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Introduction

This book is intended for engineers, students and amateurs who wish to gain basic working
knowledge of circuits that may be unfamiliar to them or who wish to build experimental circuits or
“one offs™ with a minimum of trouble.

The design procedures given, in most cases, are simplified worst case. This will normally result
in a circuit which cannot fail to operate. However, the reader’s requirements will often differ in
some details from the examples given and the conditions present at the input and output of the
circuit will be unique to his own system. Thus, in most cases, it will be necessary for the reader
to design a circuit to his own specification. The examples given will assist in this but the finished
circuit should always be tested in breadboard form, preferably with worst case component values,
to ensure that its operation is satisfactory.

This book covers a wide field and inevitably a lot has to be left out. However, we believe
that everybody will find something of interest and many will find it a source of ideas and a stepping
stone to a deeper understanding of electronic design.

Since the last edition of this book was first published, Ferranti have been undertaking a stringent
exercise on the E-line range to qualify these products for BS 9000 approval. This exercise has been
carried out in order to achieve the standards of quality and reliability necessary for the release of
this product range to the appropriate British Standards Specification and where subjected to, and did
survive without degregation, environmental tests which included:

1. Rapid change of temperature, thermal shock in air.
Device cycled between ~55 and +175°C for 400 times.
2. Damp heat climatic test with reverse bias.

Device subjected to a relative humidity of 98%, at a temperature of 55°C, collector/base reverse
biased for 2,000 hours.

3. Thermally accelerated test.

Device subjected to a temperature of 230°C with the collector-base and emitter-base reverse
biased for a minimum duration of 160 hours.

It will be noticed that in the List of Type Nos., on Page 000, the BS approved types are available
in two sub-categories, P & Q. The P category is the more stringent of the two in that the acceptance
quality levels (AQL) are tighter, and certain environmental tests included in P are omitted in the Q
category.

More detailed information on BS 9000, E-line reliability and E-line specifications is available
on request from the Sales Department at Gem Mill.

It is important to note that all our E-line devices shown in the List of Type Nos. are man-
ufactured with the same degree of care and process quality as those subject to the aforementioned
BS 9000 qualification procedures.



NUMERICAL LIST OF TYPE NUMBERS

" Where the approval for military use has been obtained, the appropriate British Standards registration
is indicated in the column marked B.S. number

B.S. number Uses B.S. number Uses
Pro- (see Pro- (see
Type electron Category|Category| notes Type electron Category|Category| notes
number P Q below) number P Q below)
BFS59 | 9365 | FO96 F099 A ZTX337 AM
BFS60 | 9365 | F097 F100 A ZTX338 AM
BFS61 | 9365 | F098 F101 A ZTX341 |BSV28 | 9365 | FO54 — K
BFS96 | 9365 | F082 F085 B ZTX342 |BSV29 | 9365 | FO55 — K
BFS97 | 9365 | FO83 FO86 B
BFS98 | 9365 | FO84 FO87 B ZTX382 AG
ZDX1F/R 0 ZTX383 A.G
ZDX2F/R 0} ZTX384 AG
ZDX3F/R 0 ZTX450 9365 | F137 F139 AM
ZDX4F/R 0 ZTX451 9365 | F138 F140 AM
ZTX107 9365 | F028 A ZTX500 |[BCwW11 | 9365 | FO31 — B
ZTX108 9365 | F029 — A ZTX501 |BCW13| 9365 | FO32 — B
ZTX109 9365 | FO30 A ZTX502 |BCW15| 9365 | FO33 — B
ZTX114 G ZTX503 |BCW17| 9365 | FO34 — B
ZTX180 1 ZTX504 |[BCW19| 9365 | FO35 — B
ZTX181 | ZTX5610 |[BSV33 F
ZTX196 i ZTX530 |BCwW2i H
ZTX197 I ZTX5631 [BCW23 H
ZTX212 9365 | F130 B,D || ZTX537 B.N
ZTX213 9365 | F131 — B,.D ZTX538 B.N
ZTX214 9365 | F132 B,D ZTX541 L
ZTX223 A ZTX542 L
ZTX237 A.G ZTX550 9365 | F143* | F145° | B,N
ZTX238 A.G ZTX551 9365 | F144* | F146° | BN
ZTX239 AG ZTX3702 B
ZTX300 |BCwW10| 9365 | FO72 FO77 A ZTX3703 B
ZTX301 |BCW12| 9365 | FO73 FO78 A ZTX3704 A
ZTX302 |BCwW14| 9365 | FO74 FO79 A ZTX3705 A
ZTX303 |{BCW16| 9365 | FO75 FO80 A ZTX3706 A
ZTX304 |BCW18| 9365 | FO76 FO81 A ZTX3707 G
ZTX310 (BSV23 | 9365 | F040 — E ZTX3708 A
ZTX311 |BSV24 | 9365 | FO41 — E ZTX3709 A
ZTX312 |BSV25 | 9365 | F042 — E ZTX3710 A
ZTX313 |{BSV26 | 9365 | F043 — E ZTX3711 A
ZTX314 |BSV27 | 9365 | FO44 — E ZTX3903 A.C.G
ZTX320 |[BFW97 | 9365 | F088 FO90 J ZTX3904 A.C,G
ZTX321 9365 | FO89 FO91 J ZTX3905 B.D.H
ZTX325 9365 | F102 F104 J ZTX3906 B.D,H
ZTX326 9365 | F103 F105 J ZTX4400 AC
ZTX327 J ZTX4401 AC
ZTX330 |BCW20| 9365 | F092 F094 G ZTX4402 B,.D
ZTX331 |BCw22| 9365 | FO93 F095 G ZTX4403 B.D !

*Indicates approval pending

NOTES: A

IomMmoO®

General Purpose, n-p-n
General Purpose, p-n-p
Medium Speed Switching, n-p-n
Medium Speed Switching, p-n-p
High Speed Switching, n-p-n

High Speed Switching, p-n-p

Low Noise, n-pn-
Low Noise, p-n-p

ozgl-xt——

Television, n-p-n

VHF/UHF, n-p-n

High Voltage, n-p-n
High Voltage, p-n-p
High Dissipation, n-p-n
High Dissipation, p-n-p
Double Diodes




SECTION 1
SWITCHING CHARACTERISTICS OF TRANSISTORS

In most switching circuits trigger capacitors are required to differentiate pulses and provide
d.c. isolation between stages, and speed-up capacitors are required to neutralize the stored charge
and junction capacitances of the transistors. In most cases it is sufficient to choose values small
enough not to interfere with the operation of the circuit at its maximum frequency. These capaci-
tors do however have minimum values depending on the type of transistor used, its collector and
base currents and the amplitudes of the waveforms involved.

In order to understand the need for speed-up capacitors consider the simple inverter circuit
shown in Figure 1.1.

+5v +5V

INPUT VOLTAGE

Output I I

0.7Vi—
BASE VOLTAGE OV — 2 =
(Point A)  —1.67v—d N
SmA
o0V COLLECTOR
o CURRENT 0
3R, 20k '] ts
- trfe— t
+5v r 1
- COLLECTOR
-5V VOLTAGE
ovV—— N

Figure 1.1. Simple inverter circuit and switching waveforms.

Initially Trl is cut off with its base-emitter junction reverse biased to —-1'67 volts and its collec-
tor-base junction reverse biased by 6:67 volts. When the input pulse arrives the potential at point
A rises exponentially as the junction capacitances of the transistor charge, until point A reaches
+0'7V and the base-emitter junction of the transistor starts to conduct. The time taken for this
to occur is called the delay time (t;). As the base current flows, charged carriers begin to accumu-
late in the base region and the collector current increases in proportion until it is limited by the
collector load resistance R3. The time taken for the collector current to increase from 10%, of its
final value to 90%, of its final value is called the rise time (t.). As the collector voltage approaches
zero the collector-base junction becomes forward biased and conducts the excess base current. The
base now starts acting as an emitter and begins to inject charge carriers into the collector. This
causes a considerable accumulation of charge in the collector region which must be removed, either
by recombination or by reverse base current, before the transistor can begin to turn off. The time
taken for this excess charge to be removed is called the storage time (t.), and during this time the
transistor remains saturated. At the end of the storage time all excess charge carriers have been
removed and the base charge is simply that required to maintain collector current. As this charge
is reduced further the collector current falls in sympathy until transistor is cut off. The time taken
for the collector current to fall from 90°, to its previous value to 109, of its previous value is called
the fall time (t,).

Due to the low leakage currents of silicon transistors it is not usually necessary to reverse bias
the base to ensure d.c. stability. This reduces delay time but causes a large increase in both the
storage time and fall time since the charge can only be dissipated by recombination instead of by
the reverse base current provided by R2. This can be overcome by connecting a capacitor in paraliel
with R1 so that the charge stored on the “speed up” capacitor is sufficient to neutralize the total
charge in the conducting transistor, i.e. the base charge, the collector storage charge and the junc-
tion capacitances. Figure 1.2 shows the effect of varying this capacitor from zero to a critical
value at which all the charge is just removed. This value depends on three factors: (a) the transistor
type, (b) the base and collector currents, and (c) the amplitude of the input pulse. As no stored
charge information is available for E-Line transistors it is necessary for the minimum values to be
determined experimentally, preferably in a worst case version of the actual circuit. However as a
guide, the minimum values of charge necessary to turn off devices of the ZTX300/500, ZTX310/510
and ZTX107 series have been plotted for various d.c. conditions in Figure 1.3.
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Figure 1.2. Circuit for measuring stored charge, with waveforms.

Upper trace—Input waveform )H(())rifosn/tal scale:
_ *Lpd/Cm
Lower traces—ég; g = (l)OOpF Vertical scale:
(c) C = 120pF . 27300, In = ImA
(d) C = 130pF (stored charge just removed) I. = 10mA
Note the reduction in delay time from trace “a” to traces “b, ¢, d”.
10,000 T 3268
SEE ]
e
_— } 21X 107
B
1 |
1000 . T
[ ~:—¥:
Fi , a B .
2 /74 . A0 b 27 510 Fig. 1.3
i gl T
g‘ 100 o AT 31‘0
- :_'“ - ;
Z3 maLin
o kst .

10
100pA

Stored charge versus base current for ZTX107/300/500/310/510 devices.

Curves marked (a) Ig/Iz = 10
(b) Ic/[g = 20
(C) Ic/IB = 40

There was no significant difference for ZTX310 series transistors.

The circuit used for measuring the minimum values of trigger charge and the results obtained
are shown in Figures 1.4 and 1.5. The values obtained are higher than the above case because '
the trigger capacitor not only has to remove all the stored base charge, but also has to overcome
the d.c. bias provided by Rb.



In a practical circuit there will usually be steering diodes and resistors or other circuit com-
ponents, which will absorb a proportion of the trigger charge. Consequently it will usually be
necessary to use a higher value of trigger capacitance than is suggested by the curves, which should
be treated only as a guide. It is always advisable to measure the values under working conditions
in a breadboard circuit built with worst case component values.

3269

Figure 1.4.  Circuit for measuring minimum trigger charge, with waveforms.
Upper trace—Input waveform.
Lower traces—OQutput waveforms with trace (a) Variable capacitor “C” below critical value.
(b) “Crat critical value with collector voltage

rising to 909, of final value.
(c) “C” above critical value.

Horizontal scale = 0-2uS/cm; Vertical scale scale 2V/cm; ZTX300, Iz = ImA, I. = 10mA.

19000 T TR JENS p— J3253
n T 11 Ta=cv” ¥
) ) ! a} 21X 107
i /A b1 300
- } / c}zrx 500
' ‘T / Series
= T 1T 17rirr—— 4
§ (0 /
3 ] -
& 1000 TR +
-f._ A — —
:§ — 4 ZZa8E : “‘}
g _A i b} ZTX 510
5 Ve s/
; [ .
P2 2t Figure 1.5
” i [
§ // | gz a0
£ yr 7 A
: [P o 7 e v H
" — =
T 7
e i
=
10
100pA mA 10mA
Base Current

Minimum trigger charge versus base current for ZTX107/300/500/310/510 series devices.
Curves marked (a) Io/1z = 10 ‘
(b) Io/Ig = 20
(c) 10/13 = 40

Oniy the highest figure has been recorded for ZTX310 as differences were small.

It should be pointed out that these measurements were taken from the worst samples out of a
batch of fifty and as these parameters are not tested during manufacture no guarantee can be given
that future production will conform to these results.

The transient behaviour of transistors is a complex subject and this summary has, of necessity,
been greatly simplified. The following books are recommended for further study:

(1) Dakin & Cooke. Circuits for Digital Equipment. Iliffe (1967).
(2) Motorola. High Speed Switching Transistor Handbook (1963).
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SECTION 2

ASTABLE MULTIVIBRATORS

T T,
i ) ‘ - *Vec ‘
Vee t — - -
t %R;, %Rj %Rg %RL Tr1 Collector o ' ’ Vee sat,
Jﬁc 0 il | Vbe
2 Tr1 Base M‘ / {
' Ve _
—-—hCT Vee
Tr2 Collector ’ ' ’
. 0 :
Trl Trz 0 }_——— }-—-———
Tr2 Base / Mc" P
; 0 ~Vec “ 3266

Figure 2.1. Basic Astable.

Typical component values:R1 = R2 = 15ka
R3 = R4 = 1k
Cl = C2.= 0047,F
Trl = Tr2 = ZTX300
4+ Ve = 5 volts

Oscilloscope trace (a)—Trl collector
(b)—Tr2 collector
(c)—Trl base
(d)—Tr2 base

Frequency = 963Hz (measured).

The astable multivibrator (Figure 2.1) is basically an a.c. coupled two stage amplifier with phase
inversion over each stage and with the output coupled back to the input. This positive feedback
causes the circuit to oscillate continuously between two quasi-stable states. Suppose that Trl has
just turned on and Tr2 is off. The voltage at the base of Tr2 rises exponentially towards the supply
voltage as C2 charges through R2 until it reaches +0-7V, when Tr2 starts to conduct. The collector
voltage of Tr2 starts to fall and this change is coupled through Cl1 to the base of Trl. Trl now
begins to turn off and its collector voltage rises, increasing the base current of Tr2 and further
reducing its collector voltage. This regenerative action results in very rapid switching from the
“off” state to the “on” state and vice-versa. The regenerative action ceases when T2 saturates.
Trl is now completely cut off with its base reverse biased by (approximately) V.. The potential
of Trl base now rises exponentially with a time constant of (C1 X R1) as Cl charges towards the
supply voltage (+V..). As the voltage at Trl base reaches +07V, Trl switches on, Tr2 is cut off
and the cycle repeats.



If the transistor leakage currents are ignored and the collector saturation voltage and base-
emitter “on” voltage are assumed to be zero, simple approximate formulae for the periods T1 and
T2 may be derived as follows:

t
The instantaneous base voltage of T1, V,, = 2V, | l-e CiRa :l ~ Ve
- _.—t.__
= V. [I—Ze CR, ]

-t
For V,, = O 2¢ GR =

t = Tl = CR, log.2

ie: Tl = 0.693 CR, oo 2.1
similarly T2 = 0.693 C.R,

T = 0.7CR is a useful approximation.

