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This month we'll learn how to design switching circuits using transistors, as well as other
devices.

WE'VE ALR EADY LEARNED ABOUT HOW

transistors and other solid-state devices
are used in circuit s such as amplifiers ,
oscillators , etc . There are, of course,
many other applica tions for those de
vices . One of the most comm on , and use
ful, of those applications is in electronic
switching circuits . Unlike analog circuits
where the output signal is some function
of the input, in switching circu its the out
put is in one of only two states--on or off.
This month , we are going to begin our
look at electronic switching circuits, be
ginning with the most basic of them, the
transistor switch .

Transistor switches
To use a transistor as a switch it must be

biased so that the device is in either one of
two states. In one of those states, the tran
sistor is " off" and no collector current
flows. In the other, the transistor is " on"
and the collector current is limited only by
the resistances in the emitter and collector
circuits .

There are three common ways to bias a
transistor so that it operates as we just

described . Those methods of biasing are
refered to as modes of operation . In what
is referred to as the saturated mode of
operation, the transistor is turned on by
biasing it so that it is in, as you might have
guessed, saturation. When that happens,
the voltage across the transistor, called the
saturation voltage , is at a minimum and
depends on the collector current and load
resistance . The device is turned off by
biasing it so that it is in cutoff.

When a transistor is turned on in the
second mode of operation, the current
mode, it is biased so that the transistor
operates near, but not quite in saturation.
The collector-emitter voltage is somewhat
above the saturation voltage of the device .
Once again, the transistor is turned off by
biasing it so that it is in cutoff.

Switching speed is faster in the current
mode of opera tion than it is in the satu
rated mode . It is still faster, however,
when the transistor is used in the ava
lanche mode. In that mode, the on and off
states of a transistor are maintained in the
breakdown porti on of its curve . The
switching speed of a transistor in the ava-

lanche mode is exceeded only when tun
nel, snap-off, hot-carrier, or pin diodes
are used as the switching devices .

Switch ing modes
A transistor 's characteristic curves can

be approximated as shown in Fig. I. Each
curve (which here is shown as a relatively
horizontal line) represents the relation
ship between the collector current, Ic ,
and the collector-emitter voltage, VCE o

You'll note that several of those curves are
plotted in the figure. That's because the
relationship between Ic and VCE depends
on the base current , IB ; each curve shows
the relationship for a specific value of lB'

The more-or-less vertical solid line near
the vertical axis represents the saturation
resis tance of the transistor. That resis
tance is equal to Vs/Is' At the maximum
permissible transistor collector current ,
Is , the minimum voltage that can be
across the transistor is Vs- the saturation
voltage. That voltage is reduced at lower
collector current s.

A load line is also shown in the figure.
It extends from Vcc on the VCE axis to
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FIG. 4-A BATTERY AND RESISTOR are con
nected between the base and ground in a cur
rent-mode switching circuit.

Vee

Capacitor CB is used to increase the posi
tive drive on the transistor at the instant
that VIN is applied. Its capacitance can be
calculated mathematically, but it is best
that the circuit be built and different ca
pacitors placed across RBuntil it is deter
mined which capacitor will provide you
with reasonable performance in a particu
lar switchin g application.

Anothe r factor that you may run into
when designing a switching circuit is
latch-up. In that situation, the reverse
voltage applied to the base circuit is insuf
ficient to bring conduction down to its
lowest level. Instead, collector current
drops only to some level above the desired
minimum. That low current is determined
by the point where the load line crosses
the breakdown section of the collector
curve . (The breakdown portion of the
curve is illustrated in Fig. 3. It is the
vertical sections of curves I, 2 and 3.)
Should latch-up occur, increase the nega
tive or reverse-bias voltage that is applied
to the base circuit.

Current mode
To improve the switching speed of a

transistor it should be kept out of satura
tion when turned on . When that is done,
the transistor is said to be operating in the
current mode. In that mode of operation ,
the off states are identical to those in the
saturated mode , while the on states differ
in that in the current mode the transistor is
kept just slightly out of saturation. (The
excess charge in the base is kept to a
minimum.)

