER + 2 OP. AMPs

43-45, Avenue de I'Europe - 78140 VELIZY-FRANCE - Tél. (1) 39.46.97.19 Télex 240780F
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L A=A~ 110 3 4

FILTER SPECIFICATIONS

Lownass filter: TSGB512; Type: Cauer; Order: 7.
vt = -=-5V, T=25°C, AL=6k Ohm, CL=100pF. lpwf=100pu A
Characteristic Symbol Typ. Tested Unit Conditions
limits
External clock frequency Fe 1 kHz (min)
2000 (*) kHz {max)
Internal sampling freq. Fi 0.6 kHz (min)
1000 (*) kHz (max}
Clock to cutoff fr. ratio Fo/Fc 100+1% -
Cutotf frequancy Fc 0.010 kHz (min}
20(*) kHz {max)
Passband gain Gy -0.3 dB (min)
0 dB (max)
Passband ripple Ap 0.156 05 dB (max} Fa =100 kHz
Stopband attenuation As 85 76 dB (min) Fe=100kHz, F>1.8 Fc
Output DC offset voltage Voff + 160 + 2560 mV (max) LVL = 0 Voh
DC level adjustment LvL +2256 mvV
Level gain LG -11a —
PWF resistance RpwrF 10 k Ohm {min)
72 k Ohm {max)
Input current on FWF Ipwr 50 oA {min}
250 A (max)
v+ supply current + 35 5 mA (max) Fe = 100 kHz
V" supply current I- as 5 mA (max) lpwa=0uA
v+ supply rajection ratio PSRRT 20 d8 Fe = 200 kHz
V- supply rejection ratio PSRR- 35 dB Fin = 1 kHz
Input resistance Rk Ry 3 M Ohm
Input capacitance Cin 20 pF
Output voltage swing Vo +36 Vp - p (max)
) -45
QOutput noise Vn 112 pVrms BW =1 kHz
Fe =100 kHz
Signal to noise ratio SNR 85 . dB Vin =2 Vrms

{*) At maximum Fe : - stopband anenuation : As > 62 dB for F > 1.8 Fc
{with lpwf = 250 11 A) - passband ripple : Ap = 0.6 dB
- passband gain .G, = - 0.4 dB
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612

NORMALIZED GROUP DELAY (SEC. Hz)

PHASE (deg.)

180

—270

—a50

)

NORMALIZED GROUP DELAY
EXTERNAL CLOCK FREQUENCY

(GROUP DELAY

g

g

8

PHASE RESPONSE CURVE (IN PASSBAND)

01

0.2

03 0.

NORMALIZED FREQUENCY

4 0.

5 0.6

0.7 08 0.9

GROUP DELAY CURVE (IN PASSBAND)

{Fc)

L~

-

'--__

b

0.4

0.2

03 04
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05 08
NORMALIZED FREQUENCY
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OUTPUT DC VOLTAGE ADJUSTMENT FROM LVL PIN

A Vour(mv)

1000

o
100
200
300
400

— - LVL
{mv)
§ 8§ §& 8
1 i ) ]
—10
— 2000
1 - 3000
1 — 4000
L — 4500
reikHz) USER’S GUIDE FOR Ipwg AND Rpwr CHOICE
2000 ‘
1000 uRYE
NON RECOMMENDED
500 _
ZONE
>
200 e
’ S
\—c'o
100 .‘N\/
ot
50
ZONE OF
20
CORRECT FUNCTIONING
10
WITH OVERCONSUMPTION
5
2
1 1 )
50 100 150 200 250 Pwr WA
+ + + ! Rpwe (kS0
72 35 20 14 10 Connected to GND
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PHYSICAL DIMENSIONS
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[ e
bqg——'“ - —f-enin 1 Trus puorwriost pusten
o
foh=0l
B
= ¥
— Fea] 8
I arra ot vauc

CASE CB-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 different packages
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TSG8513

SWITCHED CAPACITOR

MASK PROGRAMMARBLE FILTER LINEAR HCMOS1
M.P.F
The TSG8513 is a HCMOS lowpass polynomial filter.
e CHEBYCHEV : SWITCHED CAPACITOR
« Bt MASK PROGRAMMABLE FILTER
® Stopband attenuation: 69 dB (typ). at 2 x F
« Passband ripple: 0.15 dB (typ).
e Clock to cut-off freq. ratio: 60.
e Clock frequency range: 1 to 1600 kHz. CASE CB-79
e Cut-off frequency range: 16 Hz to 25 kHz.
Ordering informations:
. @ Plastic 16 pins package: TSG8513XP.
e Ceramic 16 pins package: TSG8513XC. L
e Cerdip 16 pins packege: TSG8513XJ. 1 R
e Plastic 8 pins package: TSG85131XP. CASE CB-98 PLASTIC PACKAGE
X: Temperaturerange = C : 0°C, + 70°C
I :-25°C, + 85°C
V :-40°C, + 85°C i f
M: -55¢C, + 126°C '3
Note: For general characteristics, see TSGB85XX specifications. .
For non standard quality level, consult THOMSON SEMI- C:L’g‘“;?m?: (c ﬁu;f:"
CONDUCTEURS general ordering information. and Cerdip package (J Suffix)

are also available

PIN ASSIGNMENT

\
v 8 1 pwr
v-[32 H ek
AMPLITUDE RESPONSE CURVE w Qo 6 g out
v [ 5[ gno
(4] . 8 pins: FILTER ONLY
- 10
-2 \\
g -» \
e . x
g = \
E -e
R
<
- 90
0.1 0.2 0.5 1 2 B 10
NORMALIZED FREQUENCY

18 pins: FILTER + 2 OP. AMPs

43-45, Avenue de I'Europe - 78140 VELIZY-FRANCE - Tél. (1) 39.46.97.19 Télex 240780F
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FILTER SPECIFICATIONS
Lowpass fiiter: TSGB613; Type: Chebychev; Order: B.
Vt=8BV, V-=-5V, T=25°C, RL=5k Ohm, CL=100pF, ipwf = 100 u A

Characteristic Symbol Typ. Tested Unit Conditiona
limits
Extarnal clock frequency Fa 1 kHz {min}
1500 (%) kHz (max)
Internal sampling freq. Fi 05 kHz {min)
750(%) kHz (max)
Clock to cutoff fr. ratio Fe/fFc 6B0+t1% —
Cutoff frequency Fc 0.018 kHz (min)
25(%) kHz (max)
Passband gain G -03 dB {(min)
[+] dB (max)
Passband ripple Ap 0.15 0.6 d8 (max) Fe = 60 kHz
Stopband attenuation As 69 65 dB {min) Fe = 60kHz, F>2 Fc
QOutput DC offset voltage Voif + 100 + 280 mV (max) LVL =0 Volt
DC level adjustment LvL + 100 mV {max)
Level gain LG I -256 —
PWF resistance Rpwr 10 k Ohm {min)
72 k Ohm (max)
Input current on PWF Ipwr 50 M A (min)
250 HA (max)
VT supply current i 3.8 5 mA, (max) Fe = 100 kHzx
V- supply current - 3.8 5 mA (max) lpwa=0pu A
v+ supply rejection ratio PSRRt 256 dB Fe = 120 kHz
V- supply rejection ratio PSRR- 40 dB Fin =1 kHz
Input resistance Rin 3 M Ohm
Input capacitance Cin 20 pF
QOutput vohage swing Vo +35 Vp - p (max)
-4.5
Output noise vn 107 uvrms BW =1 kHz
Fe = 60 kHz
Signal to noise ratio SNR 86 dB Vin =2 Vrms

(*) At maximum Fe : - stopband attenuation : As>55 dB for {>2 Fc
{with lpwf = 250 u A) - passband ripple : Ap =0.8 dB
- passband gain : G, = - 0.6 dB
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613

NORMALIZED GRCUP DELAY (SEC, Hz)

PHASE {deg.}

)

NOAMALIZED GROUP DELAY
EXTERNAL CLOCK FREQUENCY

IGROUP DELAY =

— 270

— 360

— 450

PHASE RESPONSE CURVE (IN PASSBAND)

oy

S

0.1

0.2

0.3 04 05

0.6 0.7 08 0.9

NORMALIZED FREQUENCY

GROUP DELAY CURVE (IN PASSBAND)

150
100 /
/_-_/
L
]
a 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 23] 1

NORMALIZED FREQUENCY
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TSG8513

OUTPUT DC VOLTAGE ADJUSTMENT

FROM LVL PIN
. Vour
L (mv)

1500

LVL

imv)
— 500
— 1000
| — 1500
USER’S GUIDE FOR lpwF
AND Rpwf CHOIC
Fe (kHz)
i
1500
1000
T chVE
i NON RECOMMENDED \_;M“‘“Q:""‘
ZONE cone
200 " P
100 ot !
60 / ZONE OF
o CORRECT FUNCTIONING
. WITH OVERCONSUMPTION
5
2
1 | ua)
PW
50 100 150 200 250 i
A = Apy (k5D
72 35 20 14 10 Connected to GND
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TSG8513

PHYSICAL DIMENSIONS

- . o CASE CB-79
" 1] [
S T g el
TatialipvaVayalal g -
w4\
Moooooodh
e i | R,
i s
T P LTS | L2 ]l...
o \i
{5 4] [ o | == P SUFFIX
« PLASTIC PACKAGE
CASE CB-98
ASOD I [ F naa| Cs-98 P SUFFIX
il e 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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/) THOMSON SEMICONDUCTEURS

TSG8514

SWITCHED CAPACITOR
MASK PROGRAMMABLE FILTER

The TSGB514 is a HCMOS lowpass polynomial filter.

e BUTTERWORTH type.

e Bth order.

® Stopband attenuation; 74 dB (typ). at 3.6 x .
e Passband ripple: maximally fiat

# Clock to cut-off freq. ratio: BO.

@ Clock frequency range: 1 to 1000 kHz.

e Cut-off frequency range: 12.5 Hz to 12.5 kHz.

Ordering informations:

¢ Plastic 16 pins package: TSG8514XP.
e Ceramic 16 pins package: TSG8514XC.
e Cerdip 16 pins package: TSG8514XJ.
® Plastic 8 pins package: TSG85141XP.
X: Temperaturerange = C : 0°C, + 70°C
I :-25°C, + 86°C

V :-40°C, + 85°C
M; -85°C, + 126°C

For general characteristics, see TSG85XX specifications.
For non standard quality level, consult THOMSON SEMI-
CONDUCTEURS general ordering information.

Note:

LINEAR HCMOS1
M.P.F

SWITCHED CAPACITOR
MASK PROGRAMMABLE FILTEF

CASE CB-79
»
5 P SUFFIX
CASE CB-98 PLASTIC PACKAGH

B

Ceramic package (C suffix)
and Cerdip package (J suffix)
are also available

PIN ASSIGNMENT

AMPLITUDE RESPONSE CURVE

[v]
=10
—-20 \
-30
— 40

i \
—60 \
—-70 \

0102 05 1 2 5

AMPLITUDE (d8)

10 20 60 100

NORMALIZED FREQUENCY

Py = 4 oy
v-[0?2 70 e
we O3 6 [1 our
w 4 50 gno
8 pins: FILTER ONLY
v “~ 16 0 ne
V—E2 161 -ea
v [J2 14 [ ga
N o 130 +ea
aNo 5 12 [1 +eB
out [Js 1 [1ss
cx 47 0[] _es
pwe []8 8 [ pwa

16 pins: FILTER + 2 OP-AMPs

43-45, Avenue de 'Europe - 78140 VELIZY-FRANCE - Tél. (1) 39.46.97.19 Télex 240780F
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FILTER SPECIFICATIONS

Lowpass filter: TSG8514; Type: Butterworth; Order: 8.
vt=BV, V-=-5V, T=25°C, RL=5k Ohm, CL=100pF, lpwf=100 A

Characteristic Symbol Typ. Tested Unit Conditions
limits
External clock frequency Fe 1 kHz (min}
1000 (") kHz [max)
Internal sampling freq. Fi 0.6 kHz (min)
600 (*) kHz (max)
Clock to cutoff fr. ratio Fe/Fc B0+1% =
Cutoff frequency Fc 0.0126 kHz (min)
125" kHz (max)
Passband gain Gy -0.3 dB (min)
0 dB (max}
Passband ripple Ap maxi mally dB (max} Fe = BOkHz
Flat
Stopband attenuation As 74 68 dB (min}) Fe = B0 kHz, F>3.6 Fc
Output DC offset voltage Voft + 100 + 200 mV (max) LVL = O Vait
DC level adjustment LvL +100 mVv
Leve! gain LG -2 -
PWF resistance Rpwr 10 k Ohm {min}
72 k Ohm {max)
Input cufrent on PWF lpwr 50 M A (min)
280 i A (max)
v+ supply current I+ 38 [ mA (max) Fe = 100 kHz
V- supply current = 38 ] mA (max) lpwa=0uA
v+ supply rejection ratio PSRRT 30 dB Fe =160 kHz
V- supply rejection ratio PSRR- 42 dB Fin =1 kHz
Input resistance Rin 3 M Ohm
Input capacitance Cin 20 pF
Output voltage swing Vo +35 Vp - p (max)
-45
Qutput noise vn 86 MV rms BW =1 kHz
Fe = BO kHz
Signal to noise ratio SNR 87 dB Vin=2Vrms
(*) At maximum Fe : - stopband attenuation : As>50 dB forF>3.6 F¢
{with lpwf = 260 1 A)
- passband gain : Gg = - 0.6 dB
2/6 '
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TSG8614

PHASE RESPONSE CURVE (IN PASSBAND)

PHASE (deg.)

0.2 03 0.4 0.5 06 0.7 08 [E:] 1
(Fe)

NORMALIZED FREQUENCY

GROUP DELAY CURVE (IN PASSBAND)

g

NORMALIZED GROUP DELAY
2

EXTERNAL CLOCK FREQUENCY

W

NORMALIZED GROUP DELAY {SEC. Hzl

{GROUP DELAY =

md

T

//

0.2 03 0.4 0.5 06 07 0.8 08 1

NORMALIZED FREQUENCY (Fel
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OUTPUT DC VOLTAGE ADJUSTMENT
FROM LVL PIN

| Vout
1000 [ Imv)
750 l.
500 4
280 L
g & 8§ § &8
0 ) . ) LvL
= ¥ — t t ! : ! ¥ T mw)
F & B 8§ E
I I | 1 I — 250
— 500
- 750
1 1000

USER’S GUIDE FOR lpwF

| FedRt2) AND RpywEg CHOIC
1000 —
i NON RECOMMENDED CURVE
ZONE g o ;
200 0"‘99:4\
c
\ %
100 ?-;\VV
o
50
ZONE OF
20

CORRECT FUNCTIONING

WITH OVERCONSUMPTION
% |

1 -
) 100 160 200 250 pwr WA}
= Rpwe (K
72 a5 20 14 10 Connected to GND
a/s
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PHYSICAL DIMENSIONS

CASE CB-79

o emm o och

e V1] Mormired demmrgion
(%

o
D OO O
2244 ey

i %..
om v
ASOE F7 -7 P SUFFIX
ca Bata seote e PLASTIC PACKAGE
- CASE CB-98
[T
—
\
J "LL
“
D —
@) s prarmeelcn pastian
.1
o Y
ASOD ‘ | ] MAl Ce-99 P SUFFIX
o bata nete souise

PLASTIC PACKAGE

These specifications are subject to change without notice
Please inquire with our sales offices about the availability of tha different packages
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TSG8530

MASK PROGRAMMABLE FILTER LINEAR HCMOS1

M.P.F

SWITCHED CAPACITOR
The TSGB530 is a HCMOS highpass* elliptic filter, MASK PROGRAMMABLE FILTER

Main features: \

CAUER type.
3th order.
Stopband attenuation: 15 dB (typ). CASE CB-79
Passband ripple: 0.2 dB (typ).

Clock to cut-off freq. ratio: 320,

Clock frequency range: 4 to 2400 kHz.
Cut-off frequency range: 12 Hz to 7.5 kHz.

® o9 90 b0

“ According to spectrum aliasing phenomenon, the TSGB530 must be 8
considered as a highpass filter only in the range [Fc, Fi/2], where Fi is 1

the internal sampling frequency. CASE CB-98 PLAngCUPT&“!ase
Ordering informations:

@ Plastic 16 pins package: TSG8530XP. d
e Ceramic 16 pins package: TSG8530XC. ]f‘U
e Cerdip 16 pins package: TSG8530XJ. 8 5
e Plastic 8 pins package: TSG85301XP. .

Ceramic package (C suffix)
X: Temperaturerange = C: O°C, + 70°C and Cerdip package {J suffix)

I :-25°C, + 859 are also available
V : -40°C, + B85°C
M: -55°C, + 125°C

Note: For general characteristics, see TSGB5XX specifications.
For non standard quality level, consult THOMSON SEMI-

PIN ASSIGNMENT

CONDUCTEURS general ordering information. 4 \-
v 8 H pwr
wﬁQ 1 ek
Lve L3 6 ] ouT
N E‘ 5 ] GND
AMPLITUDE RESPONSE CURVE 8 pins: FILTER ONLY
0
-5 v e e
@ —10 v-[]z 15 p ZEA
- wve O3 14 [] sa
o =18
> in e 131 +ea
3 - ’\ GND 5 12 [ +es
o
3 - out [J6 1 [1ss
30 ek [7 10} _en
rwr & o 1 pwa

0102 051 2 5 1020

NORMALIZED FREQUENCY 18 pins: FILTER 42 OP-AMPa

43-45, Avenue de I'Europe - 78140 VELIZY-FRANCE - Tél. (1) 39.46.97.19 Télex 240780F
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FILTER SPECIFICATIONS
RHighpass filter: TSG8530; Type: Cauer; Order: 3.

VE=5V, V-=-5V, T=25C, RL=6Kk Ohm, CL =100 pF, lpwr= 100 A
Characteristic Symbol Typ. Tested Unit Conditions
fimits
External clock frequency Fe 4 kHz {min)
2400 (%) kHz (max)
Internal sampling freq. Fi 2 kHz {(min}
1200 (") kHz (max)
Clock to cutoff fr. ratio Fe/Fc 320+1% —
Cutoff fraquancy Fc 0.0125 kHz {min}
7.5(") kHz (max)
Passband gain Gy -03 dB (min)
0 dB (max) |
Passband ripple Ap 0.2 05 dB (max) [Fec. 30 Fel, Fe = 320 k.Hz—|
Stopband attenuation As 15 14 dB (min} F<O0.49 Fc ; Fe = 320 kHz |
Output DC offset voltage Voft + 100 + 200 mV (max} LVL =0 Volt
DC tevel adjustment LvL + 40 mv
Level gain LG -6 —_
PWF resistance RpwE 10 k Ohm {min) .
72 k Ohm (max)
Input current on PWF IPWE 255('.:) ﬂ::r‘:;:))
vt supply current I+ 28 5 mA (max) Fe = 100 kHz
V- supply current I 28 5 mA (max} lpwa=0puA
v+ supply rejection ratio PSRAY 33 dB Fe=32kHz |
V- supply rejection ratio PSRR- 38 daB Fin =1 kHz
Input resistance Ry 3 M Ohm
| Input capacitance Cin 20 pF
Qutput voltage swing Vo + 3. : Vp - p{max)
Output noise vn 80 MV rms BW = 2 kHx
Fe =32 kHz
Signal to noise ratio SNR a5 a8 Vin =2 Vrms

{*} At maximum Fe

THOMSON SEMICONDUCTEURS

: - stopband attenuation : As>14 dB for 1<0.49 Fc
(with lpwf = 250 u A) - passband ripple : Ap = 0.2 db
- passband gain : Go=- 0.6d8
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PHASE {deg.)

NORMALIZEO GROUP DELAY (SEC. Hz)

- 135

— 180

— 225

=270

PHASE RESPONSE CURVE (IN PASSBAND)

{Fe)

125

100

75

NORMALIZED GROUP DELAY
EXTERNAL CLOCK FREQUENCY

g

25

(GROUP DELAY

5 10 20

NORMALIZED FREQUENCY

GROUP DELAY CURVE (IN PASSBAND)

\\\

{Fe}

2 3 4 B 6
NORMALIZED FREQUENCY

35
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OUTPUT DC VOLTAGE ADJUSTMENT

FROM LVL PIN
Voyt Imv)
5000 |
4000 |
3000 |
2000 |
1000
o 8 g § g
i ' i e VL
{mV)
§ 8 8
b i I I 1 _ 1000
| - 2000
- 3000
- 4000
- 5000
(Fe kHz) USER’S GUIDE FOR lpwr
| AND Rpwg CHOIC
2000
1000
500 NON RECOMMENDE D -~
S = N eV S
ZONE u‘,m‘"“
s
200 | “,\.0‘7’“
or
100 M
-~ ‘/_
. ZONE OF CORRECT

FUNCTIONING

WITH OVERCONSUMPTION

" |

—

250 T 'PWF (uA)
+—= Rpyr (kY

72 35 20 14
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PHYSICAL DIMENSIONS
c CASE CB-79
L ];'l LRy I " I Bimw
'f I — 1 - LTS
s e L
! o : Lo ST \‘
o3
Il alalalelel
,<> e 1 T e peskon
oo ooo
FTovT. Lam %
- Y
ASOE | Fuz [ Ch79 P SUFFIX
o DAtA Horc UK PLASTIC FACKAGE

CASE CB-98

il

u

= T
AS0D Fsa| cB-98 P SUFFIX
i oara moxe s PLASTIC PACKAGE

Thesae specifications are subject 10 change without notice
Plaasa inquire with our sates offices about the availability of the different packages
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TSG8531

SWITCHED CAPACITOR
MASK PROGRAMMABLE FILTER

The TSG8531 is 8 HCMOS highpass* elliptic filter.
Main features:

CAUER type.

6th order.

Stopband attenuation: 32 dB (typ).
Passband ripple: 0.15 dB (typ).

Clock to cut-off freq. ratio: 400.

Clock frequency range: 4 to 1800 kHz.

e Cut-off frequency range: 10 Hz to 4.5 kKz.

* According to spectrum aliasing phenomenon, the TSG8531 must be
considered as a highpass filter only in the range {Fc, Fi/2], where Fi is
the internal sampling frequency.

QOrdering informations:

e Plastic 16 pins package: TSG8531XP.

e Ceramic 16 pins package: TSG8531XC.

e Cerdip 16 pins package: TSGB5631XJ.

e Pilastic 8 pins package: TSG85311XP.

X: Temperaturerange = C : 0°C, + 70°C
| :-25°C, + 856°C

V:-40°C, + 85°C
M: -65°C, + 125°C

Note: For general characteristics, see TSG85XX specifications.
For non standard quality tevel, consult THOMSON SEMI-
CONDUCTEURS general ordering information.

LINEAR HCMOS1
M.P.F

SWITCHED CAPACITOR
MASK PROGRAMMABLE FILTER

CASE CB-79

L]

P SUFFIX
PLASTIC PACKAGE

i

1

CASE CB-98

Caramic package (C suffix)
and Cerdip package (J suffix)
are aiso available

AMPLITUDE RESPONSE CURVE

0

-10

A

- 50

AMPLITUDE (dB)

- 80

0.1t 0.2 05 1 2 5 10

NORMALIZED FREQUENCY

PIN ASSIGNMENTS

v 80 pwr
v-[]? 0 ok
wve 3 6] our
in [ s 11 GND

8 pina: FILTER ONLY

vt S 16 [1 nC
v-[]2 15 [1 -€a
wve [J2 14 [] sa

v 4 13 [0 +ea
Guogﬁ 12 ] +ep
our [ 1 [Ise
ce 7 101] _es
pwr [[8 9 ;IPWA

18 pins: FILTER + 2 OP-AMPs

43-45, Avenue de |'Europe - 78140 VELIZY-FRANCE - Tél. (1) 39.46.97.19 Télex 240780F
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FILTER SPECIFICATIONS
Highpass filter: TSGB631; Type: Cauer; Order: 6.
vt=86V, Vv-=-5V, T=25"C, AL =5k Ohm, CL = 100 pF, lpwf =100 u A

Characteristic Symbol Typ. Tested Unit Conditions
limits
External clock frequency Fe 4 kHz (min)
1800 (*) Khz (max)
Internal sampling freq. Fi 2 kHz {min)
900 (*} Khz {max)
Clock 1o cutoff fr. ratio Fe /Fc 400+ 1% -
Cutoff frequency Fc 0.0 kHz (min)
45(") kHz {(max)
Passband gain Go -0 dB (min)
0.1 dB {max)
Passband ripple Ap 0.15 0.4 dB (max) [Fe, 30 Fe] :
Fe =400 kHz
Stopband attenuation As 3z 30 dB (min) F <055 Fc
Fe = 400 kHz
Output Dc offset voltage V off + 100 =+ 200 mV {max) LVL =0 Volt
DC lavel adjustmant LvL + 300 mV
Level gain LG 0.1 -
PWF resistance RpwE 10 X Ohm {min)
72 K ohm (max)
Input current on PWF Ipwr 60 HA (min)
250 HA (max)
V+ supply current i+ 3.5 5 mA (max) Fa =100 kHz
V- supply current I- 35 5 mA (max) lpwa = QuA
V+ supply rejection ratio PSAR + 36 dB Fe = 40 kHz
V- supply rejection ratio PSRR- 48 d8 Fin = 1 kHz
Input resistance Rin 3 M Ohm
Input Capacitance CiN 20 pF
Output voltags swing Vo +35 Vp-p (max)
-4.6
Qutput noise v 178 BV rms BW = 2 kHz
Fe = 40 kH:
Signal 1o noise ratio SNR B8O dB Vin =2 Vrms

(*} At maximum Fe; stopband attenuation As 2> 30 dB for F < 0.55 Fc

(with lpwi = 250uA)

passband ripple : Ap = 0.3 dB

passband gain : Go =-1dB

THOMSON SEMICONDUCTEURS
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TSG8631

PHASE (deg.)