These formulae are sufficiently accurate for most practical purposes, but where a more precise
estimate is required V., Vi and V..., must be taken into account. T1 and T2 can be ex-
pressed more accurately as: ‘

2Vcc - Vbe - Vce(sat)

Tl = C1R1 logn v \%
ce be

......................................................................... 22

and similarly for T2.

For the circuit shown in Figure 2.1 the frequency calculated from equation 2.1 is 1-022kHz
Assuming V,, = 07V and Vi .y = 0°1V equation 2.2 gives - T, = T. = CR, log,.lo_0 101

5-0-7
= GCR, log, 2.14
= 0.047 . 10¢ . 15.10% . 0.761 secs.

T1 = T2 0.536mS

Hence the total period is 1.072mS and the frequency is 934Hz. The frequency measured on the
actual circuit was 963Hz with 19, components.

The maximum values of R1 and R2 are limited to hyr . R3 and hes . R4 respectively, where
hrg is the minimum d.c. current gain of the transistors used. In practice it is advisable to use a
value somewhat lower than this to ensure that the transistor is fully saturated.

The minimum values of R1 and R2 must be such as to allow the collector voltage to complete
its full excursion during the pulse period. Referring to Figure 2.1, for Trl collector to recover to at
least 0°98V.., T1 must be at least equal to 4C,R; since (1-¢™*) = 0-98.

Hence T1:= 069 C,R; > 4 . C2R3.
if C1 = C2,R1 > 5.8R3

and R2 2 5 8RA. e e 23
It 'recovery to 0:99 V.. is required these become:

R1 > 6.7R3

R2 22 6.TRA ... e 2.4

The basic astable multivibrator as described so far has two disadvantages which can, where
necessary, be overcome by modifications to the circuit.

(a) Edge Speed

The positive going edge of the collector waveform is slow because the timing capacitor has to
re-charge through the collector load resistor. This can be avoided by providing a separate re-
charge path for the timing capacitor as shown in Figure 2.2. When Tr2 turns off the diode is
reversed biased and the collector voltage rises rapidly to V.. whilst the voltage at point A rises
exponentially with time constant C1 . RS as C1 recharges. When Tr2 turns on the diode becomes
forward biased and R4, R5 appear effectively in parallel. It is usually convenient for the values
of R4 and R5 to be equal but this is not important so long as RS is sufficiently small to com-
pletely recharge Cl1 in the period that Tr2 is turned off. The technique can of course be applied
to both sides of the multivibrator when clean waves are required at both outputs.

9



Trl ‘ Tr2

ov

3264

Figure 2.2. Astable modified for improved waveform.

Typical component values:

R1 = R2 = 15k
R3 = 1k&

R4 = R5 = 2k2

C1 = C2 = 0047pF
Trl = Tr2 = ZTX300
D1 = ZS140

+Ve.e = 5 volts

Frequency = 1:066kHz (measured)

(b) Voltage Limitations

Trl collector
(b) Tr2 collector
(c) Point “A”
(d) Tr2 base

In the basic multivibrator (Figure 2.1) the transistor base is momentarily reverse biased to

—Vee.
the transistor (usually 5V).

are shown in Figures 2.3 and 2.4.

1 1 ! +— +Vce
é“a ;‘1 %Rz é“a

C
- |
L}
C2
+—i
™ Tr2
D4 D2
ov
Figure 2.3

Typical component values:

R1 = R2:= 15kQ

R3 = R4 = 1k

€l = C2'= 0:047uF
Trl = Tr2 = ZTX300
D1:= D2.= ZS§140
Frequency = 1kHz
Vee = 12V max.

This limits the maximum value of V. to the

base-emitter breakdown voltage of

This is too low for many applications but higher supply voltages can
be used if the transistor is protected against base-emitter breakdown.

Two circuits which do this

‘ 9 : — +Vce
oL L

>

D3 Da
Tr1 Tr2

Rs D D, Re

ov
3265

Figure 2.4

Typical values are as Figure 2.3 except:

D3 = D4 .= ZS120
R5= R6 = 10kQ
Vee = 25V max.
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In the circuit of Figure 2.3 diodes D1 and D2 become reverse biased when the base of the tran-
sistor is driven negative and prevents any current from flowing in the base-emitter junction. The diodes
should preferably be high speed types such as ZS140 and the transistors chosen must have a col-
lector-base breakdown voltage (V) of at least twice V., since the collector is at +V.. when the
base is reverse biased to V...

The maximum value of V.. in the circuit of Figure 2.4 is limited to the collector-emitter
breakdown voltage (V..,) of the transistor since diodes D3 and D4 completely isolate the transistor
bases. In this circuit it is often advantageous for diodes D1 and D2 to be fast types (e.g. ZS140)
and diodes D3 and D4 to be slow types (e.g. ZS120) as the stored charge in D3, D4 helps to turn
the transistors off rapidly. At low speeds diodes D1 and D2 can be omitted if fast diodes are
used for D3 D4,

, Another technique which is particularly useful at high repetition rates is to “catch” the col-
lector voltage at 5V by means of diodes Di and D2 and zener diode D3, as shown in Figure 2.5.
In this case the collector voltage swing, and hence the reverse bias applied to the base, is limited to
5V and the collector waveform is considerably improved. It should be noted however that the
simplified formulae derived earlier no longer apply and the component values required must be
calculated from first principles.

+12V
» » - L7 Tovee(+12v)
: 7,
%R:‘) Ry %Rz Ry %le . L’
Tr1
$D1 %Dz +4.3V Collector v /CaR3
‘ cs ! CE(sat), /
J
{}—¢ t
03 § vee -="To Vce (4-12V)
i1 +0-7V I
Ir1 Cq Tr2 4V ¥
@— Ese A
J vl —— - Y
oV +4.3v 3290

Figure 2.5. Astable with catching diodes.

» Typical component values:

R1 = R2 = 10kQ

R3 = R4 = 1kQ

R5 = 4k7

Cl = C2 = 150pF

Trl = Tr2 = ZTX311

D1 = D2 = Z7S140

D3 = KSO43A

Frequency = 1MHz (903 kHz measured)
Ve = +12V

Oscilloscope trace (a)—Tr1 collector
(b)—Tr2 collector
(c)—Trl base
(d)—Tr2 base

Horizontal scale = 200nS/cm., vertical scale = SV/cm.

All these circuits can of course be used with p-n-p transistors if all diodes and the supply volt-
age are reversed. All the waveforms produced will also be inverted. Many of the techniques
described here can also be applied to monostables.

The types of astable multivibrator described so far are the most generally used but there are
other types which are useful in some circumstances.

11



The Current Mode Astable

In this circuit the transistors do not saturate. This greatly reduces the stored charge and
enables the circuit to operate at much higher repetition rates than are possible with the simple
saturating astable. The basic circuit is shown in Figure 2.6.

. 4 : y +vVee +Vee —
Tr (

R
Tr2 Cotlector

I+2R

(@]
/ :'
]
]
5
m
/7

ov

Tri
Tr1
Emitter

ov

+Vee

W
1VBE\—_f__

1 Tr2
h 2 Emitter
—vce

32N

Figure 2.6. Basic Bowes Astable.

Assume that Trl has just been turned off and Tr2 is on. The potential at Trl emitter falls
linearly as C charges with I, until the emitter reaches 07V when Trl starts to conduct. The col-
lector voltage of Trl starts to fall and Tr2 is reversed biased. Both current sources I, and I, now
flow into the emitter of Trl causing a voltage drop of (I, + L) . R across the collector load resistor.
This voltage drop must not be sufficient to saturate Trl. The voltage at Tr2 emitter now falls
linearly as C discharges with I, until it reaches 07V below the collector voltage of Trl. Tr2 then
starts to conduct, the current flowing into Trl emitter is reduced and the collector voltage of Trl
rises until Trl is completely cut off and Tr2 is conducting I, and I.. The cycle then repeats.
Timing equations can be derived as follows, assuming that the transistor common base current gain
is unity, and the leakage currents and Vy. can be neglected.

Voltage drop V, = (I, + L) . R = Ilctl _ Izctz
(since CV = IT)
therefore t, = &4_—112—)2 and t, = L +I}2) CR
hence the total period t, + t. = LJ%?;CB
ifI, =l thent, +t. =4CR .............. 12 ................................................................... 2.5
or it 2 =, for unequal currents, 1, +1, = “E IR 2

12



A practical circuit is shown in Figure 2.7 together with the waveforms obtained. Figure 2.8
shows the effect of replacing the current sources with resistors delivering the same average currents.
As can be seen, there is some degradation of the waveform and the frequency is increased due to the
exponential charging.

+5v

*— —12V
1272
Figure 2.7
Practical circuit for IMHz Upper trace, Trl collector
All transistors—ZTX311 Centre trace, Trl emitter
Measured frequency—1-09MHz Lower trace, Tr2 emitter
Vertical scale: 2V/cm
Horizontal scale: 200nS/cm
¢ 2 ¢ +5v
750
Tr2
ZTX 311
5ki1
—12v

3273

Figure 2.8. Bowes astable with resistor current sources. f = 1232kHz.

13



Serial Astable Circuits

Serial type astables, in which the two transistors are connected in series, have been described
by various authorities. In most cases the design has been aimed at obtaining a better output
waveform than that provided by the conventional astable.

+Vvee
L 4 5V
R2 Re
20k ak7
C1 (
—
——O0Output
<
R5
Ak7
ov

3274

Figure 2.9. Modified Smith astable, with waveforms.

f. = 10kHz Trace (a)-—Output
{(b)—Tr1 collector (10V/cm)
(c)—Trl base
(d)—TTr2 collector (2V/cm)

Figure 2.9 shows a slightly modified version of the Smith astable (ref. 2). With ZTX300
series transistors the circuit will oscillate up to 100kHz, and to over IMHz with ZTX310 series
devices. The transition times are approximately 50nS on both edges. Output voltage swing with
a 15V supply is approximately 10V pk-pk, the lower level being 2'5V and the upper level 12-5V.

Frequency of oscillation with the component values shown = CiR R1 and R2 are the timing
resistors.

+Vce 15V

Tr2
ZTX 300

—oOutput

L ¢y
15n

ov
Figure 2.10. Ristic astable, with waveforms.

C2 and C3 are decoupling capacitors. Upper trace-—output

f — OkHz Centre trace—Trl emitter

" : Lower trace—Tr2 emitter
Vertical scale = 5V/cm
Horizontal scale = 20pS/cm
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Figure 2.10 shows a serial astable due to Ristic (ref. 3). The performance of this is similar to
the Smith circuit except that the output voltage swing is reduced to about 5V with a 15V supply.
1-35 X 10

C.

Edge speeds are approximately 100nS and the frequency of oscillation is given by f, =
with the components values shown in Figure 2.10.

+Vce
12v

Output 2

| |
1

v
3276

Figure 2.11. Ho astable, with waveforms,

Upper trace—Output 2
Centre trace—OQutput |
Lower trace—Point A

[ Vertical scale—5V/cm
j Horizontal scale—ImS/cm

Figure 2.11 shows a complementary serial astable due to Ho (ref. 4). Very large mark-space
ratios are possible with this circuit which has two identical but complementary outputs. The pulse
period is not well defined since it depends on the transistor hyr but the period between the pulses
is given by the normal astable formula; i.e. T = 0-7CR. It is important that the base current pro-
vided by R1, R2 should not be sufficient to saturate the transistors or latch-up occurs.

References
(1) Dakin, C. J., and Cooke, C. E. G Circuits for Digital Equipment. Iliffe.
(2) Smith, J. H. Multivibrator Circuits, Electronic Engineering 35, 46. (1963).

(3) Ristic, V. M. A new type of Free Running Multivibrator, Electronic Engineering. 36, 232 -
(1964).

(4) Ho, C. F. Dual Polarity Astable Multivibrator, Electronic Engineerinng 41, 230 (1969).
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Design Examples

Worst Case Design

(a)

b)

(©)

The following factors should be remembered when performing a worst case design.

The V,. of a silicon transistor falls by approximately 2mV for every 1°C increase in tempera-
ture.

The hyy, of a silicon transistor rises by approximately 0:7%, for every 1°C increase in tempera-
ture.

Depending on the conditions of use the value of a resistor will change with time due to the
effects of soldering, moisture and ageing, and may go outside its nominal tolerance. A moulded
carbon resistor may change by 20%, from its original value, a carbon film resistor by 5% and
a metal oxide resistor by 1%,." In the examples given it will be assumed that a 107, resistor
will have an ultimate tolerance of 20%,, etc.

Example 1

M
2
(3)

C))

)

(6)

A 1kHz square wave astable to operate from a 5V +10%, supply. No d.c. load, but output
impedance of 1k@. Ambient temperature ~10°C to +50°C. (Circuit and waveforms shown
in Figure 2.1).

Choose transistor type ZTX300.
Choose collector load resistor. 1k nominal +=20%.

Minimum supply voltage is the worst condition for turning the transistor fully on. With 45V
d.c. supply, collector current = 4:SmA nomunal.

= 5-6mA maximum with R3, R4 20%, low.

Minimum current gain of ZTX300 at 5-6mA = 45 at 25°C.

= 34 at -10°C.
Hence the minimum base current to saturate = %6—= 0-165mA with base resistor 209, high.
From ZTX300 curves, V,,. at —-10°C = 0-8V.
.. . _ 4508 100
Hence the minimum value of base resistor R1,R2 = 0165 X 50

i.e. Maximum value of R1, R2 = 18-7kQ.

The minimum value of R1, R2 to ensure recovery of the collector voltage to 099V, = 67kQ
(from equation 2.4). Any value of timing resistor R1, R2 between these two limits will be
suitable. For a 1kHz square wave output both periods T1 and T2 must be 0-5mS.

0-5

T = 0.7CR, therefore CR= T = 0-7mS.
The above conditions are satisfied if R1 = R2 = 15kQ.
Cl = C2 = 0:047uF.
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Example 2

An astable to generate a 100uS pulse with a repetition time of 1mS. Other conditions as ex-
ample 1.

. " . o__tVece
; 5v
R3 Ry Rz Rg
330 y 6k2 18k 1k
Cy
4
0-522,;
cﬁcﬁosa
Tr1 2 ¥ Tr2
X300 2TX300
ov
3177/1
Figure 2.12

Trace (a)—Trl collector
(b)-—Tr2 collector | Vertical scale: 5V/cm
(c)—Tr2 base Horizontal scale: 200u.S/cm
(d)—Tr1 base

(1) Choose transistor type ZTX300.
(2) Choose load resistor R4. 1kQ =+20%,.
(3) (4) (5) Maximum value of R2 = 18-7k (as example 1).

(6) Tr2 is held off for 900uS. Therefore time constant C2R2 = 900

A reasonable approximation to this is obtained if R2 = 18kQ. C2 = 0-0684F.

(7) R3 must be able to fully recharge C2 during the 100.S pulse. From equation 2.3; for recovery
to 98¢, of the supply voltage.
RIC1 > 58 R3C2.

but RIC1 = R29C2 since a 100uS pulse is required from Trl,

R2 18k
therefore R3 < 58 X9 - 55 = 350Q.

The nearest preferred value below this is 3300.

