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Transistor Trigger Circuits

Introduction

This bulletin concerns trigger and pulse circuits for transistors
having emitter—to-collector current gain (such as point-contact units).
The circuits are designed to permit reliable operation with transistors
which are not completely uniform; and they also allow reasonable variation
of circuit parameters or bias voltages. Quantitative analysis is made
possible by use of simplified circuit theory which divides the non-linear
characteristic of a transistor and its associated feedback and external
resistances into quasi-linear regions. By this analysis, one can predict
both the type of operation, i.e., monostable, bistable and astable (oscil-

latory), and the amplitude and wave form of the output.

A basic monostable circuit consists of a single transistor with a
resistance in the base lead to provide feedback and a capacitance or,
preferably, a transmission line in the emitter lead. This circuit can be
used to regenerate periodic or non-periodic pulses, providing a stand-
ardized output pulse shape, or to generate single pulses when initiated;
it is possible to provide very intense short pulses (up to one ampere)
even with transistors of low power—handling ability. The output pulses may
be arbitrarily delayed with respect to the input, and amplitude dis-

crimination against noise or spurious signals is also possible.

Bistable circuits also use a single transistor with external
resistances. It is shown that lack of reliability of previously used bi-
stable single-transistor circuits can be overcome by proper arrangement of
circuit parameters and bias supplies and, in some cases, by use of a non-
linear resistance (crystal diode) as the emitter load. Laboratory ex-—
perience indicates that such single-transistor circuits can be made highly
reliable and will allow interchangeability of transistors and reasonable
variations in power supplies, etc. In these respects, they have been made
superior even to earlier twin-transistor bistable circuits in which re-
liability had been emphasized. A small, light-weight decade counter was
designed with these single-transistor bistable circuits: it uses less than
2 watts of power in contrast to awell-designed electron-tube counter which
needs 60 watts, uses twice as many amplifier elements and requires con-

siderably more weight and space.




Transistor Trigger Circuits

General Discussion J

Circuits employing a single point-contact of primary importance. Transistors presently
transistor (or other transistor with emitter- available match much more closely in their
to-collector current gain greater than unity) characteristics than early units but are still
together with passive circuit elements may be not completely uniform; temperature changes
made to have two distinct stable states sepa- also affect their characteristics. In this
rated by anunstable negative-resistance region. bulletin, special consideration has been given
The circuit can be made to trigger from one in these respects to the design of practical
stable state to the other in a very short time and novel transistor circuits so as to achieve
by the application of an input pulse. The reliability which has not been previously
trigger action suggests the use of this type attained.
of transistor in circuits where the output is Part | of this bulletin presents a simplg:)

to be controlled by the presence of an input fied analysis of transistor trigger circuits
pulse and where the faithful reproduction of which will assist in the understanding of their

the input signal is not required. operation and which will serve as a guide for

Earlier investigations in this field the design of practical circuits. Part 1]
resulted in the development of a number of includes a number of practical pulse-handling
novel circuits. Laboratory experience, however, circuits, the satisfactory operation of which
revealed that the operation of most transistor is not impaired by reasonable variations of
circuits was so critical as to limit their circuit parameters, bias voltages, transistor
applications in systems where reliability was characteristics, and ambient temperature.

Part . A Simplified Analysis of Transistor Trigger Circuits Q

Basic Trigger Circuit

Some simple circuits employing a single and (b) the Current Transfer Characteristic
transistor may perform trigger action by virtue (i ,—=ig curve). The V/e——ie curve, together with
of the current—-amplification within the tran- the emitter load line, dictates the mode of
sistor and the positive feedback afforded by operation of the circuit, while the i .--i,
base resistance (both internal and external). curve determines the form of the output signal.
A rigorous analysis is difficult because of the
high degree of nonlinearity involved. However, j_‘_//"\\ T
certain approximations may be made to simplify —°
the analysis without loss of effectiveness.®
The following simplified analysis, derived from Re
experimental results, may serve effectively to EE@SR Ve .
explain and describe the operation of these b
circuits and to guide in their design. — Ecc