NORMALIZED GROUP DELAY (SEC, Hz)

PHASE RESPONSE CURVE (IN PASSBAND)

NORMALIZED FREQUENCY
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TSG85631

- — 500

OUTPUT DC VOLTAGE ADJUSTMENT
FROM LVL PIN
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FUNCTIONING
|
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PHYSICAL DIMENSIONS

CASE CB-79
o b,
L=a=m=g—g—p=p—p-
: sz 4 Les
0] 18 o
e ) Y
A30E Fuz | ca-79 P SUFFIX
11 Oata ! itoec mmx_ PLAST‘C PACKAGE
CASE CB-98
Ty~
[ad'e
/ L y
- g
Ll —# | 7
it e
11 M gromggecn.
ba? 121 Trwe pooreeeries’ pwrion
g
Bon
o= Y
A300 | { Fl6A B‘“ P SUFFIX
| sata - - 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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/> THOMSON SEMICONDUCTEURS

TSG8532

SWITCHED CAPACITOR
MASK PROGRAMMABLE FILTER LINEAR HCMOS1
M.P.F
. . SWITCHED CAPACITOR
The TSGB532 is a HCMOS highpass® polynomial fiiter. MASK PROGRAMMABLE FILTER
Main features:
e CHEBYCHEV type.
e 6th order.
e Stopband attenuation: 60 dB (typ). at 0.25 x F CASE CB-79
e Passband ripple: 0.45 dB (typ).
e Clock to cut-off freq. ratio: 60O0.
e Clock frequency range: b to 1800 kHz.
e Cut-off frequency range: 10 Hz to 3.6 kHz.
* According to spectrum aliasing phenomenon, the TSGB532 must be »
considered as a highpass filter only in the range [Fc, Fi/2], where Fi is 1 P SUFFIX
the internal sampling frequency. CASE CB-98 PLASTIC PACKAGE
Ordering informations:
e Plastic 16 pins package: TSGB532XP.
e Ceramic 16 pins package: TSG8532XC. s 1
e Cerdip 16 pins package: TSGB8532XJ. 1
e Plastic 8 pins package: TSGB5321XP. s sk K S
X: Temperaturerange = C: 0°C, + 70°C and Cerdip packaga (J suffix}
| :-26°C, + 85°C are also available
V:-40°C, + 85°C
M: -65°C, + 1256°C
Note: For general characteristics, see TSGB5XX specifications. PIN ASSIGNMENTS
For non standard quality level, consult THOMSON SEMI-
CONDUCTEURS general ordering information. + —
v [ e[ pwr
v-0? 70 ek
LVL E 3 61 oqur
n L4 51 ano
AMPLITUDE RESPONSE CURVE
0 B pins: FILTER ONLY
-10
—-20
w - ] Nc
§ —40 / 1 -ea
é =50 LI ] sa
2 fm 1 1 +ea
70 [ +ee
0102 051 2 5§ 10 N se
NORMALIZED FREQUENCY 1 _es
Fl PWA
18 pins: FILTER + 2 OP-AMPs

43-45, Avenue de I'Europe - 78140 VELIZY-FRANCE - Tél. (1) 39.46.97.18 Télex 240780F
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FILTER SPECIFICATIONS
Highpass filter: TSG8532; Type: Chebychev; Order: 6.
Vt=6V V-=-5V, T=25"'C, AL=5k Ohm, CL =100 pF, Ipye= 100 A

Characteristic Symbal Typ. Tested Unit Conditions
limits
Externai clock frequency Fe 5 kHz (min)
1800 (*) kHz (max)
Internal sampling frequency Fi 26 kHz (min)
900 (*) kHz {(max)
Clock to cutoff fr, ratio FelFc BO0E1% -
Cutoff frequency Fc 0.0% kHz (min)
36(% kHz {max)
Passband gain Go -0.4 dB {min)
0 ) dB {max)
Passband ripple Ap 0.45 0.8 dB (max) [1Fc.A5 Fel
Fe = 500kHz |
Stopband attenuation As 60 55 dB {min) F<0.25Fc; Fa = 50O kHz
Output DCoffset voltage Vol + 80 + 200 mV {max) LVL =0 Voit
DC level adjustment LvVL +75 mV (max)
Level gain LG -2.7 =
PWF rasistance Rpwr 10 K Ohm {min)
72 X Ohm (max)
Input current on PWF lpwr 50 pA (min)
250 HA (max)
V+ supply current + 34 5 mA (max) Fe = 100 kHz
V- supply current I- 34 5] mA (max}) ipwa = OuA
V+ supply rejection ratio PSRR + 49 a8 Fe =50 kHz
V- supply rejection ratip PSRR- 46 dB Fin =1 kHz
Input resistance AN 3 M Ohm
Input Capacitance Cin 20 pF
Output voltage swing Vo +3.6 Vp-p (max)
-46
OQutput noise Vn 88 HV rms BW = 2 kHz
Fe = 50 kHz
Signal 1o noise ratio SNR 85 dB Vin =2 Vrms

{*) At maximum Fe :
{with lpwf = 260uA)
passband ripple : Ap = 0.8 dB
passband gain . G,= - 0.8 dB

s
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PHASE (deq.}

PHASE RESPONSE CURVE (IN PASSBAND)

- 135 \

- 225

NORMALIZED GROUP DELAY (SEC. Hz)

}

NORMALIZED GRQUP DELAY
EXTERNAL CLOCK FREQUENCY

{GROUP DELAY

NORMALIZED FREQUENCY

3/5

]
- 270 [P
\h\
—a15 —
- 360
] 2 3 4 5 10 20 30 40 100
{Fc}
NORMALIZED FREQUENCY
GROUP DELAY CURVE {IN PASSBAND)
750
500
- \N
o ..
1 2 5 10 20 100

THOMSON SEMICONDUCTEURS

73



ToLbBdIL

QUTPUT DC VOLTAGE ADJUSTMENT
FROM LVL PIN

| Vour tmv}
2000 |
1500 |
1000 |
500 |
8 2
B & 8 - & LvVL
+ i ' + ——
g § § § 8 °
) 1 | 1 |
- 500
— 1000
L — 1800
L — 2000
USER'S GUIDE FOR lpwr
} Fe k) AND Rpyyfg CHOIC
1800
1000 —
i NON RECOMMENDED CU?N/
L — et
ZONE mp1\°
oo
200 D?T\mp.\,
50
2 ZONE OF
CORRECT FUNCTIONING |
10 WITH OVERCONSUMPTION
5
2
1 — lpwe WA)
50 100 150 200 250
- Rpyp (kU
72 35 20 14 10 Connected ta GND
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PHYSICAL DIMENSIONS

CASE CB-79

o Y

ASOE | { ¥z | ce-79 P SUFFIX

(11] DAl pec ST Pmsnc PACMGE
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 different packages
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/) THOMSON SEMICONDUCTEURS

TSG8550

SWITCHED CAPACITOR

MASK PROGRAMMABLE FILTER

The TSGBB50 is a HCMOS Cauer band-pass filter.

Main features:

6th order.

Selectivity factor: Q= 7.,

Gain at center fraquency: 0 dB (typ).

Low stopband attenuation: 40 dB (typ).
High stopband attenuation: 40 dB (typ).
Clock to center freq. ratio: 48.

Clock frequency range: 1 to 1200 kHz.
Center frequency range: 20,8 Hz to 25 kHz.

Qrdering informations:

@ Plastic 16 pins package: TSG8550XP.
e Ceramic 16 pins package: TSG8550XC.

e Cerdip 16 pins package: TSG8550XJ.

e Plastic 8 pins package: TSG85501XP.

X: Temperaturerange = C : 0°C, + 70°C
| :-25°C, + 85°C

V;-40°C, + 85°C
M: -65°C, + 125°C

Note: For general characteristics, see TSGB5XX specifications.
Far non standard quality level, consult THOMSON SEMI-

CONDUCTEURS general ordering information.

LINEAR HCMOS1
M.P.F

SWITCHED CAPACITOR
MASK PROGRAMMABLE FILTER

CASE CB-79
%
1
P SUFFIX
CASE CB-98 PLASTIC PACKAGE

1

Ceramic package {C Suffix)

and Cerdip package (J Suffix}
are also available

AMPLITUDE RESPONSE CURVE

\

\
1
\

AMPLITUDE (d8)
i

a1 03 0.5 or 1

NORMALIZED FREQUENCY

PIN ASSIGNMENT

vt /

g
ot

8 pins: FILTER ONLY

B L) pwr
70
b D ouT
5

:l GND

b W N =

N ne
N —ea
0 sa
d +ea
0 +es
1 s

1 _es

1 ewa

L 18 pins: FILTER + 2 OP-AMPs

43 - 45, Avenue de |'Europe 78140 VELIZY-FRANCE Tel. {1) 39.46.97.19 Telex : 240780F
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FILTER SPECIFICATIONS

Band-pass filter: TSG8550; Type: CAUER; Order: 6

V' =5V, V" =-5V, T= 25, RL=5 kohm, CL = 100 pF. Ipyyr = 50 uA

Characteristic Symbol Typ. oy Unit Conditions
External clock frequency Fe 12010 ") ::: frr:‘m
Internal sampling frequency Fi 5365(‘) ::: :::E
Clock to center frequency ratio Fe/Fo 48 + 1% —
Center frequency Fo 0222‘?]8 :n:' ([rr:!\;r’\‘)) ‘
Gain at center frequency Go o 02 3% ‘(:1\7:]’ T}’:r- EBO:“‘S-&H‘? |
Low cutoff frequency Fle gfg?-‘) m: t‘r:‘;:)) Flc = 0.971 Fo
High cutoff frequency Fhc 25031(.6) ::: ((;::’, Fhc = 1.035 Fo
. 0.003 KkHz [min)
-3 dB bandwidth BW 315 (%) kHz (max) [0.926 Fo, 1.07 Fa]
Selectivity coefficient Q 7k — Q = Fo/BW
Passband ripple Ap 0.06 03 dB (max)
Low stopband attenuation Als 40.5 40 dB (min) F< 0.8 Fo
High stopband attehuation Ahs 40.5 40 dB (min) F>1.24 Fo
Output DC offset voltage Voff £ 100 £ 200 mV (max) LVL = 0 volt
DC level adjustment LVL X118 mV {max) '
Level gain LG -1,7 —
PWF resistance RPWF J,g :::: (l::;i
Input current on PWF IPWE 255% :::E‘:;Tl
V* supply current 1" 1.7 [ mA (max) Fe = 48 kHz
V- supply current - 1.7 5 mA {max) Ipwa = 0 uA
V" supply rejection ratio PSRR" 9 dB Fe = 48 kHz
V- supply rejection ratio PSRR- 20 dB Fin = 1 kHz
Input resistance Rin 3 Mohm
Input capacitance cin 20 pF
Output voltage swing Vo T43'55 Vp-p (max)
Output noise Vn 272 pV rms BW = 144 Hz
Cpwyr = 33 pF
Signal 1o noise ratio SNR 78 dB \m = ‘;ﬁ\mzs

(*) At maximum Fe :
(with IpwF = 250 pA)

Stopband attenuation
Stopband attenuation
Passband ripple

Gain at center freq.
-3 dB bandwidth
Selectivity

Als >39dBforf<0.8 Fo
Ahs > 42 dB for f > 1.24 Fo

BW = 3.15 kHz [0.926 Fo, 1.052 Fo)

Ap=0.3dB
Go=-15dB
Q=79

2/5
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AMPLITUDE (dB)

PHASE RESPONSE CURVE (IN PASSBAND)

AMPLITUDE

135
. \
\ 45
—2 / \_‘ \
/ PHASE
\ — 45
-3 e -
\
= 135
0.926 0.86 0.98 1 1.02 1.04 1.07
NORMALIZED FREQUENCY
GROUP DELAY CURVE (IN PASSBAND)
1] ¥ 312
AMPLITUDE \r
-1 \ 276
"'
o
g —2 / 240
&
g GROUP DELAY
~3 - o 204
0926 0.96 098 1 1.02 1.04 1.07

NORAMALIZED FREQUENCY
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PHASE {deg.}

NORMALIZED GROUP DELAY (SEC. Hz)

NORMALIZED GROUP DELAY
EXTERNAL CLOCK FREQUENCY

GROUP DELAY
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OUTPUT DC VOLTAGE ADJUSTMENT

FROM LVL PIN

Vout
(mV)

Fe (kHz)

USER’S GUIDE FOR lpyg
AND Rpywfr CHOICE

1000

B |

NON RECOMMENDED ZONE

QPTIMAL

cons

Y
3
nPTION TURY

500

200

100

50

20

ZONE OF
CORRECT FUNCTIONING

WITH OVERCONSUMPTION
M T WO

T L

el g
50 100 150 200 250
72 35 20 14
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15G85500

PHYSICAL DIMENSIONS

CASE CB-79
o i
A50 ' ru rcm P SUFFIX
e | Gala 1123 FLUIT S PLASTIC PACKAGE
= CASE CB-98
i
L} |
Fusa | Co-98 | P SUFFIX
n [ PLASTIC PACKAGE

These specifications are subject to change without notice
Please inquire with our sales offices about the availability of the differsnt packages
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/) THOMSON SEMICONDUCTEURS

TSG8551

SWITCHED CAPACITOR
MASK PROGRAMMABLE FILTER

The TSGB551 is a HCMOS high selectivity bandpass filter.

Main features:

8th order.

Selectivity factor: Q = 36,

Gain at center frequency: 30 dB (typ).

Low stopband attenuation: 70 dB (typ).
High stopband attenuation: 70 dB (typ).
Clock to center freq. ratio: 187.2.

Clock frequency range: 4 to 3800 kHz.
Center frequency range: 22 Hz to 20.3 kHz,

LR B BN N BN BN A

Ordering informations:

Plastic 16 pins package: TSG8551XP.
Ceramic 16 pins package: TSG8651XC,

X e e

Cerdip 16 pins package: TSG8551XJ.
Plastic B pins package; TSGB5511XP.
: Temperaturerange =C : 0°C, + 70°C
I :-258°C, + 856°C

V. -40°C, + 85°C
M: -65°C, + 126°C

Note:

For general characteristics, see TSGB8b6XX specifications.

For non standard quality level, consult THOMSON SEMI-
CONDUCTEURS general ordering information.

LINEAR HCMOS1
M.P.F

SWITCHED CAPACITOR
MASK PROGRAMMABLE FILTER

CASE CB-79

PSUFFIX
PLASTIC PACKAGE

-~

1

CASE CB-98

Ceramic package (C Suffix)
and Cerdip package {J Suffix}
are also available

AMPLITUDE RESPONSE CURVE

88

10 \

10 %

-® /

-2 /]

AMPLITUDE (dB}

I

N

pd

08 086 09 095 1 105

1.1 1156 1.2

NORMALIZED FREQUENCY

PIN ASSIGNMENTS

v e 8] pwr
v-0? 0 ek
wve [3 6 J our
In L4 s anp

B pins: FILTER ONLY

vimh S 16 [1 nc
v-[]2 15 ] —ea
wi s 14 ] sa
in 4 1311 +ea
Gno [5 12 [ +e8
out [J6 1 []se
ck [7 10[] _¢p
pwr 8 9 [ pwa

186 pins: FILTER + 2 OP-AMPs

43-45, Avenue.de I'Europe - 78140 VELIZY-FRANCE - Tél. (1) 39.46.97.19 Télex 240780F
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FILTER SPECIFICATIONS

Bandpass filter: TSG8561; Type: High Q; Order: 8.

V=BV, V-=.5V, T=25°, RL=5k Ohm, CL=100pF, lpyr= 100 A

Characteristic Symbol Typ. Tested Unit Conditions
limita
External clock frequency Fe 4 kHz {min) —|
3800 (%) kHz (max)
Internal sampling frequency Fi 0.5 kHz (min)
475 (%) kHz (max)
Clock to center frequency ratio Fe/Fo 1B7.21£1% -
Center frequency Fo 0.022 kHz (min)
20.3(") kHz {max) r
Gain at canter frequency Go 30 32 dB {max) Fe = 400 kHz B
28 dB (min)
Selectivity coefficient a 36 —_
Passband ripple Ap - dB {(max)
Low stopband attenuation Als 70 55 dB (min) F <08 Fo
High stopband attenuation Ahs 70 55 dB (min) F>12Fa
QOutput DC offset voltage V off £100 + 200 mV (max) LVL = 0 volt
DC level adjustment LvL +70 mY {max)
Level gain LG -33 —
PWF resistance RpwF 712 gg'r:nr:- l(ﬁ:;j)
Input current on PWF lPW'F 50 y KA (min}
250 HA (max)
V+ supply current H+ 38 mA (max) Fe = 100 kHz
V- supply current I- as mA (max) Ipwa = O pA
V+ supply rejection ratio PSRR+ 10°* dB ‘Fe = 187.2 kHz
V- supply rejection ratio PSRR- 1924 dB Fin=1Khz
Input resistance Ry 3 M Ohm
Input capacitance Cin 20 pF
Qutput voltage swing Vo +4:'is5 Vp-p (max)
Qutput noise vn 66** uv rms BW = 3 Hz
Fe = 187.2 kHz
Signal to noise ratio SNR 20** dB Vin =2 Vims
* Ipwr = 200 uA
** Value divided by the gain
2/5
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TSGB5B51

PHASE RESPONSE CURVE (IN PASSBAND)

* /- +100
% e
» / N\
/ A\

AMPLITUDE {dB)
\\
/
o

8
Y
S
o
/
PHASE (deg)

~ %
™~

- 100
27
0.985 0.99 0.995 1 1.006 1.010 1.016
NORMALIZED FREQUENCY
AMPLITUDE RESPONSE TEMPLATE (TESTED)

| GAIN (am) 0.994 1.006
NORMALIZED
FREQUENCY

3/
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TSGB661

OUTPUT DC VOLTAGE ADJUSTMENT
FROM LVL PIN

\ vQUT {mv)

2000 +
1800 +
1000 |

¢ & 8§ & 8

= LVL (mV}

=500 -
400

-300 4+
—200

—100 +
o

1 - 500

+ - 1000

-+ — 1500

USER'S GUIDE FOR IpwF
AND Rpwf CHOIC

£, (kHz)
3800
2000 =
1000 “cp“
O
500 ‘,g"\[
NON RECOMMENOED ..53/
o
200 ZONE F\‘c. 2o
)
100 nw‘l‘/
50 /
i ZONE OF CORRECT
20 FUNCTIONING
10 WITH OVERCONSUMPTION
s
2
1 - (pa)
0 50 100 150 200 250 PWF
' L 4 i ;
1 T T 1 t R, (km
PWE
72
¥ 2 s 0 Connected to GND
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PHYSICAL DIMENSIONS

CASE CB-79

pee r

asat ] | rw [ crze P SUFFIX
L su oata. now e PLASTIC PACKAGE
- CASE CB-98
A-m__[J'I_,.l_r. ANen

CE
S T -
Wu—{ mmima im— Hj’m b ey,

5 U1 Vi pusmcriand pashige
fag=
I o - -
o L
as0n | i rml e P SUFFIX
w oAla o TR

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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e

TSGF08/Customer identification

SWITCHED CAPACITOR MASK PROGRAMMABLE
FILTER (SEMI CUSTOM FILTER) LINEA'\RA ';CFM081

SWITCHED CAPACITOR

THOMSON SEMICONDUCTEURS supplies the first samples 4 to 8 weeks MASK PROGRAMMABLE FILTER
after the customer’s definition of the M.P.F specifications. All types of (SEMI CUSTOM FILTER)

filters may be provided (BUTTERWORTH, 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. CASE CB-79

Main features:
e Technology: HCMOSH1.

@ Auvailable orders: 4 to 8 (whatever the type of M.P.F). X
o Input signal frequency range: O to 30 kHz 6
e Clock frequency range: 1 to 2000 kHz 1
o Clock to cut-off frequency ratio: 20 to 400 (depending on the M.P.F
Eoicuomil CASE CB-98 PLASTIC PACKAGE

Signal to noise ratio: 60to 85 dB (depending on the internal structure
of the M.P.F considered).

Power supply: +6 Vor 0-10 V.

Consumption adjustable between 0.5 to 20 mW per order.

Accuracy of the cut-off frequencies: 0.6%.

Response curves (amplitude and phase) transiatable by changing the
clock frequency. Ceramic package (C suffix)
and Cerdip package (J suffix}
are also available

PIN ASSIGNMENTS

/
BLOCK DIAGRAM vt 8 {1 pwr
PWA PWF LVL v-0e 7H e
r£1 r,l,-' w O3 s 1 our
b 2 de 50
Power adjust Power adjust OQutput IN GND
for Op. Amp. for filter DC level
i 8 pins: FILTER ONLY
=
8 th order Output o
Input ey S/H L

SH filter buffer

¢1| Iozm o1 921 to2  ¢3] (o3
Clock generator I
B

| Prog. clock divider |

Level shi
and TTL
interface

16 pins: FILTER + 2 OP-AMPs

43-45, Avenue de |'Europe - 78140 VELIZY-FRANCE - Tél. (1) 39.46.97.19 Télex 240780F
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CUSTOM DESIGN BLOCK DIAGRAM

CLIENT INITIATIVES

* If study Is achleved by the
client, he may take advan-
1age of THOMSON SEMI-
CONDUCTEURS CAD
facilities and assistance for

protype design and testing.

CLIENT FEEDBACK

— CLIENT NEEDS P A —
PHASE 1 -
Y 9
INITIAL I
PROVISION OF CONTACTS 2
FILTER SPECIFICATIONS 3
] F
FEASABILITY STUDY PRICING| PROPOSAL
DESIGN AND SERIES e e
PARTS COSTS PHASE 2
l FILTER
THOMSON SC CUSTCM FILTER DESIGN @
STUDY AND ri
el SIMULATION $
I o™
o
SPECIFICATION b=
DRAFT -
FILTER DESIGN AND SIMULATION Y
ELECTRICAL SIMULATION - u )
PRINTOUT
' PHASE 3 x
MPF CIRCUIT g
CLIENT MPF CIRCUIT CUSTOMIZING ™
CUSTOMIZING e
STUDY * ' £
PHASE 4
FABRICATION OF ]
SPECIFIC MASK FABRICATION ¥
’ (SAME ASFOR =
A GATE ARRAY ™
SILICON WAFER CIRCUIT) o
FABRICATION -
' — PHASE 5 1
SILICON WAFER
TESTING TEETING
1 ,
w
w
PROTOTYPE =
PACKAGE ASSEMBLY -
PROTOTYPE PACKAGE DELIVERY OF |
TESTING —____.I
TESTED PHASE 6 <
PACKAGES g
CLIENT PRESERIES
- PRESERIES i i e e i i it
APPROVAL PHASE 7 z
! g
SERIES ™
SERIES O
2/4
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FILCAD is a software package developed by THOMSON SEMICONDUCTEURS available for its
Switched Capacitor designs: M.P.F, but also Full Custom or Semi Custom Circuits containing
such Filter cells.

Evaluation
EVA Theorical
synthesis
i S.C.F synthesis
GENERAL S.C.F schematics
PURPOSE
S.CF
CAD
TOoOoLS SAFIR SYCAB
| |
for leapfrog structure biquad. cascade
M.P.F L ]
Std cells
Full Custom
\ e S.C.F simulations
e Dynamic scalin%
« Normalization o
SIRENA capacitors
adapted to M.P.F
« MONTE CARLO analysis
SCHEMATIC
CAPTURE
SPECIFIC '
LAYOUT
;:AD TOOLS —»1 FACTOR
or
M.P.F /\
PG tape Automatic
of specialization mask layout draft
(GDS2 standard)
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PHYSICAL DIMENSIONS

olra

Fur CB-79
e PR

ooy
D 1ID e g
e - 01 T gttt paste
«J
o
pegmym)
e O=ta ")
r 'I*-
L L
ASOD Fsa | CB-5R
o bata T3 Fo

CASE CB-79

P SUFFIX
PLASTIC PACKAGE

CASE CB-98

o

s
:

P SUFFIX
PLASTIC PACKAGE

Thesa specifications are subject to change without notice
Please inquire with our sales offices about the availability of the ditferant packages
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TSG8670

i ADVANCE INFORMATION |
LINEAR HCMOS1
SWITCHED CAPACITOR M.P.F

MASK PROGRAMMABLE FILTER

The TSGB670 is a HCMOS voice-grade dual filter for telephone

line interface. CASE CB-181
QUT1: RECEIVE LOW-PASS FILTER.

o CAUER type.

® 4th order.

e Stopband attenuation: 34 dB.

» Passband ripple: 0.3 dB.

e Clock to cutoff frequency ratio: 85.33.

e Clock frequency range: 1 to 1500 kHz.

e Cutoff frequency range: 12 Hzto 17 kHz.

OUT2: TRANSMIT BAND-PASS FILTER.
@ Bth order {5th order CAUER low-pass + 3rd order CHEBYCHEV
high-pass).

P SUFFIX
Selectivity factor: Q = 0.22. PLASTIC PACKAGE

Upper stopband attenuation: 42 dB.
Passband ripple: 0.2 dB.

Clock 1o center frequency ratio: 342.
Clock frequency range: 10 to 1000 kHz. PIN ASSIGNMENT
Center frequency range: 29 Hz to 2.9 kHz,

Ordering informations:

e Plastic 18 pins package: TSGB670XP.
e Ceramic 18 pins package: TSGB670XC.
e Cerdip 18 pins package: TSGB670XJ.

X: Tempefaturerange = C:  0°C, + 70°C, | -25°C, + 85°C

V: -40¢°C, + 86°C, M: -55°C, + 125°C v 1eh vz
v-[2 17[]-EA
N1 []3 16[]sA
Lt 4 15[]+EA
ouTi[]s 14[]+ EB
ouT2[]s 13[] se
GND [ 7 12[] -E8
Nz2[]B 11[JPwWA
ck]s 10[1Pwr

43 - 45, Avanue Je 'Europa 78140 VELIZY-FRANCE Tel. (1) 39.46.97.19 Telex : 240780F
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58

~EA

POWER ADJUST.
FOR OP. AMP.

BLOCK DIAGRAM

PWF LVLY

d

] ‘lTl
POWER ADJUST OUTPUT
FOR FILTER DC LEVEL 1

S |

INPUT FILTER 1 OUTPUT SiH —"‘[ auT!
-]  SIH1 e BUFFER 1
12 1h ORDER
POSSIBILITY
ouT2
INPUT FILTERS QUTPUT S/H
bo|  SIHZ L || BUFFERZ

!
— i

CLOCK GENERATOR |——1 QUTPUT

I OC LEVEL 2

PROG. CLOCK DIVIDER —, 1 LvLz

}

LEVEL SHIFT AND TTL INTERFACE

A

THOMSON SEMICONDUCTEURS

-

CLK v+ GND V-
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1568670

AMPLITUDE RESPONSE CURVE FOR TELEPHONE APPLICATION (CLK = 256 kHz)

Q \
-0

\ RECEIVE FILTER

\ (our 1)

|
»
o

AMPLITUDE (dB)
i
8

1
»
=]

Q 2000 4000 8000 8000 10000

FREQUENCY {Hz)

AMPLITUDE (dB)

/ TRANSMIT FILTER
(ouT2)

=
Y

FREQUENCY (Hz)
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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 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.80000, selection classes D and quality assurance level Y,
—NFC 96883, selection classes D, or std,
~-NFC 96020, Quality Assessment Standard, level Y.

e 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, 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;

SELECTION LEVELS
Levels D and Standard:

In the ""Standard” class, THOMSON SEMICONDUCTEURS offers a range of products in ceramic,
cerdip and metal packages for operation in the following temperature ranges:

¢ Standard 0°C to 70°C,
s Extended -40°C to +85°C.

The “D" level is the standard level with additional burn-in only.

THOMSON SEMICONDUCTEURS




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 processing

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.

Asseambly

Assembily 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,

@ Stabilization bake,

@ Temperature cycling,

® Constant acceleration,

@ Particle impact noise detection test {Pind-test),
@ Seal test.

Quality assurance and selection

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 momtonng
procedures in accordance with standard CECC 90,000, level Y.

THOMSON SEMICONDUCTEURS
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PACKAGED PRODUCTS

D SCREENING CLASS:

In 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 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%}

T

PACKAGE INPECTION
(by lot)

I

DIE ATTACH
(2 sampling by shift (1))

1

BONDING WIRE INSPECTION
(2 sampling by shift (1))

WIRE BONDING
BOND STRENGTH
(2 sampling by shift (1)}

Il

INTERNAL
VISUAL INPECTION
(100% + (2}

INCOMING PARTS CLEANING
100% + (2)

]

ENCAPSULATION
STABILIZATION BAKE
(100%)

SEAL TEST (fine leak|
{100%)

See next page

THOMSON SEMICONDUCTEURS
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Specifications

Intemnal norm (*)

Internal norm (*)

Internal nom (*)

Internal norm (*)

Intemnal norm (*)

Internal norm (*)

Internal norm (*)

Internal norm (*)

Intemal norm (%)




D and STANDARD SCREENINGS (continued)

SEAL TEST (gross leak)
(100%)

—

MARKING
(100%)

ELECTRICAL
TEST AT 25°C
(100%}

NFC 96883

Internal norm

NFC 96883/ P502
Device specification

BURN-IN
(100%)

T

POST BURN-IN
ELECTRICAL TEST AT 25°C
(100%)

FINAL ELECTRICAL TEST

—

QUALITY CONFORMANCE
INPECTION

DATA REPORT

PACKING, CONTROL
BEFORE SHIPPING
(100%)

{1} Minimum sample quantity by shift
{2) Lot sampling

102

“STANDARD" SCREENING STOPS HERE I
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168 H - 125°C
NFC 96883/E503

NFC 96883/ P502
Device specification

NFC 96883




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 accaptance test
The group A and B tests are performed on each lot (NFC 98020-Y level)

Quality conformance inspection for assembly process and technologies

These tests are accomplished with a periodicity of 3 or 6 months.

We perform practically all the tests of group C, as defined in the French standard NFC 96020, adopting methods compatible
with book V1l of mathodic documentation of the CCT {UTE C0O-192).