4-5 100

(8) Worst case collector current of Trl, with 4:5V supply = 330 X S0 = 18-7mA.

minimum current gain of ZTX300 at 18- 7TmA = 54 at 25°C.

= 40 at -10°C.
therefore minimum base current to saturate = %OZ = 0-47mA with R1 20, high.
. _ 45-08 100 _
(9 Maximum value of R1 = 0a7 X 20 — 6-6kQ.
(10) Minimum value of R1, R2C2 > 58 R4Cl
9 RIC1 > 58 R4Cl1
therefore Rl > 2_2_39R_4 = 6509Q.

However a value as low as this would be undesirable since it would impose an additional load
on Tr2,

For a 10048 pulse CIR1 = 10.;2 = 140 .S.

A reasonable approximation to this is obtained with R1 = 6k2, C1 = 0022,F.
The finished circuit and output waveforms are shown in Figure 2.12.
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Example 3

0y
¢
3)

4

&)

©)

Q)

An astable to switch a 12V, 1602 relay on for 3 secs. and off for 2 secs.
Supply voltage 12V = 1V. Ambient temperature 0 to +50°C.

Vccf12V
Rs ! éRz > 210
10k $130k Re 9tk 22 relay coll 160n (R;)
— W\
Cy 2k2
2
32p .
1
Cz 32p
3 Tr2, ZTX 300
Tr1,ZTX 300 2TX 300
D4 D2
Z5120 25120
) T oV
3279

Figure 2.13. A low speed astable to switch a relay on for 3 seconds and off for 2 seconds.

Assume initially that a circuit similar to Figure 2.12 will be used with the relay coil replacing R4.
With a 12V supply, protection diodes are required in the emitters of Trl and Tr2.

Choose transistor type ZTX300, can switch required voltage and current.

With 11V supply, assuming 20%, tolerance on relay coil resistance:

maximum collector current of Tr2 = 11 = Vo — Veetsan X 100

160 80
(V4 = diode voltage). _ 10 100
= T60 X w0 - 78mA.
minimum current gain of ZTX300 at 78mA = 50 at 25°C.
= 41 at 0°C.
minimum base current required to saturate = %%- = 1'9mA with R2 209 high.
Maximum value of R2 = 1= Va= Ve o 100 40

19 120
= 4:1kQ nominal,
For the Tr2 to be turned off for 2 seconds CR =0—.27-— = 286 secs.

If R2 = 3'9k then C2 = 730xF. This value is not impracticable but it is inconveniently high.
A lower value can be used if Tr2 is replaced by a Darlington pair as shown in Figure 2.13.
Referring to (3) above. Tr3 emitter current = 1'9mA.
Minimum current gain of ZTX300 at 1'9mA = 35 at 25°C.

= 29 at 0°C.

Minimum base current required to saturate Tr3 with R2 209, high = —;'qi = 65pA.

11 - Vd - Vbe2 - Vbes 100

Maximum value of R2 = X

65uA 120
_ 86 100 _

If a value of 91kQ is chosen for R2 then a close approximation to the required time constant
is obtained if C2 = 32uF. RS is chosen merely to limit the collector current of Tr3 to a
safe value in excess of 1'9mA. 2k2 is suitable.

(continued overleaf)
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(8) From equation 2.3 R1C1 > 58 R3C2,
but RI1Cl = %— R2C2 since Trl is off for 3 secs.
hence R2C2 > 3-9 R3C2

. R2 _ 9k _ ..
ie. R3 < -—3-—9— = 39 = 23-3kQ.

This is the maximum value that may be used. In this design R3 = 10kQ will be used.

11 - Vd - Vce(sat) X 100
10k 80

(9) Maximum collector current of Trl =

= 125mA.
minimum current gain of ZTX300 at 1'25mA = 27 at 0°C.
minimum base current to saturate Trl,

with R1 20%, high. = Lf_ —463pA.
. 1 = Vi~ Vo 100
(10) Maximum value of R1 = 263 X 120 Ma.

= 170kQ.
(11) If R1 is made 130kQ a close approximation to the required time constant of-b% seconds is
obtained with C1:= 32,F.

The finished circuit is shown in Figure 2.13. 1t was found necessary to include R6, to prevent
spurious operation due to inductive ringing in the relay coil, but it has virtually no effect on the
timing. Diode D3 protects Tr2 from the inductive spike produced when Tr2 turns off.

Example 4
A wide range astable for generating repetitive pulses.
_ _ _ VC.C +12V
R3£ Rg Ry g 7R éR‘
1k 750 10k ¢ 100k > %6
[ G
+—it
Output o——¢ 0-068 éRg,
¢ > 4k7
D3 2
%% oj,!
(G ) F ——@) T2
1/ ™ ZTX 107
ZTX 300
Dy D2
ZS 140 ZS 10
) S0V

3280
Figure 2.14. A variable speed astable with a 10 : 1 range.

No design procedure will be given for this circuit as it is basically the same as example 2, but
the design is complicated by the need for the duration of one of the quasi-stable states to be variable
over a wide range. A high gain transistor is essential for Tr2 and type ZTX107 was chosen.

With the component values shown T1 (= 07Cl . R1) is constant at 0-5mS but T2, defined by
(R2 + RSY), is variable over a range of 05 to 10-5mS. This gives a range of repetition time of
ImS to 11mS. Other time ranges can be accommodated by the choice of suitable capacitor values.
A table is given below.

The output waveform at Trl collector is a rectangular pulse with rise and fall times of less
than 50nS.

C1 C2 p.r.f.
680pF 1500pF 10pS to 110uS
6800pF 0-015,F 1008 to 1'1mS
0'068,.F 0'15.F ImS to 11mS
0-68uF 1'5uF 10ms to 110mS
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SECTION 3
MONOSTABLE MULTIVIBRATORS

A monostable (Figure 3.1) has one a.c. coupling and one d.c. coupling. This gives it one stable
state in which it normally rests and a quasi-stable state into which it can be triggered by means of
an external pulse. .

o ) ‘ ’vcc +5Y —
Input
Waveform
> Ry > R3 > R 4 0 —to
o . 0.'6 vt )g.rxfﬂ_ p—
1
t
' % e | gyt
c Base +Vee
—— “43V - - -
o‘.']V_ _—
Ly T
— \N— 0 Collector
R2 0
C +5V
o] ™ r2
2 CiRy to
Collector *Vee
3281 3207

Figure 3.1. Basic Monostable, with waveforms.

Typical component values: R1 = R2 = 15k
R3 = R4 = 1k
Cl = O'1pF
C2 = 100pF
C3 = 150pF (minimum)
Trl = Tr2 = ZTX300

Pulse width, T == 1mS, Ve = +5V.

The timing equations for the circuit shown in Figure 3.1 are similar to those for the basic
astable, the duration of the quasi-stable state being given by T = 07CIR1. Capacitor C2 is a
“speed up” capacitor which reduces the turn-off time of Tr2 by rapidly removing the stored charge.
It does not normally influence the timing.

This circuit is triggered from the negative edge of the input waveform and C3 must be as small
as possible so that it does not influence the timing. Generally C3 < 0-1 C1.
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In some cases when the positive edge of the input waveform occurs before the end of the
quasi-stable state the circuit may re-set prematurely. This can be prevented by the addition of a

diode and a resistor as shown in Figure 3.2.

*Vec
rgﬁ %Rs %RL
C Figure 3.2. Negative Trigger Monostable.
—H— 8
ch Typical component values as Figure 3.1 except:
RS = 15k
1 'VRVZV_ 1 D1 = ZS140 '
c D1 D2 = ZS140 (if required
al; 3[ t K‘J Lg! Tr2 (i req )
1
trigger D2 ¥ %Rs
]
3285
. gV
£R1 %R3 %R‘
Figure 3.3. Positive Trigger Monostable. :llc'
e
Lij

Typical component values as Figure 3.1 except

gTﬂ

RS = 15k
D1 = ZS140
D2 = ZS140 (if required) n
) 3286
Figure 3.3 is a modification of Figure 3.2 to enable the circuit to trigger on the positive edge of
the input waveform. To ensure that the trigger capacitor recharges fully between trigger pulses

the time constant C3RS should be much less than the duration of the positive part of the trigger

waveform for Figure 3.2, and the negative part of the trigger waveform for Figure 3.3 It is usually
convenient to make RS about the same value as R1 or R3 although higher values can be used in

low speed circuits. For high speed operation a diode can be connected across RS as shown.
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_ An alternative method of triggering from the positive edge of the input waveform is shown in
Figure 3.4. In this circuit the values of RS and C3 should be chosen so that the duration of the
trigger pulse at Tr3 collector is much shorter than the required pulse.

) * +Vee
%& Rj %% Figure 3.4. Transistor Triggered monostable.
C
—
1
C2 . - .
s T v Typical values as Figure 3.1 except:
i . RS = 15k
T Tr2 T3 C3 C3 = 100pF
o Tr3 = ZTX300
Rg Trigger

3282

At low speeds the values of C2 and C3 can be 10-1000 times less than C1. At high speeds
the minimum values should be determined experimentally using high gain transistors. The graphs
given in Section 1 will give the approximate values required and these should be regarded as mini-
mum.

With supply voltages greater than 5V protection diodes are necessary for Trl, as discussed in
Section 2. Also the output waveform from Tr2 has a slow positive edge due to the need for C1
to re-charge through R4.  This can be overcome by the addition of a diode and a resistor as discussed
in Section 2. p-n-p transistors can be used in all the circuits if the supply voltage and all diodes
are reversed. All the waveforms produced will also be inverted.

Simple Monostable

For non-critical applications where the required pulse is shorter than the input pulse and high
accuracy is not required, the simplified circuit shown in Figure 3.5 may be used. Cl and R1 are
the timing components and the pulse width produced depends on the amplitude of the input signal.
The input should not exceed 5V pk-pk. If the input signal amplitude is equal to the supply
voltage T = 07 CIR1.

* +— +5V
a7 Sk

> 4

5v
ov l \ | \ Figure 3.5. Simple Monostable for non-critical
p——o0 applications.
¢ With component values shown, T = 100uS.
T
o—{|— ZTX 300
0.033p
Wl L
ov

3283
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Emitter-coupled Monostable (Figure 3.6)

This is a “current mode” circuit, in which the transistors do not saturate. Under quiescent
conditions Trl is cut off and Tr2 is fully conducting. Tr3 is a constant current source. The input
pulse is differentiated by C2 and R2 and on the positive edge diode D1 conducts and forward
biases the base of Trl. Trl starts to conduct, its collector voltage drops and this change is coupled
via Tr2 and C1 back to the emitter of Trl, causing a further increase in current. This regenerative
action ends with Tr2 cut-off and Trl conducting all the current provided by Tr3. During the
quasi-stable state C1 discharges linearly, with current defined by Tr3, until the emitter voltage of
Tr2 falls to a level where Tr2 starts to conduct. The current flowing in Trl falls, its collector volt-
age rises and the circuit rapidly switches back to its original state, charging C1 through Tr2, D2
and R4. The pulse width can be estimated as follows:

current provided by Tr3 = 5-3mA.

voltage swing across R1 = IR1 = 53 X 750 = 4 volts. However C1 only has to charge through
2:6 volts due to the “step” produced by the Vi, of Trl and the forward voltage of D2.

i.e. Cl charging voltage = I.R1 - Vy,, — V..

2000 X 1072 X 26
53 X 10

= 098,S with component values given.

IT = CV therefore T = seconds

Other pulse widths may be obtained by choice of a suitable capacitor. Figure 3.6 shows the
actual output waveform obtained, with a measured pulse width of just over 1uS. )

B e = S S T

4

1 !
b
R e .
1
N i
+ 1

o—

Figure 3.6. Emitter Coupled Monostable, with waveforms.

With component values shown, pulse width T = 1pS.

Rise and fall times are less than 20nS.

Upper trace — Trl collector
Lower trace — Tr2 emitter
Vertical scale — 2V/ecm

Horizontal scale — 200nS/cm
Trigger—4V pk.-pk. minimum. Rise time = 10nS.
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Design Examples
Example 1

A general purpose monostable to operate from a 5V =109, supply, with an output impedance
of 1kQ. Resistor tolerance 10%, nominal, 20%, end of life. Temperature —10°C to +50°C.

Circuit—Refer to Figure 3.1
(1) Choose suitable transistor. ZTX300.
(2) Choose collector load resistors R3, R4. 1kQ nominal.

(3) Minimum supply voltage and minimum temperature are the worst conditions for turning the
transistor fully on. With 45V d.c. supply, collector current of Trl and Tr2 = 4-5mA nominal.

=56 mA maximum.

(4) Minimum current gain of ZTX300 at 56mA = 45 at 25°C.
= 34 at -10°C.

Hence the minimum base current to saturate = 3—46 = 0-165mA.
. N . 45 100k _ .

(5) Maximum base circuit resistance = -57ez S 18-7k€2.

ie. R1 max. = 187kQ and R2 max. = 17-7kQ since R3 is in series with R2.

15kQ was chosen for both R1 and R2 as with this value the pulse width produced is numerically
similar to the value of Cl; i.e. 01pF gives 1mS.

(6) The worst condition for triggering in Trl is that R1 should be at the low end of its tolerance and
R3 should be high. Under these conditions with 5:5V supply,

Trl base current = 400pA. -

Trl collector current = 4'6mA, i.e. —}c— = 10.

b
Putting these figures into the trigger charge g aph, Figure 1.5 gives a trigger charge of 560 pico-
coulombs. If we assume that the trigger voltage is 4 volts then:

3 = 5—20— = 140pF.

The nearest preferred value above this is 150pF and this indicates a minimum value of 1500pF
for Cl giving a minimum pulse width of 15uS. Shorter pulses can be obtained with reduced
accuracy.

(7) Similarly for Tr2 but using the “stored charge” graph of Figure 1.3. Stored charge = 390
pico-coulombs. With a 55 volt supply the voltage swing on Trl collector is approximately 5
390

volts. Hence C2 = 5 = 78pF minimum.

A value of 100pF was chosen for C2.

The finished circuit is shown in Figure 3.1. If ZTX311 transistors are used instead of ZTX300,
C3 can be reduced to 10pF and C2 to SpF minimum giving a minimum pulse width of 1uS, with
Cl = 100pF.
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Example 2

A high speed monostable with pulse width variable over a 4:1 range, down to 100nS.

Temperature 0°C to +50°C.

O

¢

3

+Vee

12v
Rs gRs Rg
1k 1k 1k

Fast monostable and output wave-
forms, with C1 = 68pF.

Figure 3.7.

Upper trace — Trl collector
Lower trace —  Tr2/Tr3 collectors
Vertical scale — 2V/cm

Horivontal scale 100nS/cm

To achieve maximum speed it is desirable that a low value of load resistor should be used and
the transistors should be operated close to the peaks of their hyg/I. and fr/I. curves.
With ZTX312 devices this occurs in the 10-20mA region. To obtain the best possible wave-
form a 12V supply isused with catching diodes limiting the collector voltage to 5 volts and an
isolating diode (D3) is used to provide a separate recharge path for the timing capacitor CI.
Choosing a value of 1k for RS, R6.

. 12
nominal collector current of Tr2 = 000 24mA.