In the current mode of operation , the
transistor can be kept off by a resistor
battery combination connected between
the base and ground. That is shown in the
current-mode switching circuit shown in
Fig. 4. Note that there is also a resistor
battery-diode combination in the emitter
circuit of the transistor; let's take a closer
look at it.

Diode Dl is kept turned on at all times
because of the polarity of the V EE supply.
If a silicon junction diode is used, about
0.7 volt is across the device . If there is no
voltage between ground and the base ,
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FIG. 3-IN THE AVALANCHE SWitching-mode
transistors operate in the breakdown region of
their characteristic curves .

"delay time " is also used to describe that
turn-on period .

After the positive input voltage has
been removed, the negative ( - VBB) sup
ply takes over to restore the transistor to
an off state. But that does not occur in
stantly. First, the base current becomes
negative for a while , but eventually the
base-emitter jun ction ceases to conduct
current in either direction. As for the
base-emitter voltage and collector cur
rent, they remain positive for a short inter
val after the positive switching voltage has
been removed. The time it takes for the
collector current to drop to 90% of its
maximum after the positive voltage has
been removed is called storage time. It is
caused by the capacitances formed in the
transistor when it is in saturation. Those
capacitances are charged when the tran
sistor conducts and discharged relatively
slowly after the transistor has been turned
off.

Capacitor CB is not an essential com
ponent in the circuit. It is included only to
increase the switching speed. To deter
mine what its capacitance must be you
must first determine the saturation cur
rent, IC(sAT)' of the transistor; it is equal
to VCC/RL' Next , calculate what Rx
should be by setting it equal to VBB/ICBO
where IcBO is the collector-to-base leak
age current when the transistor is operat
ing at its maximum temperature .
Continue the design by plotting the load
line for the collector circuit as shown in
Fig. 1. From that plot, estimate the ap
proximate base current , IBs , at the point
where the load line crosses the transistor's
saturation resistance curve. In Fig. I, it is
about midway between IB4 and IB5. If the
maximum voltage applied to the input of
the circuit is VIN(max)'

Rs = VIN(max/lss - lcso

-I

VBB :
I

FIG. 2-CURRENT FLOWS through RL when a
positive pulse is applied to VIN. The flow is
stopped when that pulse Is removed.

+
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IM A X on the Ic axis. You'll note that even
when the transistor is fully turned on by
the application of a large curren t to the
base , the collector current cannot reach
1M AX if the device's load line is as drawn
in Fig. I. The maximum current that flows
is determined from the point where the
load line crosses the saturation resistance
curve. Collector current at the intersec
tion of the two lines is at its maximum . It
cannot be made any larger no matter how
much the base current is increased .

Saturation and current modes of opera
tion function only if a steady input voltage
is applied to the base circuit of the transis
tor to keep it in either the on or off state.
Examine the circuit shown in Fig. 2. The
tran sistor is kept in the off state by the
presence of - VBB at the base . That sup
ply applies a negative voltage to the base
with respect to the emitter. That negative
voltage keeps the transistor turned off.
When a sufficiently positive voltage is
applied between the base and emitter at
input VIN , the trans istor is on and collec
tor current flows. Thus the applied volt
ages determine the state of the transi stor
and whether or not there is any collector
current flowing through RL.

Saturation mode
Switching is not instantaneous , es

pecially in the saturation mode of opera
tion . It takes time for the transistor to go
from an off state to an on state as well as
from an on state to an off state. Let's start
our examination of the saturation mode
by assuming the transi stor is turned off.
We'll be referring to Fig. 2 once again as
we proceed through the following discus
sion.

When a positive pulse of voltage is ap
plied to VIN , it is also applied to the base
of the transistor. That positive pulse
causes base current to flow instantly, but
there is a lapse of time before the base
emitter voltage reaches even a O-voltlevel.
Collector current , on the other hand, does
not start to flow until the base-emitter volt
age is just above zero. The time between
the applicat ion of the positive voltage to
the base and the instant that the collector
current reaches 90% of its maximum, is
referred to as the turn-on time. The phrase
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only that diode voltage would be between
the base and emitter of the transistor,
keeping it turned on . But the transistor
does get turned off due to the presence of
the - VBB supply. To keep the transistor
turned off, VBB must be large enough to
counter the voltage across the diode .