Tests of groups A and B (Y level} of the French Standard NFC 96020
performed on each lot

DEVICES ANALOG LOGIC
STANDARD & D STANDARD & D
cLAss LEVELS LEVELS
Sub- NFC96020 | Inspection AQL Aceapt.
graup TESTS reference § laval % LTPO ceriteria
Ala External visual inspaction 6.1
Marking conformance 6.1 1 0.4 3 213
Alb Meachanical inoperatives 6.2 ] 025 3 112
A2 Functional test a1 25°C 0 0.15
or a1 T° max (*}
TA3s Main static tosts
o, “
e " 0.4 :’E@' V2
A3b Complementary static Tomax
tezts at 25°C i
Ada Functiongl and main static Device
tests at maximum rsted specification
operating tempsarature 54 1
Adb Functional and main static
lests at minimum rated No tes1|  Notest
operating temperature
A5 Main dynemic tests 6(*)
| 2125°C No test | No test 3/4
I or a1 T max () T ‘max.
DEVICES ANALOG and LOGIC
Sub- STANDARD/D,LEVELS
NFC:
group :
TESTS e o S-mp;: sizes Anz-pn-:t critarig
inspaction levels AQL %
B1 Physical dimensions 6.3 11 an
B2 Solderability M302 32 1/2
B3 Senl tast (For cavity packages) M303 1 i 1%

Periodical test table

Sub- Tasts NFC 96020 |Sampla | Accep. These tests are accomplished with a periodicity of 3 or 6
group raference § nizes critaria months.

Secondary physicel dimen- o3 e - They regroup practically all the tests of group C, as de-
<1 sions waight : fined in the French standard NFC 96020, adopting me-
e Marking resistance M 406 18 F thods compatible with book VIl of the CCT methodic

10 solvents documentation (UTE C00-192}.
[ox] Terminal strength M 304 18 1

- Resistance 1o soldering M
cq | hesting 201 2% 1

- Thermal thocks c 203
(1) |- Accelerated domp heat | C 205 |

i - Mechanical shocks M 307
C6 |- Vibrstions - bumps M 308 1B 1
(2) |- Constant scceleration M 306
Damp heat N
C6 trraadsyistare) 3 Cc 204 18 1 (1) For phlluf packages
Lifezest 1000 Hat |E401or€403] Lo | | ';: Fg' sararicand metal plas pachage
;] 5 1 { 10 days faor gold plated leads
highr tamperstire {4) |and Haview ipac. " 56 days for tin plated lesds or tin dippad leads
co High temperatur E 402 18 ] (4} Max junction temperature : 150°C for cavity package
s1orage 130°C for plestic packages
c13 Sait stmosphers_ (5) C 202 8 1 {8} According to package {once a yoar).

THOMSON SEMICONDUCTEURS
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Ordering information




STANDARD FILTERS: MINIMAL VERSION
(filter only)

TS G85101 M .CB. /B,
A A N '

THOMSON SEMICONDUCTEURS

prefix
Screening class
Technology {See Quality information)
G: CMOS/5i gate ihstndan

D: screening class

G/B: screening class
B/B: screening class
S: screening class

Device numbar

Operating P i
temperature range

C: 0oC.+ 70°C C: ceramic DIL

I : -26°C, + 86°C )
M : -55°C, + 126°C P: plastic DIL
V 1 -40°C. + 85°C

J: cerdip DIL

A : Non standard

THOMSON SEMICONDUCTEURS
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STANDARD FILTERS: EXTENDED VERSION

(2 free op. amplifiers)

M C

T S.G8510

T 17

THOMSON SEMICONDUCTEURS
prefix

Technology
G: CMOS/Si gate

T

Device number

Operating
temperature rangs

C: 0O°C + 70°C
1 :-25%C, + 85°C
M : -55°C, + 125°C
V : -40°C, + BB°C
A : Non standard

T

b4

THOMSON SEMICONDUCTEURS

B,/ B|

Screening class
(See Quality information}

U: standard

D: screening class
G/B: screening class
B/B: screaening class
S: screening class

Package
C: ceramic DIL
P: plastic DIL

J: cerdip DIL




SEMI CUSTOM FILTERS

JSGF081OOMW

PE|/IABC|

A

THOMSON
SEMICONDUCTEURS
prefix

Technology
G: CMOS/Si gate

Device number:
FO4 for 4th order M.P.F
FO8 for 8th order M.P.F
F12 for 12th order M.P.F

Registration number
(3 digits)

A

LA?A

¥ i ———ir— —

Customar
Identification

Screening class
{See Quality information)

U: standard

D: screening class
E: prototype class
8: screening class

Package

C: ceramic DIL

J: cerdip DIL

P: plastic DL

Version lattar: ind: a
minor variant of the basic
type

THOMSON SEMICONDUCTEURS
108

Operating
ternperature range

C: O°C.+ 70°C
1 :-25°C, + 85°C
M : -55°C, + 126°C
V : -40°C, + 85°C
A : Non standard




SALES HEADQUARTERS
43, AVENUE DE L’'EUROPE
78140 VELIZY-VILLACOUBLAY

7 THOMSON SEMICONDUCTEURS

TEL. (1) 3946 97 19/ TELEX 204 780 F

INTERNATIONAL SALES NETWORK

SUBSIDIARIES (october 1985)

AUSTRIA

THOMSON-CSF Elektronische Anlagen GmbH
Litzowgasse 12-14

1140 WIEN

Tel. (222) 94.62.82 Telex : 135572 TCSF WA

BELGIUM and The NETHERLANDS

THOMSON S.A-NY,

363 Avenue Louise B.P. 10

B-1050 BRUXELLES

Tel. (2) 648.64.85 Telex 23113 THBXL B

BRAZIL

THOMSON-CSF Componentes do Brasil
Avenida Roque Petroni JR S-N Brooklin

SAQ PAULO CEP 04707

Tel. (55 11) 542.47.22 Telex 1124226 TCSF BR

CANADA

THOMSON-CSF Canada Ltd

Departement Semiconducteurs

1000 Sherbrooke ouest

suite 2105

Montréal H 3A 3G4

Tel. (1.514) 288.41.48 Telex 5560248 TESA FILMLT

FAR EAST ASIA

THOMSON-CSF Far East Ltd

Granville Road

Energy Plaza Building

Units 1.2.3 A, 6 floor

Tsimshatsui East

KOWLOON

HONG KONG

Tel. (3) 721.96.82 Telex 40766 HW TCFE

FRANCE

THOMSON SEMICONDUCTEURS

43, avenue de I'Europe

78140 VELIZY-VILLACOUBLAY

Tel.: (1) 39.46.97.19 Telex TCSF 204780 F

GERMANY (WEST)

THOMSON-CSF Bauelemente GmbH
Perchtinger Sir 3

D-8000 MUNCHEN 70

Tel. (089) 7879 0 Telex 522916 CSFD

ITALY

THOMSON-CSF Component!

Via M. Gioia 72

1-20125 MILANO

Tel. {2) 699.41 Telex 330.301 TOMCO-I

THOMSON-CSF Componenti
Via Sergio |, 32

00165 ROMA

Tel. (6) 63.90.248 Telex 620683

JAPAN

THOMSON-CSF Japan K.K.

Components Dept.

TBR Bidg 715

Kojimachi 5-7

Chiyoda-Ku

TOKYO 102

Tel. (3) 264.63.48 Telex 2324241 THCSF. J.

SOUTH EAST ASIA

THOMSON-CSF Components SEA

Units 5D-7D, 4TH Floor, Block 15

996 Bendemeer Road

Kallang Basin industial Estate

SINGAPORE 1233

Tel. (65) 295.31.24 Telex RS 36124 TC SEA

SPAIN

THOMSON-CSF Componentes y Tubos

Division Semiconductores

Calle Albacete, 5

28027 MADRID

Tel, (1) 405.16.15 Telex 46033 Teletax (1) 404 60 02

THOMSON-CSF Componentes y Tubos

Poligono Industrial Fontsanta Montilla, 5

San Juan Despi

BARCELONA

Tel. (3) 373.30.11 Yelex 53077 Telefax (3 ) 373 38 50

THOMSON-CSF Komponenter & Elektronrdr AB
Sandhamnsgatan 65 Box 27080

5-10251 STOCKHOLM

Tel. (08) 63.50.60 Telex 12078 THCSF S

UNITED KINGDOM and IRELAND

THOMSON-CSF Components and Materlals Ltd
Ringway House Bell Road

DANNESHILL

BASINGSTOKE - HANTS RG 24-0QG

Tel. (256) 29.155 Telex B58865

U.B.A.

THOMSON-CSF Components Corporation
301 Route 17 North

Rutherford NJ 07070

Tel. {1.201) 438 23 00

Telex 710 989 72 86

For all other countries please contact: THOMSON Composants Export 101,bd Murat / 75781 Paris Cedex 16 - France

Tel.: (1) 47.43.96.40 / Telex: TCSF 204780 F




INTERNATIONAL SALES NETWORK

DISTRIBUTORS (october 1985)

CORTE

Sgo del Estero

6434 Piso

1075 BUENOS AIRES

Tel. 38.00.10.6/7/8 Twx 21 982 CORTE

AUSTRALIA

CONSULAUST INTERNATIONAL PTY LTD
P.0O. Box 357

734 Riversdale Road

CAMBERWELL, VIC 3124

Tel. 03.836,25.66 Twx 37455 CONAUS AA

BELGIUM AND THE NETHERLANDS

INELCO

94, avenue de Guerre

B 1120-Bruxailes

Tel. 02.216.01.60 Telex 64 475

ITT STANDARD BELGHUM
F s and k h 8 group
Rue Antoine-Court 15
1080-BRUXELLES
Tel. 02.424.28.00 Twx 22901 ITT MUL

ALCOM ELECTRONICS BV
Hollandsch Diep 57

2004 EP - CAPELLE AAN DE IJSSEL
Tel. 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 bivd., Point Ciaire,
QUEBEC HIR5C7

Tel. (514) 694.7710 Twx 610.421,3500

B2 St. Regis Cresent, North
Downvieu, ONTARIO, Canada M3J 1Z3
Tel. (416) 638.4771 Twx : 610 491 1470

DENMARK

SCAN SUPPLY

18-20 Nannasgade

DK 2200 - COPENHAGEN

Tel. (01) 83.50.90 Twx 19037 SCAPLY DK

EQYPT

ALAG TRADING

3 Amiralay Hussein Gad Street
HELIOPOLIS-GHARB

LE CAIRE

Tel. 690.667 Twx 93031 CHF UN

FAR EAST ASIA

JARDINE TECHNICAL PRODUCTS LIMITED
Woerld trade centre

P.O. Box 30748 CAUSEWAY BAY

HONG KONG

Tel. 5,837.38.88 Telex 60004 JTPHK

A LAIKKO OY

Kolmas Linja 16B22

00530 HELSINKI 53

Tel. (0) 75.04.14 Telex 125200

FRANCE

Réglon parisienne

ALMEX

48, rue de 'Aubépine

Z1. 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/CODICOM

52, rue des Cariéres

B.P. 43

94222 CHARENTON

Tél (1) 43.75.95.92 Télex 680363

TCC-DIS

30, av. de la République

94800 VILLEJUIF

Tél, (1) 46.77.81.71 Teélex 260743

TEKELEC-AIRTRONIC

6, avenue Salvador-Allende
93804 EPINAY CEDEX

Tél. (1) 48.21.60.44 Télex 630260

523, place des Tefrasses
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 Bruyéres, rue C.-Vernet
8P, 2

92310 SEVRES

Tel. (1) 45.34.75.35 Télex 204552

5, aliée du Bourbonnais
78310 MAUREPAS
Tél. (1) 30.62.00.58 Telex 698121

59110 LA MADELEINE
Tél. 20.55.58.03 Télex 120934

SILEC/SIDE

Avenue Robert-Schuman

C2 Résidence de I'Europe

58370 MONS-EN-BAROEUL

Tél. 20.04.75.08 Télex (734) 160450

TEKELEC-AIRTRONIC
Immeuble Moulin 2

5, rue du Colibri

59650 VILLENEUVE-D'ASCQ
Tél. 20.05.17.00 Télex 160011

SELFCO

31, rue du Fossé-des-Treize
67000 STRASBOURG

Tél. 88.22.08.88 Télex BIOT706

SILEC/DEL

Rue de I'Escault

Z.). de Dijon - St-Apollinaire
21000 DLON

Tél. 80.71.57.45 Télex 350833

SILEC/SLRD

38, rue des Jardins

Le Ban-St-Martin

BP. 1

LONGEVILLE-LES-METZ

57023 METZ CEDEX 2

Tél. 87.32.53.12/87.32.26.22 Télex 660177

SILEC/CODICOM

Rue du Grand-Véon

10000 TROYES

Tél. 25.82.17.43/25.82.17.32

TEKELEC-AIRTRONIC

1, ue Gustave-Adolphe-Hirn
67000 STRASBOURG

Tél. B8.22.31.51 Télex 880765

Rhdne-Alpes

ALMEX

Norly 2

Route des Peupliers

69750 DARDILLY

Tél. 78.66.00.66 Télex 375187

GEDIS

21, rue des Glairons

38401 SAINT-MARTIN-D'HERES
Tél. 76.51.23.32 Télex 980788

THOMSON SEMICONDUCTEURS

6, avenue du Général-de-Gaulle
69350 LA MULATIERE
Tél. 78.51.47.68 Télex 305554

PEP

191C, avenue Saint-Exupéry
89500 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

ZA.C. du Rondeau

Impasse du Docteur-Pascal
38431 ECHIROLLES CEDEX
Tél. 76.22.05.09 Télax 980938

8, rue des Fréres L.-et-E. Bertrand
69632 VENISSIEUX CEDEX
Tél. 78.00.86.97 TELEX 340189

TEKELEC-AIRTRONIC
22, rue de la Baisse
69100 VILLEURBANNE
Tél. 78.84.06.08

ZIRST IV

Chemin des Prés

38240 MEYLAN

Tél. 76.41.11.36 Télex 980207

Quaest

ALMEX

Immeuble Armorique

171, avenue de Vern

35100 RENNES

Tél. 99.51.66.16 Télex ALMEX RN 741034 F

COMPOSANTS S A.

9, rue du Général-Nicotet
B.P. 1466

35015 RENNES CEDEX

Tél. 99.50.40.40 Télex 740311

DIRECT

151-153, route de Constantine
B.P. 4012

76201 ROUEN CEDEX

Tél. 35.98.40.48 Télex 770842

GEDIS

9, rue du Général-Nicolet

B.P. 558

35006 RENNES

Tél. 99.50.18.60 Télex 740056

SILEC/SIDE

Résidence Front-de-Seine
41, quai du Havre
76000 ROUEN

Tél. 35.98.22.99

SILEC/RIME

Rue 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




Centre ot Centre-Ouest

AUVERLEC

Z.1., 2, rue de Findustrie

B.P. 2

63800 COURNON-D'AUVERGNE
Tél. 73.84.76.62 Télex 390926

COMPOSANTS S.A

Z\., Allée de la Détente

86361 CHASSENEUIL-DU-POITOU CEDEX
Tél. 49.52.88.88 Télex 791525

GEDIS

1, rue du Danemark

37100 TOURS

Tél. 47.41.76.46 Télex 750765

Aquitaine-Midi-Pyrénées

ALMEX

Immeuble « Centreda »
Avenue Didier-Daurat

31700 BLAGNAC

Ték 61.71.11.22 Télex 521370

COMPOSANTS S.A

Parc Industriel Bersol

B.P. 81

Avenue G.-Eiffel

33605 PESSAC GEDEX

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 TOULQUSE CEDEX
Tél. 61.41.05.00 Télex 530777

SODIMEP

18, rue des Cosmonautes
B.P. 4345

Zl. 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-Cote &Azur

COMPQSANTS S.A.

Bureau 3000

Avenue Eugéne-Donadei

Bal. B '

06700 ST-LAURENT-DU-VAR
Tel. 93.07.77.67 Télex 461481

DIMEL

Le Marino, avenue Ciaude-Farrére
B.P. 1153

83058 TOULON CEDEX

Tél. 94.41.49.63 Télex 430093

GEDIS

Mercure C

Z.l. d'Aix-en-Provence

13763 LES MILLES CEDEX
Tél. 42.60.01.77 Télex 420683

THOMSON SEMICONDUCTEURS
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TCC-DIS/SRD

Chemin des Pennes-au-Pin

Plan de Campagne

13170 LES PENNES-MIRABEAU
Tél. 42.02.91.08 Télex 440076

TEKELEC-AIRTRONIC
Batimen! « Le Mercure »
Avenue Ampére

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. 07152/6020 Telex 724192

ECS FREHSDORF GMBH
Carl-Zeiss-5tr. 3

2085 QUICKBORN

Tel. 04106/71058 Telex 213693

METRONIK GMBH

Kapellenstr. 8

8025 UNTERHACHING

Tel. 089/611406063 Telex 529524

RSC-HALBLEITER GMBH
Industriestr. 2

7536 ISPRINGEN :
Tel. 07231/8010 Telex 783650

RTG ELEKTRONIX GMBH
Maérkischestr. 82a

4500 DORTMUND 1

Tel, 0231/528421 Telex 8227323

SETRON

Schiffer Elektronik GmbH
Theodor-Heuss-Str. 4b

3300 BRAUNSCHWEIG

Tel. 0531/80011 Telex 952812

SPOERLE ELEKTRONIK KG
Max-Plank-Str. 1-3

6072 DREIEICH

Tel. 06103/3040 Telex 417 983

ELBATEX GES.M.B.H.
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Filtres monolithiques CMOS
a capacités commutées
utilisant une technique prédiffusée ()

Par C. CAILLON* et J. GUYOT **

* THOMSON Semi-Conducteurs.
** Division Applications Sous-Marines de THOMSON-CSF.

SOMMAIRE. — Les filtres 4 capacités commutées constituent un important progrés dans la
miniaturisation et la mise au point des équipements, puisqu’ils ne nécessitent aucun composant
externe et leur courbe de réponse peut étre transposée trés facilement sur laxe fréquentiel
par une simple fréquence d horloge.

Aprés une justification de la complémentarité des filtres de type analogique et des filtres
numérigues dans les équipements, les auteurs décrivent les principes utilisés dans les filtres a
capacités commutées ainsi que les principales méthodes de syntheése.

La description d'un circuit prédiffusé destiné au filtrage par commutation de capacités est
présentée, ainsi gque les moyens logiciels associés. Plusieurs réalisations de filtres de gabarit
trés variés (passe-bas, passe-bande, passe-haut, type Cauer, Chebychev, Butterworth) sont
donnés a 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 easily converted to the frequential axis by means of a simple clock frequency.

The authors first justify the complementarity of analog 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 prediffused circuit, intended for filtering by means of capacitor
switching, is described together with the associated software facilities. Several types of filters
of very different size are given at the end of this article (low-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 regu le 11 juillet 1984.
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714 C. CAILLON ET J. GUYOT

1. INTRODUCTION

L’introduction depuis quelques années de techniques de filtrage par
commutation de capacités, associées aux technologies MOS particuliére-
ment adaptées pour réaliser des dispositifs a transfert de charges (interrup-
teurs quasi parfaits, impédance d’entrée élevée des amplificateurs opération-
nels) a rendu possible Pintégration de filtres monolithiques, destinés a
remplacer les filtres actifs réalisés jusqu’alors a 'aide de composants
discrets. Pourquoi réaliser des filtres capables de traiter des signaux analogi-
ques, a 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 numeérisés ?

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 ¢lectriques, qu’il est souvent nécessaire de traiter
avant numérisation : amplification, filtrage. En cffet la numérisation d’un
signal, passe par l'utilisation de convertisseurs analogique/numérique qui
travaillent d’une fagon générale sur des signaux d’amplitude adaptée:
préamplification, amplification, réglage de gain (automatique ou manuelle).
De plus, ces convertisseurs procédent par échantillonnage de signaux
électriques, d’ou la nécessité de limiter le spectre fréquentiel a la demi-
fréquence d’échantillonnage pour éviter les phénoménes 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 I'utilisation de
filtres d’ordre élevé, afin de tendre vers le filtre parfait (irréalisable). C’est
dans ce domaine que les filtres a commutation de capacités interviennent
en premier licu. ‘

Le passage du domaine numérique au domaine analogique nécessite
I'utilisation de convertisseurs numérique-analogique qui délivrent un signal
a temps continu échantillonné-bloqué. Afin d’améliorer le taux de distor-
sion harmonique, un filtrage sera souvent nécessaire. C’est la une deuxiéme
application des filtres 4 capacités commutées. :

Bien entendu ces domaines d’applications ne sont pas limitatifs, et un
filtre 4 capacités commutées pourra aisément rémplacer un filtre actif,
dans des équipements entiérement analogiques. ' '

D’une fagon générale, une chaine de traitement de signal se présentera
sous la forme donnée sur la figure 1.
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Fig. 1. — Schéma synoptique général d’une chaine de traitement de signal.
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716 FILTRES MONOLITHIQUES CMOS

2. PRINCIPES UTILISES
POUR LE FILTRAGE A CAPACITES COMMUTEES

2.1. Montage de base

Le montage de base de tout filtre actif est le circuit intégrateur. Le
filtre, répondant 4 une fonction de transfert déterminée, sera réalisé par
association de plusieurs intégrateurs et d’un certain nombre de résistances
¢t capacités de rebouclage.

Le montage intégrateur de base est donné sur la figure 2.

R ML o S

Vs

i+

Fig. 2. — Montage intégrateur utilisé dans les filtres actifs.

La fonction de transfert d’un tel montage est :

V. 1
1 e
) v, RCp

(p=j o=variable de Laplace).

Le produit RC détermine la constante de temps de I'intégrateur. En circuit
intégré MOS, ce produit RC, peut étre réalisé, mais avec une surface de
silicium importante et surtout une forte imprécision due essentiellement 2
la non-corrélation entre les paramétres fixant la valeur des résistances et
celle des capacités. Le montage intégrateur de base des filtres a capacités
commutées est donné sur la figure 3.

@
Ve o N

Cl

a._

Fig. 3. — Montage intégrateur a capacité commutée.
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Dans ce montage la résistance est remplacée par une capacité C, et
deux interrupteurs commandés par des phases ¢ et @ complémentaires et
non recouvrantes. On notera T la période de commutation de ces interrup-
teurs et fy la fréquence correspondante (T=1/fy).

On montre [1], que la capacité commutée C, est I’équivalent d’une
résistance de valeur :

1 T

Cy-Ju i

(2) R~

?

ce qui donne pour le montage intégrateur la fonction de transfert :

3 ol
P

l$)
X

Remarques concernant ce résultat :

1° La relation (3) représente une approximation. En effet le fait d’utiliser
des interrupteurs indique que I’on a 4 faire 4 un systéme échantillonné, et
dans ce cas on doit utiliser la transformée en z : variable z ou z7! =e ™7,
et non plus la variable de Laplace p.

2° La constante de temps du montage est égale a :

C,

Co - fu

elle est réalisée par un rapport de deux capacités et est inversement
proportionnelle a la fréquence d’échantillonnage fi;. On sait réaliser en
technologie MOS des rapports capacitifs trés précis (de 'ordre de 0,59%;).
De plus la constante de temps RC pourra étre réglée par la fréquence
d’échantillonnage f, ce qui permettra de réaliser des filtres a fréquence
de coupure variable (le module et la phase de la fonction restant constants).

(4 RC équivalent =

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,
est petit et la fréquence d’échantillonnage basse.

2.2. Phénomeénes introduits par ’échantillonnage du signal

Les filtres a capacités commutées procédant par échantillonnage, les
phénomeénes de repliement de spectre (battement entre la fréquence du
signal et la frequence d’échantillonnage) vont intervenir. Ces filtres nécessi-
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718 C. CAILLON ET J. GUYOT

teront donc un propre filtre antirepliement mais qui pourra &tre trés simple
(premier ou second ordre). En effet, il sera possible de suréchantillonner
le signal d’entrée grace a la rapidité de I'amplificateur opérationnel qui
effectue le transfert de charge d’une capacité a une autre.

Dans ce cas les phénoménes de repliement de spectre interviendront a
des fréquences relativement élevées par rapport a la fréquence de coupure
du filtre, ce qui rendra d’autant plus simple la réalisation du filtre antireplie-
ment qui doit étre obligatoirement a 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 ou le filtre 4 capacités commutées est utilise comme filtre
antirepliement avant traitement numérique, c’est lui-méme qui supportera
le suréchantillonnage et non le processeur qui sera ainsi libéré pour réaliser
d’autres opérations de traitement.

En sortie, le filtre a 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 4 capacités commutées est donné
figure 4.

Filtre | Filtre & capacités Filtre

2 —p- Vs
Anti-Repliement commutées de lissage

o ® tm ®

Fig. 4. — Schéma synoptique général d’un filtre & capacités commutées.

Le bloc (1) a pour fonction de limiter la bande de fréquence du signal
d’entrée 4 f,/2, tout en n’altérant pas la bande passante du filtre a capacités
commutées (filtre d’ordre 2 souvent suffisant).

Le bloc (2) est le filtre & capacités commutées d’ordre élevé (zone de
transition raide).

Le bloc (3) est facultatif et dépend de I'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 étre utilisée puisqu’elle est réservée aux
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systémes dit a4 temps continu. Nous utiliserons la variable z=¢®" ou
plus souvent z™'=¢7*T qui correspond 4 un retard pur d’une période
d’échantillonnage.

Ecrivons ’équation régissant le transfert de charge du schéma intégrateur

(fig. 3).
(5) charge C, [instant T']=charge C, [instant (T— 1)]+ A charge transférée,

si on vient échantillonner la sortie sur la phase ¢ on aura:
(6) CV,kT)=C, V,[(k-=1)T}=C, V. [(k—1) T],

le signe O est généré par 'entrée © de I'amplificateur.
Si I'on traduit cette équation aux différences en z~ ! on obtient :

(7 CV,(2=C,z7' V,(2)-C,z7" V., (2),

Si on vient échantillonner la sortie sur la phase @ on aura :

Vi(z) _ C, z~ 2

9 = s ———
) V,(2) c, 1-z71

On obtient dans ce cas I'intégrateur LDI (Lossless Discrete Integrator) ou
encore de Bruton.

Pour obtenir I’équivalence de I’équation (9) avec celle de Péquation (3)
en p on peut écrire :

-1/2
(10) Vol e B, e B E
Ve(z) C; fH 11—z 1
d’ou :
-1/2 —1/2
(11) L 195 W =, o
P fy 1—z7* 1—z"1

(12)
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Il s’agit 1a de l'intégration dite par « les rectangles retardés ».
D’autres types d’intégration peuvent étre utilisés :
— intégration par les « rectangles avancés » :

(13)

" — intégration par « les trapézes » (ou bilinéaire) :

14271
=2 .

I

(14) 7

1

P Tz
Cette derniére ne peut pas étre réalisée simplement a l'aide d’un seul
intégrateur (sauf dans le cas d’intégrateur différentiel [2]), mais elle pourra

I’étre au niveau d’une cellule biquadratique utilisant deux intégrateurs
rebouclés : cellule d’ordre 2.

2.3. Différentes configurations rencontrées dans les filtres a capacités com-
mutées

L’intégrateur de la figure 3 n’est pratiquement jamais utilisé car il ne
s’affranchit pas des capacités parasites iniroduites par la réalisation techno-
logique des interrupteurs.

La réalisation de la cellule d’entrée en technologie MOS est donnée
figure 5.

Magse Virtuelle
Aluminium de 1'Amplificateur

Fig. 5. — Schéma en coupe mettant en évidence la présence de capacités parasites
dues aux jonctions des transistors utilisés comme jinterrupteurs.

Nous voyons sur ce schéma en coupe que les capacités de jonction des
transistors utilisés comme interrupteurs sont en paralléle avec la
capacite C,. La valeur de la capacité équivalente est alors :

(14) C*=C,+C,; +C,,.

Ces deux capacités parasites vont venir altérer le rapport capacitif. (D’au-
tant plus que les capacités de jonction C,; et C,, varient en fonction de
la polarisation des jonctions.)