100

maximum collector current of Tr2 = 24 X 20 = 30mA.

minimum current gain of Tr2 at this current = 35 at 25°C,
= 29 at 0°C.

hence minimum base current to saturate = 30 = 1-03mA.

29
Nominal base current = 103 X 420 — 1-24mA.

100
Tr2 collector is caught at + 5 volts, therefore the maximum value of R4 = —5—%5— = 3-35kQ
i.e. R4 = 33k nominal.

A value of 1kQ was chosen for R3 to provide adequate drive to Tr2 and to allow Trl to operate
close to the peaks of its hrg/I. and fr/I. curves.
maximum current required from Trl = —i%— X —18%)— = 15mA.

(continued overleaf)
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(4) Current gain of Trl at 15SmA = 40 at 25°C.

= 33 at 0°C.
minimum base current for saturation = % = 455.A.
. - _(12-0-85) 100
maximum base resistance R1+R2 = 0455 < %0 kQ.
= 204kQ.

A lower value than this can be used and in order to obtain a 4:1 range R1 was made 10kQ
and R2 = 3-3kQ. This completes the d.c. design.

(5) With RS and R6 high, and R4 Jow:
collector current of Tr2 = 20mA.

| base current of Tr2 = 1'9mA, i.e.-IL = 10.

L
Referring to the “stored charge” graph, Figure 1.3, the stored charge under these conditions
is 50 pico-coulombs. With a 5V swing on Irl collector the minimum value of C2 = -5—50—

= 10pF.

(6) Transistor triggering was chosen since this gives high trigger sensitivity with good isolation
between the timing circuit and the trigger source. R7 was chosen empirically as 1kQ and C3
increased until reliable triggering was obtained under all conditions, with a 4V pk-pk trigger
signal. This occurred with C3 = 10pF and a value of 15pF has been chosen for the final
circuit to allow for component spreads. As R7C3 = 15nS the trigger pulse is much shorter
than the minimum pulse width required and will not affect the timing.

(7) Cl1 is chosen according to the pulse width required, the timing equation is T = 0:38C1 (R1+R2).
The output waveforms with C = 68pF and R1 adjusted for a pulse width of 300nS is shown
in Figure 3.7. Rise and fall times are about 10nS. Figure 3.8 shows the trigger pulse at Tr2
collector with C1 removed.

Figure 3.8. Trigger pulse at Tr2/Tr3 collectors, with C1 disconnected.

Upper trace — Tr2/Tr3 collectors
Lower trace — Trigger waveform
Horizontal scale — 50nS/cm

Vertical scale — 2V/cm
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SECTION 4
BISTABLES AND COUNTERS

If we replace the two a.c. couplings of the basic astable with two d.c. couplings, we get a bistable
(Figure 4.1). This circuit has two stable states and will remain in either until triggered into the
opposite state by an external pulse. Bistables have many applications including counters, shift
registers and memory elements, but in most cases it is more economical to use integrated circuits
than discrete components. The exceptions are (a) when the supply voltages or the input and output
requirements are incompatible with 1.C.’s; (b) when very low power dissipation is required; (c) when
very low or very high speed operation is required and (d) when only a very simple counting circuit
is required (e.g. organ dividers).

Counting bistables are the most suitable for discrete components and only this type will be
described.

‘vCC o
R3§
P
Output 2
-7
1 Figure 4.1
v
.z~
Jr2  SRe Lo
i
PR |
-t e 6V
trigger TC3 Tc‘
3288

Typical component values:

Rl = R3 = 1kg

R2 = R4 = 10k

R5 = R6 = 10kQ

C1 = C2 = 220pF
C3 = C4 = 470pF
D1 = D2 = ZS140
D3 = D4 = ZS140
Trl = Tr2 = ZTX300
+Ve = 5V

Note: Without D3, D4 maximum trigger rate = 200kHz
With D3, D4 maximum trigger rate = 400kHz

Assume that initially Trl is saturated and Tr2 is cut off. Under these conditions diode D2 is
reverse biased by slightly less than V.. but diode D1 has a small forward bias. The trigger pulse
is differentiated by C3R5 and C4R6 and on the negative edge D1 conducts and reverse biases Trl.
As Trl starts to turn off its collector voltage rises, Tr2 starts to conduct and its collector voltage
falls reducing the base current of Trl. The regenerative action ends with Tr2 saturated and Trl
cut off. The bias on the “steering” diodes D1 and D2 is now reversed so that the negative trigger
pulse cuts off Tr2 and the circuit reverts to its original state. Diodes D3 and D4 can be added if
desired to reduce the recharge time of the trigger capacitors, for high speed operation.

The method of triggering shown in Figure 4.1 is the most popular and generally the most satis-
factory, but there are other methods.
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+Vee S5V

> Dy >~ 3k3 D2 > 1k

—r— i
c3 25140 25140
1000 Cp,,470p Cy,,470p
P+ —i—
Output) ~——4 Rz Ry ¢— Output 2

10k >< 10k '
E \ %

n T2
ZTX 300 ZTX 300

| ov

3289
Figure 4.2. An example of collector triggering. Maximum trigger rate = 100kHz.

Figure 4.2 shows an example of collector triggering. Assuming that Trl is saturated and Tr2
is cut off, diode D1 will be reverse biased by 5V and diode D2 by about 0-5V. The trigger waveform
is differentiated by C3 and RS, and on the negative edge, diode D2 conducts pulling down the col-
lector voltage of Tr2. This transient change is coupled via Cl to the base of Trl, causing Trl to
turn off. As Trl collector voltage rises Tr2 turns on, its collector voltage falls further, and the

circuit switches.

Because Cl and C2 have to act as a transient memory their value needs to be greater than
would be suggested by charge storage considerations. 470pF is the minimum for ZTX300 devices
in the circuit shown, but higher values may be used. Problems sometimes arise with this circuit
when several stages are cascaded since there is no isolation between the trigger and the output.
Maximum trigger rate = 100kHz.

*Vec
12v
C3 2k2
trigger F
10n éR‘l éR3
> 2k2 L 2k2

4n7 Cy,,4n7

At A
$———— Output 2

1 R2 Ry
| N A S |
18Kk >< 1ok
N v
T T2
71X 300 ZTX 300
3290

Figure 4.3. A simple method of collector triggering for low speed bistables (e.g. organ dividers).

With component values shown, the circuit will operate at trigger rates up to S0kHz. but output
waveform is poor above 20kHz.

Figure 4.3 shows a very simple method of triggering, suitable for low speed bistables. The
trigger waveform is differentiated by C3 and RS5. If Trl is saturated and Tr2 is cut off then nothing
appears on Trl collector but the differentiated trigger waveform appears on the collector of Tr2.
The negative edge is coupled via Cl1 to the base of Trl and momentarily turns it off. As Trl
collector voltage rises Tr2 starts to turn on and rapidly turns off Trl. The state of the circuit re-
verses again at the next negative trigger pulse.

_ The capacitor values shown in Figure 4.3 are the minimum for the component values used and
this circuit will operate at trigger rates of up to S0kHz. For lower speed operation larger values
of capacitances are desirable but a ratio of 2 : 1 should be kept between C3 and CI, C2.
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Determining the minimum values of trigger and speed-up capacitors

Taking the circuit shown in Figure 4.1 as an example, the minimum value of speed-up capaci-
ta;lce can be determined as follows; assuming 20%, of life resistor tolerance and 109, supply voltage
tolerance:—

55 100

minimum collector current with 55V supply = T X T = 4-6mA.
maximum base current with 5-5V supply = (5.5] “? 7 X lé)(;) = 055mA.
N P

1.C. I_b = 84,

From the *“speed up” charge graph, Figure 1.3, the stored charge of a ZTX300 under these con-
ditions is approximately 550pC. Assuming a collector voltage swing of 5V pk-pk the minimum
speed-up capacitance is 110pF.

Putting the above figures into the “trigger charge” graph, Figure 1.5 indicates a minimum
trigger charge of about 700pC, i.e. 175pF minimum with a 4V pk-pk minimum trigger signal.
However, a slightly higher value than this is required in practice because some of the trigger charge
is lost in the steering diodes D1 and D2, and the steering resistors RS and R6. The true value
may be determined with the circuit shown in Figure 4.4 which is in effect half of the bistable built
with worst case component values to ensure that the transistor is heavily saturated.

.VCC 55V
8k2 1k2
>
8k2 S5V —
c 0
! .
output to oscilloscope

trigger

@———'l———q
o l | 25140 ZTX 300

329

Figure 4.4. Test circuit for determining the minimum value of trigger capacitance needed
for the circuit shown in Figure 4.1. “C” is increased until an output pulse of 5V minimum
amplitude is obtained with all samples of transistor ZTX300.

It was found that the minimum value of “C” to fully turn off all samples of ZTX300 was 220pF.

To ensure reliable operation larger values of capacitance have been used in the final circuit,
the speed-up capacitors being 220pF and the trigger capacitors 470pF. The d.c. design for this
bistable follows the same lines as for astables and monostables and will not be described here.
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Binary Counters

Any number of bistables may be connected in cascade, the count being 2° where n is the
number of stages. When division ratios that are not a power of 2 are required, feed-back, feed-
forward and gating can be used to obtain the required count.

+3V

g* :l"k l, l Pulse
220p 20p [ | 220p 200 14 No. Tr2 Tr4
N ! e ﬁ"' oma [ o o |o
;———/\?/——J > 1 - 20k 10K
b k\ WK S 0k 10k 1 1 0
i ¥2 3 3 e
% )3 V& _
TP Yy 2 |0 transient| 1
- state
P b:aul op = anp v
"TT L3>, 2 1 1
Tnput Cy
o =r1 3 0 0

Figure 45. Two-stage binary counter with
feedback to reduce the count to 3.

All transistors — ZTX300
All diodes — 75140

0 = low (0-2V), 1 = high (4-5V)

Output

— 2 ‘——l Trd ——

T T3 ——\

Schematic

Input

3294

L -
S I I (e

transient
‘0 state

Tr& Collector

Waveforms

Figure 4.5 shows a two-stage counter modified to give a count of 3 by means of feed-back
from Tr3 to Tr2. Assuming that Tr2 and Tr4 are initially in the “07 state (conducting with V..
= 0-2V) the first input pulse triggers Tr2 into the “1” state. The second input pulse returns Tr2
to the “0” state which in turn triggers Tr4 into the “1” state. Tr3 meanwhile goes to “0” and
triggers Tr2 back into the “1” state (all this happens in less than 1pS). The third input pulse
returns T2 to the “0” state, which in turn returns Tr2 to the “0” state, and the circuit reverts to
its starting point.

Feed-back from the last to the first stage of a 3-stage binary counter would give a count of 7
instead of 8, to the second stage would give a count of 6 (2 X 3) and to both the first and second
stages would give a count of 5. In general feed-back to the first stage of a counter will reduce the
count by 1 to the second stage by 2, to the third stage by 4, etc., any combination being possible.
This technique is quite satisfactory for simple frequency dividers and counters but where all the
outputs are used care should be taken to see that the transient “0” states produced do not interfere
with other circuitry.
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Figure 4.6. Decade counter using four bistables,
with an AND gate between the first and second
stages and feed forward from the first stage to Pulse
reset the fourth. No. ID| C|B A X
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All diodes — Z8S140 1 0 0 0 1 1
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Waveforms

Figure 4.6 shows a decade counter, using gating between the first and second stages and feed-
forward from the first to the fourth stage. Up to the 8th pulse the AND gate is open and the circuit
operates as a simple binary counter. On the 8th pulse Tr8 is triggered from the *“0” state to the
“1” state whilst Tr7 goes to “0” closing the AND gate. )

The 9th pulse triggers Tr2 into the “1” state and on the 10th pulse Tr2 goes to “0” and resets
Tr7 to the “1” state and Tr8 to “0”, the cycle then repeats. No transient states are produced by
this circuit.
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Ring Counters
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Figure 4.7. Practical ring counter circuit.
(All stages are identical and any number All n-p-n transistors ZTX300

can be connected in cascade). All p-n-p transistors ZTX500
All diodes ZS140
12V
0 1 2 n net 2 12v
- UL ___JUL i
T, T T — r3
Output 0 ‘ : :
S ' Ry, Z7X 300
i 560
Output 1 | 560
1 L—

S ‘—'—W — - -
Output n 330

2300 Modification to obtain an output to
Circuit Waveforms drive a lamp or another counter.

Ring counters are useful when one requires a count that is not a power of 2, or when one requires
a separate output for each number instead of binary coded output. Ring counters tend to become
uneconomical at counts above 10-12.

Figure 4.7 shows a practical circuit. Each of the n-p-n/p-n-p pairs forms a bistable element
although bistable action is only exhibited when two or more stages are connected together. Only
one stage can conduct at any given time and the conducting stage takes all the base current pro-
vided by R1, and steers the trigger pulse to the next stage in the ring. Assume that the “0” stage
is conducting and all other stages are cut off, Tr2 is saturated with about 1:5V on its collector
and 22V on its base. The base voltage of Tr3 is about 0-5V. For all other stages the collector
and base of the n-p-n will be at 9V and 22V respectively whilst the base of each p-n-p transistor
will be at 27V, ie. cut-off. Diode D1 is forward biased by about 1-2V and all other diodes are
reverse biased by about 7V. The first negative trigger pulse drives the base of TrS negative, Tr5
starts to conduct and the collector voltage of Tré4 falls, causing regenerative action which ends with
the “1” stage conducting and all other stages cut off. The process repeats at each trigger pulse.

Any number of stages may be connected in the ring. The output of the last stage is always
fed back to the input of the first. A direct read-out of the state of the counter can be obtained if
the collector load resistor R2 of each stage is replaced with a 6V, 40mA lamp in series with a
100Q resistor. ZTX302 and ZTX502 transistors are preferred in this case. To drive a more
pov:'ierful lamp or. to obtain an output to drive another counter the output circuit shown may be
used.
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SECTION 5
DIGITAL DISPLAY CIRCUITS AND DIGITAL TO ANALOGUE CONVERTERS

It is frequently required to present a numerical display for such applications as digital volt-
meters, frequency meters, summation metering, etc. The current trend is also to replace the moving
coil instrument by digital readout. This may be achieved by a variety of indicators. The follow-
ing circuits show a few of these with the associated driving components.

Nixie Driver Circuit

A Nixie indicator consists of a gas filled tube with 10 cold cathodes and a common anode.
The cathodes are, in fact, digits from 0 to 9 and are stacked one upon the other. A digit is illumi-
nated by lowering its cathode potential to earth, other cathodes being maintained at some high poten-
tial, typically 100V. = A glow discharge is then initiated between the anode and the selected digit, other
digits remaining dark. The anode supply is usually 200V or greater. Transistor drivers are used
to select the appropriate digit.

When a transistor is off, it is not uncommon for it to be drawn into the breakdown region by
the large anode voltage but the current is limited to a small value. This leakage current
can cause an unwanted background glow or, at worst, permanent illumination of a digit. Driver
transistors ZTX341/2 (BSV28/29) have breakdown voltages of 100V and 120V respectively, at
which the background glow is negligible.