A basic trigger circuit is shown in Fig. : _T- o
1."+° The operation of this circuit may be Fig. | - Basic trigger circuit. \:>
monostable, bistable, or astable (oscillatory)
depending on the nature of the emitter load. Considering i, as the independent variable,
For practical purposes the behavior of the each curve exhibits three distinct regions,
circuit is adequately described by the two namely, a low-conduction "cutoff" region,a
characteristics* shown in Fig. 2: (a) the negative resistance "transition" region, and a
Emitter Input Characteristic (V/e""ie curve), high-conduction "saturation" region. The curveQ
*These characteristics are of the complete circuit in each region' do not deviate appreciate]

incluaing the transistor. from straight lines, except near theboundaries.
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{ is property indicates that the circuit may be oV,
. . . —= = r
~represented by three equivalent circuits, one 9i, €
for each region. (2)
/ R
i Vg = - - Ecer 8t T4 =0
Ve b c c
Lo i
€ The Current Transfer Characteristics for the
E;:;r | cutoff region is represented by: -
input I
characteristic I . Rb . Ecc ( )
i = - i =
¢ R,&YR*r_ © R R_r 3
c c b c c
o Jie '
\ or
(b) O, . _ Ry (4)
Current | aie Rb“FQ‘:‘*I"c
transfer
characteristic l
CUTOFF TRANSITION| Iy = ar at, ¥, =0
— c +R + €
REGION™ | ™ REGION — | “SATURATION RoTRe™re
REGION
Fig. 2 - Trigger circuit characteristics.
e
Te e O ! j\/YV\I ’ O
(l\ o— A VVW— AAVAVAY ’ o c
. Re
Re ie Rp ic
ie Rp i
— Ecc
— Ec l
o— 4 -0
o— 0 Fig. 4 — Equivalent circuit — transition
Fig. 3 — Equivalent circuit — cutoff region. region.
Following conventional notation, the tran- In the transition region, where r <<R, and
sistor may be represented by its internal re- a>1, the equivalent circuit is shown in Fig. 4.
sistances r,, r, and r_, and a current source The Emitter Input Characteristic for the tran-
ai . The value of r, is usually small compared sition region is:
with external base resistance Ry In the cutoff
. ; ; : / R IR +r_t1-a)] . R
region, where i_<0, the transistor is char- V =_b ¢ ¢ I b E (5)
. s . e R +R_+r € R, +R_+r cg
acterised by its high re and zero current- b Te e LI
amplification. The equivalent circuit for this
region is shown in Fig. 3. The Emitter Input ar
characteristic for the cutoff region is repre- -~ !
+ o
{ Nsented by the equation: LT R, [Retr, ti-a)
aie Rb+Rc+rc
/o= R V, = Ry t=
Ve iele = R +Rb+r ce (1) " ~Rb+Rc+r; ccr at ig 0 (6)
b c c
Y The Current Transfer Characteristic for the
whose slope and intersection are respectively: transition region is:
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Eec )
R tar E
i = = b c | - e.c ) J
¢ R_+R _+r € R +R +r (7) Oo— 1t —0
b c c b 3 c
Re
or
: Rb )
. e ]
i, . Ry*ar, c
ai. R,*R_*r, —¢
-  Ecc
E . OoO—- ¢ -0
‘c o= ee ’ at i = 0 (8) % i1 " . .
Rh*'Rc*'rc e Fig. 6 — Modified equivalent circuit -

saturation region.

o ! ! —© The assumption that the transistor actey
like a perfect conductor in the saturatioa
RC
ie Rp ic
— Ecc
I =5

region is an approximation suited for a first
approach. Actually the values of R,, r,, and
re» at high conduction are small but not negli-
gible, and they do not remain constant with

changes of i,. Laboratory investigation, how-

o— ever, reveals the existance of a small voltage
Fig. 5 — Equivalent circuit - saturation between emitter and collector, which is sub-
region. stantially constant over the entire saturation

region. For a better approximation, therefore,
the equivalent circuit for the saturation
region is modified as shown in Fig. 6. The
more exact Emitter Input Characteristic for the

In the saturation region the transistor
behaves approximately like a conductor, sug-
gesting the approximate equivalent circuit
shown in Fig. 5. The Emitter Input Character-

RO : . . . saturation region is
istic forthe saturation region isapproximately, I b