REVUE TECHNIQUE THOMSON-CSF — VOL. 16 — N° 4 — DECEMBRE 1984



FILTRES MONOLITHIQUES CMOS 721
Afin d’éliminer les imprécisions dues & ces capacités parasites, on aura

recours a4 des cellules qui €liminent leur influence : cellules commutées a
quatre interrupteurs. Deux cellules sont utilisées ( fig. 6 ¢t 7).

Masse

@ #hl @
e o—\l——l ~——® Virtuelle
@

Fig. 6. — Cellule & capacité commutée
s’affranchissant des capacités parasites : cellule inverseuse.

)] C1 s
" ,‘ Masse
0—\——"——( —e@Virtuelle

N

Fig. 7. — Cellule 4 capacité commutée
s'affranchissant des capacités parasites : cellule non inverseuse.

Ve f Ula
Sl

T
|

ve \)'7_"_é I c2
Y
]
.
N
¥

Fig. 8. — Cellule générale donnant les différentes possibilités
de réalisation d’un intégrateur a 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 4 la réalisation de filtres est donnée par le schéma ( fig. 8).
La fonction de transfert générale en z correspondante sera :

Vs (Z) =
= V(@)
1

C,(1—z7Y

[—C1 (1—27)=Cpy=Cpo 272+ Cpyz7 4+ Cy 2717,

3. DIFFERENTES METHODES DE SYNTHESE DE FILTRES
A CAPACITES COMMUTEES

3.1. Simulation des filtres RLC

Cette méthode permet de transcrire un filtre RLC passif en un filtre a
capacités commutées ayant les mémes caractéristiques (gabarit identique,
sensibilité aux valeurs des composants réduite).

On part d’une table [3] permettant de calculer les éléments RLC, a partir
d’un gabarit donné. Pour un filtre d’ordre 3 de type elliptique, on obtient
le schéma donné figure 9.

Fig. 9. — Filtre passif RLC de type elliptique, d’ordre 3.
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Ecrivons les équations d’état de ce systéme sous forme matricielle :

[~ 1
[—R——(chz)p] = el Vi
+1 —L.p +1 1
(17) ’ 1 -

-C,p —1 [—E“‘( 2+Ca)p -V,

S

R,

+| o |v.=0
0

Si 'on remplace la variable p par la variable z en utilisant la transformée
de Bruton (LDI) :

~

i 1—z—1

Tz

It

(18) p

on obtient la matrice en z correspondante :

T (C1+C2) = " € o
S [ ZtT2 Y1 —s .12 e ™
R’ )¢ ) z = U~
: E =
19 z™12 R i g
(19) =l
C : C,+C
" ——T:z'(l—z_l) -z 12 —-é:z'”z—(%)(l—z‘_])_
Vv, iz—uz
R, v
x I + " ,=0.
Vs 0

Tous les éléments de cette matrice sont réalisables a 'aide des cellules de
base représentées a la figure 8 et décrites dans 'équation (16).

Pour obtenir le schéma & capacités correspondant on utilisera les régles
suivantes :
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724 C. CAILLON ET J. GUYOT

1 L’ordre étant de 3, on utilisera trois amplificateurs numeérotés de 1 a
3

2° Un élément de la matrice sera indicé de la maniére suivante : C, j ou
«i» représente I'indice de ligne et «j » I'indice de colonne,

(@) Un élément placé sur la ligne «i» sera connecté 4 l'entrée de
I'amplificateur de numéro «i ».

(b) Un élément placé sur la colonne «j» sera connecté a la sortie de
I'amplificateur de numeéro «j ».

Par exemple : Le terme — L, (1 —z ") est situé & la ligne 2 et colonne
2 (i=2; j=2). Cette cellule du type C,, sur le schéma figure 8, sera connec-
tée entre entrée de I'amplificateur n° 2 et la sortie de 'amplificateur n® 2.
A Taide de ces régles on en déduit le schéma complet ( fig. 10).

Fig. 10. — Schéma du filtre a capacités commutées d'ordre 3
simulant exactement le filtre passif RLC de la figure 9.

Le schéma obtenu est du type « Leapfrog », synthése LDI (Bruton). On
peut réaliser également une synthése bilinéaire, en prenant la transformée
p — z adéquate [relation (13)], moyennant quelques transformées matriciel-
les pour rendre les cellules réalisables : on obtiendra un schéma a peu preés
identique, avec des phases @ et @, et des valeurs de capacité, différentes.
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3.2. Mise en cascade de cellules biquadratiques

Nous ne développerons pas ici cette méthode en détail. Nous nous
limiterons a4 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) ou D (z) est un polyndéme en z d’ordre 2 et N(z) un polynéme
dont I'ordre peut varier de 2 a 1 ou méme devenir une constante.

D (z) réalisera deux pdles réels ou deux pdles complexes conjugués. Il
en est de méme 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 deuxiéme ordre. L’association d’un terme d’un
polynéme d’ordre 2 au numérateur et au dénominateur donnera la celiule
biquadratique que Pon réalisera 4 'aide de deux intégrateurs rebouclés.
La fonction de transfert globale sera réalisée par la mise en cascade de
telles cellules ( fig. 11).

Ve
Cellule Vs
) | Callule ——

Biquadratique N° 1 Biquadratique N° 2

Fig. 11. — Schéma synoptique d’un filtre réalisé
par mise en cascade de cellules biquadratiques.

On pourra se reporter a la bibliographie citée ([4], [5]) pour davantage
de détails sur cette méthode.

3.3. Cellules biquadratiques couplées

Pour cette méthode on reportera le lecteur a la bibliographie citée [6].
Sous une forme générale la structure se présentera sous la forme donnée
figure 12.

Quelques autres méthodes de synthése existent dans la littérature mais
nous ne les développerons pas ici.
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(S«

1 1
Cellule Cellule Cellule
Biquad. Biquad. Biquad.
Ne 1 Ne 2 No 3

=)< ! ;®<—

Ve

Fig. 12. — Schéma synoptique d’un filtre réalisé a I'aide
de cellules biquadratiques couplées.

4: STRUCTURE INTEGREE GENERALE
UTILISANT UNE TECHNIQUE PREDIFFUSEE
POUR LA SPECIALISATION DES FILTRES

Dans le but de réaliser aisément des filtres intégrés monolithiques, par
I'une quelconque de ces méthodes, nous avons développé une cellule
géneérale 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 a un ordre 8 et est réalisé en technologie
HCMOS 1 (technologie CMOS 4 pm, caisson de type P).

4.1. Description de la cellule 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 bities 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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v

v2i®

V3i g I ]

v Connections
ai o———ﬁ—@—( - Aluminium
Possibles
S N oY ey
. s
. /ﬂ

Fig. 13. — Intégrateur universel de type « impair »
utilisé dans Ja cellule générale.

Vip —1

L 2 A T

vZp

AR -y S
~ V3p == —

L cc I 1< §

va

° : ‘Tj =

Vs

VEp

. 1/
Connections
Alumintum
Foselbtei¥¥

Fig. 14. — Intégrateur universel de type « pair »
utilisé dans la cellule générale.
nium afin de donner a la capacité la valeur désirée. Le passage par des
capacités élémentaires, toutes identiques, permet d’obtenir de trés bons
rapports capacitifs pour fixer Jes coefficients du filtre (voir fig. 16) :
C, n.C, n

20 =
( ) 02 m. C,_, m

y

indépendant de la capacité élémentaire C,,.
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1 P4
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; 6
& Bloe bl
db—_
V2
)
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N1
V3
Polarisations 160
1 &
)
N3
Vi N4
9 | [ 320
320 J1 E
]- 6
Vss

Fig. 15. — Schéma du transconducteur utilisé pour la réalisation des intégrateurs.

16 pgm

.

Capacité non

1
' utilisée
v
Silicium
Poly 2
]

Fig. 16. — Représentation partielle d’'un champ de capacités élémentaires.
Meéthode d’interconnection de ces capacités par le niveau aluminium.

Connection
Aluminium ~——

NERINONVRINRNNNAN
16 pm

/]

Silicium | .
Poly 1

NISRYY

AN INNINNA RN NN ANN

AKXV Z7VA )

"""-__1 R o

e T

Les interrupteurs sont du type CMOS: un transistor MOS de type P
et un transistor MOS de type N sont associés en paralléle et commandés
par des phases complémentaires recouvrantes. Ceci permet d’homogénéiser
la résistance série de I'interrupteur quel que soit la dynamique du signal
appliqué. Le choix des phases ¢ ou ¢ de commande est réalisé par le
masque aluminium.
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Le méme 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 éleves.

4.2, Description du circuit de filtrage d’ordre 8, personnalisable par le seul
masque aluminium

Le cceur du circuit est formé par I'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 I'ordre
du filtre 4 réaliser, 'une de ces lignes est sélectionnée par une connection
aluminium et est envoyée sur un amplificateur suiveur, sortant i basse
impédance.

Deux cellules commutées supplémentaires sont adjointes 4 la premiére
cellule pour permettre la réalisation de structures particuliéres ([8], [%]).

L’entrée horloge est compatible TTL/CMOS, et un circuit de génération
des différentes phases @y, ¢p, @y, @p st réalisé sur le circuit.

Un réglage de consommation par résistance extéricurc 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 ¢galement possible grice a
un plot de commande.

Enfin deux amplificateurs libres sont implantés sur le circuit, dans le
but de réaliser, & moindre coiit, 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 réalis¢ est donnée en figure 17.

5. LOGICIELS DE SYNTHESE
ET SIMULATION DE FILTRES A CAPACITES COMMUTEES

Afin de faciliter le calcul des filtres 4 capacités commutées un certain
nombre de logiciels ont été mis en place, tant pour la synthése des
différentes structures que pour leur simulation :
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Fig. 17. — Photographie du circuit prédiffusé de filtrage
réalisé en technologie CMOS.

SOFICAP2 ([10], [11]): synthése, analyse fréquentielle, temporelle et
sensibilité de filtres elliptiques (passe-bas, passe-haut, passe-bande).

COFIT ([12], [13]) : synthese, analyse fréquentielle de filtres Chebychev,
Butterworth et Legendre (passe-bas, passe-bande).

MOCAPA [14] : calcul de cellules biquadratiques a capacités commutées
a partir des pdles et zéros en p ou z.

OPTIMI [15] : programme d’optimisation de fonctions générant les
valeurs des poles et zéro a partir de données en gabarit : module, phase,
temps de propagation de groupe.

SCAPII [16] : programme d’analyse des filtres 4 capacités commutées
(réponse fréquentielle en module et phase, analyse de sensibilité).

SIFICA [16] : programme d’analyse de filtres a capacités commutées
d’ordre élevé (réponse fréquentielle, impulsionnelle, FFT, sensibilité).

Un projet de compilateur de prédiffusé de filtrage destiné a automatiser
la chaine de spécialisation de filtres, est en cours d’étude a EFCIS.
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Utilisateur Reéférence Ordre Fe&{l_[mzz;x) Fonctions Programmation F.| Feen/Fe
TH-EFCIS EFX8SEL7 73 1 Passe-bas Cauer 55 dB d’atténuation a4 13xF, Horloge externe 38
+2 ampli, OP libres. Réglage offset et conso. uniquement
TH-EFCIS EFX85EH3 3 1 Passe-haut Cauver 15 dB d’atténuation a 0,5x F,. Horloge externe 160
+2 ampli. OP libres. Réglage offset et conso. uniquement
TH-EFCIS EFX85ELS 5 I Passe-bas Cauer 33 dB d'atténuation a [,35xF, Horloge externe 38
+ 2 ampli. OP libres. Réglage offset et conso. uniquement
TH-EFCIS EFX85EL8 8 1 Passe-bas Chebychev ondulation en bande: 0,1 dB Horloge externe 30
+2 ampli. OP libres. Réglage offset et conso. uniquement
TH-DASM | EFX85AH31 | 1 Passe-haut Chebychev ondulation en bande: 0,1 dB Horloge externe 50
+2 ampli . OP libres. Réglage offset et conso. uniquement
TH-DASM | EFX85AH32 3 1 Passe-haut Chebychev ondulation en bande: 0,1 dB Horloge externe 452
+ 2 ampli. OP libres. Réglage offset et conso. uniquement
TH-DASM | EFX85SAL7 7 1 Passe-bas Cauer 85 dB d'atténuation a 18xF, Horloge externe 50
~+ 2 ampli. OP libres. Réglage offset et conso. uniquement
TH-DASM | EFX85ABS 8 1 Passe-bande Chebychev Af fo=0,144 ondulation : 0,1 dB Horloge externe | Fech/Fo
+2 ampli . OP libres. Réglage offset et conso, uniquement 6.4
TH-DTC EFX85FT1 S 1 Passe-bas Chebychev ondulation : 0,5 dB +2 ampli, OP Horloge externe 55
libres. Reglage offset et conso. uniquement
TH-DTC EFX85FT2 5+2 | Passe-bas Cauer ordre 5+ Passe-haut d’ordre 2. Horloge externe | P. bas:
Passe-bas : Ondulation=0,3 dB. uniquement 21
Passe-haut: =0,7 (coefficient d’amortissement) P. haut :
213

+2 ampli. OP libres. Réglage offset et conso.

Boitier

DIL 16
plastique
DIL 16
plastique
DIL 16
plastique
DIL 16
plastique
DIL 16
plastique
DIL 16
plastigue
DIL 16
plastique
DIL 16
plastique
DIL 16
plastique
DIL 16
plastique

Feen=fréquence d’échantillonnage. F.=fréquence de coupure du filtre.

Fig. 18. — Tableau récapitulatif des dix types de filtres
réalisés avec leur principales caractéristiques.
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Cet ensemble d’outils 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 4 la
demande.

6. REALISATION DE FILTRES
UTILISANT LA STRUCTURE PREDIFFUSEE

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 & partir duquel dix gabarits de filtre ont &té réalisés. Les caractéristi-
ques principales sont données dans le tableau ( fig. 18).

Les courbes de réponse fréquentielle mesurées a ’analyseur de réseaux
sont données aux figures 19, 20, 21 et 22 pour quatre de ces filtres.

0
-5
EFX 85 ELS
Elliptique
- 44 ptiqu
Fréquence d'Echantillonnage = 128 KHz
o - 24
a
€3]
a - T
g5 - 32
o
—
&
& -40 T
<
- 48
- 56 4+
- B4 + - o + t + .
o n o oooon 2 2 2 & o8
@ @ - 8 Fréquence © 0 & oW o
i & o o d (Hz) o m w0 S

Fig. 19. — Réponse fréquenticlle du filtre EFX85ELS
mesurée sur un analyseur de réseau HP3570 A.

Les autres caractéristiques électriques sont les suivantes ;
— tension d’alimentation : +5V (+1V);

— dynamique des signaux en sortie : > 80 dB;

—~ excursion de tension en sortie : +4V;
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o]
12 %
EFX 85 EL8
Chebyshev
za |
Fréquence d'Echantillonnage = 30 KHz
36 T
ag 4
60 +
T2
84
96 — . i R
8 res 3 g
- & & o o réquence P R R - S ¢
@ @ oww e (Hz) = 2 8 EaCa
Fig. 20. — Réponse fréquentielle du filtre EFX85ELS
mesurée sur un analyseur de réseau type HP3570 A.
o] .( -
EFX 85 AB 8
- 11+ Butterworth

- Fréquence d'Echantillonnage ;
80 KHz

Frégquence o
(HZ}

5E3
1E4
3E4
4E4

Fig. 21. — Réponse fréquentielle du filtre EFX85A B8
mesurée sur un analyseur de réseau type HP3570A.
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o _
EFX B5 AH 31
=g Chebyshev
Fréquence d'Echantillonnage :
! 250 KHz
8 - 271.
[€3]
S - 364
=
2 ] ]
- 45
E
- 54 -|- -+
)
-72\/\./'\‘_...‘9._ AP Ty e
g > g 5
3] W Fréguence bl @
(Hz )

Fig. 22. — Réponse fréquentielle du filtre EFX85AH31
mesurée sur un analyseur de réseau type HP3570 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

L’approche prédiffusée mise en ceuvre pour la réalisation de filtres a
capacités commutées apporte une trés 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 4 8 semaines) et un cofit
optimal, une solution efficace aux problémes de filtrage des équipementiers.
La facilit¢ de mise en ceuvre, 'absence de réglage et le nombre minimal
de composants externes sont autant d’atouts pour 'utilisation croissante
de ce type de composant.
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ADVANCE INFORMATION

MAIN FEATURES CHARACTERISTICS
e Fully integrated frequency detection function. e Input signal frequency 30Hz to 30KHz.
e Serial or parallel interfaces for direct control of the e Power supply
filter frequency by a TTL compatible microprocessor. dual +/- 8V
. single 0-10V
e Butterworth 8th order passband switched capacitor single 0-5V
filter included.
e High input and output dynamic voltage
e Antialiasing filter integrated. ranges : VSS + 0.5V to VDD - 1.5V.
( low impedance output )
e No external component needed
e Cut-off frequency of the integrated anti—
e Additional general purpose CMOS op—amp on chip. aliasing filter : 1.6 KHz to 200 KHz.
e Variable detection threshold. e Detector input sensitivity 1mV rms.
e Adjustable power consumption. e Temperature range up to military.
e Plastic DIL , Ceramic DIL or SO package
with 24 pins.
FREQUENCY DETECTOR BLOCK DIAGRAM PIN ASSIGNMENT
DSO/D5  S/P
CK/D6 LOAD CLKOUT CLKIN CLKR
? T  —
VDD [ 24 LVL
SCHMITT TRIGGER OR
B pocral, FROGAANMABLE QUARTZ OSCILLATOR ouT [ 23 [ comp
g INTERFACE GENERATION OR TTL/CMOS CLOCK PW d s 22 [ GND
WIDE RANGE c O « 21 {1 ctkout
OR LOW IMPEDANCE ouT N 1 s 20 O CLK R
n ] ATATASNG | 2B 10 AT L FUTRUITER vrer [ s 19 [d  cwiN
=2 FLTER ™| ENVELOP pOWER_L P! O 7 18 @ Loap
pETECTION[ | | s 17 Y o O s 17 3 ckos
‘ I O » 16 [J DSc.Os
P op PUTIT| | vaRmaLe - vss [ 10 15 [ D4
M [ LEVEL THRESHOLD s BUFFER comA S/P |: 11 14 I D3
D1 O 2 13 | D2
D RS
o] LVL VREF (o] V8S GND VDD
‘_7 368 -11~IOH80I|
- \




TSG 8852

ABSOLUTE MAXIMUM RATINGS

CONCITIONS Voltage referencae is Vg;u?\slescs otherwise specifiad

RATING SYMBOL MIN MAX UNIT
Power supply voltage vDD -0.3 12 v
Ground GND -0.3 vDD -2.3 '
Voltage to any pin VI, Vo 0.3 VDD +0.3 v
Latch up current per pin | IKLU | +50 mA
Operating temperature range T oper -55 +125 b
Storage temperature range T stg -60 +150 °C

(7 $68 -THOMSON
Y/, MICRUZECTROAICS
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PIN DESCRIPTION

The table below gives the pin description of the TSGB8XY series. The pin assignment is given for the extended
and complete version including all the available on—chip options connected to the packags.

PIN

PIN

NUMBER NAME TYPE FUNCTION DESCRIPTION
1 vDD I Positive supply
2 ouT 0 Analog output The filtered signal or the enveiop analog output
is connected to "QUT"
3 PW I 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 I Signal detector capacitor
5 IN I Anaiog signal input
8 VREF I Detection lavel input
7 Pl | Op. amp. non inverting
input
8 ) 0 Op. amp. output
9 Mi I Op. amp. inverting input
10 V3S | Negative supply
11 S/P I Programming input The programmation mode of the frequency divider
is selected between "serial” and "parallel” by this
input
12 D1 I Parallel data input Only used in "paraliel” mode
13 D2 | Parailel data input Only used in "parallel” mode
14 D3 I Parallel data input Only used in "parallel” mode
15 D4 I Parallel data input Only used in "parallel” mode
16 DSC/D5 I Serial / Parallel Serial data input for the 10 bits to program the
data input divider or paraliel data input for bit D5 depending
on S/P status
17 CK/D8 I Serial clock / Parallel Clock input for serial input register or parallel data
data input input for bit D6 depending on $/P status
18 LOAD I Load input Load input for the 10 programming bits for the
divider in serial mode
19 CLKIN 1 Schmitt trigger input
20 CLKR &) Schmitt trigger output
21 CLKOUT 0 Oscillator output
or filter clock output
22 GND I General ground GND pin connected to VDD/2 voltage with 0-5 Vv
or 0-10 V single supply voltage
23 COMP O Signal detector output
24 LVL | Qutput DC level "OUT" output DC level adjustment when using a
adjustment potentiometer betwesn VDD and VSS with its
middle point ocnnected to LVL. When no adjust-
ment is needed, LVL pin is connected to GND
‘7_ 8. -'I'Hllﬂlllll
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TSG 8852

- o - -
CRHNDITIONS T —Viﬁaze reference is ;Zg Lr:-li\sls otherwise spz:i?ie-d_sv
SCHMITT TRIGGER MODE
RATING SYMBOL MIN TYP MAX UNIT
Negative threshoid VT- -1.5 -1.25 -1 \'
Positive threshold VT+ + 1 +1.25 +1.5 v
Qutput voltage swing Vo VSS voD v
Load capacitance Cout 1.6 pF
RC OSCILLATOR MOQDE
RATING SYMBOL MIN TYP MAX UNIT
External resistance R 2 KO
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 % / deg
(1) R=2K{Q C = 50 pF F =5 MHz

1<772 868 -THOMSON
Y/, KICROEEETRINCS




TSG 8852

OPERATIONAL AMPLIFIER

CONDITIONS T =V§ﬁ°age reference is é[:ltl')) zr:lse:s otherwise sp:cfi?i:d_sv
RATING SYMBOL MIN TYP MAX UNIT
Open loop gain Go 60 75 dB
Gain bandwith GBW 1 2 MHz
Offset Vioft +3 +10 mV
Output voltage swing Vout 0.0 3.5 v
Input bias current Ibias +5 +10 nA
Power supply rejection SVR 10] 85 dB
Common mode rejection CMR 60 65 dB
Qutput resistance Rs 10 Q
Slew rate g:t 2 :: ig
Note : RL = 2 KQ IPW = 100 A
Ly 353-THomsoN
-




TSG 8852

FILTERING AND DETECTING CIRCUITS

= 250 .
ERHBEFIGNS T\I-olfasgec reference is gyo?,l?wd- ::l\;ss otherwise szgfif?e;sv
RATING SYMBOL MIN TYP MAX UNIT
Positive power supply voltage vDD 4.5 5 5.5 vV
Negative power supply voltage VSS -5.5 -5 —4.5 v
Input bias current IPW 50 250 LA
TTL input 0" VIL +0.8 v
TTL input "1" VIH +2 Vv
Logic output "0 @ 5 mA VvOL VSS +0.5 v
Logic cutput "1” @ 5 mA VOH vDD -0.5 Y
Logic output load capacitance CL 40 pF
Oscillator frequency Fosc 8 MHz
Filter clock frequency Fi 1 450 KHz
Fil.ter central frequency Fo 48 20850 Hz
Gain at Fo Go 29.5 30 30.5 ds
Fi / Fo ratio FilFo 21.57
Selectivity factor Q 23.5
Stopband attenuation As 70 dB
Qutput offset Voff -300 +300 mVv
Input resistance Rin 250 K
input capacitance Cin 20 pF
Output resistance Rout 10 fe)
Load capacitance CL 100 pF
Load reisitance RL 0.2 1 KQ
Qutput voltage swing Vout V88 +0.5 vDD -1.5 v
Input voltage swing Vin VSS +0.5 VDD -1.5 Vv
$68 -THOMSON
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TSG 8852

TYPICAL APPLICATION

ﬁff 1 24
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SG 8852

PHYSICAL DIMENSIONS

P SUFFIX FP SUFFIX
PLASTIC PACKAGE SO PACKAGE
+ " 14.1 mon. | e e, e= 127 01.85
| 431 | I 1 ] ! i | 0265
Y T I ] | = .4-0 04
. : ‘T‘ [ I T A%
L0 f , 4
- =¥ TaAEdag
1 i '\ 14 8 0 1
'% - ¢ 8 022
. 1574 ol
12}
+ 'HHHHEHAHGE ,
# M Meoaoor .L‘Q.S 04
A 0.45 mun.
Darvm 1.75
kepere _ 1 (1) Coe rominaie 4 o e
e ]
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324 max. 14
o [4}] . uipurs
2 ?u'::l A B C
s0za° 15.40 7.46 10.31
ORDERING INFORMATION
ITISIGIFlslsliLSI‘IAIVT IPJEI
[ 3 N b L e
Themsan 1\ Screening Clasa
Semiconaucteurs
0 : Burnan
: Stancara
Maik Programmatie
Filter Family
Package
C . Ceramic OIL
J @ Caraio OIL
P . Plauc OIL
FP . SO
Coerating
Tamperature Range
| €  8°C,~-c
Customer «denufication T 1t : =25°C.+85°C
Number M . =55°C ~125°C
Vv —a0'C, - 85°C
T : =<Q°C, +1\05°C
Revision
index
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Un filtre
numérique
universel

Un grand nombre de métho-
des ont été proposées pour ef-"
fectuer la synthése“des filtres '
numériques a partir de la défi-.

respondant. -

On se limitera ici a la présen-
tation des techniques les plus
couramment utilisées ; ce sera
la premiére partie de cet arti-
cle. Nous décrirons dans la se-
conde partie la réalisation prati-
que d'un filtre numerique
unmversel programmable, utili-
sant un minimum de compo-
sants.

| Le filtrage est une fonction bien connue qui
consiste a éliminer certaines composantes fré-
quentielles indésirables d’un signal. Le systeme
numeérique utilisé pour modifier la distribution
fréquentielle des composantes d’un signal selon
des spécifications données est couramment ap-
pelé filtre numérique [1, 5]. Historiquement, ces
filtres ont été étudiés pour calquer le comporte-
ment des filtres analog'lques.)

nition du filtre analogique cor-'

Bases théon es du
: ﬁjtrégg num que |
Déﬂniﬂou ct notaaan, ‘ ;

Si un signal analogique e (t) est
échantillonné a des instants
t = nTe (Te étant la période
d'échantillonnage), l'ensemble
des valeurs e(nTe) obtenues
forme la séquence notée en. Lors-
que ce signal e(t) est appliqué a
un dispositif électronique, ce der-
nier délivre un signal s(t) appele
réponse. Dans un systéme numé-
rique, la séquence ep, également
appelée attaque, provoque une

I Etude

Allé!
Qui est au bout

RS U

' réponse sn équwalente a s(t)

échannnonnée e

~Parmi Jes séquences d‘excxta— :
tion parhcuhézes citons; ... ..
- lxmpulsxonumtéen-&,-{ 0,
1, 0..} qui provoque la réponse
impulsionnelle Dy, ;
~ l'échelon unité ep = Up = {... 0, 1,
1 ...} dont la réponse correspon-
dante est appelée réponse indi-
cielle Hj.

e Un systéme est dit causal si la
réponse ne précéde jamais l'exci-
tation qui la provoque :

en=0vn<0=s5;,=0vn<0
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i Fig. 1. - Structure des filtres numériques.
o mme -2 m) Filtre & réponse impulsionnelle finie (FIR). -
: o b)Filtxah&pomImpulnnnnallelnnnhmR)

Un systeme physiquement réali-
sable est donc forcément causal.

e Un systéme est linéaire s'il
existe une relation de linéarité
(au sens mathématique) entre
I'excitation ey et la réponse cor-
respondante sy, c'est-a-dire :

si €ln—* Sin et ez —"San
alors aein + fez — asSin + fszn

® Un systéme est qualifié de per-
manent (ou invariant dans le
temps) si la forme de la réponse
est indépendante de l'instant
d’application de l'excitation, ce
que l'on peut résumer par la rela-
tion suivante :

©n ™ Sp=* €n-k =™ Sn-k

Dans la suite de cet article,
nous ne considérerons que des
systémes linéaires et invariants

dans le temps (et évidemment
réalisables, c'est-a-dire causaux).