A typical decoder circuit is shown. This circuit accepts an 8-line logical input in 8-4-2-1 binary
coded decimal and decodes it to obtain the decimal equivalent. The operation of the circuit makes
use of the fact that, if the least significant digit is eliminated, pairs of odd and even numbers share
the same logic. There are thus two stages of selection. The first stage decides into which of five
pairs the required number falls and the second stage decides whether the number is odd or even.
Only one output can satisfy both conditions. The simplification of logic which this technique per-
mits allows the cost of the circuit to be reduced significantly.

1 2 3 4 5 6 7 8
A A\ A AN A\ A\ A\ A\
+4.5V
v2
Tk
ZTx 341 |1} ZTX 341 27X 341 ZTX 34 ZTX 341 ZTX 341
2TX341 ZTX 341 $ ZTX3A1< ’ ZTX3M(
ZDOXIR]| | ZDX1IR ZDXIR ZDX 1R ZDX1R ZDX1R
y 8 O
DCB
ZTX300 BCW10

ZTX341 BSV28

ov

Figure 5.1
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Decimal Binary Logic (high = 1) positive notation
D CB A
0 0 0O even
0 —— —
1 0 00 1
2 001 0 CB D is redundant since the state 101
3 0 0 1 i for DCB does not occur.
4 010 0 CB D is redundant since the state 110
for DCB does not occur.
5 010 1 _
6 0 1 1 0 CB D is redundant since the state 111
for DCB does not occur.
7 011 1 —_—
D CB is redundant since thc states
8 1 00 0 which would make Cor B = 1 do
9 1 00 1 not occur.

Component Values

The values of the resistors used in this circuit depend upon the supply voltages available, the
type of logic to be used and the current required by the display tube.

V1 - Vu
Ik
where V1 = high voltage supply available (200 to 350V).

Vu = display tube maintaining voltage, from manufacturer’s data, (usually 140 to
170V).

Ix = recommended display tube cathode current, from manufacturer’s data, (in mA).

(R1) RI is given by the relation Rl =

As an example, for the popular 0-6” character height tube, the maintaining voltage is usually
140V and the cathode current 2mA, with a 340V supply; then
Rl = 3;40_;&_ = 100kQ
(R2) The table shows the value of R2 for different values of cathode current and supply voltage
V.. (Note supply voltage V, will normally be the same as the supply to the logic circuits used).

Cathode Current
Supply Voltage
V. 1-5SmA 5-10mA 10-15mA
4-6V 3-3kQ ~ 1-5ko 1ko
10-14V 22kQ 10kQ 68k
20-30V 47kQ 22kQ 15k
25-35V 68kQ 33kQ 22k

(R3) R3 is chosen such fhat there is sufficient input current to saturate Trll and Trl2 with the
chosen value of cathode current.

Cathode Current 1-5SmA 5-10mA 10-15mA

Input Current (min.) 02mA 04mA 0'6mA
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In some cases it may be necessary to load the output of the logic counter stage driving Trll
and Trl2 to ensure sufficient input current.

As an example, suppose that the circuit is to be driven from a Micronor 2 flip-flop (e.g.
ZN322E[222E). The output of a Micronor 2 gate is equivalent to a diode in series with a resistor
of 750Q: so, with the minimum supply voltage of 4V and a temperature of 0°C this will be a
voltage of 3-1V in series with 750Q. The voltage required at the base of Trll and Tr12 will be
approximately 24V,

) _ 31 -24
Therefore: R3 = )

= 27k
for a cathode current of 1-5mA.

ke - 7500 = 3-5kq - 7500

If, however, 15mA cathode current is required, the value of R3 approaches zero, and it is
desirable to load the flip-flop output with 1kQ resistors to supply additional current. In this case,
the value of R3 is also 1kQ.

The table shows the value of R3 required for the different values of cathode current considered.

. Cathode Current
Logic
0°C to 55°C 1-5SmA 5-10mA 10-15mA
Micronor 2 2:7kQ 1ko 1ka*
Series 54/74 2:2k0 1ko iko*
TTL

*1kQ loading resistor.

Counter

The drawing shows a four-stage binary counter, using Micronor 2 elements, suitable for use
with the Nixie driver circuit. Similar circuits can be built using TTL elements, high level logic
or with discrete components as shown in Figure 4.6.

PP S ¥
v AA B B Tc¢ DD
Additional :oading é‘ 1 é 1 )
resistors
{if required) ?_k_!:' _“:‘:,

12 4 10 12 4 10

— - ——oOutput
e L HHHH
1 1 9

Reset o 18 _Ir

— / \ /
— V" —Y
ZN322E ZN322E
or or
ZN222E ZN222€E
Figure 5.2
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Projection and Edge Illumination Readout

This type of indicator uses incandescent lamps, usually ten per unit. The driving circuit
must be able to energize any one of the lamps according to the logic states present at the input.
A suitable circuit driven by a Johnson counter with ZN7474E D-type flip-flops, is shown in Figure
5.3. This type of counter requires only a simple two-input AND gate to give a unique output for
each number, and ZDXIR diode pairs can be used to advantage. The common emitter-circuit
diode provides a d.c. bias which holds off all except the selected transistor. Component values
shown are suitable for lamps of 6V 100mA.

e’ ()

0 1 ‘Qetc. ‘9’ +67V
) . J 2 . 3 D,
All diode pairs o
— ZDXIR 1k 1k 100mA Tk
1 Lamps

All transistors
— ZTX300

r
L

AE T Sy
3302

Pulse Outputs Decoding

No. |A|B|C|DJE logic

0 olojojo| A.E

1 1lofojJojo]| A.B

2 1|{1]l0]|o0]lo0o]| B.C

3 1|l1]|1]lofo0o]| Cc.D

— Positive logic, 1 = high

4 1 1 1 110 D.E 0 = low

5 111111} A.E

6 ol1]1]1]|1| A.B

7 lolof|1]|1]|1] B.C

g8 lojJo|ol1]|1]|] C.D

9 {ololo}lo]|1]| D.E

1 [A 1 [B 1 [¢ 1 [P 1
2 2 2 2 2
7% %7 7674 T474 474

o
m

reset
clock

> > > > >
4 ;l ) 1& ;l A ;l )
3303

Figu.e 5.3. Filament lamp readout using ZDXIR diode pairs and ZN7474E D-type flip-flops in a
Johnson decade counter.
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4-Bit Digital-to-Analogue Converter

This circuit illustrates the use of complementary transistors as switches. Driver transistors are
used, operating from supply rails greater than the switch supply rails to ensure that the switching
transistors will bottom satisfactorily. A ladder network, consisting of suitable close tolerance resis-
tors, is used to sum the components.

-20V Veoee(-10V) 50K S0kn OV
REF VIVVL . vw——c
6.8k ‘
10ka 3-3kn ZIX500  ZTX300 > 25k,
) S0kn |
Jz1x500 )
6-8k %50
10k 33kn 3 25k,
n 4
T o—AAM —vVWWt
: . S0k
> ZTX 500 ﬁ _
= ' 4
2 6-8k 21X 50?@ 4
: ‘ Sk
z 3.3kn $2 a
= 10k AAA
é S0kn
a —AAA
Q b
l o CELDY
L ANA———
+4V
> [
ov ANALOGUE
OUTPUT

Figure 54



SECTION 6

RAMP AND STAIRCASE GENERATORS
PULSE COUNTERS

When a capacitor C is charged from towards a voltage V with a resistor R, the voltage rises

dt
exponentially according to the formula v = V[(I—e CR ]where v = instantaneous voltage t = time

In most ramp generator applications a linear charge is required and various methods of over-
coming the non-linearity of the R-C circuit have been devised.

Constant Current Charge

° - - +10V
Ry %Rz
2ké 4k7 4K
Figure 6.1. Constant Current Ramp W2
Generator. ZTX 500 ( M
R 3 i
].022 Z1X 502
AR 'a
oS 22 ™ T
ZTX 300
5V R3
0 _.”._.n._ 22 10k
Input I
On <
ov 3342
Upper trace — output (2V/cm)
Lower trace — input (5V/cm)

Horizontal scale — 200xS/cm

Waveforms

This method uses the high output impedance of transistor Tr2 to give a close approximation
to constant current charging, the current being defined by R1, R2 and R3. Tr3 provides a low
impedance output and component values for this stage must be chosen so that the base current of
Tr3 is very much less than the charging current.

In the circuit of Figure 6.1, Tr3 runs at 2mA and requires a base current of 20pA maximum
(10pA typical) and for non-linearity to be negligible the charging current should be about ImA.
For a ramp of 1mS duration and 5V amplitude: -
-3 -3
CV = IT therefore C = 1T _ 107 X 107
: \" 5
= 0'2;LF.

The waveforms obtained are shown in Figure 6.1.
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4

+10V Figure 6.2

A self oscillating version of Figure 6.1.

A synchronising signal can be applied
to the base of Tr4.

3
ZTX 502

Ov 3343

Figure 6.2 shows how the circuit can be modified so as to be self-oscillating. The output wave-
form obtained is virtually the same as for Figure 6.1. The timing capacitor charges until its volt-
age exceeds the base voltage of Tr4 by 0-7V. Tr4 then conducts and as Trl starts to conduct the
base voltage of Tr4 falls, providing regenerative feedback. Trl and Tr4 saturate and rapidly dis-
charge the capacitor to approximately 0-7V. Diode D1 cuts off the current source so that as soon
as C has been discharged Trl and Tr4 turn off and the linear charge starts again. Ramp times down
to 10pS can be obtained by choice of a suitable capacitor, and down to 1S if Trl and Tr4 are
replaced with ZTX310 and ZTX510 respectively.

Boostrap Ramp Generator

Waveform

Figure 6.3

-8

ov 344

Upper trace —with boostrap capacitor (2V/cm)
Lower trace —without boostrap capacitor (2V/cm)
Horizontal scale —200 pS/cm

If the voltages at both ends of a resistor change by the same amount there will be no change
in current. This is basically what the boostrap circuit does. Figure 6.3 shows a practical circuit
and the output waveforms obtained, resistors R1 and R2 replacing the current generator of Figure
6.1 and providing a charging current of ImA. R3 is a parasitjc stopper.
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Parabolic Correction

Figure 6.4

Ramp Generator with
parabola correction.

Lial
ZTX 300
3345

Upper trace -—output with R2 adjusted for

best linearity (2V/cm).
Centre trace —waveform across C2

(2V/cm).
Lower trace -—parabolic component of

centre trace, obtained by
cancelling sawtooth compo-
nent (0-5V/cm).

Horizontal scale ---200.S/cm.

Waveforms

If a sawtooth waveform is integrated with an R-C network a parabolic waveform is obtained.
If the parabolic waveform is then added to an exponential ramp, in the correct proportions, the non-
linearity of the ramp can be cancelled out.

Figure 6.4 shows a practical self-oscillating circuit employing this technique. R1 is the charging
resistor and the timing capacitor is split into C1 and C2. Cl1 and C2 need not be equal, although
this is often convenient. The output is fed back to C2 via R3 and the linearity control R2, and
the integration is performed by the time constant of the components.

This type of circuit is particularly useful for field scan generation in television receivers since
the facility of adjustable linearity allows non-linearity in the field output stage to be corrected.
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Feedback Integrator

Figure 6.5

Ramp Generator using feedback
integrator.

Upper trace —output (2V/cm).
Lower trace —input (5V/cm).
Horizontal scale —200xS/cm.

Waveforms

Assume that initially Trl is saturated and Tr2 is cut-off. 'When Tr1 turns off the current flow-
ing in the charging resistor R1 flows into the base of Tr2 which starts to conduct. Its collector
voltage and the emitter voltage of Tr3 fall, and a current flows through C to offset that provided
by R1. Since the base voltage of Tr2 remains virtually constant the current in R1 remains constant
and the capacitor discharges linearly until the re-set pulse arrives. Trl then saturates, Tr2 is cut
off, and C recharges rapidly via Trl, R3 and Tr3. R3 limits the recharging current to a safe value.
For good linearity the base current required by Tr2 should be much less than the charging current.
One disadvantage of the circuit shown is that there is a slight delay before the start of the ramp to
the need to charge C through V.. before Tr2 starts to conduct. C2 is a parasitic stopper.

41



A Field Scan Generator for Vidicon Tubes

Ce 250,1
]
™
Ry ZTX 300 Field
Scan
field drive 2Kk2 Coils

5v
0 __".__“_ ;32

3347
Figure 6.6

Upper trace —output current (10mA/cm).
Lower trace —field drive (5V/cm).
Horizontal scale —5mS/cm.

Waveforms

Field scan coils used with 1” vidicon tubes usually have a resistance of about 1609, inductance
of 40mH, and require 30-40mA pk-pk scan current. A practical circuit is shown in Figure 6.6

The circuit requires an input pulse of 1mS period, ‘+5V amplitude and 20mS repetition time.
Trl discharges the timing capacitors C1 and C2, and R3 controls the charging current and hence
the amplitude of the sawtooth generated. Emitter follower Tr2 increases the input impedance of
Tr3 and also compensates for its Vi.. The emitter current of Tr2 was chosen to be about four
times the peak base current required by Tr3. Tr3 and Tr4 together form a high impedance output
stage. The upper transistor Tr4 is an emitter follower for d.c. conditions and allows the bias voltage
at the output to be defined by R10 and R11. Under a.c. conditions capacitor C3 effectively shorts
the base to point “A” and the current flowing in Tr4 remains constant. Tr3 is a common emitter
amplifier with a large amount of local negative feedback provided by R8. This gives Tr3 good
linearity and a very high output impedance, and also provides a convenient source for the parabola
correction. The value of R8 was chosen to give 40mA pk-pk scan current with about 3 volts pk-pk
input. A higher value would give improved linearity but would reduce the available output swing
(the scan coils require 6'5V pk-pk at 40mA) and a lower value would give more output but inferior
linearity. When electrolytic capacitors are used for C1 and C2 the first part of the ramp may be
non-linear so very low ramp amplitudes are undesirable.
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A Wide Range Oscilloscope Timebase

+5V

Trigger
Input
o-—'H
"l
Output
103
3350
All transistors are ZTX311 unless otherwise 40
specified. veiocity? ) %’m sy
Figure 6.7
TRl
Tr 7 \ SV Zu
Speed Range C1 C2 T3
1| 1p8-10uS 1000pF 100pF 7.4 BCwWl
2 | 10u8-100uS -01yF 1000pF TN
\ :
3 { 100uS-1mS -1pF 01uF TR QY 1
4 | 1mS-10mS 1-0uF ‘1uF Tn ' :
5 | 10mS-100mS 10uF 1-0pF | rnf  /<Sv 17

w9 noay
Note. Values of Cl and C2 were chosen so that only one bank of capacitors is required, i.e.
C1 on range 1 becomes C2 on range 2, etc. - .
TrRlp RIWIO

The circuit shown in Figure 6.7 is intended for oscilloscope time bases and it will generate a
linear ramp of 5V amplitude over a range of 100mS to 1uxS. It will synchronize up to at least
30MHz with 20mV irigger input. .