The real sign ificance of the emitter cir
cuit is seen when the transistor is turned
on by a posi tive pulse at VIN . If there's
only a resistor in the emitter circuit, or a
short as in Fig. 2, the collector current
will be eq ual to the beta of the transistor
multiplied by the base current lIN ' Ifl IN is
sufficient ly large , the collector current
can be dr iven into saturation. But the
prese nce of D I, RE and VEEin the emitter
circuit prevents that from happening so
that the maximum transistor current level
is less than its saturation curre nt. Tha t
maximum is set by the components in the
emitter circuit.

Because of the orientation of the diode
in the ci rcuit, no current from the emitter
can flow thro ugh it. But it does limit the
current through RE because of the 0 .7 volt
developed across the diode. The current
flowing through RE is the maximum cur
rent that can flow through the em itter or
collec tor circuit of the transistor. With
that as the current limit when the trans is
tor is turned on , the transistor will stay out
of satura tion if Vcc/RL is greater than is
the curren t in RE. For practical purposes,
the current through RL should be limited
to a maximum of VEE/RE'

Avalanch e mode
In c urre nt- and sa turation -mode

switchi ng, a voltage wit h a specific po lar
ity must be maintained at the base of the
transistor to keep it either in an on or an
off state. The relative polarity of the ap
plied voltage depends on whether you
want to keep the transistor turned on or
off. In the avalanc he switching-mode,
however, an instantaneous pulse is all that
is required to keep the transistor in either
an on or off sta te . An additional advan 
tage for that arra nge me nt is that the circuit
switches at almost the instant that the
swi tching pulse is applied.

The circuit used in that mode of opera
tion is basically the same as is used for the
sa tura tio n mo de (see Fig. 2). Now,
however, CB is not needed to improve the
switching speed, for it is quite rapid even
without the capacitor in the base circuit.
In addi tion, the Vee voltage in the ava
lanche mode of ope ration is quite high , so
that operation of the transistor is in the
voltage breakdown regio n of the collector
characteristic . The characteristic curves
in that breakdown regio n, along with the
load line for RL , are show n in Fig . 3.

Curve I shows the collec tor characteris
tics when the base current is 0 mA; curve
2 is the collector voltage -curren t relation
ship whe n the base current is somewhat
negative. Curve 3 is for the case where the
base curre nt is very negative but within
the region where the transistor will not be

destroyed. (Reverse base current ob
viously depends to a large degree upon
the reverse base voltage app lied for test
purpose to the base circuit.) Besi des the
load line, the other curves show n illus
trate the usual transistor characteristics
when the base current is positive. The
latter group of characteristics is the one
usually shown on data sheets .

When the transistor is idling, assume
that the negative base voltage , - VBB' is
of such magnitude that the transistor idles
at point a on curve 2. A posi tive voltage at
VIN will push the idling point to a seco nd
curve . That second curve is determined by
the magnitude of the positive voltage ap
plied to the base . If we assume that that
curve is for IB = 0, the n the new idling
point is at B on curve I. It remains on that
curve as long as a base voltage is applied .
At' the instant the pos itive voltage is re
moved, the on-poi nt drops to poi nt C on
curve 2 because only - VBB remai ns to
bias the base-emitter junction. The tran
sistor keeps idling at that poi nt despite the
absence of any voltage or add itiona l
pulse . It is stable because the slope of the
load line, I/RL , is less than the slope of
the transistor curve . Ordinarily, a poin t on
that portion of the curve would not be
stable because of the transistor 's negative
resis tance . But in thi s case , operation
does not shift from point C because of the
relative slopes of the load line and tran sis
tor curve.