Moyennant les trois hypothéses
ci-avant, la réponse d'un systéme
a une excitation e, quelconque se
calcule & l'aide de I'équation de
convolution :

S-en'Dn M
o} Dy est la réponse impulsion-
nelle du systéme.

Le produit de convolution (noté
*) représente en fait une « simple »
sommation du produit des échan-
tillons de l'excitation et de Dy
soit :

+ 00
Spn ™= Z e Dp-i

==

= Z Dj en- (2)

jm~oco

Remargue 1 En pratique, la som-
mation n'est pas effectuée de - oo
a + co mais entre les indices cor-
respondant a l'instant d'applica-
tion de l'excitation (en général in-
dice = 0) et l'instant observation
(egalan).

Remarque 2. Lorsque la duree de
la réponse impulsionnelle est li-

mitée, l'équation précédente
s'écrit :
L
Sn= »_ Djen- (3)
]=0Q

Remarque 3. L'équation de
convelution numerique est tout a
fait semblable a celle utilisée
dans les systémes continus (appe-
lés également analogiques). c'est-
a-dire non échantillonnés.

st= [~

ou D(t) est la réponse impulsion-
nelle du systeme.

e(x) D (1-x) dx (4)

Continuons a faire le parallele
entre systemes continus et syste-
mes échantillonnés. Dans un sys-
téme linéaire continu, les gran-
deurs d’'entrée et de sortie
{excitation et réponse) sont liées
par une equation differentielle a
coefficients constants telle que :

ds(t) d?s(t)
ao s(t) + ap —+ ..+ 8p ——— 3
de(t) dme(t)
=boe(t) + b] at + + bm _—‘—""dtm

(5

Si l'on approxime la dérivée
temporelle 3 une différence telle

que:

¥ - y(t+aD -
EI:' At ()

le plus petit mtervalle de temps
mesurable dans un systéme
échantillonné étant la période
d'échantillonnage Te, il vient :

dy . ¥n—Yn-l

at Te

d?y _ d(dy/dn

dt dt

. Yn—2¥n-1 +¥n-2 D

e

et ainsi de suite.
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L'équation différentielle se
transforme alors en une équation
aux différences qui s'ecrit d'une
fagon géneérale :

X L
Z AvSnk = Z By 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 i
Sn = ;’ B en-1— Z ay Sn-x (9)
- k=i

Si tous les coefficients ax sont
nuls, I'équation ci-dessus de-
vient :

L
Sn= Y Bien- (10)
1=0

équation qu'il faut comparer a
I'équation (3). On remarque que
les coefficients 8) sont en fait les
échantillons de la réponse impul-
sionnelle Dy & 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
numeériques :

— le filtre transversal dans lequel
la sortie ne dépend que des va-

leurs des échantillons de l'excita-

tion et évidemment de la réponse
impulsionnelle du filtre qui doit
étre limitée dans le temps. De ce
fait, ils sont appelés filtre a ré-
ponse impulsionnelle finie ou fil-
tre FIR («finite impulse res-
ponse »);

- le filtre récursif ou filtre a ré-
ponse impulsionnelle infinie (IIR),
qui prend en compte l'histoire du
filtre en plus de I'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-
temes échantillonnés est la trans-

formée en 2, qui représente la
forme numérique de la transfor-
mée de Laplace.

Transformée en Z (unilatérale) :

X@@)= Y xZ% .

k=0
Transformée de Laplace

X@)= [ x()ePdt

Sil'on calcule la transformée en
Z de la variable x décalée d'un
échantillon, on obtient :

Xn— X(2) = Xn-1 = 27 X(z2) (1)

Z~! correspond donc a un retard
d'une période d’'échantillonnage.

Remarque. Ce résultat ne doit
pas nous surprendre. En effet :

si  x(t)a pour transformée de

Etude

alors x(t - Te) a pour transformée
de Laplace X(p) e~PTe

Or, en comparant les défini-
lions des transformées en Z et de
Laplace, 1l vient :

7K e o-PkTe
SOit Z7! e g-PTe

Filtres transversaux

Les filtres transversaux sont dé-
finis par I'équation différence :

L
Sn = Z B1en-1
i 1=0

L
—S5(2) = [Z g-! Z'l] E(z) (12)
=0

qu'il faut identifier avec l'équa-
tion de convolution (3) dans le cas
ou la réponse impulsionnelle D(t)

Laplace X(p) est limitée dans le temps.
convertisseur convertisscur s
L L)
ﬁn_o\o_— ; cakcul st numérique

Fig. 2. - Schéma de principe des filtres numériques.

Acc, sus
CLK X XpXys-Xg) RNO, TC QAKY  YYys-Yo/P15-PO)
4718 A4 - P T}
REGIATER REGISTER —C REQISTER

TSX
3 PREL 16

XTPoyt MSPoy7
(P34-P32) PP

Fig. 3. — Structure interne du multiplicateur-accumulateur ISP9210.
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Etude

La synthese de filtres transver-
saux consiste donc a déterminer
les coelficients de la réponse 1im-
pulsionnelle souhaitée. Pour cela.
il existe deux méthodes classi-
ques
- la méthode de la fenétre

- l'échantullonnage en f(ré-
quence.

Meéthode de la fenétre

Soit T(f) la réponse [réquen-
tielle désirée et T(z) = T(e™) son
equivalent numérique. A cause
de I"2chanullonnage, T(el) doit
etre periodique de periode 2 «.
Cette fonction de transfert perio-
dique est donc décomposable en
sénie de Fourier.

T(ei)= 3 Dpe-im-
=T@)= 3 DaZ" (13)

S--w

ou D, sont les ceefficients de la
série de Fourier lls sont calculés
avec la relation

1 x
Pa=5= [/ Tew)erndo (14)

Ces coefficierits sont egalement
les échantillons de la réponse 1m-
pulsionnelle du filtre. Malheureu-
sement, en examinant la relation
(13), on remarque que la réponse
du filtre nécessite une infinité de
coefficients D, dont les indices
vont de —co & +oo. Dans ces
conditions, le filtre n'est pas cau-
sal (Dn += Opourn < 0).

Pour obtenir la fonction de
transfert recherchée, il faut d'une
part procéder & une troncature,
c'est-a-dire considérer les coeffi-
cients Dp = 0 pour |[n| > L/2 et
d'autre part translater ces coeffi-
cients de L/2 échantillons.

L'opérateur de troncature re-
vient en fait a multiplier les
échantillons D, par une fonction
fenétre rectangulaire W, telle
que W, = 1 pour |n| =< L/2 et
W, = 0 ailleurs. Les variations
brusques introduites par la tron-
cature font apparaitre des lobes
secondaires dans la réponse fré-
quentielle (phénoméne de
Gibbs). Afin de réduire ces lobes

Fax

7
FORD £

N
V] 18 18
weuT DATA
T i6 i — pouT
—“‘“', N DATA =15
=15 ] LAty _ 16 p JSLLECTOR
__._."_‘/
FS rFy
rax
4] —}_ L CLX XY
SR % START o
—] ol | gy
Ll st L0 | s westoRy —* o —-I ?—Q”
e, MEMORY
- 128 wos LCX | conTROL
le— . ]
START —— LOGC BY 16 BMTS h LoGc | ACC
ADD PLTad
4 »
L [ SCLK [\f L E
RESEY L S E——— S N
| +7 T ;
A 4
= CcTRL
r|'L g
Qo frok DATA COEFF.
MOLK ey GEN. —p

FOLK

06—

i 4 JSlrectursmnterne du conircleur de Niltre ISP9128

secondaires, une solution consiste
a utiliser une fenétre de tronca-
ture Wy qui ne présente pas de
forte discontinuité, comme par
exemple les fenétres d'Hammng,
Hanning, Blackman, Kaiser, elc.

Meéthode de I'échantillonnage
en fréquence

La théorie de la transformation
de Fourier discréte nous ensei-
gne qu'a N échantillons temporels
correspondent N échantillons fre-
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 échantillonne la réponse
T(f) souhaitée avec un pas

1
Al= NT,
les coefficients D, sont obtenus
en prenant la transformée de Fou-
rier discréte inverse de Ty = T(f)
avec

K :
f= NT. . soit
1 :

Dn =ﬁ ; Ty eljrnk/N (15)

Cette méthode de synthéese
permet bien d'avoir la réponse
prévue pour les échantillons fré-
quentiels mais. en dehors de ces
points, 1l peut exister des ondula-
tions inacceptables.

Conclusion

Les filtres transversaux ou fil-
tres & réponse impulsionnelle fi-
nie sont toujours stables. Le calcul
des coefficients par la méthode
de la fenétre reste relativement
simple ; malheureusement, pour
obtenir des filtres ayant des cou-
pures raides, le nombre de coeffi-
clents a prendre en compte aug-
mente considérablement, ce qui
conduit & un nombre important de
retards, donc de mémoires, et a
un grand nombre d'opérations a
effectuer, donc un temps de cal-
cul élevé.

Filtres récursifs

Nous venons de voir qu'un filtre
numeérique récursif ou filtre a ré-
ponse impulsionnelle infinie est
décrit par une équation aux diffé-
rences de la forme :

K L
D AxSnk= > Bien-
k=0 1=0

R b
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Sil'on calcule la transformée en
Z de |'équation précédente il
vient : ’

K
S(2) [ > AkZ"‘]
k=0
L
- E(z)[ > B z-l]
t=0

Ce qui s'écrit encore sous la
forme suivante :

(16)

ApZ-k
S(z) _ ;

E(2)
Z By 2!
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
avee p = jw.

T(2) =

Méthode de synthése
des filtres récursifs

La methode traditionnelle
consiste a passer du filtre analogi-
que au filtre numérique en éta-
blissant une correspondance en-
tre les deux types de filtre.

Malheureusement, suivant la me-
thode utilisée, on n’obtient pas un
schéma unique. Examinons donc
les différentes méthodes de pas-
sage du filtre analogique au filtre
numérique.

e /dentité des péles et des zéros

Etant donné la correspondance
Z s ePTe |es pdles et les zéros de
la fonction de transfert en Z sont
remplaceés par leur équivalent ex-
ponentiel.

Ainsi, par exemple, le poly-
néme (p + a) dont la racine p; est
égale a (- a) trouve son corres-
pondant sous la forme d'un poly-
nome en Zdu premier degré :

(18)

dans lequel «a est la racine. On a
alors:

1 —az™!

a= e-aTe

(19)

L'équivalence n'est plus absolu-
ment assurée mais cette méthode
présente l'avantage d'étre simple
et la correspondance biunivoque
des poles et des zéros permet ai-
sément de modifier les caracté-
risticques du filtre.

Etude

® Equivalence de la déwviation

Nous avons vu dans le premier
paragraphe que |'‘équation diffé-
rentielle des filtres analogiques
peut se traduire en une équation
aux différences pour le filtre nu-
meérique :

d - n— Yn-t
E{' L’I’—e (20)
ce qui revient a poser
1 — -1
p- L5E= @
Cette transformation, tout

comme la précédente, est simple
mais ne conserve pas les caracte-
ristiques du filtre analogique.

e Transformation bilinéaire
ou équivalence de l'intégration

Soit le signal analogique x(t).
L'aire entre la courbe représenta-
tive de x(t) et I'axe des temps est
donnée par la relation

y(t) = foT x(t) dt = fOT'T'x(t)dt

+ fT T_ T.x(t) dt (22)

CAn

Fig. 5. — Diagramme des temps du contréleur de ﬁlué:l???l 28 dansle

R

un Sltze d'ordre 4 (daprés

A
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Son équivalent numérique est
obtenu en calculant l'aire du tra-
péze, d'ou

Yn=Yn-1 + &LZMTQ (23)

En prenant la transformeée en 2
de cette équation, 1l vient :

To 1 +2-1
T(z)~ 5 l—i—z—:r (24)

L'intégration ayant comme opé-
rateur 1/p en tranformée de La-
place, la correspondance entre la
variable pet Zestdonc:

2 1-z-1

P T, ' T+2- &5

Cetle transformation permet-

. tant le passage direct de la fonc-

tion de transfert en p a la fonction
de transfert en Z est fréquem-
ment utilisée, mais la correspon-
dance des fréquences n'est pas
assurée. En effet, si wy est la pul-
sation du signal analogique et w la
pulsation numérique on a :

2 1l —e v

Jwa = T, T+rem (26)
Pollog~ - tg2 (26)
wWa= 7,973

e [nvariance de
la réponse impulsionnelle

Cette méthode consiste a-

échantillonner la réponse impul-
sionnelle d'un filtre analogique
pour obtenir celle du filtre numé-
rque équivalent.

Si T(p) est la lransformée de La-
place de la réponse impulsion-
nelle d'un filtre analegique, elle
peut se mettre sous la forme sui-
vante :

_NE) s A
TP = 5p) ;p—pi @1

ol 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). 11 faut
donc que le filtre présente une
fréquence de coupure haute;
celle-ci devant étre bien sir infé-
rieure a 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), soit :

D(t) = T(p)
D(t) = Z AiepT (28)

1=1

La réponse D(t) devient, aprés

échantillonnage : -

n

Dy = ); A, ePiTe - Z A, (ePTe)k
(29)

La transformée en Z de Dy
s'écrit alors :
T(z) = Dy Z2-k
Q

k=

n -
- Y A 2 (ePTez-lyx (30
1=1 k=0
soit, dans le domaine de conver-
gence de la seconde sommation :

n

I
T@= 2 T"emtezd @D

1=1

Cette méthode permettant a
partir de la fonction de transfert
en p de trouver la fonction de
transfert en Z est trés fréquem-
ment utilisée, mais il faut toutefois
remarquer qu'il est nécessaire de
calculer un filtre a bande limitée
(a cause du repliement de spec-
tre introduit par la fréquence
d'échantillonnage).

Réalisation du filtre
numeérique universel

Les filtres numeériques fonction-
nent souvent d'apres le schéma

‘de principe donné sur la figure 2.

1SP9128

Fig. 6. - Schéma typique du contrédleur de filtre ISP9128. Un filtre numérique transversal est réalisé avec trois boitiers (6].

ISP9210
- —] 3

2
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Fig. 7 - Schéma de la modificatuon 4 ap-
porter 4 la figure 6.

Le calculateur est programmeé
pour exécuter la suite des opéra-
tions qui traduisent la relation
existant entre la grandeur d'en-
trée et celle de sortie, c'est-a-dire
I'équation aux différences suivan-
tes:

L X
Sp = ]}:0 Be €n-1 + kzlaksn—k

1l peut étre 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-a-
dire multiplication, addition, re-
tard.

Les deux premiéres solutions
sont souvent les plus colteuses et
les moins performantes a 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 aprés 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-
téme.

Avec la quatriéme solution, les
opérations de multiplication et
d'addition peuvent étre réalisées
conjointement par un multiplica-
teur-accumulateur. Les coeffi-
cients sont stockés dans une me-
moire morte dont les adresses
sont contrélées par un circuit spé-

cialisé, qui assure de plus le sto-
ckage des éechantillons et la com-
mande du multiplicateur-
accumulateur.

Nous avons choisi cette solution
a cause de sa simplicité de mise
en ceuvre, ses perfarmances (fre-
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
numeriques haut de gamme
ISP9000 de Intersil (Harris).

Le multiplicateur-
accumulateur ISP9210

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 a 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 I'hor-
loge correspondante (CLKX et

{ Etude

CLKY). Le produit sur 32 bits,
éventuellement accumulé avec le
resultat précédent. est déhivré en
sortie sur le front montant de
I'horloge CLKP (voir fig. 3).

Le tableau 1 montre les diffé-
rents formals d'entrée et de sortie
suivant la nature des opérandes:
signés ou non, nombres entiers ou
fractionnaires.

Le résultat est exprimé a l'aide
de 35 bits formatés en trois blocs
appeles 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
provoques 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

Fig. 8. ~ Forme canonique d'un filtre récursif.
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oe cxrcuxtdxspose de hmt sxgnaux
decontrdle: . . :
: TSX, 'I'SM gt TSL permettant de’

£ A

oe («Three State'») respecn

LSP;

- PRE (« Preload ») permet le
chargement du registre de sor-
tie;

— Quatre commandes particulié-
res qui sont prises en compte sur
le front montant de I'horloge X ou
Y:

® la premiére, RND (<Round »),
est une commande d'arrondi de
troncature sur le MSP. L'arrondi

:I'état “haute : 'impé-_
_vement la hgn&c X'I‘P ‘MSP et;

L

‘sentation des opérandes (TC =1

;est obtenu (RND-I) en: a)oumnt ‘
«l» au bxt de plus fort poxds du-
LSP;4%: +3

CE
plement »), ﬁxe le mode de repxé-:‘
=+ nombres signés) ;
® les deux dernieéres, ACC et
SUB, sont deux commandes per-
mettant d'ajouter ou de soustraire
le produit effectué au contenu du
registre de sortie. Lorsque la
commande ACC est au niveau
bas, le circuit fonctionne comme
un multiplicateur (sans accumula-
teur). Cette commande est trés
utile pour initialiser le registre de

‘mier terme d'une mtégranon

some" car ceci éwte d effectuer
une ‘remise a .zé10  pour, le_ pi

Le circuit contrdleur de filtre
ISP9128 est congu pour implé-
menter des filtres numériques a
réponse impulsionnelle finie dont
le nombre de points est program-
mable jusqu'a 128 (6 bits de com-
mande FORD 0-6). II est facile-
ment cascadable grace a
l'utilisation de registre pipeline
ISP9520 et ISP9521 [7].
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Ce contréleur de filtre (voir
fig. 4 et 5) a été spécialement
ccngu pour fonctionner conjointe-
ment avec le mujnplicateur-accu-
mulateur ISPS210 en intégrant
lous les signaux de contrdle et de
commande de ce dernier.

Le séquencement des opéra-
ions est réalisé a la fréquence
d'une horloge interne FCLK obte-
nue aprés division par deux de la
fréquence du signal d'horloge
MCLK placé a I'entrée.

Les données d'entrée expri-
meées a l'aide de seize éléments
binaires sont échantillonnées en
interne aprés 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

stockeés dans le controleur de fil-
tre de fagon a permettre une
grande souplesse d'utilisation. lls
sont deélivrés par une memoire
externe adressée par le contrd-
leur grdce & un générateur
d'adresse qui fournit 7 bits
(CADD 0-6) au rythme de l'hor-
loge FCLK en concordance avec
la sortie des données de la mé-
moire interne.

Enfin, un signal «Status» ren-
seigne l'utilisateur sur l'état du
contrdleur.

Réalisation
d’un filtre transversal

Pour réaliser un filtre transver-
sal, il suffit de trois composants,
d'aprés les spécifications techni-
ques du circuit contrdleur de fil-
tre (fig. 6).

(  Etude

Nous avons expérimenté ce
montage, et les chronogrammes
que nous avons relevés sont
conformes a ceux donnés sur la

figure 5.

D'aprés les spécifications du
multiplicateur, pour initialiser le
reqistre de sortie avec la valeur
du premier produit calculé (c'est-
a-dire pour inhiber la fonction
< accumulation »), il faut appliquer
le signal ACC au niveau bas au
moins 25 ns avant le fron! montant
de l'horloge (CKX + CKY). Afin
de commencer les calculs dés la
premiére impulsion d'horloge
CKXY., il convient de mcdifier le
schéma proposé dans la refe-
rence [6] en utilisant par exemple
une bascule, comme le montre le
schéma de la figure Z. Des l'ap-
plication de l'ordre de début de
calcul, la commande d'inhibition

STATLS!

) Dmo
M . : -
o 5 B2
)
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-
" ..
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) Dm3
=Y D=y a
=
: 2 = 2
n o U= e}
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ae F
II1
Jag]
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=
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Fig. 9. — Schéma du filtre numérique universel.
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Fig. 10. - Exemple de diagramme des temps des signaux de contréle pour un filtre.

de l'accumulation est donnée au
multiplicateur-accumulateur.
Cette commande devient inopé-
rante aprés l'apparition de la pre-
miére impulsion d'horloge, c'est-
a-dire deés que le signal ACC
fourni par le circuit ISP9128 passe
au niveau bas.

Etant donné que d'une part les
données envoyées par le contré-
leur de filtre sont successivement
€n-1, €n-2.... €nL+1. Si (L + 1) est le
nombre de points du filtre trans-
versal, et que d'autre part les
adresses fournies par le contrd-
leur sont successivement L, L
- 1...., 0, la résolution de 1'équa-
tion aux différences,

L
Sp= Z B1 en-1-1

s' orgamse séquentiellement de la
fagon suwante

n=(..((Boen-1) + B en-l)
* = +ﬁb en—l—h) -

relation, les valeurs de ) sont

Trangées dans la mémoire M de

coefficients telle que :
Bo = [ML)]; B = (ML - 1))
AL =[M(0)]
ou [M(A)] est le contenu de la mé-
moire a l'adresse A.

Réalisation
d'un filtre récursif

Plusieurs structures équivalen-
tes sont possibles. Les plus cou-

rantes sont les formes directe et
canonique.

A partir de I'équation aux diffé-
rences:

L X
- > Bien-1+ ) axsnk
1=0 k=1 -
on obtient deux sommations don-
nant naissance a deux réseaux en
cascade : I'une utilise les échantil-
lons de I'entrée et l'autre ceux de
la sortie, ce qui donne un schéma
conforme a celui de la figure 1.

Comme dans un systéme li-
néaire l'ordre des opérations n'in--
tervient pas, il est autorisé de
permuter les deux réseaux. Enfin,
si l'on regroupe les retards, on
obtient une autre forme couram-
ment appelée forme canonique
(fig. 8).

Pamu i&c deux structures les

- | plus fréquentes, nous avons choisi -
v “d .développer la’ forme :directe

: S E q#,a’séociam deux contrbleur
On remaxque que dans eette"

type ISP9128 et un multiplicateur
aommulateur Une autre solution:,
aurait nécessité un seul ‘contrd-.

‘leur associé a deux multiplica-

teurs-accumulateurs et un som-
mateur pour cumuler les résultats
des deux multiplicateurs-accu-
mulateurs.

Filtre numérique universel

Le schéma du filtre est donné a
la figure 9. ]l comporte quelques
« accessoires » qui permettent de
le rendre c universel ». Ce sont :

- Un registre d'entrée servant a
échantillonner la donnée d'en-
trée. Il est commandé par le si-
gnal d'échantillonnage qui cor-
respond a l'ordre de début de
calcul, c'est-3-dire au signal
« Start».,

- Un registre de sortie qui meé-
morise le dernier résultat de l'ac-
cumulation. L'ordre de mémorisa-
tion est obtenu & partir du signal
«Status » provenant soit du pre-
mier contrdleur 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 «Status» étant syn-
chrone du signal CKP (ordre de
sortie du dernier produit accu-
mulé), il faut retarder le signal
«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 & une période de
I'horloge 25 MHz).

— Un multiplexeur permettant de
sélectionner l'une des sorties
« Status » en fonction de la nature
du filtre.

- Enfin, une bascule fournissant
la commande de « Start» propre
au second contréleur. Sa sortie as-
sure également les commandes
de mise en état haute impédance
du contréleur non unhsé
De:cripdon du foncﬁonnenont :
(vou ﬁg. 10) i,; : p

Sur le front montant de l'ordre:

.; :
3

;’c Start 3/1a gionnée en est échannl-
. lonnée’:

Le‘calcul commence et lei
signal ACC du’ muluphmteux-a %

'cumulateur est forcéao.

La donnée en-] et l'adreme du
coefficient correspondant sont
fournies par le premier contrd-
leur, qui envoie également I'or-
dre d'échantillonnage CKXY au
multiplicateur-accumulateur. Le
premier produit est fourni sur
I'impulsion CKP suivante, et le si-
gnal ACC revient au niveau haut
de fagon & permettre l'accumula-
tion avec les prochains produits,
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qui sont calculés au rythme de
I'horloge de base divisée par 2
(soit a la fréquence de 12.5 MHz)

A la fin du calcul du premier
réseau, le 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
(aprés 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 a l'état
haute impédance du contrdleur
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 a l'aide
de sept éléments binaires fournis
par le controleur, et le huitiéme
par la bascule, ce qui fixe :

— les adresses des coefficients g
entre (00)h et (7F)n ;

— et les adresses des coefficients
«a entre (80), et (FF)n. h

Bien évidemment les contro-
leurs étant programmables, le
nombre de points de chaque ré-
seau est choisi indépendamment
(interrupteurs SWt et SWR), 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 «¢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 contréleur 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 étre com-

mandes par des interrupteurs ;. ce
qui permet de realiser plusieurs
filtres avec le méme circuit. Avec
la solution adoptée, nous pouvons
réaliser au plus 25 filtres diffe-
rents, récursifs ou non (SW3).

Performances

Nous avons implémenté un fil-
tre numérique deéfini par sa fonc-
tion de transferten Z:

My

Oy :
(@H:

enregistrement de g
enregistrement de g2

la valeur lue n'est pas en-
registrée par le multiplica-
teur-accumulateur
enregistrement de a)
enregistrement de az
enregistrement de a3

pas d'enregistrement

(82)H:
8DH:
(80)H :
(82)H :

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 contrédleur ;

— trois périodes propres au
contréleur 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 méme décomposition
pour le second contrdleur ;

- et enfin une période pour l'en-
registrement du dernier résultat
dans le registre de sortie.

D'une fagon générale, pour un
filtre comportant n; 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 :

Fy
2(@4+np+ng)+1

Femax -

ou Fy est la fréquence de l'hor-
loge MCILK, soit 25 MHz.

Un exemple de réponse indi-
cielle obtenue avec le filtre ayant

‘ Etude

Fig. 11. = Réponse indicielle d'un filtre nu-
mérique ayant la fonction de transfert :

1
1-2T+2/322

Haut: mesurée ; bas : calculée.

H(z) - %

la fonction de transfert H(z) est
donné sur la figure 11a avec :

HE) - £ —
I—Z"l+'-3—Z'2

La fréquence maximale d'échan-
tillonage est alors de 1,66 MHz.
L'allure obtenue est tout a fait
conforme & la réponse théorique
donnée sur la figure 11b, l'écart
étant di 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 filtrage.

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 systeme a base de
composants specifiques tels
I'ISP9128 et I'ISP9210 permettant
la réalisation d'un filtre, FIR ou IIR
indifféremment, dont les caracte-

ELECTRONIQUE APPLICATIONS N° 66 - PAGE 29




Etude

rnstiques sont ennérement pro-
grammables La programmation
ne neécessile aucun systéme de
développement du fait de sa sim-
phicité. Les performances du filtire
ainst obtenu dépendent évidem-
ment! du nombre de points de
sommation. Par exemple, un filtre
récursif a quatre coefficients im-
pose une fréquence d'échantil-
lonnage maximale de prés de
2 MHz pour un temps de cycle de
80 ns.
L. Cassannelli, 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. Circuit design, Amplifiers

Equations are supplied for the design of a widely known
active filter building block, namely the twin-T single-amplifier
building block (TT-SABB), when used as a frequency rejec-
tion network in s standard form. Through the proposed
equations, the required value of pole and zero lrequency and
pole Q are realised by assigning free preferred 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' ? that
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 to some preferred
nominal values.