Transistors Trl, Tr2 and Tr3 form a trigger amplifier and Schmitt trigger circuit. With Sl in
position A (as shown) the bias for Trl is derived from the output of the Schmitt trigger circuit,
and in the absence of an input signal, the circuit oscillates continuously at about 50Hz. This keeps
the ramp generator running and provides a base-line on the oscilloscope screen, and also biases Trl
for maximum sensitivity. With an input of more than 10mV r.m.s. (sinewave) the circuit triggers
normally at signal frequency. In the “B” position a d.c. bias is applied to Trl for triggering from
low frequency or non-periodic waveforms,

Tr5 and Tr6 form a bistable, and Tr8, Tr9 and Trl0 form a constant current typs ramp gener-
ator, Assume that initially Tr6 is on, Tr7 is off and the re-set transistor Tr8 has fully recharged
Cl. The first trigger pulse from the Schmitt trigger circuit cuts off Tr6, the bistable changes state
and Tr8 turns off allowing C1 to discharge linearly at a rate determined by VR2. At the same time
Tr4 turns on and reverse biases the trigger diode so that no further trigger pulses can reach Tr6.
When the emitter voltage of Tr9 falls to —-0-7V Tr7 starts to conduct and turns off Tr5. The bi-
stable then re-sets to its original state and Cl rapidly recharges through Tr8. Meanwhile Tr4 has
turned off and the voltage across C2 decays until it is low enough for trigger pulses to reach Tr6.
The cycle then repeats.
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Staircase Generators

R3
22

Vec+10V

2
13

p—o Staircase
output

Figure 6.8

ov

3348

Input frequency range—50Hz-2kHz.

Top trace—output waveform with 4 steps
(2V/cm).

Centre trace—input waveform (5V/cm).
Bottom trace—output pulse from Tr4 (5V/cm).

Horizontal scale—1mS/cm.

Figure 6.9

Output waveform with 50 steps, obtained by
reducing C1 to 2200pF.
Input frequency —10kHz
Upper trace —Output 1V/cm
Lower trace —Input 5V/jem
Horizontal scale —500uS/cm

A staircase waveform can be obtained by charging a capacitor with current puises. Figure 6.8
shows an example. When Trl turns off, C1 charges up to V., via R3 and R4 and stores charge
Q1 = C1 V... When Trl turns on the emitter of Tr2 is forward biased and the charge stored

on Cl is transferred to C2. At each pulse the voltage across C2 increases by approximately %21—

= géz—v—“— Transistors Tr3 and Tr4 discharge C2 every time the collector voltage of Tr2 falls

below the pre-set level on the base of Tr3. Tr5 and Tr6 form a high gain compound emitter
follower which isolates the output from C2.

With the component values shown, the circuit will generate a staircase of 2-10 steps with an
input pulse rate of 50Hz-2kHz. Figure 6.9 shows a 50-step staircase generated by replacing Cl1
with a 2200pF capacitor. The input pulse rate in this case was 10kHz.

The staircase generator can be used as a simple frequency divider if TrS and Tr6 are omitted
and the output is taken from the collector of Tr4. Division ratios of more than about five are not
recommended, in the interests of stability.
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Pulse Counters

A pulse counter gives an output voltage, or current, proportional to the input frequency. Figure
6.10 shows an example, and the similarity between this and the staircase generator will be evident.
When Trl turns on, C1 charges via Trl and D1, and stores charge Q = Cl. V.. (approximately).
When Trl turns off, Cl1 discharges through R3 and the emitter of Tr2 and the charge of Cl is trans-

ferred to the collector circuit of Tr4, giving a mean current of i = —Qt—— = Q.f, where f is the input

frequency.
i.e. for f.s.d. of a ImA meter at 100kHz with V.. = 10V.
] —3
i = Q. f, therefore Q =1T = 11907- = 10® coulombs.
= Q _ 107 _ o0 -
Cl = V. T 10 T 10® farads i.e. 1000pF.

In practice a slightly higher value of Cl or V. is required due to the voltage drop across DI.
Care must be taken that C1 can discharge completely in the time for which Tr1 is turned off, i.e. at
100kHz Trl will be turned off for 5uS (square wave) therefore C1 . R3 < 5uS for Cl to discharge
to 1% of V., i.e. R3  1kQ.

The circuit shown in Figure 6.10 will operate over the range of 10Hz-IMHz by choice of Cl
with a linearity of 2%/ of full scale on the lower ranges and 5%, of full scale on the 100kHz-1MHz
range. It can be calibrated either by adjustment of the supply voltage or by an adjustable meter
shunt.

VCC +10-5v
——0

D2
25170

Figure 6.10

E A simple pulse counter which will
100 operate over the range 10Hz-IMHz
by choice of a suitable value of Cl.

OV 339
Frequency range Cl
10Hz-100Hz 1-0uF
100Hz-1kHz 0-1uF
1kHz-10kHz 0-01uF
10kHz-100kHz 1000pF
100kHz-1MHz 100pF
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SECTION 7
SCHMITT TRIGGER CIRCUITS

The Schmitt Trigger Circuit is a useful level operated switch. Feedback via the common emitter
resistor causes the circuit to switch rapidly from on to off and vice versa.

The circuit of Figure 7.1 has two states. One state is with Trl on and Tr2 off, and the other
with Trl off and Tr2 on. If V,, is increased from zero, when the transition voltage VT, is
reached, Trl, which was non-conducting, now starts conducting, cutting off Tr2, and the circuit
rapidly changes state if the loop gain is greater than unity. If the loop gain is less than unity the
circuit will slowly change states and can be stopped with both transistors conducting. If V, is
now reduced, when the second transition voltage VT is reached, the current through Trl begins
to reduce and regenerative action causes Tr2 to come on, turning off Tr1.

, +Vee=12V
RL, RL,
47K 47K

’ TR1 TRZ
ZTX300 ITX300

Trl, Tr2 ZTX300 (BCW10).
Figure 7.1

It will be noted that V,, must be reduced to a value less than VT, for the circuit to revert to

its former state. The difference between VT, and VT, is referred to as the hysteresis or backlash
of the circuit.

Figure 7.2 shows the relationship between the collector current of Tr2 and Vi,

Ic2 —

1] + Vin
V12 Y14

Figure 7.2

It is difficult to predict accurately the values of VT, and VT,, but the approximate formule
for VT, and VT, below may be of assistance to the circuit designer.

' ~ Voo (ReRiz + ReRua)— Vigsaty (ReRyz)
The upper threshold VT, = Vyg, + { RoRs F RoR.. T R.LR.

cc = Varz) R
The lower threshold VT, = Vg, + LV—E:%I{)TE
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ASSUming VgE(ug) = 075V and VBEl = V"g = 065V and that R.<R1n
VT, = 412V
VT.= 263V

(Vsz: and Vgg. are the forward base-emitter voltage drops of Trl and Tr2 respectively when their
collector currents are equal).

Measured values of VT, and VT, are 415V and 2-6V respectively.

High Speed Schmitt Trigger

The circuit of Figure 7.3 is a high speed Schmitt Trigger which operates from d.c. - 50 MHz.
Storage delay times are eliminated by keeping the transistors out of saturation by operating in the
current mode. Rise and fall times are < 6nS.

O +4-~5V Vec

100 20pF
e L
3
: 0-2uH
1004 Ks348 145,
Py — —F¢ ool L] 1
Yin 5
SC : TR, TR,
a.c. o—ll_ 27X312 2TX312
;‘IOOA
0iufF Trl, Tr2, ZTX312
—f ¢ € (BSV25)
Re
100a 10K
———«)M , —0-4.5V Ve
1K 33K
Voari Figure 7.3

Upper trace—output waveform
at 5S0MHz (2V/cm).

Lower trace—QOutput waveform
at 1I0MHz (2V/cm).

The zener diode keeps the base of Tr2 at about zero volts when Trl is “on”, the emitter current

being given by \—,E—E:R&E— The values of V.. and Ry are selected so that
E

and the transistor stays out of saturation.

Vee 5 Vee— Vi
RL RE

The h.f. chokes are included to compensate for capacitive loading of the Schmitt and may
be omitted if the loading is light. Sensitivity is 1'5V at 50 MHz,
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SECTION 8

STABILISED POWER SUPPLIES

Most electronic circuits require power supplies, and it is usually desirable for the power to be
obtained from the a.c. mains. To minimize ripple and to provide a stable supply voltage regard-
less of mains and load variations, a stabilised power supply is required. There are basically two
types—series stabilizers and shunt stabilizers.

current
sensing
regulator t
device O J—l . resistor
o Mo o
+ *
unstabilised Error stabilised
input Amplifier output
Error
l Amplifier
'[ Vref
3484 '_.I__' Vref
O & O
3485
Basic series stabiliser. Series stabiliser with current limit. -
Figure 8.1 Figure 8.2

In the series stabilizer, shown in Figure 8.1, the regulator device is put in series with the load.
An error amplifier compares the output voltage with a reference source—usually a zener diode—
and controls the current flowing in the regulator device so as to minimize the error. The power
dissipated in the regulator is very low with no load and rises to a maximum between half and full
load. There is no inherent short circuit protection but this can be provided by additional circuitry
as shown in Figure 8.2. .

Ry
Ry + A .
VA * 0
* +
‘ v unstabilised Error stabilised
| unstabitised stabilised " ]
input }l:d":' output input Amplifier regulator ¥ output
device
L = L
%86 _ T ref i
; 3487
Simplest form of shunt stabiliser. Shunt stabiliser with error amplifier.
Figure 8.3 Figure 8.4

In the shunt stabilizer, the simplest form of which is a single zener diode, Figure 8.3, the regula-
tor element is placed in parallel with the load and is current fed by a series resistor. The error
amplifier controls the current flowing through the regulator device to compensate for variations of
supply of load current and maintain constant output voltage. The shunt stabilizer has inherent
short circuit protection but its efficiency is low due to the power dissipated in the series resistor.
For this reason it is normally only used in low current applications.
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Figure 8.5 shows an extremely useful series stabilizer circuit which can be adapted to a wide

range of output voltages and currents by choice of suitable components. The output voltage is
fixed at 0-7V above the zener voltage of D1. In most cases it will be necessary for Tr2 to be a
Darlington pair of a low power transistor and a high power type due to the power dissipation. The
approximate design procedure is as follows assuming =+ 109, mains variation.

A 12V 1A Power Supply

)

@

3

@

inpy

Vs (max) V\\RN\\‘)‘\)N/*

ac

Figure 8.5. A practical series stabiliser circuit, with unstabilised input conditions for

high and low mains voltage.

Choose zener diode to give output voltage as near as possible to that required; ie. for 12V
nominal output an 11V zener (KS110A) would give 11-7V.

Estimate the minimum input voltage as 10% or 2V higher (whichever is the greater) than the
required output. This must be measured to the bottom of the ripple waveform as shown in
Figure 8.5. For 12V output the minimum input voltage would be 14V.

Choose a suitable value of smoothing capacitor, so that the ripple voltage is not more than about
10%, of the output voltage; i.e. for a 1A output at 12V the minimum ripple would be about

Y 1.2
In practice the finite winding resistance of the mains transformer tends to reduce the ripple and
a smaller value can be used. A 5000-6000uF capacitor would be suitable for this case.

It is rather difficult to calculate the output voltage required from the mains transformer secon-
dary because the regulation of the transformer varies considerably according to manufacturer,
core material and size.

As a rough guide the worst case output voltage can be taken as:
Vemim = (Vrms. X V2 X 08) -V, -V,

where V. .= unstabilised supply voltage (14V min. in above case)
V r.m.s. = Nominal secondary voltage.

V. = ripple voltage (1'2V in above case)

V4 = voltage drop in rectifiers. (1V for two phase full wave)
(2V for bridge full wave)

the 0-8 factor allows for 109, mains reduction and 109, transformer regulation.
If we assume a bridge rectifier.
Vrms. = Yswin + Ve ¥ Ve _ 14 4 12 + 20 _ 59y

V2 XO08 V2 X08

In many cases it will be necessary to use a “stock™ transformer and the voltage chosen should
then be the nearest available on the high side of the calculated value.

(continued overleaf)
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(5) In order to calculate the power dissipation in the transistors used, the maximum supply voltage
must be known. This can be estimated from:

— V.
Vs(nmx) = (V rm.s. X \/ 2) - T — Va

This allows for 109/, rise due to mains variation and a 10%, fall due to load regulation, the two
factors cancelling out. If we use a “stock” transformer with a 17V r.ms. secondary

Viaay = (17 X V2) — 06 — 20 = 21-4 volts (average).

The supply voltage with no load will be approximately 107, higher than this; i.e. 24 volts, and
the voltage rating of the reservoir capacitor Cl1 should exceed this by at least 20%.

(6) The minimum supply voltage with a 17V transformer will be:
Vimim = (17 X y2Z X 08)-12 - 20 = 16 volts.

(7) The power dissipation in the regulator device Tr2 will be I, . (Vaman — Vo) Where I, = the
maximum load current, V, = output voltage.

=1. Q214 - 11'T) = 97 watts,

The current and power required necessitate a Darlington pair. The power transistor can
be a 2N3055 which can easily handle the required current, voltage and power. To maintain a
safe junction temperature at ambient temperatures up to 50°C, the thermal resistance of the
heat-sink should not exceed 10°C/watt,

(8) If we assume a minimum current gain of 30 at 1A, the base current of the power transistor
will be 33mA and the maximum power dissipation in the driver transistor (Tr3 in Figure 8.6)

will be -;)l — 323mW. This is within the capabilities of a BFS59 for ambient temperatures
up to 75°C.

33mA

hFE(min)

(9) The maximum base current required by the BFS59 will be ;i.e.0083mA = 1.

© (10) The resistor R1 must be able to supply this current at the minimum supply voltage, Vewmin),

Vs(mln) - Vo — Vbez - Vbes
L,

Assuming Viee = 1'0V and Viyes = 07V

16 -117-10-07
0-83 X 10°

= 3-13kQ

If we allow for a 20%, end of life tolerance on Rl its nominal value will be 2:6kQ. The
nearest preferred value is 2-4kQ.

of 16 V. Rl(max) =

Rinaxy =

(11) With R1 at the low end of its tolerance its value will be 1-92kQ, and with the maximum (off
load) supply voltage of 24 volts the current will be 55SmA. The power dissipation in Trl will
hence be 55 X 134 = 74mW. This is well within the ratings of a ZTX108. If the current
in R1 was found to be excessive with maximum supply voltage it would be necessary to re-
design for a higher transformer output or to use higher gain transistors.

(12) R2 is chosen to give a zener current of SmA, this being the current at which the zener voltage
is specified. For Vy; = 07V, R2 = 140Q nominal (150Q preferred).

(13) R3 is chosen to limit the base current to Trl to a safe value under fault conditions. It should
be as small as possible and a suitable value is 47Q. R4 is chosen to shunt away the collector
base leakage current of the 2N3055. A value of 470 is suitable and the extra current re-
quired from Tr3 is negligible 2mA). : '

(14) C1 reduces the output impedance of the power supply at high frequencies (above 10kHz), 250F
is a suitable value. C2 is chosen to suppress h.f. oscillation. Its minimum value should be
determined on test, 0-01pF will usually be sufficient.