’ R, R . R,.
Ve =kl o - T (E B (9a)
V/ _ RbRc . Rb E (9) b c b c
e R ir_'e  R+R. cC
b c b c
or
or
/ av’
dv R R, Ve RyRe
37,  R.*R 31, R*R,
c
i, lee, at V= 0 (10) LT T TRV (10a)
e Rc e |e —-—R_—, a e a
c
The Current Transfer Characteristic for the The more exact Current Transfer Characteristic
saturation region is approximately, for the saturation region is:
: R . E H R E -E
i = _ b i - cec (11) | & ex b _ cec ec 11a
c Rh+Rc e Rb":Rc c Rb+Rc € Rb+Rc ( )
ar )
3i R,
3 R,*R oi, . Ry
¢ ¢ di R, +R
e b c
(12)
03 = E c H = 1 = Ecc_Eoc 1 = a@
i _-3:%3:" at iy = 0 ie -._§::E:_ , at i, =0 (12
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/ R
0, Ve s - 2 E . (13)

Based upon this simplified analysis, P,: i
R°+Rc+rc

using Egs. (1) to (12), the calculated char-
acteristics and experimental results areplotted .
for a typical circuit, as shown in Figs. 7a Q,: i =0, = - ___ce (14)

€ c R.+R +r
and 7b. Close agreement between the experimental b e e
and analytical curves is observed both in.the ) .. 2 R, (1-a)E,,
cutoff region and in the saturation region. P,: ie = TRROR, Ve =7Tﬁ§:§:7:§:(15)
7 . . .. — -eE,
hve j//u Q,: g = ETE:TE:T:E: I P ETE::E:T:E: (16)
(-\ ] The points, P, and Q,, where the circuit is
. %4 triggered from low to high conduction, depend
i\ // R P— on the value of r_ which, unfortunately, is
— Calculated Value affected considerably by temperature and which
\\ // also varies from unit to unit. The points, P,
\\ /X and Q,, where the circuit is triggered from
‘\.// ’ high to low conducting, depend mainly on «
] \é which decreases with increasing i_,. The cal-
! , culated coordinates of P, and Q,, based on the
assumption that a remains constant, depart
] ] i . considerably from the measured values in V; but
Fig. 7(a) - Emitter input characteristic. check fairly well in .!e and ic' This is a
favorable situation as far as the design of
(-\ 5 practical circuits is concerned.
" The analysis of this type of circuit is
not limited to the emitter characteristic
i (= L e alone; rather it is subject to a like develop-
— Calculoted _ Value ment of the base and collector characteristics.
\ In general, the approach is valid at any branch
\\ in the circuit where negative resistance is
\ exhibited. The emitter input approach offers
\\ some advantages in éTmplicity, however.
Q R
2 \'\\
Monostable Circuits
Fig. 7(b) — Current transfer characteristic. A basic monostable circuit is shown in
Fig. 8 together with its emitter input char-
Agreement is not expected, of course, where acteristic and its current transfer character-
the observed curve departs from linearity. In istic. These two curves may be referred to
the transition region the curves depart con- jointly in the following discussion. The nega-
siderably from a straight line. This is due to tive resistance region of the V/e——ie curve
{ ‘e fact that the values o and r_ do not remain begins slightly to the right of the V;—-axis.
constant with change of i, as assumed in the In the quiescent state the condenser, C, con-
analysis. However, in most pulse handling stitutes an open-circuit in the emitter loop.
circuits the exact shape of the curve in the The quiescent operation point is at the pcint
transition region is not important as long as M,, which is the intersection between the open-
the turn-over points Py, P,, Q, and Q, are well circuit load line (the V;-—axis) and the V;“ie
fined. From Egs. (1) to (12) the calculated curve. When a trigger source sends into the
coordinates of the turn-over points are: emitter a positive current greater than |,, the
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Fig. 8 — Basic monostable circuit.

circuit passes into its unstable negative re-
sistance region. By virtue of the current-
amplification within the transistor and the
positive feedback action afforded by the base
resistance the emitter and collector currents
increase rapidly, which results in the sudden
jump of i, to the point M, in the saturation
region. In the process of charging the con-
denser C in the emitter loop i, diminished
until its value is less than |,. At this point
the circuit re—enters the unstable region and
quickly jumps back to point M; in the low
conduction stable state. Eventually, as a con-
sequence of the discharge of capacitor C, the
initial quiescent operating point M, is at-

tained.
sw2 SWI

Rc

— Ecc

— -0
Fig. 9 — Equivalent circuit of trigger
action.