This letter reports the solution of the above problem in the
case of a widely known active filter building block, namely the
twin-T single amplifier building block (TT-SABB)** 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 irrespective of capa-
citor values provided that they are lower than an upper bound
Cnm.\"

Let us consider the circuit of Fig. It has been denoted as
TT-SABB standard FRN and it is capable of producing a bi-

1.4.5

Fig. | TT-SA4BB. standard FRN

quadratic transfer function with je axis zeros:

o B et iR (1)

s+ (w,/g,)s + w}

under the condition

C3/Ry = C,IR, (2)
where

C,=C,+Cs.  R,=RR{(R; +R)) (3)
K=f{+c) w!=1{RR.C,C3)=L(R,R;C,Cy) (4)

w, = w.Jil + )il +c) (5)

T G - =B+ el - - )
.= C i, +€.): R.=R, Ry

r=RyRy: ¢c=C.C; (T)

%= JHR.CIRC): n=Cullpt A=R 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.
[ are:*

(i) Assign freely the value of R;:
(it) Compute R, for the required value of w. according to the
second of egns. 4:

R, = 1(wiR,C.Cy) 9)
(iif) Compute R; for je axis zeros according to eqn. 2:
Ry=R,C,'C, (10)

(iv) Compute R, for the required value of w, according 10
eqn. 5:

Ry =Ryr, withr=(1+ c)e,0,)? — | (11)

Il w, > w., Ry 1s always positive: il @, < ., it may happen
that r <0 and hence R, < 0: in this case it is sufficient 10
increase ¢ = C,/C, until r > 0.

(v) Compute f§ for the required value of g, according to eqn. 6:

=1+, T T fuennrg 02

P
2l = A)(1 —n)
The multiplicative constant K is given by the first of egns. 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 expression of GSP is given by

a4, d| * 1
¢ B [—r,l+a:(lﬁ),)

T (1 + CCNw, ;) o

For given values of w.. &, g,. and of the four capacitors €.
C;, Cy. Cy. it turns out from the outlined design procedure
that I" is ultimately a single-valued function of R,. whose ex-
pression is

i | I
[ =HFB = H(fR + g-R) | U+ o=

aR, 1+ bR} ] 2

L Tl 15

X [1+ 1t up 0 —e) WR)

where

H=gq,[(l + Ci CHwpiw)]: F=fR +g'R, (l6)
a=[(l +¢)(w, ) — Jw.Cy: b =wC,C;:
d=(C,/C)w.Cyt e = (Lig Nl + c)w,w;). (17)
f=w(C,+ ) g=(Cr + ) (CiCye)
Note that for R, approaching 0 or infinity. [T approaches
infinity. Hence [” must have at least a minimum for a positive
value of R,, which may be found solving the equation

¢rjéR, = 0. This equation has the form ) % a; R}, = 0 and its
coefficients are:

ap= —(9° +gid). a, = —eg:

a, = bgid = 2bg® — 3fd + 3ag: ay =e(f - 2bg):

ay = 5bigid + 7 — 3bfd — g*b* + af — aby: (18)
as = eb(2f — gb): a, =b(3b7gd + 2f* — bfd — 3af):

a; =efb*. ag=b*(f+bd)

As expected ap < 0 and ag > 0. hence at least one real positive
root always exists. If the above equation has more than one
positive real root. the absolute minimum of I is easily found by
computing the values of I' corresponding to all the different
positive roots through eqn. 15.
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After having chosen the value R,,, of R, which minimises the
GSP for given values of w,, @,, g, and of capacitors, the
design of the circuit of Fig. 1 may be completed following
the steps (i)}-(v) and assuming R, = R,,, at step i. Note that
the vatue f§ given by eqn. 12 may easily be shown to be always
greater than one and hence the amphfier may always be
realised through an operational amplifier in its noninverting
mode.

As an example, let us consider the design of a lowpass notch
second order transfer function, with w. /2% = 5500 Hz.
wy/2n = 3000 Hz, and ¢,=20. Assuming C, =39 nF,
C, =12 nF, C3=18 nF, and C4 = 27 nF, the solution of
éI/éR, =0 gives R, = 42560 Q, with [ = 717. The other
components are computed by egns. 9-12: R, = 119116 Q,
Ry = 110669 Q, R, = 934983 Q, f = 1-5239.

It is interesting to note that the absolute minimum of GSP
obtainable with a potenually symmetrical twin-T (at the ex-
pense of an infinite element spread) is given by

_wy {1 + (w./w,)’]g, — w.iw,)’

T oin = ! = 19
™, 29, (2]

In the considered example, I',,;, 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 lor a potentially symmetrical twin-T (1.e. C; = C, /p.} and
Ciy=(1+pJ)C,/p.) are used, it turns out from numerical

examples that the resistors, which satisfv the conditions
R, =p.R,. Ry=p,R, /(1 + p,), have p, not equal to p,, s0
that the requirement of minimum GSP leads to a general
rather than to a potentially symmetrical twin-T.

This work was partially supported by Consiglio Nazionale
delle Richerche, Roma, Italy.

M. BIEY

Istituro di Elletironica e Telecomunicazioni
Politecnico di Torino
C.so Duca degli Abruzzi 24, 10129 Torino, ltaly

16th February 1981

References

| MOsCcHYTZ, G. .. '‘Gain-sensitivity product: a figure of merit for

hybrid-integrated filters using single operational amplifiers’. [EEE

J. Solid-State Cire., 1971. SC-6, pp. 103-110

MOSCHYTZ, G. S, and HORN. P.; ‘Reducing nonideal op-amp effects

in active filters by minimizing the gain-sensitivity product (GSP)',

IEEE Trans.. 1977, CAS-24, pp. 437-445

3 MOSCHYTZ, G. §.: ‘A universal low-Q active-filter building block
suitable for hybrid-integrated circuit implementation’, [EEE
Trans., 1973, CT-20, pp. 37-47

4 MOSCHYTZ. G. S.: 'Linear integrated networks: design’ (Van
Nostrand-Reinhold, New York, 1975)

5 MOSCHYTZ, G.5.: ‘Sallen and Key filter networks with amplifier gain
larger than or equal 1o unity’, JEEE J. Solid-Siate Circ., 1967, SC-2,
pp. 114-116

(8]

0013-5194/81/070249-0251.50/0

FIBRE LIGHT ACCEPTANCE FOR
MODIFIED NEAR FIELD TECHNIQUE

Indexing terms: Oprical fibres, Refractive index profiles

The light acceptance properties of fibre samples prepared lor
the modified near field scan technique are derived. The effect
of limiting the imaging lens NA and of varying the sheath
refractive index will also be discussed.

Intraduction: The light acceptance into the core region of an
optical fibre prepared for the conventional near field technique

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 al,' show that the addi-
tional light power accepted by the fibre in the modified
technique, is contained within a second cone defined by

0 < sin? @ < [n*(r) = n]/[1 = (r/b)* cos* ¢] (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
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LABORATOIRES D’APPLICATIONS
it USER'S  MANUAL
EVALUATION BOARD EVM 850
1. - GOAL OF THE 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 cut-off frequency)
- output DC offset adjustment
- Filter consumption adjustment
- Operational amplifier consumption adjustment
NB. : The board is tested with EFG 8510 filter (5th order Cauer low pass)
and Sallen and Key structures are determined for a typical filter
use with the filter extermal clock frequency Fg = 200 Kz
2. - LOCK DIAGRAM
INTERNAL POWER
CLOCK ADJUSTMENT
EXT CLOCK ]
e
ANTI-ALTASING EFG 85XX SMOOTHING
FILTER i A FILTER
F:
Vin- SK Vin-F Vout~F
OUTPUT DC
OFFSET

ADJUSTMENT
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3. - BOARD DESCRIPTION

A. - Clock

The clock of the EVM 8501 is implemented according to the following

scheme :
I N PR
5V ' SIV
D
SCHMITT CLOCK
TRIGGER FLIP-FIOF '
mnnn

On the EVM 8501 board, three clock ranges are available (see Electrical
characteristics).

Take care to choose the filter sampling frequency lower than the
maximum sampling frequency and upper than the minimum sampling
frequency specified on the filter data sheet (when using an exter-

nal clock for example).
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B. - Anti-aliasing and smoothing filter :
These are two low pass filters (2nd order) made from Sallen and Key structu
and from operational amplifiers available on the filter chip.
j'CZ OP .AMP
& » OUT
IN e AAAAAAA— +
Ry )
_""_—01
€
R, = R; = arbitrary values Cy =
2w . Ry £, .
£ = damping coefficient (Cy =E*.C
4 CZ - !
fo = cut off frequency desired 2x . Ry. £..€
On the EVM 8501 board the two filters are identical and :
£ = 0,67 f. = 6 KHz (see Electrical characteristics)

With this structure, there is not cut off frequency modification

when Fg =£00 KHz (and obviously when Fg is lower) but it appears an
important attenuation for frequencies upper than FC. For other sampling
frequencies, anti-aliasing and smoothing filters will have to be calcu-
lated according to the principle explained before.
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C. - Qutput DC offset adjustment

This adjustment is made by a potentiometer set between positive supply
(+ 5V) and negative supply (- 5V) 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.

+ 5V (V+)

-5V (V=)
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D. - Power adjustment

These are two consumption adjustments possible given by the filter chip

structure

- filter power adjustment (PWF pin)

- operational amplifier power adjustment (PWA pin)

They are made from a potentiometer set between PWA pin (for operational
amplifiers), PWF pin (for filter) and ground (or V+). On the EVM 8501
the resistors are connected to the ground.

PWA or PWF

GND (OR V +)

The resistance value is adjusted for a typical current I = 100 pA.

: These adjustments allow to fit the consumption to the desired
application (according to the sampling frequency for example).

They are independant.

NB.
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4. - ELECTRICAL CHARACTERISTICS

On the EVM 8501 the following measurements have been effected

~ Internal clock frequency range measurement

Sallen and Key cut-off frequency measurement

- Nolse measurement

Frequency responses obtained without Sallen and Key and for Fg = clock min,
Fg = 200 KHz, Fg = clock max. and Fs = 400 KHz (external clock)

- Frequency response obtained for Fg = 200 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 :

Cy= 2.2 nF 18,5KHZS Fg £ 500 KHz
Cq= 15 oF 2.8KHz{ Fg & 83 KHz

Cg= 47 nF 0.9kHz{ Fg & 27 Kz

NB. : Fg accuracy is 10 to 20 Z (according to the usual resistor
and capacitor accuracy).

S

B. — Sallen and Key cut-off frequency measurement

On the EVM 8501, the two Sallen and Key structures (anti-aliasing
and smoothing) are identical with the following component values

-

Ry = Rz = 27 K

Cy = 680 pF

Cz = 1,5 oF

With these values, the average cut-off frequency obtained is F¢ = 6 KHz

NB. : Fo accuracy is 20 Z (according to the usual resistor and

capacitor accuracy).
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C. - Frequency responses

For these measurements, the electrical board conditions was

- Input level 633 mV (1,2 V peak-to-peak)
- Load : 75 pF 1 MQ
- LVL pin connected to ground

- Filter and operational amplifier typical bias current : Iy .. = 100 pA

NB. : To choose the sampling frequency see filter data sheet specifications.

D. - Noise measurement :

EFG 8510 filter input connected to the ground, signal to noise ratio
on the second Sallen and Key filter output equals 75 dB. .

NB. : Measurement effected with Fg = Maximum Intermal Clock.
At lower frequencies, signal to noise ratio must be better.
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5.

= ELECTRICAL SCHEME

To avoid supply problems (parasitic, coupling),

supplies and ground

are implemented on the board according to the.following scheme :

vV + GND vV -
Ground
[t ?
plane
filter TTL filter TTL Sallen filter
and
Key

Component values

Ry
R2
R3
Rq

ICy
1C,

1C4
I1Cy

= 27 K2 (1/4 W) Cy = 680 pF 50 V¥ Py = 20 K (multiturns 20 2)
= 27 Ko (1/4 W) C; = 1.50F 63V P2 =200 K@ (1 turn 20 Z)
=390 a (1/4 W) C3 = 2.2 nF 50V Py =290 K2 (1 turn 20 Z)
=40 kn (1/4 W) C, = 15 oF 63V P, = 5 KR (multiturns 20 7)
=410 ka (1/4 W) Cs = 47 noF 50V

=47 2 (1/4 W) Ce = 0.1 uF 50V

= 47 2 (1/4 W) C; = 0.1 uyF 50V

= 47 0 (1/4 W) Cg = 0.1 uF 50V _ )

Cg = 22 uF 16 Vv (Tantalum)

Cpy= 22 uF 16V (Tantal
SN74LS14 B> 25 R (Tantx}ym)

SN74LST4

EFG 85XX

Sallen and Key
components
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1C3 IC,

: Py
IC, U (o A - q 0
4 Ry
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Rg
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EVM 8501 CIRCUIT BOARD
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EFX 85 EL7 FILTER
ENGINEERING PROTOTYPE

SPECIFICATIONS

- CAUER SEVENTH ORDER LOW PASS FILTER o

- SAMPLING FREQUENCY/CUTOFF FREQUENCY RATIO : 37.65
- BAND PASS RIPPLE = 0.5 db

- BAND PASS GAIN = 0 db < PGB < - 1.5 db
- BAND REJECT LOSS : < - 50 db AT 1.27 Fc (Fc = CUTOFF FREQUENCY)

TYPICAL EXAMPLE

- SAMPLING FREQUENCY : 128 KHz
- Fc = 3400 Hz

- LOSS : 50 db FROM 4318 Hz Fs (SAMPLING FﬁEQUENCY)

NORMALISED GAUGE

Gorm (1) 4 ipple : 0.5 d
odb bo dsdb_\/ /)3 SIS // A
VAV AN //, //
/ Vv
d /
v 5o db

3 /
/ '
'
£ % |
/ /
PPV EENTFRNS
/ :

[ / ' - _
4 A1 "Yre

3%.¢5



TYPICAL APPLICATION

SWITCHED CAPACITOR FILTER + ANTI ALIASING FILTER + SMOOTHING-FILTER
V¢ oND V-

+'V Ovl - SY

E O, -
P N L_‘_Il: d- [ J AL I—J ‘r‘_._.
;E_{¢ N <5 [— o
{13 >~ 4 j——o——-“— od
LC S N‘N L ——o0 INPVT SIGNAL
- R epE |
. e 4
o E 2 |.l_.u|m6
¢ W g L
CiLock T.NPUT ] oreur I
(SHMMe L NG fF‘FQL\{q(‘g Rs {: 7 4s -'I- ) o
\75;"1"1'{_ e YECR) T 5 C‘i
Ré&
s £
a

RS l‘wo. = <5Kn

Ré I-:}f = RWKN
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

.

ITwpuT SicNAL

Rl = R2 = arbitrary values & = DAMPING COEFFICIENT

— -

= . E s C2 =1 . ] wo = CUTOFF PULSATION DESIRED
R1 wo R1 g we

C1

I
p—



FILTER SCHEME

1 ImeruY  Srcwnnal

FILTER FREQUENCY RESPONSE FOR TYPICAL EXAMPLE

AMPLITUDE (DB]

-4 m T -|-

SHANALING FREQueN cy ; IV TKN2




FONCTION APPELLATION ORDRE TYPE Fech. /Fc ATTENUATION ONDULATION EN BANDE PASSANTE
EFG 8510 5 CAUER 37. 65 33 dB a 1. 36 Fc 0.2 dB
EFG BS11 7 CAUER 37. 65 50 dB & 1.27 Fc 0.5 dB
PASSE~-DBAS EFG 8512 7 CAUER 50 75 dB & 1.8 Fc 0.2 dB
EFG B313 8 CHEBYCHEV 30 70 dB & 2.25 Fc 0.3 dB
EFG B514 8 BUTTERWORTH 40 50 dB & 2.2 Fc Maximally flat
EFG 8530 3 CAUER 160 13 dB a4 0.5 Fc 0.2 dB
PASSE-HAUT EFG B531 & CAUER 200 30 dB 3 0.5 Fc 0.2 dB
EFG 8532 & CHEBYCHEV 250 23 dB 3 0.5 Fc 0.5 dB
EFG 8550 8 CHEBYCHEV 30 40 dB A £ >1.28 Fo 0.3 dB { 0.92 Fo - 1. 08 Fo 1
Q=25 £< 0.78 Fo
PASSE~BANDE
EFG B8551 8 SELECTIF 23. 4 &0 dB 3 £ > 1.15 Fo -3 dB pour £ = 0.99 F»
G = 35 f < 0.86 Fo et £ = 1.01 F
Nota Fréq. d’échantillonnage max. Féech. = 1 MHz .
Fréquence d’ horloge FH = 2 Féch. sauf pour EFC 8551 ou FH = 8 Féch
Gain en bande passante Go = O dB sauf pour EFG B5%1 ol Go = 30 dB
Fréquence de coupure Fe
Fréquence centrale Fo
Coefficient de surtension Q@ = Fo /Af

Figure 19.

TABLEAU RECAPITULATIF DES

FILTRES STANDARDS
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EFG 8512. Cauer. Fréquence d’échantillonnage s S0 KHz.
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Connection diagram

ne L1 gt vin
Vout L, 7.1 GND
ctkl; ¢4 V-

pwf L g 5 b V4

TOP VIEW

Typical application

+ 1 8 <IN
OUT e 2 7 5
CLK.—- 3 6 L 4\/— ("5‘,)
L 4 5 e V+ (+5Y]
PWF
R
lpwf =250 pA

R: 10 Kohms

External clock 372 “Hb
for 400 H3 u_)cd";on
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EFG85XX

MASK - PROGRAMMABLE SWITCHED CAPACITOR FILTERS

The EFGB5XX circuits are HCMQOS universal filters containing a mask pro-
grammable switched-capacitor cascadable structure and two uncommitted
general purpose operational amplifiers,

The specifications of the internal filter are obtained during the last step of
chip realization. The specialization method (Patented) used by THOMSON
SEMICONDUCTORS is close to the one used for gate array integrated cir-
cuits.

For custom filters, the switched capacitors filter specialization is imple-
mented by THOMSON SEMICONDUCTORS designers in accordance with
the user gauge. Most filters can be realized. Samples are svailable 6 to 8
weeks after the filter gauge definition.

This technique has also been used to define THOMSON SEMICONDUC-
TORS family of general purpose filters.

Based on the switched-capacitor structure, these circuits exhibit all the ad-
vantages of this technique, namely precise gauge, 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,

Available order : 2 to 8 {(any type)

Input signal frequency range : 0 to 50 KHz

S/N ratio (depends on the internal structure) : 70 to 85dB

Gauge translation possibie thru sampling clock tuning

Power supply requirements : 25V or 0-10 V

Power consumption ; sdjustable from 0.5 mW to 20 mW per order.

AVAILABLE PRODUCTS:

Low pass : High pass:

EFG8510 : 5 th order Cauer (MIC) EFGB8530 : 3rd order Cauer
EFGB5171 : 7 th order Cauer (50dB) EFGB8531 : 5 th order Cauer
EFG8512 : 7 th order Cauer (75dB) EFG8532 : 5 th Tchebychev.
EFGB513 : 8 th order Tchebychev Band pass :

EFGB514 : 8 th order Butterworth. EFGB8550 : 8 th order Tchebychev.
Custom : ’

EFG8508 / Customer identification.

Typical applications : telecommunications, data acquisition (filtering
before A/D conversion and smoothing after D/A conversion) and of cour-
se classical action filter replacement.

LINEAR

HCMOS 1

MASK - PROGRAMMAELE
SWITCHED CAPACITOR
FILTER

CASE CB-98

P SUFFIX
CASE CB-79

1

PLASTIC PACKAGE

BLOCK DIAGRAM’

rLPWA rLlPWF ’_E.VL
9 ] a
5 L 8,
Power adjust Power adjust Output
for Op. Amo. for fitter DC leve!
L ©
[
r r [ 3
8 th orcer Output
Input gt
- pouibiflity S/H -Cﬁ
+€8 S/H filer buffer
i f;zm]Tﬁ o2} to7 o3} |&
s8 Clock genarator —l
B
+EA [ Prog. clock divicer |
-EA Lewel shihr
SA _md TTL
interface
g :
\Tcl:LK v* v©

GND

PIN ASSIGNMENTS

Y

THOMSON SEMICONDUCTORS
Sales headquarters

45 sv. 0@ 'Europe - TB140 VELIZY . FRANCE
Tel (3) 948 07 19/ Tatna 204780 F

L} . -

v+ ~/ 8[]PwF
v-[2 7cLk
tve s 6[]ouT
N4 s[]aND
8 pins: FILTER ONLY
vt e 1 ne
v 2 15]-€a
wvi[ja 14 [Jsa
IN[]4 13[J- €A
Gno (s 12 ]~ EB
ouT s 11 []ss
cLk[]7 10[]-E8
pwr g 9_"_']PWA
16 pina: FILTER+2 OP -AMP:
7 ¥ THOMSON
WD COMITHENTS

Ral 00640—1PP28410%



¥

‘' LAB/B4. 144

SWITCHED CAPACITOR FILTERS GENERALITIES

BASIC PRINCIPLE

These are active filters in which resistors are replaced by capacitors which

are switched with a frequency, named sampling frequency (Fs), as Follows :

Vi ‘//,,51 ,/”’,52 V2
¢ ] -

c

e

The two switches (Sy and S2) are controlled by two complementary and non overlapping
clock phases.

During the phase @ = 1 (Sy on, S2 off), the charge stored in C1 is :

During the phase a = 1 (Sy off, S2 on), the charge stored in C2 becomes :
Q =C1 V2 (2)

. 1 -
During a complete clock period Tg = =" ¢ + @, the transfered charge is :

AQ = Q1 - Q2 =C1 (Vy - V2) (3)

During a period Tg, this charge flow is equivalent to a current 1 , such as :
AQ = Cy (V1 - V2) =1 . Tg (4)

i I Bl (s)
Ts

and so : I =Cy.Fg(Vy-Vy)=

Comparing (5) with Ohm law applied to a resistance :

-V :
R
The equivalent resistor is
T
S
R = Req = (7)
Ci

Then, with (7), a RC product becomes :

Req.C = - Tg (8)

Cy

THOMSON SEMICONDUCTORS
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WHY THIS TECHNIQUE CAN BE USED TO REPLACE CLASSICAL ACTIVE FILTERS ?

In active filters, the time constants are fixed by RC products. But the component
valuesR and C used are abscolutely 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 I to 0.5 7 whatever the temperature conditions may be.
As the time constants are fixed by capacitor ratios, fully integrated filters
are achievable without trimming. In addition, as shown in (8), the time constant
RC is proportional to the sampling period Tg. Another important property of swit-
ched capacitor filters is that cut-off frequency can be shifted by shifting the
sampling clock without any change on the shape of response curves.

SWITCHED CAPACITOR ACTIVE FILTER FEATURES

. r . . .
The main features are summarized in the following table :

Key points Results
. Every time cbnstaut"efined by : . Precise gauge

- capacitor . ratios Stability in temperature and time
- clock frequemcy . High o;der filter achievable
. No adjustment

. Gauge transposable by tuning

the clock
. Fully integrated filters with CMOS . Low power '
technolo
ology . Ease and safety of use
. No external component
. Switched capacitor networks are . Antialiasing pre-filtering is needed
sampled and hold systems if the input signal is wide band

(See Nota).

‘Smoothing post-filtering may be used
to avoid spectral rays around the
sampling frequency (See Nota).

e g e - e an

THOMSON SEMICONDIICTNRS
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Nota :

Anti-aliasing and smoothing considerations :

As 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 Fg/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 Fg/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 :

I
b OP . AMP »~ OUT

IN s AAAAANA—L—AAAAAAA -

§
Ry = Ry = arbitrary values Cy = =
2w Ry fc‘ (C1 _Ez . )

1
2n Ry £.8

fc = cut-off frequency desired

£ = damping coefficient Csy

Note that the op. amp used is one of the two intermal operational amplifiers
available on the 16 pin version.

In 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.

THOMSON SEMICONDUCTORS
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PIN DESCRIPTION

(minimal version

: filter only)

NAME PIN TYPE N® FUNCTION DESCRIPTION
+ - .

A I 1 Positive supply

V- I 2 Negative supply
Filter output DC level adjustment when
connecting a potentiometer between V*

LVL 1 3 output DC and V- with its middle point to LVL.

level adjustment |When no adjustment is needed LVL pin is

connected to GND.

IN I 4 Filter input

GND I 5 General ground .

ouT 0] 6 Filter output

CLK 1 . Clock input TTL level

PWF I 8 Filter power Filter power consumption can be choosen

: adjustment by connecting a resistor between PWF and -

GND (or V+). Stand by mode is obtained
by connectiong PWF to V-

TYIARSL, A3 emT—wmg o =

Brm v e e

(Wil



PIN DESCRIPTION (extended version

filter + 2 op Amps) £

LAB /B4 144
NAME PIN TYPE N* FUNCTION DESCRIPTION
v* 1 1 Positive supply
v© I 2 Negative supply
LVL 1 3 Outpur DC level Filter output DC level adjustment when
adjustment connecting 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 4 Filter input
GND T S General ground
ouT (o] 6 Filter output
CLX 1 7 Clock input TTL level
PWF I 8 Filter power Filter power consumption can be choosen
adjustment by connecting a resistor between PWF
and GND (or V*). Stand by mode is obtai-
ned by connecting PWF to V~
PWA I 9 Op Amp power
e et iy Idem PWF but for Op Amp (PWA)
-EB I 10 Negative input
Op Amp B
SB 0 11 Output Op Amp B
+EB 1 12 Positive input
Op Amp B
+EA I 13 Positive input
Op Amp A
SA 0 14 Output Op Amp A
) Negative input
~E
A I 15 95 A e
=




FUNCTIONNAL 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 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).

Some particular switched capacitor cells added on the two first integrators
allow, 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
switching. The internal clock is performed through an internal mask program-
mable divider which 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 applications
need it. ’

The output sample and hold buffer is connected to the filter output and so
allows a low impedance signal delivery.

The output DC level adjustment is also possible with an external voltage source
(obtained for example through a resistor divider).

Two uncoumitted general purpose operational amplifiers are also available.
They can be used by the customer to implement other amalog functions (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 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 application. The stand-by mode
can be obtained by connecting the corresponding pins to the V supply.

Maxiwum ratings :

Voltages are referenced to V™

. DC supply voltage (v¥-v7T) - 0.5 to 15V
. Input voltages, all pins - 0.5 to 15V
. DC current per pin

(except for supplies) 20 mA
. Storage temperature range - 65 to 150°C

TR . sy e

THOMSON SEMICONDUCTORS
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8
ELECTRICAL CHARACTERISTICS (FILTER ONLY) To = 25°C
PARAMETER SYMBOL| MIN. TYP. MAX. UNIT CONDITIONS
s * -
. positive v 4 S 6 v
Supply voltage _
. negative v -4 = 5§ -6 v
. positive 1% 0.1 1 2 mA brder] (with X 5 V operation)
Supply current _ By adjusting PWF according
range . negative 1 0.1 1 2 mA fixder] to the desired application
SacEal Elock Soeushey Fe 2 1000 KHz Depending on the filter
range
- - - — —— == . S—
Irternal ¢lock
range B SR by Fi 1 500 KHz Depending on the filter
Minimal ext?rnal clock 100 -
pulse duration
Cut—-off frequency range F. 0.01 30 KHz Depending on the filter
Internal clock frequency Depending on the filter
to ?ut—off frequency Fi/Fc | 10 200 (As Fex2.Fj, Fe . 2.2&)
ratio Fe Fe

L]

Typical input current

Power adjustment 0

resistance Ry = k on PWF Ipjas = 180 wA
. Tesistance Rin 1 - M

Input impedance
. capacitance Cin 20 pF

Load capacitance CL 50 pF

Distortion will be speci-
Vout 4 o fied for each filter
' (with * 5 V operation)

OCutput voltage swing
(volt peak to peak)

. standard 0 dB
Band pass BPG
gain range -

. custom 0 40 dB Depending on filter design
Stopband attenuation I 20 B Depending on the filter

possibility

Signal o ralcn wa it e teamst w T Yeem
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TYPICAL PERFORMANCES (OP.AMPS)

V + = + 5V

V-==5/ Tom= 25
PARAMETER SYMBOL| TYP UNIT CONDITIONS
Supply current Ice 1,24 mA Typical Ip;ag = 100 paA
v,* 4 v
Output voltage Ry = 2 KR
VO- bl &,7 v
A 86 | mA |Ry to V*
Output current
1,0 | -49 mA  |R to V-
Output resistance Zout 10 fQ
Input resistance Zin 10 MO
_ f
Power adjustment resistance Rop 20 ) 44 Typical input current on
PWA pin Ipjas = 180 pA
Input offset voltage Vio 5 mV
it 25 4 Y.*« 3.5%
DC open loop gain Ry, = 2KQ
Gain bandwith product A,.BP | 3,2 Miz |[Typical Ip;,c = 100 pA
Slew rate TSR SR+ | 5,5 | V/ps [Ry, = 2 KR Cy = 100 pF
. fall SR- 6,5 V/pus [Typical Ipjas = 100 pA
Supply voltage rejection L SVR 80 dB
Coummon mode rejection s a2 ok
CMR~- 90 dB
Phase Margin PM 50 |degrees
Noise N 86  [nV//Hz |Typical Ipjas = 100 wA

PRELIMINARY
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SUPPLY OPERATION

10
+ 10V
—I
Ve NC
=EA
-
IN
S SA
A% AR
d 7
— L IN [V sEA
GND +ER SINGLE SUPPLY UXEKATION
(V=)
«— OUT SB
4 10V
-’OV
- PWF PWA]
GND or V+ GND or V+
= oy + 5V
A
Y .
. V4 NC~ »
V- -EA-
LVL SA
p—wo»F IN +EA__ ‘
DUAL SUPPLY OPERATION

4 5V

S

é___- GND +EB..