{continued)
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D2-s

1 25170
L > —
sN7V
rms. T 250
25
" o
3489
Gardners
151087
Figure 8.6. A 12V, 1A power supply circuit.
Dy-5 ~
) | zs10 oy
L
=G
] 250
25
Dy
g 4In, KS 10A
ZTX 108
N C2 Rg
00WpF 150
Gardners -1- F : ov
TS 1087 )

Figure 8.7. A 12V, 1A power supply circuit with current limit.

expanded scale

Output Voltage

without current
50 T T liemit
T rﬁ =
45 -1 4 Ty
with current [\
™o timit _[1:
- - -
12
] S
0 —
e - |
BB -
| | . f 4
8 output ripple without current
- Umit = Forri rms. at 1A, H 1
11 output ripple with current limit
6 I~ X - =20m¥ rms. at WA,
hEgu sl 1 HE T
&
4. 4
2
[ I " i -
i
T
0 02 [ 06 08 10
Load Current 3492

Output voltage/load current graph for the 12V, 1A power supply.
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When a current limit is required this can be provided as shown in Figure 8.7. When the V. of
Trd exceeds 0-7V, Tr4 starts to conduct and diverts base current from Tr3, hence limiting the output
current to a pre-set value. The component values required can be calculated as follows:

(15) Choose R5 to drop about 1 volt at maximum output current. For 1A output, RS = 1Q.

(16) Recalculate R1 allowing for the additional 1V drop across R5. This will also increase the
minimum supply voltage Vsuminy by 1V. Using a 17V r.m.s. transformer as before,
Vs(mln) = 16V

16 = Vo — Ve — Vies — 1

Rl (max) = Ib

= 1-93kQ.

Hence the maximum nominal value of R1, assuming 209, ultimate tolerance, is 1'6kQ.

(17) R7 is chosen to limit the base current of Tr4 to a safe value under fault conditions. 470 is
suitable.

(18) The transistor operates under low voltage, low current conditions, type ZTX108 is suitable.

A 0-30 Volt Variable Power Supply

This circuit will give an output voltage which can be adjusted between 0 and 30 volts, at up to
1 amp. It has current limiting overload protection.

Tr5 and Tr6 form the error amplifier. The voltage on Tr6 base is compared with that on Tr5
(zero) and the difference is further amplified by Tr3 which controls the regulator device Tr1-2. As
the voltage at point A must always remain close to earth, the current flowing through R2 and R3
must remain constant. If the base current of Tré6 is neglected this same current flows through R1

R1

so that the output voltage V, = V., X TR i.e. the output voltage is directly proportional to
R1, which can be a wirewound potentiometer or a bank of fixed resistors selected by switches.

The reference voltage is provided by D10. The KSO51A being chosen for its low temperature
coefficient. Tr4 provides overload protection in the same way as previously.

D.C. output resistance is approximately 10mQ and there is 0-1%, change in output voltage for
a =10%, change in mains voltage. Ripple at 10V output and 1A load is 1-SmV r.m.s.

- 4500pF
64V

4708 ZTX108s
12v 4 ) 5
SOMmA T20pF A D9 T 250uF
255 KSTI0A | 55y
b AAA VA ]
SCR 220n S60n 319

Figure 8.8. A 0-30V, 1A variable power supply.

Note: Transistor Trl should be mounted on a heatsink of not more than 2°C/watt thermal resis-
tance. Transistor Tr2 should be fitted with a heat dissipating clip, e.g. Redpoint 5F.

R, is chosen to give a full-scale deflection of 1 volt on the output current meter, i.e. Rn =
900Q if the meter resistance = 100Q.
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Operational Amplifier Power Supply

Figure 8.9 shows a simple =15 volt power supply which will give up to 30mA output, for up to
six ZL.D709 operational amplifiers. It uses basically the same circuit as the 12V power supply
described earlier.

20V
22kn
3
L Zs17
L #zsno St7o
250pF
[ 2505,
20v
21X 300 p: 230V
- P
T oo22F =
g JA\
\V/
4 ov
Z1x 500 | 00220F 20v
30mA KS 150A 1 25 170
2 250 F* 2
157V T b 1o
<
ZTX 500 % 22kn
=20V )

Figure 8.9
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SECTION 9

AMPLIFIER CIRCUITS

-4 +Vee

1 +Vee 3 Re
Re )

Figures 9.1a, 9.1b

Figures 9.1a and 9.1b show two methods of biasing a simple transistor amplifier stage. Method
(b) is widely used with germanium devices, and is necessary because of their significant collector-
base leakage current. In silicon transistors L. is usually negligible and the performance of Figure
9.1a is adequate for most applications, with a saving of two resistors and one electrolytic capacitor.

Usually the circuit is designed so that the collector voltage Ve, is approximately half of the
supply voltage V... This is achieved when:

R, = hex R,

where hgg is the d.c. current gain of the transistor. In practice a wide range of current gains is
encountered (e.g. ZTX300 hyz =50-300 at 10mA collector current) so a value of hge given by:

hpg = V hm(mx) X hrg(min)

is used.
e.g. for a ZTX300 (BCW10)
hFE(mnx) = 300 . .
hrgming = 50 shygg = V 50 X 300

hpg = 1225

The choice of R. depends upon the supply voltage and the amplification of the stage. For low
level amplification a low value of collector current (50-300pA) is necessary to minimise noise and
R. will have a high value, of the order of 47k0. For wide-band amplificauion a low value of R.
is necessary to minimise the effect of stray capacitance, and a correspondingly high collector current
(e.g. I0mA) is used to maximise fr.
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Example of D.C. Design for a Single Stage Amplifier

I. = b Ly
I.(=currentinR,) =1, + I, = I, . (hge + 1) = hyg Iy since hyz » 1

SL=1,.=he 1y + vee
I . Vce - \Ibez (Vcc - hFEIbRo) - Vb‘ Ie
b =
Rh Rb Rc
_ Ve  heshRe Vi
Rh Rb Rb Ib
hreR Vee—V
I (1 + FENc — cc be
b Rb Rb &b le
Vcc — Vbe Vcc - vbe

L = _
N e | @ e
b

. — — hFE (Vcc - Vbe)
e Ic = hFEIb = _—Rb ¥ hFERc Vb‘T
and Vce = vcc - IcRc

Let V.. = 10V and R, = 1kQ

Figure 9.2
Transistor is a ZTX300 (BCW10)
Sohee = V Brpan - Brg@ing = V 50 X 300 = 122'5
~ R, = 1225k = 120kQ preferred (hye X R))
. I __:hFE (Vcc—vbe)
e R, + hmR.
122'5 (10-07)

=20 + (25 x §™
1225 X 93
=5 4TmA

.. collector voltage = 10 — (47 X 1) = 53V nominal.

In practice the current gain of the transistor may lie between 50 and 300 and the resistor values
may be (say) 209, higher or lower than their nominal values.

There are two worst case conditions (assuming constant supply voltage).
(1) hgg is 2 minimum (50), R, is a minimum (8002)

R, is a maximum (144k9).
50 (10-07)

L = w1 Goxog ™A
_50%x93 .

Vee = 10 — (2:47 X 0-8) = 80 volts.

(2) hgg is 2 maximum (300), R, is a maximum (1-2k)
R, is a minimum (96k)

L = 300 X 93
° 796 + (300 X 1-2)
300 X93 _

V.. = 10 — (614 X 1-2) = 2:64 volts.

In case (1) only two volts is dropped across the load resistance giving a maximum output of 4
volts peak to peak.

In case (2) the collector voltage can only fall by two volts before the transistor saturates, so
the maximum output swing is again only 4 volts peak to peak.

For comparison, an output of nearly 9 volts peak to peak could be obtained with all values at

the design centres. The possible variation in collector voltage could be minimised by using close-
tolerance resistors and a narrow gain-spread transistor such as ZTX302 (BCW14).
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Input Impedance ]
The input impedance of a transistor connected in the common emitter configuration 1s given
. . s . . . 25 ..
approximately by h;. X r. where r, is the intrinsic emitter resistance given by r, = i (Figure 9.3a)
e

L is the emitter current in mA
I is the emitter resistance in Q
when an external emitter resistor is added the input impedance becomes h¢. (r. + R.). (Figure 9.3b;

+Vec ' +Vee
Zinsheex22 a R Zinzhye |Re+22 Ry
I¢ I¢

Iin—-> Te Iy—> Re
I,

o— : o .

Figure 9.3a Figure 9.3b

Voltage Gain
Voltage gain = current gain X impedance gain
~ hl’e X RL —~ RL

D X Ry or R _
~ h te Ie - Ie Te + Re
i.e. voltage gain is independent of hy..

Feedback
In the simple bias circuit discussed earlier there is a small amount of voltage derived feedback,
(i.e. a feedback current is produced proportional to the output voltage), due to the bias resistor
between base and collector. This feedback reduces both the input impedance and the overall current
gain in the same ratio. The factor by which they are reduced is given by:
1
hle RLI
1+ R,
h;, = transistor a.c. current gain
R, = bias resistor

Ry = effective a.c. load resistance i.e. collector resistor R, in parallel with the input impe-
dance of the next stage.

+Vee

:

——'l—— R [ Re X RIN_
™ Re + Rew
abg
% Rin (OF NEXT STAGE)

Figure 9.4
Current Feedback
When a resistance R, is put in series with the emitter, a voltage is developed across it which is
proportional to the emitter (and hence collector) current. Current feedback increases the input
impedance but does not affect the current gain of the stage.

56



WIDEBAND LINEAR R.F. AMPLIFIER

The ZTX320/BFW97 RF transistor can be used in a two transistor feedback pair circuit to
provide a current amplifier of controlled gain and bandwidth. The circuit is shown in Fig. 9.5.

47n
VIV\I‘ ’12V

:ilSOOpF

2.7k

15S00pF
o—q}— ZT%320

1500pF

b oo

2751
Figure 9.5

The current gain is given by the resistor ratio

RF+RS

R, = 10

The circuit exhibits a peak in the high frequency response curve, due to stray capacitances
across the emitter and collector resistors. The addition of compensating capacitors Cr and Cs
will give a level frequency response. Due to the high frequencies involved the components should
be assembled closely together to reduce stray capacitance and lead inductance.

Typical performance for the above circuit was measured as follows:—
Gain = 10
Bandwidth at 3 dB down = 230 MHz
Current from 12V supply:= 12mA
Compensation capacitors Cy = 1pF  Cs = 2pF

The nature of the feedback gives a very low input impedance typically less than 10 ohms and
the circuit was fed by the matching network shown in Figure 9.6.

3900 \5(iOpF
500

Sweep

Generator 56

2753

Figure 9.6

The 3900 feed resistor gives an input resistance equal to the output resistance, and a comparison
of input voltage across the 56Q resistor and the output voltages can be taken as a direct measure of
| current gain.

The amplifier power consumption is typically 150mW at 12V. The standing currents of the

‘ transistors are 3mA and 10mA respectively. With a nominal 400Q collector load the output volt-
age is 8V D.C. quiescent with a 12V supply. The maximum undistorted output is approximately

’ 7 volts peak-to-peak with no load connected, falling to 05 volts peak-to-peak across a 50 ohm load.
|
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Input Matching Stage

A grounded base ZTX320 can be used to provide an input of 50Q to match standard 50Q
cables or sources. The input resistance of the grounded base transistor stage is given by

25
R == T, [,
w s I (mA)

By biasing the transistor to 0.5mA a reasonable match can be achieved. The complete circuit
is shown in Fig. 9.7.

Select ! : +12V
for Ig =0-5mA

r

To Amplifier
'SOOPFI - Z1X320
il
1500pF
1.5kn 2.5kn
\

2752

Figure 9.7

Typical performance was measured as

Overall gain (509 source, 50Q load) = 9-2
3dB bandwidth = 250 MHz

The wide bandwidth of the basic circuit shown in Fig. 9.5 can be sacrificed, in exchange for
increased current gain, by the use of alternative resistor ratios.

The following alternative circuits were built and the performances measured.

(@ Ry = 277kQ@ Rg = 82Q
Current gain = 25
3dB bandwidth = 130 MHz
Compensation Capacitors Cx = 0, Cs = 11pF.

(b) Ry = 47KQ R = 820
Current gain = 42
3dB bandwidth = 50 MHz
Compensation Capacitors Cy = 0, Cs = 22pF + (4-20pF trimmer).

As the frequency compensation required is dependent on circuit layout, the values of capacitors
given are approximate. For optimum flatness of response a sweep generator and visual display
should be used and the capacitors adjusted accordingly.

The low input impedance is a major advantage when stages are used in cascade. The inter-
stage capacitance has little effect on the overall bandwidth.
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WIDEBAND CURRENT AMPLIFIER

This circuit has a low input impedance and a relatively high output impedance, with a band-

width of over 6MHz.

tVcc

R3 R1

Ic1 { Ic2
P () QU TPUT

TR2

@ ZTX300

p R4
™\ WA
TR1
INPUT .
1 —> 0— % R2
ZTX300
(o O
Figure 9.8

Design Procedure

)

Choose supply voltage—say 12V (maximum 25V for ZTX300 or BCW10).

(2) Choose Tr2 collector current. For maximum f; this should be between 3 and 20mA. For

3

@

&)
©

maximum transfer resistance
Vo ut
Iin

I.. should be as small as possible to allow R, to be large. This will reduce bandwidth due to
stray capacitance and fall in fr, say I., = SmA.

ie.

Choose R, to drop about 1 volt less than half of the supply volts (to allow for the p.d. across
R.). Therefore R; = 1kQ.

The emitter-base junction of Trl will have a p.d. of approximately 0-7 volts and R, will drop a
further 0-1-0-2V. Therefore choose R; to drop 0:9V. Therefore R, = 180Q.

Choose R; to be about five times R,. Therefore R; = 4-7kQ.

Choose R, for current gain required.

Current gain A; = % (more accurately —g—“— + 1)

Therefore for current gain of 10 R, = 1-8kQ
for current gain of 20 R, = 3-6kQ

(Note: Maximum value of R, is that which will drop approximately 0-3V, i.e. 10k with min.
gain transistors in this case).
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Final Circuit
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Figure 9.9

With R, = 1-8kQ; bandwidth = 9MHz, current gain = 10.
= 3-6kQ; bandwidth = 6:5MHz, current gain = 20.

Input impedance = 15Q.
Output impedance = 1kQ.
Trl, Tr2 ZTX300 (BCW10)

WIDEBAND VOLTAGE AMPLIFIER
An amplifier with a high input impedance, a low output impedance and a bandwidth of 14MHz.
Choose supply voltage, say 10V.

Choose Tr3 collector current. A value of 10mA will be used as an example as the current
gain of the ZTX300 (BCW10) reaches a peak at this current.
R; + R

Choose R; + R, to drop half of the supply voltage, also the ratio R Z gives the voltage
2

gain.

Thus R; + R. = 500Q and for a gain of approximately 20, R, = 4702, R, = 220.

Choose R as 5-10 times R,. The higher value will give higher open loop gain and lower dis-
tortion, the lower value will give a greater bandwidth.

Re = 4'7k.
Choose Tr2 collector current to drop half of the supply voltage across R, therefore I.. = 1mA.

Choose R; to drop approximately 1 volt.

p.d. across R, = 025V in this case
Ve Of Thn; = 06V estimated

p.d. across R; = 01V | values

095V
—T-berefore R; = 1kQ.
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Figure 9.10

Choose R, about 5 times R, therefore R, = 22kQ.