Referring now to the equivalent circh(
of the two states, Figs. 3 and 5, the operatl
of the circuit is seen to resemble a simple
switching problem as shown in Fig. 9. The
switches SW, and SW, are open-circuited in the
quiescent state. At t = 0, corresponding to
application of the trjgger pulse, both switches
are closed. It is readily shown by Laplace-
transformation analysis that the emitter and
collector currents as functions of time may be
expressed by:

. E 1 A-
e = R° e” "o b 0<t<T
¢ (T)
R E 1
ic = - L+ €T/, ¢C - ce ; 0<t<T
Rc(Rb Rc) b c
where
r
= [
Fo R, +R_+r_  ©C 4181
b e ¢
R
= b ¢
AT
b e

e Jumps from zero QV

E,/R, on application of the trigger pulse, and
then decrease exponentially with times at a
rate determined by the time constant CR,, .
When i, falls below the value |,, the circuit
re-—enters the negative resistance region and
triggers back to the low conduction state. The
value of |,, calculated by equating Eq. (5) and
Eq. (9) is:

The analysis reveals that i

E
l, = ———¢c¢ (19)
a(R,*R I1-R,

ie —i
E c

—(EZ‘ + Ico)

_2_0 aEcc
¢ T T (Rp*R-Rp
Ecc

@ (Rp+R¢)—Rp

_ICO

Fig. 10 — Emitter and collector current wave- Q/
forms.

This second trigger action is equivalent to
opening switches SW, and SW, at i, = |,. The
collector current varies in a like manner
(Fig. 10). The amplitude of the output voltad,
pulse is approximately E, and its width (which
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is the same as the width of the emitter current
pulse) is:

r.la(rR,+R 1-R,]

T=R,CI
i (Ry*R *r IR, L2
Note that the generated pulse width is inde-
pendent of E._.. Eqs. (17) and (18), based on
the saturation state equivalent circuit, are
valid only in the interval 0<t<T. In other
words:
e .
e = ) e Mt t , for 0<t<T
RC
(21)
=0, for t<0, t>T
- . E
b = E.R, e ¢ t _—E—%%— , for 0<t<T
R_IR, +R ) b e
(22)

for t<0, t>T

TRANSMISSION
LINE

Rp = Ecc

Fig. Il — Transmission line con-
trolled monostable circuit.

The output pulse departs from the ideal
flat-topped pulse according to the exponential
term of Eq. (18). This departure is more pro-
nounced when R_ is small, which is the case
when ahigh current pulse is desired. The output
pulse width is a function of « and r. (Eq. 20)
which may vary from unit to unit and which may
also be temperature dependent. For precision
applications it is desirable to have a circuit
whose output waveform is controlled by circuit
parameters alone. One such circuit employing a
transmission line is shown in Fig. 11.° For the
following analysis let the emitter load be an

open-circuited loss-less line with a surge

R, R

impedance Ry = - . ® ¢ and of such length that
Rb+Rc

the delay time is T/2. Treating the problem

in the same manner as was described
nection with its archtype,

in con-
the emitter and

collector currents as functions of time may be
expressed as:

ig ® 2§° U(t) - U(t-T)] (23)
ED — — Eo
B R (LU e
[U(t) - U(t=T)T = Ig
where
| = Feoe (24)
co Ry *R *r

These expressions, based on the equivalent
circuit for the saturation region, are valid

E
°to 0

only when i.>l,. Since iy, drops from
. . N
at t = T, the expressions are valid only during

the time interval 0<t<T. Thegeneral expressions
ig and i, are:
E
Py = ot for 0<t<T
2R,
=0, for t<0, t>T (25)
R E E
IC = o b _o - sc ’ for 0<t<T
2Rc(Rh+Rc) Rb+R
(26)
leor for t<0, t>T

(a) Condensercontrolled, transistor |.
(b) Condenser controlled, transistor 2.
(c) Transmission line controlled, tran-

sistor |.
(d) Transmission linecontrolled, tran-
sistor 2.
Fig. 12 - Output waveforms of two monostable

circuits.
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From Egs. (25) and (26) it is evident that the
values of i, and i_ are constant (depending on
circuit parameters only) during the time in-
terval 0<t<T. The width of the current pulse
is controlled solely by the transmission line,
which may be precisely designed and built. The
-advantage of employing a transmission line

instead of a condenser as the emitter load of

the basic monostable circuit is illustrated in
a typical case as shown in Fig. 12.
Bistable Circuit
A basic bistable circuit*s® and its opera-
ting characteristics are shown in Fig. 13a and

13b. The emitter load consists of a resistance

R, and a bias voltage E,.