(IF NO NEED, LVL IS CONNECTED TO GROUND)

+—=0UT SBH
- CLK —EB—J
L. PWF PWA

GND or V+ GND or V+
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TYPICAL APPLICATIONS .

- 5V + 5V GND
L

ve | S, 7

V- CL¥}—

LVL OUPt—s

’ "IN 'GND
FILTER ONLY

(IF NO NEED LVL IS CONNECTED TO GROUND)

[
V+ NC 4
v- -EA .
LVL SA
R R4
—"-MMF_'-‘
Si —~WA—L INPUT SIGNAL
3 IN +EA
c
1
GND +EB ~
) _1 C{
SB
Ut - OUTPUT SIGNAL
—t-CLK -EB
| Lot L
1 -~ PWF PWA
| DoankSee

FILTER + ANTI ALTASING AND SMOOTHING
(IF NO NEED LVL 1S CONNECTED TO GROUND)
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Specifications :

. Fifth order Cauer low pass filter

. Maximum sampling frequency : 500 KHz (Fg max)
* Sampling frequency/cut-off frequency ratio : 37.65 (Fg/Fe)
. Maximum cut - off frequency : (Fg max)/ (Fg/F¢)

. Band pass ripple : 0.2 dB

. Band reject loss : < = 33 dB from 1.36 Fc

Normalired gauge :

GAIN (dB)

4

(220222 L 1L, o
O BRipple | 0.2 4B _f

7707/

~33 dB

T T T T T S

[ 1L

____E\

* P/Fc

—
M
[7a}
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EFG 8511

Specifications :

. Seventh order Cauer low pass filter
. Maximum sampling frequency : 1 MHz (Fg max)
. Sampling frequency/cut-off frequency ratio : 37.65 (Fg/Fc)

. Maximum cut —off frequency : (Fg max)/ (Fg/F¢)

. Band pass ripple : 0.5 dB

.+ Band reject loss : < - 50 dB from 1.27 Fc

Normalized gauge :

GAIN (dB)
:
LhEg LS FL L LS v = Gl A pe =
O 48| Ripple| 0.5 dB 4 —f
777777 A
/] 7
/ /
/| /
/) /
/ / -50 4B
y 4
/ /
/ /
/ /
/ (/00 wl 111
/ I
/] I
/ 1 >t/ F
1 1,27
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Specifications :

. Eighth order Chebychev low pass filter
. Maximum sampling frequemcy : 960 KHz (Fg max)

Sampling frequency/cut-off frequency ratio : 30 (Fg/Fc)

. Maximum cut —off frequency : (Fg max)/ (Fg/Fc)

. Band pass ripple : 0.3 dB

Normalized gauge :

GAIN (dB)
0 | Ripple " y— — - - - — =
77777 A 1
0
£ i/
y /
=70 dB
y %
/ /
y, /
y 4
; Ll w/ L]
[
/ :
/ | » F/Fc
1 225
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Spécifications :

. Third order Cauer high pass filter

. Maximuw sampling frequency : 1 MHz (Fg max)

- Sampling frequency/éut-off frequency ratio : 160 (Fg/F¢)
. Maximum cut - off frequency : (F; max)/ (Fg/Fc)

- Band pass ripple : 0.2 dB

- Band reject loss : < - 13 dB until 0.5 F¢

Normalized gauge :

GAIN (4B)
— ' VISR ENNINE
o r - ipple 1 0.2 4B
/ JrTTRTTTTTTT
/
/ /
/ /
-13 4B /
. / //
/
i
ISR INNDNENY, /
q I /
| /
/
l = F/F
0.5 1 &

- THOMSON SEMICONDUCTORS
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AY/] icRIEECTRINES TSG8852
MASK PROGRAMMABLE FREQUENCY DETECTOR

ADVANCE INFORMATION HCMOS - MPFD
MAIN FEATURES CHARACTERISTICS
e Fully integrated frequency detection function. e Input signal frequency 30Hz to 30KHz.
e Serial or parallel interfaces for direct control of the e Power supply
filter frequency by a TTL compatible microprocessor. dual +/- 5V
single 0-10V
e Butterworth 8th order passband switched capacitor single 0-5V

filter included.

High input and output dynamic voitage
e Antialiasing filter integrated. ranges : VSS + 0.5V to vDOD - 1.5V,

( low impedance output )
e No external component needed.

e Cut—off frequency of the integrated anti

e Additional general purpose CMOS op-amp on chip. aliasing filter : 1.6 KHz to 200 KHz.
e Variable detection threshold. e Detector input sensitivity 1mV rms.
e Adjustable power consumption. e Temperature range up to military.

e Plastic DIL , Ceramic DIL or SO package

with 24 pins,
FREQUENCY DETECTOR BLOCK DIAGRAM PIN CONNECTIONS
DSOS S/P f  —
CK/D8 LOAD CLKOUT CUON CLKR vDD O 1 24 [ LvL
A T T ouT E 2 23 1 comp
2 PARALLEL |- cLOCK g:%c%cg-ag’cz c 4 21 [J cLkouTt
= INTERFACE GENERATION [OR TTL/CMOS CLOCK | ™ 5 a0 [1 oA
WIDE RANGE VREF 8 1
OR LOW IMPEDANCE ouT " - % iy
2ND TO aTH OUTPUT BUFFER _T P 7 18 LOAD
[ mauasna Lt *GeceR T o 8 17 [ cx/os
r ‘F”E“ nveLoe | lpower| | MI 9 16 [J Dso/Ds
TONI | |apwus VSS 10 15 ] D4
SIP 11 14 3 D3
UTPUT)]
l oP VARIABLE D1 12 13 [ D2
AME o¢ h? i
t I: L THRESHOLD BUFFERT COMP
1 I N— -

g
e} Lvu VREF c VS§S GND VDO
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TSG 8852

ABSOLUTE MAXIMUM RATINGS

CONDITIONS E=es b . :
Voltage reference is VSS unless otherwise specified

RATING SYMBOL MIN MAX UNIT

Power supply voltage VDD -0.3 12 Vv

Ground GND -0.3 vbD -0.3 v

Voltage to any pin VI, Yo -0.3 vDD +0.3 v
Latch up current per pin | IKLU | +50 mA
Operating temperature range T oper -55 +125 °C
Storage temperature range T stg ~60 +150 b

2/9
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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 all the available on—chip options connected to the package.

PIN

PIN

(UMBER NAME TYPE FUNCTION DESCRIPTION
1 VDD ! Positive supply
2 ouT @) Analog output The filtered signal or the envelop analog output
is connected to "CUT"
3 PW | Power adjustment Detector power consumption can be chosen by
connecting a resistor betwean PW and GND (or
VDD) standby mode is obtained by connecting
PW to VSS or non connected
4 ] | Signal detector capacitor
5 IN | Analog signal input
6 VREF | Detection level input
7 Pl | | Op. amp. non inverting
input
8 0 O Op. amp. output
9 Mi t Op. amp. inverting input
10 VSS ! Negative supply
11 S/P | Programming input The programmation mode of the frequency divider
is selected between "serial” and "parallel” by this
input
2 D1 | Parallel data input Only used in "parallel” mode
13 D2 I Parallel data input Only used in "parallel” mode
14 D3 I Parallel data input Only used in "parallei” mode
15 D4 I Parallel data input Only used in "parallel” mode
16 DS0/D5 [ 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/D6 ! Serial clock / Parallel Clock input for serial input register or parallel data
data input input for bit 08 depending on S/P status
18 LOAD ! Load input Load input for the 10 programming bits for the
divider in serial mode
19 CLKIN [ Schmitt trigger input
20 CLKR o Schmitt trigger output
21 CLKOUT O Oscillator output
or filter clock output
22 GND I General ground GND pin connected to VDD/2 voltage with 0-5 V
. or 0-10 V single supply voltage
23 COMP 0 Signal detector output
24 LvL ! QOutput DC level "OUT" output DC level adjustment when using a

adjustment potentiometer between VDD and VSS with its
middle point ocnnected to LVL. When no adjust-
ment is needed, LVL pin is connected to GND
‘YI 8"'1“00" 319
[ @0 BIEEHRO H =S



TSG 8852

o

CONDITIONS T =V§ﬁage referance Is Z‘-i:g :r;z:s otherwise spzsi?l:d-sv
SCHMITT TRIGGER MODE

RATING SYMBOL MIN TYP ' MAX UNIT
Negative threshold VT- -1.5 -1.25 -1 %
Positive thrashold VT+ + 1 +1.25 +1.5 v
Qutput voltage swing Vo VSS vDD Vv
Load capacitance Cout _ 1.6 pF

RC OSCILLATOR MODE

4/9

RATING SYMBOL MIN TYP MAX UNIT
External resistance R 2 KQ
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 % / deg
(1) R=2KQO C = 50 pF F=5MHz

57 3. -Tllllmﬂll




TSG 8852

OPERATIONAL AMPLIFIER

CONDITIONS T svgﬁzge reference is \G’itl; Tu;i\s,s otherwise sp:fi?i:d Y
RATING SYMBOL MIN TYP MAX UNIT

Open loop gain Go 60 75 dB
Gain bandwith GBW 1 2 MHz
Offset Vioff +3 +10 mV

Output voltage swing Vout -4.2 3.5 v
Input bias current Ibias o L3 +10 nA
Power supply rejection SVR 60 65 dB
Common moda rejection CMR 80 - B85 dB
Output resistance Rs 10 )
Slew rate g:ﬁ g z; ig

Note : RL =2 KQ PW =100 p A

5/9
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TSG 8852

FILTERING AND DETECTING CIRCUITS

CONDITIONS T\I'olfasgo: reference is g:;?.l?'u: ::I:Iass otherwise sﬁifif?e;sv
RATING SYMBOL MIN TYP MAX UNIT
Positive power supply volitage vDD 4.5 53 5.5 Vv
Negative power supply voltage vSS -5.5 -5 —4.5 \
Input bias current IPW 50 250 pA
TTL input "0~ VIL +0.8 v
TTL input "17 VIH +2 \'
Logic output "0" @ 5 mA VOL VvSS +0.5 Vv
Logic output "1” @ 5 mA VOH voD 0.5 Vv
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 mVv
Input resistance Rin 250 KQ
Input capacitance Cin 20 pF
Output resistance Rout 10 Q
Load capacitance CL 100 pF
Load reisitance RL 0.2 1 KO
QOutput voltage swing Vout VSS +0.5 voD ~1.5 A
input voltage swing Vin VSS +0.5 vbD -1.5 \

‘ﬁ 868 -THOMSON

I =10 BEUEETR0 M &S




TSG 8852

TYPICAL APPLICATION

ﬁfi 1 24
10pF  I—

5V e T 1] voo LVL H
-<«—-7 | out comp [ —»
50KQ -
N, | —{ ¢ CLK OUT [ J—>
LLLL R S o Y CK R [
] vrer CLK IN ]
L] e Loap [ 1 100KQ
0o ckoe [ F—y————"
=
,jf‘ C m pso/os |} —
10uF — — 100KQ __~
5V e ] vss pa || VSS
SIP D3 | 1 v
D1 p2 | v
9
MICROPROCESSOR
I I * INTERFACE
VSS ——

C1
A
ClkR O 7 CLKR O  —
| 7
R [——] Q 2
' /
CLKIN O /4 CLKIN [F
i C
I - T
CRYSTAL OSCILLATOR RC OSCILLATOR VSS

Kyy
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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 étre 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 a 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 fagon 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-méme a 1'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 étre sortie 3 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 a cette durée.

* Un comparateur a 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 étre modifié de l'extérieur,
* Un amplificateur opérationnel libre est disponible.

* La broche "LVL" permet de régler l’'offset de tension en sortie du
filtre.

* La sortie "CLKOUT" permet de disposer du signal d’horloge qui pilote
le filtre @ capacités commutées ou du signal de l’oscillateur.
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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 3 capacités commutées; l’ensemble des logiciels
"FILCAD" sera utilisé pour la synthése, la simulation et l’implantation
du filtre a capacités commutées,

* Selection du filtre antirepliemenﬁ 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 (-5v,+5v ou 0,+10v ).

* 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" & 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.
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II .SCHEMA-BLOC ET DESCRIPTION DES BROCHES:
D4 D3 D2 D1 CLKIN CLKR
Tt i
S/M ! t
*— TRIGGER DE J#
SCHMITT | ;
DSO/D5 ¥ | #—x
;! S PROGRAMMATION I
DU TTLH/CMOS |-—-+
CK/D6 DIVISEUR PO
x._.._.
TTLL/CMOS |--+
LOAD G—
- ;
FOSC
Fafinn™ K
DIVISEUR PROGRAMMABLE 10 BITS
CL
ANTIREPLIEMENT SEQUENCEUR
| | POLAR . p——X
IN | |
- W N SO ; M.P.F. 8 l l i
FAIBLE Mw“ﬁ.UWX:v- X
G=1 IMPEDANCE ’
|
ouT I
*—1 L DETECTION
D’ENVELOPPE
G=2
S GRANDE
DYNAMIQUE SEUIL
VARIABLE
VREF
C
BUFFER COMPARATEUR
COMP A/q LOGIQUE j//
\J o ———
.
AMPLIFICATEUR
OPERATIONNEL

-
)
"

KOUT

LVL

PI

MI
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L'entrée de l'horloge se fait a 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:

————— o e o S o e, S -—— —— —— i —

x 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 aprés ce compteur, la résolution
sur la fréquence Fi est Fosc i

dn(n+1)
Fosc est la fréquence de l’oscillateur (ou de l'horloge externe).
n est le nombre programmé sur le compteur.
Fi =_Fosc . lKHz<Fi<lMHz .
4(n+l)

* Programmation du compteur ---> n sur 10 bits : 1<n<1023.
n est exprimé en base 2. n=0 est une valeur interdite.

III.3 .MODE DE PROGRAMMATION DU DIVISEUR DE FREQUENCE:

—— i — - —— i s Sk o —_— i ey s e T o —— — T —— —— e ——— — —

Deux possibilités

* Entrée série (pour interface série de microprocesseur ou micro-
controleur) dans un registre a décalage de 10 bits.

* Entrée paralléle (pour utilisation "manuelle") sur 6 bits maximum.
Les 4 bits restants sont figés.

Le circuit doit toujours étre alimenté en 10 volts, toutes les
entrées sont compatibles TTL/CMOS (alimentation -5v,+5v ou 0,+10v -
suivant le masque de personnalisation).

L’entrée série permet de choisir parmi 1023 fréquences différentes
(10 bits). L’entrée paralléle 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 paralléle. Le
sens de la commutation est choisi par le masque de personnalisation.

Les 8 broches de programmation du diviseur de fréquence sont tirées a
VDD (niveau logique 1) lorsqu’elles ne sont pas connectées extérieurement.

* En mode série, 3 broches sont utilisées : "DS0" pour l’entrée des
10 bits de programmation (= n ; facteur de division = n+l), "CK" pour
1"horloge du registre a décalage, "LOAD" pour la validation des données
entrées dans le registre a décalage.

Les 10 bits sont entrés par ordre de poids décroissant.

Suivant le masque de personnalisation, les entrées "CK" et "LOAD"
seront actives sur front montant ou front descendant, cela permet d’étre
compatible avec tous les types d’'interfaces série.

Le temps de recyclage du registre a décalage est estimé a 10us typ.

Exemples de programmation:
DO D1 D2 D3 D4 D5 D6 D7 D8 D9

1 0 ¢ 0 0 0 O O O 0 --->n=1 Fi=Fosc/8
01 0 0 0 0 0 0 O O ==-=>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 1 1 1 1 =--->» n=1023 Fi=Fosc/4096
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Ci-dessous figure le chronogramme de l’entrée série : J\L 1-{.g§ dalt
SR 2499 mn
0
\ / \ / L
. - - C
715 BRI SIS
tsul tH tsul
N/ A RS
QD x 4 x N x 7
Z AXN__ /N
AD ’ -
o r /7 N\ / \_
tSU1=50ns min , tSU2=135ns min , tH=35ns min , tWF70ns min. 7wy . O %
R s ces ) & L 1S

* En mode paralléle ou "manuel”, 6 broches au maximum sont utilisées;
elles correspondent a 6 bits du compteur programmable - du 2ieme au 7ieme
bit. Le premier bit est fixé a 1 et les 3 derniers bits sont fixés a 0.
On peut donc programmer le compteur de n = 1,3,5,7,..etc. jusqu‘a n = 127.

La fréquence d’horloge du filtre est Fosc .

4{n+1)
Fosc = fréquence de l’oscillateur ou de l’horloge externe.

Exemples de programmation:

DO D1 D2 D3 D4 D5 D6 D7 D8 D9

1 0 0 0 0 0 0 0 0 0 =--==> n=1 Fi=Fosc/8

1 1 0 0 0 0 0O 0 0 0 --=-> n=3 Fi=Fosc/l6

1 09 1 1L I 1 i 0 0 0 ---> n=125 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 €tre maintenues en permanence sur les broches correspondantes.

Il faut noter que deux broches d’entrée sont communes avec les
broches "DSO" et "CK" de l’entrée série.

Suivant la personnalisation, on pourra avoir acces a moins de 6 bits
et dans le cas d’une fréquence fixe, celle-ci pourra étre programmée
entiérement par masque.

IIT1.4 .SORTIE "CLKOUT":

Le signal d’'horloge du filtre (fréquence Fi) ou le signal d'oscil-
lateur (fréquence Fosc) est disponible sur cette sprtie par l’intermédiaire
d’un buffer logique CMOS- dont les caractéristiques sont les suivantes

* charge capacitive : 40pf max.
* niveau haut : VOH min = VDD-0.5v € SmA.
* niveau bas : VOL max = VS5S+0.5v €@ 5mA,

8.8 XUk - 4D tsy 4= P Pigg =X6 %

T’P\'f\p:‘ ?CJ{ \;I .']_, : -
185 17

AT

v
valeyr \, ix
T ™)

]
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IIT.5 .FILTRE ANTIREPLIEMENT:

Il est constitué d’une cellule Sallen-Key entiérement 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 étre utilisé, l’entrée se fait alors direc-
tement dans le filtre a capacités commutées.

ITI.6 .FILTRE A CAPACITES COMMUTEES:

Il s’agit de la base prédiffusée MPF d’ordre 8.

Le séquenceur fonctionne & la fréquence Fi et fournit les 4 phases
d'horloge nécessaires au fonctionnement du filtre & 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 aprés détection du niveau continu en sortie par un
simple réseau R-C. L’offset est ainsi réduit a +20mv max.

III.7 .DETECTION D’'ENVELOPPE:

Ce dispositif détecte l’amplitude créte positive du signal sortant
du filtre a capacités commutées. Pour un bon fonctionnement du systeme,
il faut annuler l’offset en sortie du filtre. L’enveloppe positive peut
étre transmise 3 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 : 25us.

III.8 .COMPARATEUR:

o — i ———————— . .

Il s’agit d’un simple comparateur dont le seuil de détection est
programmé par masque (pont de résistances) et de plus, ce seuil peut

étre modifié par la broche "VREF",
Pour modifier le seuil de comparaison, il suffit d’appliquer sur

la broche "VREF" une tension a faible impédance - <30ohms - égale a
l’amplitude minimale du signal a détecter. Les valeurs de tension a
appliquer sur "VREF" sont donc comprises entre +0.3v et +3v par rapport
a la masse du circuit.

Lorsque "VREF" n’est pas utilisée (non connectée), le seuil de
comparaison est celui qui a été programmé par masque en fonction de
l’amplitude minimale du signal a détecter (+0.15v<Vseuil<+1.5v).
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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 a celles de la sortie "CLROUT".

I11.9 .SEUIL VARIABLE: &

Dans certaines applications, le signal peut avoir une amplitude
variable, mais l’on veut détecter précisément la durée de ce signal.
De fagon a 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 1’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.

ITII.10 .SORTIES:

3 types de sortie sont prévus :

* Sortie logique de l’impulsion positive obtenue aprés détection
de durée (sortie "COMP"=buffer CMOS).

* Sortie analogique de gain 2 a dynamigque élevée :
VOUTmin = VSS+0.5v , VOUTmax = VDD-0.5v

* Sortie analogique de gain 1 a faible impédance
ROUTtyp = 10 ohms .

Une seule des sorties analogiques - broche "OUT" - est utilisée
(programmation par masgque).

Les sorties analogiques peuvent étre utilisées pour le signal
sortant du filtre a capacités commutées ou pour l'enveloppe de ce

signal.

IIT.11 _AMPLIFICATEUR OPERATIONNEL:

T —— ———————— s —— —————————— ————

‘ 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.
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M.P.F.D.
MASK PROGRAMMABLE FREQUENCY DETECTOR.

TSG8852
ADVANCE INFORMATION

TSG8852 est un circuit intégré HCMOS concu pour la détection de fréquence.

Caractéristiques principales

Filtre passe bande a capacités commutées

Facteur de sélectivité é€levé et grande sensibilité.
Programmation de la fréquence d'échantillonnage du filtre.
Filtre d’antirepliement intégré.

Signal d’oscillateur disponible.

Détection de l’enveloppe du signal filtré avec sortie a basse
impédance.

Détection de la durée de présence du signal avec sortie logique.
Amplificateur opérationnel disponible.

* % ¥ * *

*

COURBE DE REPONSE DU FILTRE.

3o } "“\
2o

/’ \‘\
T 0 d | ‘%\\

985S o3 3% 1 4,05 A4 145
FREQUENCE NORMALISEE F/F,.

AMPLITuDE (dB)
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M2 UELERUROMIGS
DESIGN TELECOM JCB.SG.078 Le 21 4vril 1989
JC. BERTAILS

DECODEUR SOF TV (ST 7502)

DESCRIPTION GENERALE

Le 7502 est un circuit monolithique CMOS réalisant la démodulation d'un
signal audio modulé en BLU par une porteuse 4 12,8 kHz ou 4 13,474 kHz.
Le signal original occupe la tande de fréquence allant de 100 Hz a 11,5
kEz et le signal regu, la bande allant de 1,3 kHz a 12,7 kHz, ou de

.

1,97 XAz a 13,37 kHz.

Un mode de fonctionnement permettant de recevoir un signal non modulé
est également prévu : dans ce cas, le signal d'entrée est directement

transmie 4 L'amplificateur de sortie.

SCHEMA SYNOPTIQUE

EHM (Hotio% RATTRESSE A 45,3125 MHz)

.-

+26
[ (o2
SFH 012 38/40 (006€ ov Ctiek
F‘ y
m
EFE FILTRE \SFE £D FireE |sre ’1 C3 cpg %09
Og—3; D EVTREE (0m I—w T >\<J-—-BH DE ‘ LO—’W -{
o ngéka ~PETIE R’zg 0“(
¢ ¢z T $6on

R1,R2,01,82,C3 = Composanfs ex'ernes
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Le 7502 utilige un boitier SO @ 16 ou 20 broches.

DESCRIPTION DES BROCHES

N° NOM DESCRIPTION

v+ Tension d'alimentation positive. V+ = +5V +/~ 5%

V- Tension d’alimentationﬂnégaﬁiue. V- = -5V /= 5%

AGND Masse analogique. Tous les eignauxr analogiques eont
néférencée d cette broche

DGND Magsse numérique. Tous les elgnaux nﬁmpﬁ,qups sont

h référencés d cette broche. o
Y EHM Entrée horloge maitresse. Regoit un eignal d
13,3125 MHz
\ EFE Entrée du filtre d'entrée i
SPE Sortie du filtre d'entréz. Doit étre relide d la
! broche ED par un condensateur externe.
y ED Entrée du démodulateur

SFS Sortie du filtre de sbﬁtie. Doit étne-;gzzg;i§f£;¢“v

¢ cellule de désaccentuation externe.

EAS Entrée de l'amplificateur de sortie. Doit dtre
reliée d la sortie de la cellule de désaccentuation
externe.

B SAS Sortie de Z'amplificaﬁeur-de gortie
X coD Entrée de sélection des modee "codé" ou "elair”.
SEM Entrée de sélection de la fréquence de modulation

fm
fm

12,800 kHz loreque SFM = 0
13,474 kHz lorsque SFM =

Il

It
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DESCRIPTION FONCTIONNELLE

Le signal codé regu est amplifié de & dB et filtré par le filtre
passe-bas d'entrée, dont le rdle principal est d'éliminer le signal

parasite d la fréquence de balayage ligne (15,625 kHz).

Le eignal filtré est multiplié par ure horloge d la fréquence de

modulation (12,8 kAz ou 13,474 kHz). Les bandes latéralee supérieures

du signal résultant sont éliminées par le filtre passe-bae de sortie.

Une cellule de désaccentuation externe doit étre placée entre la sortie

de ce filtre et l'entrée de l'amplificateur de sortie.

Les horlogee des filtres a capacitée commutées ainsti que l'horloge 4 la
fréquence de modulation sont obtenues par divieion entiére de 1'horloge
maitresse 4 13,3125 MHz. La frégquence d'échantillonnage des filtrees d

eapacités commutées est fixe et égale 4 512 kHa.

Le eignal regu en clair est transmie directement a l'amplificateur de

sortie lorsque la broche COD est d zéro.

CARACTERISTIQUES ELECTRIQUES

Valeure limites absoluee

Symbole Paramétre Valeur rnité
Masse analogique/Masse numérique -0,3a+ 0,3 | 14
Alimentation poeitive/Masses | 0,34+ 7 U

- Alimertation rpgaaave/Mbsses =7 44 0?3 v
124 Tension sur une entrée numérique | DGNB-0,3 & V+ 40,3 V |
rﬁhagﬁﬂiqulhnszon suv une entrbe ou une V- -0, 3-a V+ +é:3 | )
sortie analogique _

| Tout | Courant de cortiec analogique | =10 & +10 m

F—_?EEE Puigsance dissipée 500 mW_m:

Tamb Température de foxctvonnOmenb 0a+70 %

' Tstot Température de stockage -65 a I?EE'":;T °Ci
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Tengtoneg et courante d’alim@iy_@f‘ion . DCND = AGND = 0V

rwSyTﬂbOZé Paramétre Min Moz Unité
v+ Tension d'alimentotion pogitive 4,75 | 5,25
V- Tpnwon d'alimentation négative -5,26 | -4,75 v
I Courart d'alinentavion postvive | | 15 | mt |
I- Courant d'alimentation négative 15 mA |

Interface numérique : EHM, COD, SEM.

Toutee les tensiong sgont référencées a la broche DCKD = (V.

Symbole Paramétre Min Max Unité
VIL Tension d' ent fé..o a }_ “tczt bas . | __?ff_, ﬁ’J#WE’““
VIH Tengion d entrée a l'état haut EriN 3,3 14

coo, st 2,2 | %
I7 Courant d'entrée TR

Inte»face analogique : EFE, SFE, ED, SPS, EAS, SAS

Toutee les tensions sont référencées d la broche AGND = (V.