A nega tive pulse must be applied to the
circ uit in order to turn the transistor off or
to lower the collector-current level. If the
negative pulse is of sufficient magnitude ,
the collector current will drop to point D
on curve 3. When idling there, the transis
tor remains turned on. But at the instant
the negative pulse is remove d, operation
reverts to a point on curve 2. That point is
point E . Because the slope of the transis
tor curve around point E is less than the
slope of the load line , the transistor can
not remain in an idling condition at that
poin t. .If the transistor is idling in the off
state, it reverts rapid ly to poi nt A, the
starting poin t. Here , current is at a mini
mum and the trans istor is effectively turn 
ed off.

Switching FET's
Even though their swi tching speed is

slower than that of bipo lar devices, FET's
have the advantage of supe rior on-to-off
current ratios. The s lower sw itching
speed is due to the FET's large interna l
capacitances.

The characteristic curves of an n-chan
nel FET, and the load line for the drain
circuit , are shown in Fig. 5. Although the
curves shown are not of any part icular
device, they can be used to describe the
switching action of the FET in general. A
schematic of an FET switching circuit is
shown in Fig. 6.

With no positive voltage applied at
VIN' a negati ve voltage exists between the
source and gate due to the - VGG supp ly.

YGS = +0.5

YGS = 0

YG S = - 0.5

YGS =- 1

YGS =- 3

YGS = - 5
YGS = - 7
YGS = - 8

Yoo
FIG. 5-THE CHARACTERISTIC CURVES of a
typ ical FET,as well as a load line for the device,
is shown here.

If that voltage is more negative than - 8
volts (that is the pinch-off voltage for the
device we are examining) very little cur
rent flows throu gh the drain circuit. This
can be found from the curves ; note that ID
is very low when VGS = - 8. Thus, drain
current is negligible because the transi stor
is operating in the pinch-off region.

A positive voltage at VIN , or O-volt at
the gate, puts the ope ration of the transis
tor at the upper end of the ID range where
conduction is at a maxim um . No matter
what the collector load is , current flows
through it.

FET switches can be considered in an
.other way. When the transistor current is
at a minimum, operation is in the pinch
off region (the right hand section of the
curves). Becau se the curves there are al
most para llel to the x-axis , the drain resis
tance is ex tre me ly high . That high
resis tance limits the drain current to min
ute levels.

Once it has been turned on , the FET
operates in the ohmic region (the left
hand portion of the curves). In the ohmic
region the characteristic is almost vertica l
and the drain resistance is extremely low,
permitting relati vely large amounts of

FIG. 6-AN FET SWITCHING CIRCUIT. In such a
circuit, the ratio of the on and off resistances Is
very high .
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capacitor connected to pin 6. The time it
takes to charge the capacitor is instrumen
tal in determining the time it takes for the
output to switch from a high to a low state.
The charging process can take place only
after a nega tive pulse has been applied to
pin 2 . Pin 7 is connected to pin 6 so that
the capaci tor will discharge after the inter
nal transistor, QI, connected to pin 7 has
been turned on. All of the external com
ponents and connec tions we've discussed
are shown in Fig. 9.

Before power is applied to pin 5, it is at
ground potenti al because the capaci tor
connected there is fully discharged by the
two identical internal resistors that run
from it to ground . A slight potenti al may
exist at pin 6 because the " hot" termin al
of the capac itor in the timing circuit , CT,

is brought only close to ground potenti al
through the intern al discharging transistor
(QI via pin 7), but is never precisely at
ground. The slight voltage on the capac i
tor is due to the existence of a saturation
voltage in the discharging transistor, just
as it exists in any other transi stor. That
voltage , however small, is always across

R
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shown in Fig. 8. In it you can see how the
three circ uit s we ' ve ju st discu ssed are
used in that device . The IC is idling when
a voltage higher than 2Vcc/3 is appli ed to
pin 2 . A O.OI-f..LF capacitor is usually con
nected betwee n pins 5 and I; that stabil
ize s the DC voltage at th e input to
comparator A. The switched voltage from
the IC is developed across a load resistor,
RL , or some other device . Tha t load is
connec ted between pins 3 and 8.