RC
e 3 Ffe
(a) Circuit arrangement.
Ve
VA ie
S
fo_—\- _lee
M
M2
‘ Vo LOAD LINE
- (SLOPE=—Re)

(b) Emitter input characteristic.

Fig. 13 — Basic bistable circuit.

A fundamental requirement for bistable
operation is that the emitter load
sect the vi——i, curve once in each region. The
circuit may stay at the low-conduction opera-
tion point M, (the OFF state) or at the high-
conduction operation point M, (the ON state).
The equivalent circuits of the two states are
shown in Fig. 14, and the emitter and collector
curren{s in either state may be computed ac-
cordingly. Referring to Fig. 13, a positive
voltage V, may trigger the circuit from its OFF
state to its ON state,
V, may perform the reverse operation.

line inter-

and a negative voltage
The

10

values of V, and V, may be made small to favor
trigger sensitivity, or they may be made fairly
large to insure reliable operation the
presence of noise, temperature change, and
individual difference between transistor units.

in

AAAYAY; “VVVN—
r r
e c
Re Rb Re

(a) OFF STATE

R
e c
Bee = E
T

2

cc—=

_T

(b) ON STATE

14 — Equivalent circuits of the bistable
circuit.

Fig.

In practice, the chosen values of R, and Eee
are a compromise between sensitivity and sta-
bility. However, the ultimate limits of the two
parameters are:

B | Ry [R,*r, (1-a)]
e ‘ RD+RC+rC
R, R, (1-a)
PR S < N S —
Ry*R ¥r, e ee (R, *R =R, ce
as is evident from Fig. 13b, and Egs. (5),
(13) and (15).

Astable Operation

A simple transistor circuit may perform
astable operation if the d-c operation point
lies in the unstable negative resistance region
and some reactive element is incorporated in
the circuit.*»7»8 15a, the emitter is
current-biased through a high resistance R, so
that the d-c operation point is some point P
in the negative resistance region. A condenser
C may supply the required reactance for non-
sinusoidal RC oscillation, and aseries resonant
circuit may be employed for sinusoidal

oscillation. A similar situation exists

In Fig.

wave
in the

J.

9

3

)
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(Fig. 15b). In the base
(Fig. 15c), thecircuit may be voltage-
biased through zero resistance in the base to
obtain the proper d-c operation point. An
ductance or a parallel resonant circuit may be
employed to perform the astable operation.

circuit,

in-

'e

DC LOAD
LINE

Fig.

Part Il.

Ve
I
il /////“\&;jq
® o it
v;

'b
| DC LOAD

/////::> LINE

< - T

—_
[
-

|15 - Basic astable circuits.

Some Practical Transistor Pulse-Handling Circuits

Monostable Circuits

The basic monostable circuit described in
Part |, provides a regenerative amplifier with
unique application possibilities. A practical
pulse standardization circuit is shown in
Fig. 16a. A negative-going trigger pulse,
applied at the base of the transistor,
itiates the trigger action. Because of the

presence of the crystal diode CD, the input

in-

source is isolated from the transistor circuit
except for the short duration when the in-
itiation of trigger action takes place. The

output pulse amplitude and width arepractically
independent of input pulse width and amplitude
(Fig. 17).

It is observed that after the circuit
triggers from its saturation its
cutoff state the condenser C starts to dis-
charge through the internal
re Which in the quiescent state. This
discharge time limits the upper repetition
frequency at which the circuit can be operated.
To reduce the discharge time, a second diode
CD, (Fig. 16a) is placed between emitter and
collector to provide a low impedance path for
the discharge of the condenser. The effective-

state to

emitter resistance
is high

11

illustrated by the
18.

performance of the pulse standardi-
in Table |

ness of this measure is

waveform photography of Fig.

Typical

zation circuit is summarized and

some output voltage waveforms are shown in
Fig. 19.
Table |
Performance of Pulse Standardization Circuit
C = 470 wuf | C = 2200 puf | C = 0.01 nuf
Output Pulse Amplitude (volts) 40 40 40
Output Pulse Width (us) 0.25 1.1 5
Qutout Pulse Rise Time (us) 0.02 0.02 0.02
Output Pulse Fall Time (us) 0.1 0.1 0.1
Max. Voltage Gain 80 80 80

As the width of the output pulse may be
readily prescribed by choosing proper circuit
parameters, it is feasible to utilize the
trailing edge of the output pulse to give a
delayed pulse. As shown in Fig. 20a, a peaking
coil and a damping diode are arranged in the
collector circuit to generate a sharp pulse
when the collector current jumps back from its
Some typical

saturation value. waveforms are

shownin Fig. 20b.
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OUTPUT
ry Re
INPUT o &0l
Ccb2
—L %Rb ?ECC
(a) Circuit arrangement.
(1)
(2)
(3)
(4)
(5)

(b) Waveforms.