Symbole Paramétre Min Max Unité
F*qun T?n?":()?’l d'entrae f W;&*&-s-mé’g_ ,__J,/__._,
Rin Régietance d'entrée EFE “j.fﬁ_i 12 | 18 j | Kk “O_;}_@‘
z B ] 1] i)
g | EAS 24 38 kokin
Vout | Temsion de eortie | -2,8 | 2,6 | V
N Rout ;‘M Résigtance de 30ﬂttéhmnmﬂﬁm S ohm
RL ‘ RPS"stancpmci; _c_ri;;;épm—w—jg | _“—uiiwl;cic;hm
_%22, SAS 10 kohm
CL Capacité de charge 20 _.--_,._&T
v | fTensions de décalage | | |

avec EFE = EFD = FAS = 0V

Sertie SFE —200 200 my

Sortie SFS o A-n_———-.?—(}.’_b_‘m 200 mV
Sortie SAS o d—%'—ﬁ“_:ﬂZ—Ofr B _20 ) 7777&““.;:-!; ]

* Le niveau doit étre réduit de 8 dB sur l'erntrée EFE en mode codé.

B s
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SPECTFICATIONS TEMPORELLES

Entrée EHM

EHM

Ciwe

Symbole | Paramétre Min | Typ. | Max | Unité
tWCL Durée de l'horloge d l'état bas 25 | ne
" eweH Durée de l'horloge a l'état haut 26 ns
—
fwcﬂ
- |
LBV
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%i CARACTERISTIQUES DE TRANSMISSION EN MODE CODE
?.
I

Symtole Paramétre Min

Typ.| Max | Unité

1

{Gain en tension
‘fin : fréquence du eignal d'entrée

fout : fréquence du signal de eortie

: avee fout = fm - fin

i et fm = 12,800 kHz ou 13,474 kHz
[

iGabe Gain absolu. fin = fm - 1 kHz 7

8 St & et % oy T 8 s Y | ot S & e e e g e

. ~
;G’mzl Gain relatif a Gabe
=' fm-11,5 kbiz < fin < fm-8 kiz L5
fm - 8 kHz (fv,n fm—2<0 Hz ~ 1

e e e i o e et e e = e = e e e o = e e e e me e

m-250 Hz < fin £ fm-100 Hz o
f fi

fvn = 15,625 kHz |

f,rz >15 625 kh’z

harmoniques du 15 625 kHz

Bruit de fond en eortie i
avec EFE = 0V mesuré dans la i
bande 100 Hz - 11,5 kHz {
Np Mesure pondérée par filtre passif :

en eothe (voir montage de megure)

Vfm ignal resuiuel a la fréquence de |

| modulatwn en sortie SAS

‘THD Distorsion harmonique d'un szgnal {r
de sortie a 1 kHz d'amplitude : |
1 Veff
0,5 Veff

18,7 mveff

ATrel Atténuation des signaux ron

transposés relative a Gabe,

niveau de sortie = 0,5 Veff

| :
| fm-]] 5 kfiz  fout = fin  fm-100 Hz 60 |
PSRR _ Taux de réjection des a‘ziz?z;i;;Z?éT:'”éb?

SR AR S e

o S

.25 dB

o ————— e e o e e i e TR St B ; PRS-
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MICROELECTRONIES

i ww@\

CARACTERISTIQUES DE TRANSMISSION EN MODE CLAIR

| Symbole Paramétre Min |Typ.| Max | Unité
Gabs Gain absolu fin=fout= 1 kAz ~-0,3 0,3 dB
G‘r’elr Gain relatif d Gabe
40 Bz £ fin £ 15 kHz -0,3 0,3 dB
¥ Bruit dane la bande 50 | uveff
DHT Distorseion harmonique N 1 % [
PSRR Taur de réjection des alim. 40 T dB |
I Y
[ YOLTNETRE EFFICACE
RESEAU DR :
S T T el PORDERAT 5 mwa-;-//‘-
g FASS/F
A5k§) 2
I 7 .

wt

MONTAGE DE HESUERE Du BRIT
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| AND ITS * FILCAD " SOFTWARE PACKAGE ]
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A CMOS M.P.F. CHIP FAMILY WITH A "CAD PACKAGE" CAPABLE OF TRANSFORM
ANY FILTER SPECIFICATION INTO INTEGRATED CIRCUIT ON A SHORT LEAD TIME
( 4 or 8 weeks depending on filter specifications) .

Three M.P.F. bases and a complete sof tware package adapted to
Swi tched Capacitor Filters (S.C.F.) designs have been developed
by THOMSON SEMICONDUCTEURS to solve yourfiltering problems :

TSG 8704 base :
. S.C.F. order between 2 and 4.
. 1 optional internal 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.

TSG 8508 base :
S8.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 chip (X order ( 12 ).
« 2 clock inputs.
. optional external driving of output sample and hold.
. 2 uncommitted operational amplifiers.
S package versions 1

16 pins ¢ 1 filter.

16 pins 2 1 filter + driving of output S/H.

18 pins : 2 filters.

20 pins : 2 filters +.2 clock inputs, :
20 pins 1 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.

A software package developed by THOMSON SEMICONDUCTEURS for the
Mask Programmable Switched Capacitor Filters family :
TSG 8704 - TSG 85068 - TSG 8612

FILCAD 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.
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By using the three MPF bases and CAD tools, THOMSON SEMICONDUCTEURS
is proposing a complete filter family which includes standard filters
and semi custom filters.

2 to 4th order 4 to 8th order 8 to 12th order
(one filter) (one filter) (one filter)

( or two filters
with 2. order ¢ 12)

TSG 8704 TSG 8508 TSG 8612
l !

STANDARD FILTERS SEMI CUSTOM FILTERS

Low pass:

TSG 8510: Sth order Cauer (PCM) TSGF04 / Customer identification

TSG 8511: 7th order Cauer (S0 dB)

TSG 8512: 7th order Cauer (75 dB) TSGFO08 / Custaomer identification
TSG 8513: 8th order Chebychew

TSG 8314: 8th order Butterworth TSGF1l2 / Customer identification
High pass:

TSG 8530: 3rd order Cauer
TSG 8531: 6th order Cauer
T&G 8532: 6th order Chebychew

Notch:

TSG 8540: 6th order (Q = 7) =

Band pass:

TSG 8550: 6th order Caver (Q = 7)
TEG 83551: th order (Q = 35)

Voice-grade dual filter for telephone
line interface:

TSG 8670: 4th order low pass
8th order band pass

For every MPF, the cutoff frequency (or center frequency for bandpass
and notch) is clock programmable : frequency response is shiftable simply

Sise ¥ sl B e



FILCaD

FILCAD is a software package developed by THOMSON SEMICONDUCTEURS
available for its Switched Capacitor Filter designs : M.P.F., but
also Full Custom or Semi Custom Circuits containing such Filter cells.

A
| EVA { Evaluation
----------- : Theorical
| synthesis
| ]
|
GENERAL |  —memmmmemeemeee Y i e SCF synthesis |
PURPOSE I | SCF schematics|:
S.C.F. :
CAD _____ \k __________ \k _____
TOOLS I SAFIR | | 8SYCAB |
for leapfrog structure biquad. cascade
M'PIFI ‘ I
Std cells | f
Full Custom = = = = o
o I
|
' v
----------- .SCF simulations
| SIRENA .Dynamic scaling
——————————— .Nermalization of
| capacitors -
| adapted to M.P.F.
| .MONTE CARLO analysis
L v_ |
A |
————————————— ‘
| SCHEMATIC | |
| CAPTURE | |
- — ————— — — ———— I
SPECIFIC
LAYOUT
CAD TOOLS
for
M.P.F.
P.G. tape Automatic
of specialization mask layout draft
( GDS2 standard)

353
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Standard  ~lters
Sermy su.s{‘:om F.’ U’:er;

TSG85XX.
TS G F08/Custom. ident. :

SWITCHED CAPACITOR MASK

as

PROGRAMMABLE FILTER

The TSGB85XX circuits are HCMOS universal filters containing a mask
programmable switched-capacitor cascadable structure andtwo uncom-

'LINEAR HCMOS1

M.P.F
SWITCHED CAPACITOR

mitted general purpose operational amplifiers.

The specifications of the internal filter are obtained during the last step of
chip realization. The specialization 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 SE'IIMI.TEL'qs designers in accordance with the user template
either by the customer himself thanks to the FILCAD gack .

Most filters can be realized. Samples are available to?mels after the
filter template definition.

This technique has also been used to define THOMSON SEMICONDUC- 1
TEURS family of general purpose filters.

Based on the switched-capacitor structure, these circuits exhibit all the
advantages of this technique, namely 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.

Avaijlable order: 2 to & \any, type).

Input signal frequency range: O to 30 kHz.
S/N ratio (depends on the internal structure): 70 to 85 dB. ¢
Tempiate transiation possible thru sampling clock tuning.

Power supply requirements: £5 Vor 0-10 V.

Power consumption: adjustable from 0.5 mW to 20 mW per order.

AVAILABLE PRODUCTS:
e Standard *

MASK PROGRAMMABLE FILTERS'
( Order : up to eight ) '

CASE CB-98

P SUFFIX
PLASTIC PACKAGE

CASE CB-79

Caramic package (C suffix)
and Cerdip package (J suffix)
are also available

. PIN ASSIGNMENTS

Low pass:
TSGB8510: 5th order Cauer (PCM)

High pass:
TSGB530: 3rd order Cauer

TSGB511: 7th order Cauer (50 dB) TSG8531: 6th order Cauer -

TSG8512: 7th order Cauer (75 dB} TSGB532: 6th Chebychev ve O 8[] PwF
TSG8513: 8th order Chebychev Bandpass: - E 5 70cLx
TSG8514: 8th order Butterworth TSG8550: 6th order Cauer

Notch: TSG8551: Bth order (Q = 35) e 3 s{Jout
TSG8540: 6th order (Q = 7). in 4 s{] GND

e Semi Custom
TSG F08/Customer identification.

TYPICAL APPLICATIONS:

8 pins: FILYER ONLY

e Telecommunications.
e Rabotic. v ~ 16 [INC
e Sonar detection. v 2 15(]-EA
o Data acquisition (before A/D and after D/A conversions). LVL E 3 14 :]SA
e Speech processing. i e » j .
e, Audio processing.
e Instrumentation (portable, medical....). GND s 12 [0 €8
e Spectrum analysis (noise, speech) out 6 11 []s8
® |ndustrial applications {process control,...). CLK E 5 0 :] -EB
® Alllow frequency classical applications where low power and small -

sizes are researched. wF (8 9 {JPwa

* The standard circuits TSGB512, TSG8532 and TSG8540 are respec-
tively equivalent to R5609, R5611 and R5612 (Reticon).

16 pins: FILTER+2 OP-AMP;

ef 05150-R1
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BLOCK DIAGRAM

é‘l:WA f'L?‘T\:iF lLVL

(3}
Power adjust Power adjust Qutpu1
for Op. Amp. for filter DC level
1 -
3
8 th order Output
Input l_ Z
~1 P possitiiity S/H —-d&;-
+EB SIH filter bufter
- otf lozerf foi o2 fo2 o3} fi3
s8 Clock generator ]
IE
+EA r Prog. clock divider ]
-EA Level shift
and TTL
SA interface
G 0 O-EH
IN %LK v* v’
GND
PIN DESCRIPTION (8 pin package)
(minimal version : filter only)
Name Type N* Function . Description
vt I 1 Positive supply
V- | 2 Negative supply
LvL I -3 N 2. Qutput DC Filter output DC level adjustment when connecting
level adjustement a potentiometer betwaen V1 and V- with its middle point
to LVL. When no adjustment is needed LVL pin is
connected to GND.
IN I 4 Filter input
GND | 5 General ground
out (0] 6 Filter output
CLK | 7 Clock input TTL levels
PWF | 8 Filter power Filter power consumption can be choosen by connacting
adjustement a resistor between PWF and GND (or V). Stand by mode
is g)btained by connecting PWF to V- (or non connec-
ted).




PIN DESCRIPTION (16 pin package)
(extended version : filter + 2 op Amps)

Name Type N® Function Description
vt 1 1 Positive supply
L 1 2 Negative supply
LvL i 3 Output DC Filter output DC level adjustment when conr;ecting
level adjustment a potentiomater batween V¥ and V- with its middle point
to LVL. When no adjustment is needed, LVL pin is
connected to GND.
IN | 4 Filter input
GND | 5 General ground
ouT (0] 6 Filter output
; [
CLK | 7 Clock input TTL levels
PWF I 8 Filter power adjustment Filter power consumption can be choosen by connecting
a resistor between PWF and GND {or V1), Stand by mode
is obtained by connecting PWF to V- (or non connected)
PWA | 9 Op Amp power adjustment Idem PWF but for Op Amp (PWA)
-EB 1 10 Inverting input
OpAmpB
S8 0. 1 Output Op Amp B
+EB 1 12 Non inve;ting input
Op Amp B
U
+EA | 13 Non inverting input
Op Amp A
SA 0 14 QOutput Op Amp A
“EA | 15 Inverting input Op Amp A
NC 16 Non connected




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 intarconnections 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 internal switching. The internal clock is

performed through an internal mask programmable

divider which 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, leval shifts

are used inside the chip to obtain the correct voltage
1SWings.

The output sample and hold buffer is connected to the
filter output and so allows a iow impedance signal deliv-

ary.

MAXIMUM RATINGS

_The output DC level adjustment is also possible with an
external voltage source (obtained for example through a
rasistor divider).

Two uncommitted general purpose operational amplifi-
ars are also available.

They can be used by the customer to implament other
analog functions (for exampie 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).

Rating Symbol Valua Unit
Positive supply voltage vt -015tw0+7 v
Negative supply voitage o v -7t0+0.15 v
Voltage to any pin (exept for ground) v V--0310 v
vt+03
DC current per pin (except for supplies) lo 150 mA
Temperature ‘c
Operating t°* range Toper |.60t +130
Storage t’ range Tstg -60 to + 150




ELECTRICAL CHARACTERISTICS FOR FILTER ONLY

Characteristic Symbol Min Typ Max Unit
Positive supply voltage vt 4 5 6 v
Negative supply voltage 'S -6 -5 -4 v
Qutput voltage swing Vout vV +0.5 vt.15 Voo
input voltage (with filter gain = OdB) ~Vin V' +05 vt.i1s Vpo
Bias current on PWF (stand by mode by connecting PWF 1o V') IPwWE 50 250 LA
{or non connected)
TTL clock input “0" ViL +0.8 v
TTL clock input “17 ViH 2 v
External clock pulse width 'cg 80 ns
Input resistance Ry 1 3 MQ
Input capacitance CiN 20 pF
Qutput resistance Rourt 10 Q
Load capacitance CL 100 pF
Load resistance R 0.1 1 KQ

NB) With single supply (O - 10 V) : same specifications

With single supply (O - 5 V) : specifications can be asked to Thomson Semiconducteurs commaercial office

ELECTRICAL CHARACTERISTICS FOR OP. AMP.

VF=+5V Vv'=.5V T=25'C R =2KQ Ipya =100uA

Characteristic Symbol Typ Tested Unit
limits
DC open loop gain G_+ 75 60 dB (min)
{without load) G~ 75 60 dB (min)
Gain-band with product {without load) —~ G« BW. 2 1 MHz {min)
Input offset voltage (without load) VioFF 5 10 mV {max)
Qutput swing VouT -45 -4.2 V (min)
3.5 3.5 V (max)
Input bias current {without load) Ibias %5 + 10 nA (max)
Supply rejection {without load| SVR 85 60 dB (min}
Common mode rejection Veps = 1V (without load) CMR 65 60 dB (min)
Outpu! short circuit current (without toad) los 100 mA
Power consumption P, + 25 3.2 mA (max)
- 2.6 3.2 mA (max)
Slew rate SR + 5 V/usS
- 6 V/us
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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 frequency,
named sampling frequency (Fs), as follows:

$1 §2

V% " e v2

0 l 6

The two switches (S: and Sz) are controlied by two
complementary and non overlapping clock phases.

During the phase @ = 1 (5, on, Sz off), the charge stored
in Cy is:
Q=CV, (1)

During the phase @=1(S; off, Sz0n), the charge stored
in C2 becomes:

Q:=Ci V2 (2)

During a complete clock period Tg = -'—:ls- =@2+2,
the transferred charge is:

AQ=01— Q2 =Cy (Vi — V2) (3}
During a period Tg, this charge flow is equivalent to a
current |, such as:

AQ=C\ (Vi — Va}=1.Tg (4)

Ci (Vi — Va)

andso: 1=C,. FS {V1 — V3= - Ts (5)

Comparing (5) with Ohm law applied to a resistance:

Vi — V2
= 6
| 2 (6)
The equivalent resistor is;
T
R = Req = - )
Ci
Then, with (7), a RC product becomes:
Req.C = 3 .Tg (8)
C

WHY THIS TECHNIQUE CAN BE USED TO
REPLACE CLASSICAL ACTIVE FILTERS?

In 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 accurate 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 achiavable without trimming. In
addition, as shown in (8), the time constant RC is propor-
tional to the sampling period Tg. Another important
property of switched capacitor filters is that cut-off fre-
quency can be shifted by shifting 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:

Koy points

Results

« Monolithic filter
« Evary time constant defined by
— capacitor ratios
— clock frequency i

« Fully integrated filters with CMOS technology

"

« Switched capacitor networks are sampled and hold systems

« Board size reduction

« Precise template.

«.Stability in tamperature and time

« High order filter achiavable

« No adjustment

« Tamplate transposable by tuning the clock

« Low power
+ Ease and safety of use
« No external component

« Antialiasing pre-filtering is neaded if the input signal
is wide band (See Application note)

« Smoothing post-filtering may be used to avoid spectral
rays around the sampling frequency (See Application note)

HOW TO CHOOSE HIS TYPE OF FILTER?

A number of nomographs, tables and curves provide, for
aach type of function and according to its order, the
amplitude response curves, the phase response curves,

the group delay curves, and aiso the pulse and step
responses. All these characteristics, and a few others,
are summarized in the following table:

Kind of filter

Kind of Butterworth Legendra Chebychev Bessel Cauer

performancs
Cut-off, abruptness B = ey s
for a given order o e bl 000 e
Regularity of the ' Ripple within the Ripple within the
“amplitude - frequency” passband/regular passband and the
curve nee e within the notch - notch
Regularity of the
group Delay # o 00 . tia
Sensitivity e =g o . i
Transient condition
distortions . .. 00 cns -
Transmission zeros None None None None Yes
Required overvoltage
factors Very low Low Medium Medium High

209 : Vgry mediocre
% : Mediocre
o Medium

*** : Excellent
** :Very gocd
*  :Good

We will keep in mind the following:

e the BUTTERWORTH filters are interesting because of
the regularity of their passband (no ripple) but their
cut-off is not very abrupt,

e the LEGENDRE filters associate a convenient regu-
larity of the amplitude response curve with a cut-off
abruptness and a transient behaviour that are of
good quality,

o the CHEBYCHEV filters present, at least within the
first octave, an abrupt cut-off, but their transient
behaviour is not performing,

e the BESSEL filters present a very good transient
behaviour {constant group delay in passbandl, but
their cut-off is not very abrupt,

e the CAUER filters allow an extremely abrupt cut-off
to be obtained, but their group delay regularity is
mediocre. They present transmission zeros.




CUT-OFF.FREQUENCY DEFINITION
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FIGURE 1 - DESIGN SPECIFICATIONS

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).

The cut-off frequency Fc is the passband limit frequency
as defined on the design specifications above men-
tioned.

The maximum vaiue of the attenuation variation in the

. Go Go
- 3 Ap L - 1N _m . _' Ap
i As As

Go

b s o i
b o - — - -

FIGURE 2a FIGURE 2b FIGURE Z2¢

The passband ripple is design dependant and between The parameter G, called passband gain is the maximum

0.05 dB and 0.2 dB with TSG85XX standard filters. value of the gain in the passband, and may have low
variation from part to part:



Example.
TSGB8510 with Fe = 256 kHz — Fc =3.4 kHz
Ggmin=-03d8

G, max = 0 dB
Ap = 0.05 d8
i i
Gg =0dB 0dB
¢ A= 0.05d8 T
| _
==03
[ Go { Ap =0.05 dB
|
| i
| 1l
| 1
| = 1 o=
Fe=3.4 kHz Fe=3.4 kHz
FILTER No. 1 . FILTER No. 2
This two cases show that the two filters TSG8510 (No. 1 - 0.35 dB for filter No.2

and No. 2) has the same cut-off frequency with different

values of gain :
- 0.05 dB for filter No. 1

The passband ripple remains constant. only the fre-
quency response curve is shifted with G, variation.



TYPICAL APPLICATION

Typical use of the M.P_F. (Figure 3) The consumption can thus be chosen to match the par-
ticular application.

The M.P.F is fed in dual supply: £5 V. The stand-by mode is obtained by strapping the PWF pin

The adjustment of the DC output level of the M.P.F is to V™ (or non connected).

achieved by an external voltage source (for example, a The adjustment of the power consumption of the two

bridge divider connected between the positive and the operational amplifiers can be achieved exactly like for

negative power supplies and whose the middle point is the previous case, but via the PWA pin of the circuit. The

connected to the LVL pin of the M.P.F). If no output DC stand-by mode is also obtained by strapping the PWA

adjustment is required, the LVL pin can be directly con- pin to V™ (or non connected).

nected to GND. The clock levels are TTL, but CMOS levels are accepted.

The consumption of the filter can be also adjusted by With these previous conditions, the output linear

means of an external resistance connected between V* dynamic range of the M.P.F is about 8 V, between

(or GND) and the PWF pin of the circuit. —45Vand+35V.

N capacitor Cewr can be added in
Pc.r C with prp n order to Tmprave
He clak ﬁeed*r?\rwaﬁ rejec.t-.'om

= +5v .
i . (t‘ﬂ?lme UO.&ACCow: = 33 YF )
v NC =
) -
v —-EA [
LvVL SA |-
»— IN + EA |=-
. TSG
o @ @ :”—— Gno  85XX 4 gp L
~—— OUT SB |-
5v
0 L »—] CLK -EB |-
e i a1 PWF PWA
|
.
C T
PWF t Rpwp *RO
|
.
GND OR V+ GNOD OR V+

P = 20 k2 (multiturn)
10k2< RP‘;’,F!D“ < 75 k2

FIGURE 3

* It the OP AMPS are not used, Ry, must not be con-
nected between PWA and GND.
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Use of the M.P.F. with 0-10 V (Figure 4}

The M.P F is fed in single supply: 0-10 V.

Inthis case, V" is the reference ground of the circuit and
GND must be adjusted to +5 V by means of the potenti-
ometer P ((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.

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 batween 0.5
and 8.5 V. :

!
TSG EA P
85XX

NC =

—-EA 4

SA

+EB L.

SB

-EB |-

+i0v
—v*
'I}—ﬂ v
LVL
] IN
GND
10V i), DT
oJ LI o
r - — PWF
|
C
PwF : R
ki
+
VT ST
Vn *-

Rop

P =20 k§2 (multiturn)
10 k1< Rp‘cfoﬂ < 75 k2

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.

Inthis case, V' is the reference ground of the circuit and
GND must be adjusted to + 2.5 V by means of the
potentiometer P|_((V* — V')/2).

The other adjustments are achieved exactly like pre-

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 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.

GND

5V e OUT
——

CLK

- --

TSG + EA P
85XX

NC =

SA

+EB |

S8

Rop

PL = 20 k§2 {multiturn)
10 kQSRF';FRDp < 75 k{2

FIGURE 5



Anti-aliasing and smoothing (Figure 6)

e 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 (Fc}
contained in the spectrum to transmit. With this
condition, no informatian is added or lost on the
transmitted signal. This theorem describes the
well-known phenomenon called spectrum aliasing
shown figure where the entire spectrum 1o
transmit appears around Fs, 2Fs, 3Fs,... and so on.

el ANTI-ALIASING

FILTER TEMPLATE

Thus, all spectrum components of the signal con-
tained 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
spactrum components of the input signal upper than
Fs — Fc. An analog filter, called “anti-aliasing filter",
must be therefore applied before the M.P.F.

WITHOUT ANTI-ALIASING FILTER,
THE SPECTRUM COMPONENTS ARQUND Fé, ZFS_

'] \ ARE NOT STOPPED BY THE SAMPLED FILTER
A I,/ \l
i 1 .
\ | ' |
R \ l |
SPE? U \ ALIASING OF THE SPECTRUM ALIASING OF THE SPECTRUM
o \ TO TRANSMIT AROUND F TO TRANSMIT AROUND 2 Fg
TRANSMIT \ ' I
\ | | FREQ
Fc FS—FC FS FS+FC ZFS— FC ZFS 2FS+FC

FIGURE &

Phenomenon of the spectrum aliasing

. Without anti-aliasing filter :

. With anti-aliasing filter

The selectivity of this filter depends upon the Fs/F¢
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

Spectrum to transmit ¥ transmitted spectrum

Spectrum to transmit = transmirted spectrum

relationships are described (figure 7). In these relation-
ships, Fc is the cut-off frequency desired of the anti-
aliasing filter and ¢ its damping coefficient. For a cut-
off as tight as possible and without overvoltage around
it, ¥ must have a value around 0.7.



V+
c2
| | . -
L
__.[:}_‘ +
T
ci=_%
R1 = R2 = arbitrary value 27R1 Fe
Fc = cut-off frequency for the antialiasing filter
An optimal choice is Fc = 1.2 x cut-off frequency of (ct = £ .¢2)
the masn filter
E = damping coefficient the optimal value is 0.7 1
€2 —
2mE R1 Fc

FIGURE 7

SALLEN-KEY structure (second order low-pass Filter} for

anti-aliasing and smoothing.

N.B) If Fs/Fc < 2 (figure 8), the spectrum to transmit
and the spectrum aliased have a part in common and it

GAIN

SPECTRUM
TO
TRANSMI

ANANAY

g

N\

ALIASING OF THE
SPECTRUM AROQUND F

becomes impossible to share the useful signals fromthe
undesirable signals.

S

-n
i

n

Rl

FIGURE 8

When Fs/Fe < 2, the spectrum componants inciuded between

Fs-Fc and Fc and which are due to spactrum aliasing are not

stopped by the sampled filter



o 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 tha SALLEN-KEY structure previously

described (figure 7).

e Hardware implementation: In order to make easier
anti-aliasing and smoothing, THOMSON SEMICON-

DUCTEURS has designed, on the even chip of the
M.P.F, two general purpose operational amplifiars. 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
integrated ceil is included in the chip (cosine filtar) to
reduce the aliasing effects around Fs.

v NC b
v —EA c2
It
18
LVL SA
TSG R2 R1
IN  g5xXxX +EA { bt T N
c
|||— GND +E8 =|_.|]|
]
ouT s8 ) A
5V i = OUT
o I I | l CLK -EB l
r A - PWF PWA .
sl
C |
- —— = ¥Pwp | - RPwr Rop
Gnpor vt GNDOR VY

PL =20 kS (muttiturn}
10 k2 < Rp, R, < 75 k{2
Rz 0P

R1,R2,C1,C2 ' See anti-aliasing
R'1,R"2,C,C2 i and smoothing considerations
FIGURE 2

M_P.F with anti-aliasing and smoothing filtars
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anti-aliasing or smoothing filter. This structure is the
same as the SALLEN-KEY structure dascribed figure 7
(second order low-pass), in the same way as the corres-
ponding relationships.

Nonetheless, if the application allows it, these two
operational amplifiers can be used to implement other
functions (gain, comparator, oscillator,...).

In this case, the circuit shown figure 10 can be used as

R1 R2
. 2N

10 k§2

FIGURE 10

Second order low-pass Filter (SALLEN-KEY STRUCTURE)
with a transistor replacing the aperational amplifier.
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These specifications are subject 10 change without notice
Please inquire with our sales offices about the availability of the different packages
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