In addition to the above, an R-C timing
network is connected between pins 8 and
1, with the junction of the resistor and

FIG. 8-FUNCTIONAL BLOCK DIAGRAM of a 555 time r IC.
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Next, let 's look at what happens when
an input that's high is taken low again.
Say, for instance , that the R input is high
and the S input is low. When the R input is
taken low aga in, the Q output does not go
low again as you might expec t; instead it
is latched high and will remain so until the
S input is taken high . If the conditions
were reversed (i.e. the S input high and
the R input low) the Q output would re
main low until the R input is taken high .
When both inputs are low the output re
mains in its previous state. Thus, this flip
flop can act as a switch . To change the
state at the outpu t all you need to do is
reverse the states of the voltages at the
inp uts. In th is type of flip-flop, care
should be taken to prevent both inputs
from being taken high at the same time .

The third circuit in the 555 is an inver
ter, often called a NOT gate; the symbol for
that circuit is shown in Fig. 7-c . It gets its
name from the fact that its outp ut is the
inverse of its input. Specifically, when the
input to the gate is high the output is low,
and vice versa .

A functional block diagram of a 555 is

b

~N~~-':NVERTINnG

INVERTING R ~
INPUT ~

+Vcc
S fi

FIG. 7-THE THREE MAJOR circuits in a 555
timer IC. They are a comparator (s), an S-R flip
flop (b), and a NOT gate (e).

Supp ose a fixed +5 volts is app lied to
the non- invertin g input of the comp arator
and less than +5 volts (or even a negative
voltage) is applied to the invert ing input ;
then the output will be + Vcc volts.
Should the voltage at the inverting input
be greater than + 5 , regardless of how
little , the output becomes - Vcc ' In a
similar fashion, if the inverting input is set
at a fixed +5 volts, the output is minus
Vcc when the voltage at the non-invert ing
input is less than + 5 volts, and is + Vc c
when the voltage at the non- invertin g in
put is higher than +5 volts .

To sum up, the comparator compares
the respect ive voltages at its input term i
nals . If the voltage at the non- inverting
input is greater than that at the inverting
input , the output is + Vcc- and if the
voltage at the non-inverting terminal is
less than that at the inverting terminal , the
output is - Vcc -The change in polarity at
the output occurs when the two input volt
ages are identical.

The seco nd circuit in the IC is an S-R
flip-flop; it is shown symbolica lly in Fig.
7-b . By itself, a flip-flop is a swi tch that's
made up of digital logic circuits. In the
type of flip-flop co nsidered here, when
the S term inal is' low while the R terminal
is high (the actual voltage levels for the
high and low depend upon the flip-flop),
the Q output is high . Should the condi
tions at the R and S input s be reversed , the
Q output is low.

drain current to flow. Those respective on
and off resistances make the on- to-off cur
rent ratio of an FET extremely high .

tc switches
The 555 IC has been used as a time

del ay switch (among other thin gs) for over
a decade. Its operation revolves around
three circuits-a comparator, an S-R flip
flop, and an inverter. The comparator can
be an op-arnp without a feedback circuit,
as shown in Fig. 7-a. In the circuit , a fixed
voltage is applied to one input terminal
while a variable voltage is applied to the
other. Whether the output wi ll be at
+ Vcc or at - Vcc- the positive or nega
tive supply voltage, depend s upon the rel
ati ve magnitudes and polarities of the
voltages applied to the two input termi
nals. Note that in some circuits , - Vcc is
set equ al to 0 volts , so that the output from
the op-amp will vary from 0 to + Vceo
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FIG.1D-THE 5TATE OF RY11scontrolled by 51 and 52-preSSing 51 closes the relay while pushlnq 52
opens I!.
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the transistor, and is con sequently across
the capacitor. As a result, voltage at the
output of op-amp A is high at the instant
that power is applied to the circuit.