(1) Input pulse.

(2) Emitter current.
(3) Collector current.
(4) Base voltage.

(5) Emitter voltage.

Fig. 16 — Pulse standardization circuit.

INPUT PULSE OUTPUT PULSE

Fig. 17 = Input and output waveforms of pulse

standardization circuit.

12

(a) With diode.

-

(b) Without diode.

Fig. 18 — Circuit recovery time.

(a) C = 470 upf
(b) C = 2200 upf
(c) C = 0.0l uf

Fig.
pulse standardization circuit.

19 — Output waveforms of

For those applications where a single,
manually-initiated pulse is desired, the cir-
cuit of Fig. 21 will be of particular interest.
In switching condenser C into the emitter
circuit the charging current of the condenser
triggers the circuit,
put pulse.

generating a single out-

When the external collector resistance R
is reduced toavery small the monostable
circuit is capable of delivering high-current
pulses of short duration. This is evident from
an inspection of the saturation region equiva-
lent circuit and its analysis. Output pulses of
current as high as one ampere (10 volts across
a 10-ohm resistance) in such a
circuit using ordinary point-contact transis-
tors. The extremely impedance of
this circuit is of great value in driving low

value,

were observed

low output

o)

R
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(—\ The power supply voltage E.. in the basic
OUTPUT monostable circuit may be located in the col-

lector and base circuits in order that the d-c

x 1 level of the output circuit might accommodate
mewT T d-c coupling to other circuits (Fig. 22). This
'".l may be found valuable when the monostable cir-

(=}
ol
Ll

c R = cuit is used to drive certain direct coupled

"T' circuits.

Frequently, discrimination against spurious

signals is more important than trigger sensi-
tivity. In that event the emitter of the tran-
(1) sistor may be current-biased to insure that the
transistor remains in its low—-conduction quie-
scent state until a trigger pulse exceeding a
prescribed level is applied. Two current-bias
arrangements, and their effects on the emitter
input characteristic, are shown in Fig. 23. The
(2) high resistance R, in each case, allows a
negative current to flow into the emitter when
the transistor is in its quiescent state. The
presence of the resistance has little effect
on operation of the circuit when the transistor
is in its active state.

(3)

( \ (o) Output waveforms.

(1) C = 470 upf
(2) C = 2200 ppf
(3) C = 0.0 uf

{1l
T

Fig. 20 - Pulse delay circuit.

|-

OUTPUT

|

|

|

|

|

l

l

2 r :

Re |

|

¢ Rp jEcc '
-[ _ T Ve : Ve

|

|

|

;

|

|

le

Fig. 21 - Single-shot pulse generator.
WITH R

' /
s:\'\QUIESCENT

LOAD LINE i

A

"2 __ QUIESCENT
LOAD LINE

V-
T

E Fig. 23 - Effects of emitter current - bias.

DDT cc?

Fig. 22 - Location of power supply voltage.

Epn=
I

As mentioned in Part | the output waveform

impedance networks or in operating in a system of a monostable circuit may be precisely con-
( where distributed capacitance is an important trolled by employing a transmission line,
k consideration in design. instead of a condenser, as the emitter load.

13
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As illustrated in Fig. 12 the transmission-line
controlled circuit keeps the width of the
output pulse constant irrespective of individual
difference in transistor units. This arrangement
is of particular interest in some computer
systems where pulse width and pulse delay time
have to be precisely controlled.

Bistable Circuits

The basic bistable circuit, shown
13, requires that the emitter load line
sect the vi--i_, curve once in each region.*:
A study of a number of transistors operating in
a typical bistable circuit reveals that the
e Curve for a given transistor may
anywhere within the shaded area of Fig. 24b.
In order to insure three-point-intersection
for all Ve——i, curves within the area, Re must
be small and the values of Eoe must lie between
E, and E,. Since the emitter usually serves as
an input terminal

in Fig.

inter-
8

V/ . 1i
er—l e

for triggering, a low value
of R, implies a low input impedance,while the
required value of Ece may make the circuit
unreliable under adverse conditions.