Voltage at the output of op-amp B is at
zero because when power is initially ap
plied to the device , the non-inverting in
put of that op-amp is again grounded
through an internal resistor in the IC . At
the same time, the invert ing input, which
is tied to pin 2, is held at some value above
2Vee/3 as discussed above. That con
dition is one that must be satisfied if the
555 is not to be triggered .

The outputs from op-amps A and B are
applied to the Rand S inputs of the flip
flop respec tively. Thu s, when the output
from op-amp B is low and the output from
op-amp A is high , the Qoutput of the flip
flop is high.But the signal available at pin
3 of the 555 is low; that's becau se the
output from the flip-flop is passed though
the NOT gate before it is fed to pin 3. The
discharge transistor, QI, is turned on by
the high voltage atQ.The transistor shorts
the timing capacitor, to maintain the sta
tus quo of the circuit and keep the output
low.

The initial low output level from the IC
is maintained from the time that power is
applied to the circuit until a negative pulse
is applied to the trigger input, pin 2. That
status quo is maintained because almost
immediately following the application of .
power, the supply voltage is applied , via a
resistor, to the inverting input of op-amp
A. Because of that, a low is applied to the
R input of the flip-flop. As for op-amp B,
its output is maintained low because the
idling voltage from the trigger input , pin
2, which is high, is applied to the non
inverting input of that op-arnp, As low
voltages are at the R and S inputs of the
flip-flop, the output from the IC cannot
change states; it remains low. The dis
charge transistor remains turned on until
the S input goes high .

When a short negative pul se with a
voltage of less than 1I3Vee is applied to
pin 2, op-amp B's output goes high and
that signal is applied to the S input of the
flip-flop. That brings Q low. The low sig
nal is subsequently inverted by the NOT
gate and is available as a high at pin 3 of
the 555 . In the meantime, the low atthe Q
output of the flip-flop, which is connected
directly to QI , turns that discharging tran
sistor off. That , in turn, removes the short
from across the timing capacitor, CT, al
lowing it to charge . When voltage across
CTexceeds the voltage at pin 6 , or is more
than 2/3V ee , the state of op- amp A
changes and a high appears at its output.
(The output from op-amp B went low im
mediately after the trigger pulse was com
pleted.) That brings Q high , the output at
pin 3 low, and the discharging transistor is
once again turned on to discharge the tim
ing capacitor.

The time it takes for the capac itor to
charge and trip the circuits is 1.IRTCT
seconds. During that time, voltage at the

51 (N.D.)

01 52
o ~ (N.C.)

output is high . It stays there until the
charging period has been completed. The
capacitor is then discharged, the output
becomes low, and the circuit awaits the
next negative pulse to start the next timing
cycle .

The charging cycle of the capacitor can
be disturbed only by placing a low voltage
pulse at the reset input of the IC, pin 4.
That pulse turns on transistor Q2, which ,
in turn, turns on the discharging transis
tor. If the reset terminal is not to be used ,
it should be connected to a fixed high
voltage such as the +Vee supply.

Latching relay
Circuitry can be built around a mechan

ical relay so that its operation is controlled
by a pair of momentary switches . Closing
one switch closes the relay and closing the
second switch opens it. A transistor cir
cuit that can be used to accomplish that
goal is shown in Fig. 10. When Sl is
pressed, current flows through the the re
lay's coil and the contacts close . When S2
is pressed , the current ceases to flow and
the contacts open. Of course, a normally
closed relay could be used in place of
RYI; in that case the action of the relay is
reversed .

Let 's start our look at the circuit by
assuming that S2 has been pressed for an
instant, thereby opening the circuit to the
base of Q1. No current flows through it or
through Q2, so that the supply voltage ,
+Vee, is at the collector of Q2 . This
voltage is there because, in the absence of
current , there is no voltage drop across the
coil of the relay. The high voltage at the
collector of Q2, and hence at the base of
Q3, turns on the latter transistor. Collec
tor current through Q3 is limited only by
R3. Because of the voltage drop across
R3, there is close to 0 volt at the collector
of Q3 . That is fed back and causes 0 volt to
also be applied to the base of QI, keeping
both QI and Q2 turned off so that current
does not flow through the relay coil.

Current will flow through the relay coil
after Sl has been pressed momentarily.
When that is done, +Vee is applied for
an instant to the base of Q1. That turns on
QI as well as Q2. Because Q2 then con
ducts, current flows throu gh the relay
coil. A voltage , very close to zero, is at
the collector of Q2 due to the voltage drop
across the transistor. That is also applied
to the base of Q3 but is insufficient to turn
that device on . The collector voltage of
Q3 is high because there is no voltage
drop across R3. That relatively high volt
age is applied through Dl , S2, and RI , to
the base of QI, keeping it and Q2 turned
on.

Multivibrators
Two switching transistors are used to

form a multivibrator. In their stable states ,
one transistor is turned on and one is turn
ed off. The purpose of a multivibrator is to
switch (and possibly even keep switch
ing) the stable states of the two devices.
To accomplish that , positive feedback is
placed around the two transistors so that
the circuit becomes unstable . That in
stability must be present if the states of the
transistor s are to be interchanged.

There are three basic types of multi
vibrator circuits . In one of those, the
bistable multivibrator, both transistors are
in stable states--one transistor is on and
the second one is off. When a pulse is
applied to the circuits, the states of the
device reverses. The transistors remain in
their new states until another pulse is ap
plied ; that once again reverses the states of
the devices .

The second group of multivibrators are
monostable. Here , the two transistors as
sume specific states, depending upon the
circuit ry. States are interchanged after a
pulse has been applied but they do not
remain indefinitely in those new states.
After a period of time , the transistors in
the monostable multi vibrator revert to
their original states . The time they remain
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FIG. 13-AN ASTABLE MULT IVIBRATOR
Changes states continuously.

Start by assuming that Q I is turned
fully on and is in satura tion while Q2 is
off. Because the co llector of Q2 is at
+ Vcc - C2 charges to just under + Vcc
with the polar ity as shown in the diagram.
(The curved side of the capacitor repre
sents the side at the lower potential .)

Capacitor CI was charge d, with the po
larity as shown, durin g the previous half
cycle . When C I is discharged , a base cur
rent flows in Q2 due to the current flowing
through RB2; the curre nt in the resistor is
caused by + VCC' The prese nce of a base
current turn s Q2 on, puttin g its collec tor
as well as the positive side of C2, at
ground potenti al .

Becau se the voltage acros s C2 has the
polarity shown, the base of QI is placed at
a negative voltage with respect to ground .
That turns QI off. While Q I is off, CI
charges , with the polar ity shown, to ju st
under + Vcc - just as C2 did when the
transistors were in their previous states . In
the meant ime , C2 is being discharged
through RBI so there is no voltage left
across C2 and thus none applied to the
base of Q I. Transis tor Q I is turned on
because the only major factors that now
affect its base current are + Vcc and RBI.
Transistor Q2 is turn ed off beca use of the
negative voltage at its base . It is negative
because the positive end of CI is at ground
potential after QI has been turned on.

The process continues without a stop.
The time for switching from one state to
the other is O.69RBlC2 or O.69 RB2C I. If
RBI is not equal to RB2 and CI is not equal
to C2, then the time in which the transis
tors are in alternate states differ. Should
RBI =RB2=RB and CI=C2=C, both
switching times are identical. Fully sym
metrical squarewave cycles will then be
seen at the collector of either QI or Q2.
The period of the full cycle is 1.38RBC
and the frequency will be 1/1.38RBC.

More swi tc hing devi ces
In this article, switching circuits using

bipolar transistors , FET's , and IC' s were
describ ed . But there are other semico n
ductor devices designed to perform as
switching devices. Those include UJT's,
SCR's, PUT's , and so on. Those and simi
lar devices will be discussed in our next
article . R-E

-= c

PULSE +VCC
PULSE

INPUT (1) INPUT (2) +VCC
~ ,.--A----.

-=
RCI RC2 -= RC2 RS2

R

NEGATIVE
PULSE
INPUT

~

FIG.12-A MONOSTABLE MULTIVIBRATORhas
only one stable state.