Ve

Ao
W

LOAD LINE
(SLOPE = —Re)

Fig. 24 - Emitter input characteristics

of basic bistable circuit.
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Ecc
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va) Circuit arrangement.

Ve
LOAD
LINE
P .
Z7 fe
LOAD
LINE

(b)

Emitter input characteristics.

Fig. 25 - Practical bistable circuit.

A practical single transistor bistable
circuit using a non-linear resistance as the
load is shown Fig. 25a. A base
voltage bias E,, is used to eliminate the use
of the critical emitter bias E .. The circuit
for the majority

emitter in

parameters are so chosen that,
of transistors, the center portion of the
negative resistance region of each v’e——ie curve
A crystal diode is used
causing the emitter load

lies on the i_ axis.

e
as the emitter load,
line to have two straight portions as shown
Fig. 25b. insures the
three-point—intersection requirement for each
v’e——ie curve. Furthermore, at the low conduction

is such

in
This non-linear load line

state the direction of emitter current
that the back-resistance of the crystal diode
impedance. Thus the input
impedance of the circuit is high its OFF
state; and the circuit may be readily triggered
into its ON state by the application of a small
positive pulse at the emitter.

constitutes a high
in

)
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Transistor Trigger Circuits

Any change in circuit parameters and tran-
sistor characteristics affects the shape of the

Ve=—i, curve; and a large departure from the
designed value may render the circuit in-
operative. However, the circuit parameters in

less critical

ece and Re in the basic
bistable circuit, especially when Eee and E__
are from the same power supply.

the practical circuit are much

than are the values of E

Laboratory
experience revealed that the practical circuit
is highly stable; and reliable operation was
observed even when power dissipation within the
transistor was high enough to cause heating of
the unit. The single-transistor circuit,
fact, was found superior even to earlier twin-
transistor bistable circuits
bility had been emphasized.

in

in which relia-

A Decade Counter

To illustrate the practical application
of point-contact type transistors pulse
circuits, an all-transistor decade counter wil)
be described here (Fig. 26). The counter takes
the form of a conventional transfer-pulse ring
counter. Each decade of the counter consists of
ten bistable units

closed ring.

in

inter—connected to form a
One of the ten bistable units is
in the ON state while the remaining nine units
are in the OFF state. An input counting pulse,
fed to all the bistable units in parallel,
tends to turn all the units to the OFF state.

Fig.

26 — Transistor decade counter.

When the originally ON unit jumps to its normal
state it sends out a transfer pulse which over-

rides the input pulse at the next succeeding

15

unit and turns the latter to the ON state.

input pulses will advance the ON
The
in the photograph are con-
indicate which unit in the

Successive
state along the ring
neon lamps shown
nected so as to

in the same manner.

is

ON state, and thus indicate the count.
STAGE "0" STAGE "1" STAGE"2"-"8" STAGE"9"
% % ) } )
|
Z L s R
|
1
e ————
Standar- '"_ JL JL
'N.\F;l.” o— dization —+—"""""""¢— — — - — — —
Circult

Fig. 27 — Block diagramof transistor decade counter.

A block diagram of one decade of the
counter is shown 27. Before operation,
all units save the first are reset to their
OFF state. In order to take care of counting
pulses of varied width and amplitude a pulse
standardization stage is included. The single
transistor bistable circuit described in the
last section is used as the bistable unit.
since the emitter
input terminal

in Fig.

is not used as an
at any time, instead of the

However,

employment of a crystal diode, the emitter is
directly connected to ground, as shown in Fig.
28. The complete wiring diagram is given in

Fig. 29.

READ OUT
READ OUT T
o]
SETO__k_f
S R
RESETO_”._/
SET RESET
= =Fec
I )
Fig. 28 — A bistable unit.
The laboratory model of the counter was

operated at rates of higher than 50,000 counts
per second. One decade of the counter has a
total power consumption of less than 2 watts.
Its physical dimensions are 10 inches x 3
inches x 2 inch and it weighs 8 ounces. A
vacuum tube decade of comparable performance
requires 10 twin-triodes, 2 pentodes, and a
power consumption of 60 watts.
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__________ o \)
-90V.
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0.56 2056 0.56
! MEG. ¥ MEG. -! MEG.
HH H- =1 HH
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Fig. 29 — Circuit diagram of transistor decade counter.
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