+VCC

Astable Multivibrator
The multivibr ator behaves as an os 

cillator when used in an astable circuit. In
that arrange ment , both tran sistors are
usually in identical circu its with the col
lector of one transistor coupled through a
capac itor to the base of the second . The
states of both devices kee p changing from
on to off, and back again , at a fixed rate . A
basic arra ngement of an astable multi
vibrator is in Fig . 13 .

That voltage is applied to the base of Q2
through Rcl and Rp turning that device
on. Transi stor Q2 rem ain s on until after
capacitor CI has had time to discharge
through Q2 and RBI. The time that Q2
remains on, is equal to about O.69RBIC I.
After that time , the transistors return to
their original states .

For this circuit to perform properly, the
following circuit de tails must be satisfied.

1. 01 is on when Vcc/Rc1 is greater
than (3(VCC/RB1 ).

2. From the transistor's specifi ca
tions,determine the saturation volt
age , VCE(sat), of 02 . If that
information is not available, as
sume it·to be 0.5 volt for a small
signal transistor and 2 volts for a
large powerdevice. Use intermedi
ate values for intermediate size de
vices . The base-emitter voltage ,
VBE1 , d ue to VCE(sat) is
VCE(sat)x RB2/ (R F + RB2 ). Th e
base-emitter voltage , VBE2, due to
the - VBB supp ly, is - VBBx RF/

( R F - RB) . 0 2 is o ff wh en
VBE1+VBE2 is negative.

FIG. 11-A BISTABLE MULTIVIBRATOR can re
main in either of two states for an indefinite
period of time.

Monostable multivibrator
A monostable mult ivibrator is shown

Fig . 12. In that circuit, QI is kep t turned
on because the + Vcc supply provides
base curre nt to that transistor through
RBI. Transistor Q2 remains off because of
the negative voltage applied to its base
from the - VBB supply. Those states are
interchanged after a negative pulse has
been applied to the base of Q I. When such
a pulse is applied, QI is turned off and the
voltage at the co llector jumps to + Vcc-

lc (sat)

(

Vcc(3 -
Rc + RF

in the switched state depends upon a time
constant in the circuit.

The last gro up of circui ts are referred to
as astable multi vibrators. In those circuits
no pulse is requi red to cause the transis
tors to change states; they do so continu
ous ly.

Bistable multivibrator
A bi st abl e multi vibrat or ci rc u it is

shown in Fig . II. Assume th at when
power is applied QI is on and in saturation
while Q2 is turned off. If that is the case,
the co llector of QI is at about ground
potential while the collec tor of Q2 is at
+ VCC' Transistor Q2 is kept off because
no current is supplied to its base through
RF2; that 's because of the 0 volts at the
co llec tor of QI. At the same time , the
- VBB supply is appl ying a reverse bias
voltage to the base through RB2. Transis
tor QI is kept turned on despite the fact
that the - V BB supply is applied to its
base . That is because the re is a current
flowing through RFI; that current is due to
the volta ge at the co llector of Q2 . The
states of QI and Q2 are interchanged if a
negative pulse is applied to the base of QI
to tum it off while Q2 gets turned on .
After that , the transistors rem ain in their
newly acquired states. A similar change
of states can be acco mplished by applying
a positive pulse to the base of Q2 to turn it
on .

For the circuit to behave as described ,
several design criteria must be satisfied .

1. The values of Rc1and Rc2 (as they
are identical we'll simply refer to
theirvalue as Rc from nowon) must
be less than VccllC(sat). lC(sat) is
the minimum saturat ion current of
the transistor.

2. Assume that RB1= RB2 = RB. To
keep the offtransistor in that state,
VBB/RB must be greater than the
leakage current , ICBo, of the off
transistor at the maximum tem
perature at which it is to be used .

3. Assume that RF1 = RF2= RF . For
the transistor to be in saturation,
beta multiplied by Rc must be
greater than RF . The Beta of both
transistors should be about the
same.

4. Tokeep the on trans istor in sa tura
tion, the base current must be
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