Calculate collector current of Trl =V°°T_-11
4
= 380pA
and hence the base current of Trl = 3804 _ 380 = 13uA.
hFE(min) 30

Choose R; to drop not more than 0-2V,
if R; = 10k, p.d. due to base current = 0-13V which is satisfactory.

(10) Choose capacitor values. For wideband amplification C, > 50xF, C, > 10uF.
C; is necessary to remove a peak in the frequency response at high frequencies. In this example

(11) R, is a parasitic stopper.

a value of 15pF was found to give maximal flatness.

circuit. With more careful construction it may not be necessary.
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Final Circuit
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Figure 9.11

3dB bandwidth 14 MHz.
Voltage gain 20.

Input impedance = 10kQ.
Trl, Tr2, Tr3 ZTX300 (BCW10)

HIGH IMPEDANCE, UNITY GAIN AMPLIFIER

’ Vec +9V
Ry Rs L
£39K %mx e 25120
1uF Re
P 470 0 R,
INPUT Ot p——] & z1xs00
Ry
Ry 10K
220Kk f?l Ly
W * B 21x302
8pF
I— . M- —0 OUTPUT
Rz Rs
47K 1K
Tr1—Z2TX302 (BCWI14) Figure 9.12

Tr2—ZTX500 (BCW11)
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The value of R, is a compromise between input impedance and bandwidth. For the value
shown (1kQ) the input impedance is > 1MQ and the bandwidth > IMHz at 1V r.m.s. output.
By increasing R a higher input impedance can be obtained at the cost of reduced bandwidth.

Tr2 operates at a collector current of 4mA, and to produce this collector current, a base current
of 354A is required (average).

The bleed resistor R; takes 120pA, so the total current drawn from Trl = 155uA (average).
Therefore Trl base current = 2uA.

This causes a volt drop of approximately 05 volt across R; and the effective resistance of the
potential divider formed by R, and R..

The values of R, and R are not important, but the effective resistance of R, and R, in parallel
should be large compared with R, and small compared with R,. R, and R, are chosen to give
a potential of 5 volts at the junction with R;. This gives approximately 4 volts across Rg.

Performance

This circuit has an input impedance of at least 1MQ (depending on the current gain of the
transistors used).

Zln = (htel X hrez X Re).

Bandwidth is > 1IMHz at 1 volt r.m.s. output. Bandwidth here means the frequency at which
waveform distortion is just visible, not the -3dB point, which is at a higher frequency.

Voltage gain of the test circuit was 0°995. This can be increased to exactly unity by the modifi-
cation shown in Figure 9.13. The value of R, depends on the current gains of the transistors
used.

RS
5'.1\-)

o———@ \ o
INPUT 8 OuTRUT

Figure 9.13
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SECTION 10

MISCELLANEOUS CIRCUITS
A.C. MILLIVOLTMETER, RECTIFIER STAGE

This circuit will give full scale deflection on a 100x.A linear scale meter for an input of approxi-

mately 20mV r.m.s. over a bandwidth of 800 kHz.

+ 9V min.
-O
; R2 RS
S 22K 8-2K
02 15uf
Pl —ik
25140
1 100uA
75120 * bs 12501
—ie —F
25140 15uf
TR2
2TX302
R3
— A/
10K
15uf TR1
INPUT 0——']]———-——@
ZTX300
20my rms LI
Sty oo
Rl
100 A L
7 5 —0 0
Tr1—ZTX300 (BCW10)
Tr2—ZTX302 (BCW14)
Figure 10.1

M

@

&)
@

®)
©)

The type of rectifier bridge shown requires an input of 220pA r.m.s. (310pA pk.) for full scale
deflection of a 100xA meter. Tr2 is therefore biased at a collector current of 0'5SmA to ensure
that adequate output current is available.

R; is chosen to drop slightly less than half the supply voltage (to allow for the p.d. across D).
8-2k is suitable.

R, is chosen to drop approximately 0-8V. Therefore R, = 1-5kQ.

Trl collector current is a compromise between input impedance and open loop gain (and hence
linearity). There is, however, no advantage in using a collector current greater than about
0'SmA “since the r, of the transistor is then falling below the external emitter resistance R,
(100Q). A bias of 340uA is used in this design.

R, is chosen to drop about 0-1V. Trl requires approximately 10uA base current, so Rs =
10kQ.

A flat response down to about 10Hz is usually required, so large value coupling and decoupling
capacitors are necessary. The values shown in the circuit have been found adequate.

Performance

Sensitivity 22mV for f.s.d. (can be adjusted by variation of R,).

Bandwidth 10Hz — 800kHz -+0 - 5%,.

Input impedance = 10kQ.

No non-linearity detectable by comparison with Solartron VM1484 true r.m.s. voltmeter.
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MILLIVOLTMETER PRE-AMPLIFIER

This circuit will increase the sensitivity of the rectifier stage already described to ImV f.s.d.

R9
—AAA—O 10V
1K
R4 R7
47K 22K
c2
250ut
R2
470K c2 y
—I AAN : > —0 ouTPUT
It 470K
- TR2
Z7X302 7TX302
¢
4ut
INPUT R1 R3 RS
470K 330 470K
o— — ‘ﬁ 0 0
Trl, Tr2—ZTX302 (BCW14)
RS
AN—
10K
Figure 10.2

(1) To achieve maximum voltage gain Tr2 load resistance should be as high as possible. Conse-
quently Tr2 is operated at a low collector current (= 300xA), and a 22kQ d.c. load is used.

(2) The base current for Tr2 is derived from Rsand R, the average current gain of ZTX302 at
300pA = 100

Therefore base current = 3-0pA

Current through R; = 1-3pA

Therefore for collector-base voltage of 20V (V.. = 2:6V)

-2
4'3;1.A

R; reduces the effect of transistor gain spread on the bias and reduces the recovery time of the
stayre to a large overload.

Rs = 4701(!2.

(3) For minimum noise Trl is operated at a very low collector current (= 100pA). It is biased in
the same way as Tr2.

(4) The input impedance is approximately 40kQ without feedback, when the feedback is connected
the input impedance becomes greater than 100kQ. R, is adjusted to give the voltage gain
required. For a gain of 22 its value is approximately 330Q.

(5) To avoid the possibility of L.F. oscillation with a battery supply the pre-amplifier is heavily
decoupled by R, (1kQ) and C, (250.F).

Performance
Bandwidth (used with rectifier stage) = 800kHz +0 -5%,.
Noise with 1kQ source <5V
Voltage gain = 22 (adjustable).
Input impedance = 100kQ.
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WIDE-RANGE WIEN BRIDGE OSCILLATOR

* —oe24V
$6.8kn l_a.am l}ssn
WwF
|-—4
oapF 4
Sib 0.01pF
& o——F" 41—
7/
1000pF
/ o———}—¢ L
! 100pF
/ °____| o
'/ H T SOpF
I
Tr3
&)
> Tr2
STC RS3
| VAN !
THERMISTOR |
SOPF

tkn Skan
-[ OUTPUT

2933

Trl, Tr2, Tr3 ZT300 (BCW10) Figure 10.3

This oscillator will operate over a wide frequency range, from less than 10Hz to SMHz. The
output is 1 volt r.m.s. with less than 0-2%, total harmonic distortion (at 1kHz). The circuit shown
above has five ranges:

(1) 15Hz - 200Hz

(2) 150Hz - 2kHz
(3) 15kHz - 20kHz
(4) 15kHz - 200kHz
(5) 150kHz - 2MHz

s s . 1
The frequency of oscillation is given by fo = RC

VERY LOW DISTORTION WIEN BRIDGE OSCILLATOR

This circuit (Figure 10.4) gives a very low distortion output over a restricted frequency range.
It is primarily intended to enable distortion measurements to be made on audio amplifiers, without
the inconvenience of tuned filters.

Design
(1) At 1V r.ms. output (normal level for R53 thermistor) the worst case load on Tr3 is approxi-
mately 200Q. (R, in parallel with 4-7kQ, and 6002 plus thermistor and Wien network).

V.2
200
so Tr3 is biased at 10mA to provide adequate drive under all conditions.

Therefore peak a.c. current in Tr3 = = 7-07mA
(2) Ry, is chosen to drop half of the supply voltage, 1kQ is suitable.
(3) Ry, is chosen as five times R,; = 47kQ.

(4) R, is chosen as half of Ry, = 2:2kQ.
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Figure 104
(5) 'Tr2 collector current is chosen to drop half of the supply volts + 07V (V,, of Tr3) across R,
_ {107 .
Icz = 4—.7— + 01 ) mA
I base current of Tr3
= 2‘4mA.

Therefore p.d. across R, = 24 X 2-2 = 5°3 volts.
Max. base current required by Tr2 = 554A.

(6) For lowest noise, and to achieve a high input impedance, Trl is operated at a low collector
current (213pA).
Volt drop across Ry + Vi, of Tr2
I, of Tr1 - I, of Tr2
_ 53 + 07
= 33-35 X100
= 39kQ.

R has half of the supply volts dropped across it, and hence its value =

Thus the value of R, =

615017 kQ = 47ko.
(1) R, and R, are chosen to bias Trl at half of the supply voltage. Their exact value is unimpor-
tant; values of 10-22kQ are suitable.

(8) The exact value of R; is again unimportant but it should be large compared with R,; and small
compared with Rq. A value of 10kQ is suitable,

(9 R is chosen as 2200 to give the correct operating conditions for the thermistor.

(10) RV, is chosen so that its maximum value is very much less than the input impedance of Trl
(= IMQ). A value of 10kQ is suitable.

(11)Rq, R, are chosen to give the frequency ratio covered on each range. 1kQ gives a max. to
min. ratio of 11 : 1 giving a small overlap on decade ranges. If a more open frequency scale
is required Rs, R, can be increased to 3-3ke giving 4 : 1 coverage on each range.

(12) The capacitors required for each range are calculated from the formula C = 27_%,— where R
== RV; + Rs.
f. = lowest frequency on each range.
Performance

Frequency range < 10Hz to 100kHz.

Harmonic distortion < 0-01%, at 1kHz [-004%, measured].
Output = 10V r.m.s.

Output impedance =~ 6000.
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PROCESS TIMER

This circuit will hold a relay on for a period variable between one and ten seconds. The action

is initiated by a negative input pulse, which may be derived from other circuitry or from a simple
switch.

TRIGGER CIRCUIT IF REQUIRED
f [

+12v
RS R6 03
270K 2 g
% Rl 100K 8-2K 5120
R2
i cT
“ Iy ) R7 %m 400 12V
VY RELAY
8uf 47K ———
A
¢l
ST .
2200pf
42
25120
s TRI TR3
® @
MICRO ZTX300 ZTX300
4 SWITCH "2
75120 IMA
g LTX300
100K

Figure 10.5

(1) The circuit was designed to operate a 12V 400Q relay. If the relay coil resistance has a toler-
o . .. 12 _ an.
ance of +20%, then the maximum current required = 00X08 37-5SmA.
At this current, the current gain of a ZTX300 (BCW10) is 86%, of the 10mA value. Also to

ensure satisfactory operation at temperatures down to -10°C a further 25% fall in gain must be
allowed for.

Therefore, worst case current gain of Tr3 = 50 X 086 X 075
= 322,
(2) Maximum base current required by Tr3 =3—’%';+121A— = 1-16mA.
. . Vee = Vi (TT3)
The maximum value of R, is given by T, (T3)
12-07

R¢ max. = 6~ = 9-75k0

Allbwing a =209, life tolerance for R, the nominal value is
95 ol
Rs nom. = T2 K= 8:12kQ
Therefore R = 8-2kQ,
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The minimum value of R, = 82k X 08 = 6°56kQ.
Therefore the maximum current drawn from Tr2 = Veo __12
Rag(miny 6°56

At this collector current the current gain of a ZTX300 is 809, of the 10mA value, and operation
at —10°C results in a further 259, reduction.

T2 hFE(min) = 50 X 08 X 075 = 30.

mA = 1'83mA.

The base current required by Tr2 under worst conditions
Lierrey = igl.?A; = 6luA.

The bleed resistor R, takes a nominal current of 7uA, which is five times greater than the
collector-base leakage current (I.n,) of Tr2 at + 55°C. With R, 209, low, this current increases
to uA.

Therefore, max. current that Trl needs to supply = 61 + 9 = 70pA.

At 70pA the current gain of Trl (ZTX300) is 43, of the 10mA value and -10°C operation
reduces this a further 25%,.

Therefore hgg (Trl) = 50 X 043 X 075 = 16°1.

The base current required by Trl = 7106’L ? = 43uA.
P.d. across D, and Trl and Tr2 bases = 2:1 volts.
The maximum value of (R, + R;) = %2—1 MQ
= 2:3MQ.

Under quiescent conditions the anode of D, rests at approximately +2-0 volts and the col-
lector of Tr3 at +12 volts. When the circuit is triggered, Tr3 collector voltage falls to
(approximately) zero. This change is transmitted through the timing capacitor Cy, driving
D, anode to —10 volts. Cr now starts to charge from -10 volts towards +12 volts. - However,
when Cr has charged to +2 volts, D, and Trl and Tr2 start to conduct and the circuit reverts
to its quiescent state. The monostable period is found as follows:

[2 - (-10)] = [12 - (-10)] X [1 —e Etl—*]
12 : &

o= = 10

12 _ ., R ._.CrR - 10

o7 1 e , .. e o7
L= 0787
CR '

Therefore the monostable period is given by multiplying the time constant C; X (R, + R.)
by 0-787.

For a timing range of 1-10 seconds, a timing capacitor of 8pF is convenient and gives

R. = 200k
R, = 2MQ pot.

The purpose of the diodes D, D; is to protect Trl and Tr2 from the 12V negative transient
when Tr3 turns on. D, absorbs the inductive spike produced by the relay coil when Tr3 turns
off. R, was found necessary to prevent the circuit from free-running due to the relay coil
“ringing”. R, (100kQ) limits the current flowing in Trl and Tr2 base to 100pA.

THE USE OF THE BASE EMITTER JUNCTION OF THE ZTX300 AS A ZENER DIODE

Histograms of breakdown voltages of reversed biased base emitter junctions with two values

of reverse currents are shown in Figures 10.6 and 10.7. The typical breakdown voltage is 8 volts and
the devices exhibit a hard characteristic.

Slope impedance at 20mA is typically 2092 and maximum dissipation is 200mW.
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Temperature coefficient is -+5'45 mV/°C or +0059%,/°C.

A sample batch of ZTX310 (BSV23) transistors had typical breakdown voltages in the 6-7-5V
region with similar slope resistance to the ZTX300 (BCW10).

28

24 Ies=20mA

20

No.OF DEVICES —»

0 I
0 7 8 9 10 1"

— ves (Volts) —»
Figure 10.6

28
Ies =100 1A

24
20

16
12

—— No. OF DEVICES —»

0 7 8 9 10 1
——VEB (Volts) —e
Figure 10.7

Degradation of D.C. Current Gain during Breakdown of Emitter Base Junction.

The emitter base junction of an E-line transistor may be used satisfactorily as a zener diode
as stated above. If however the device is required to act both as a zener diode and as a transistor, it
should be noted that a marked decrease in D.C. current gain may result.

The degradation of current gain is dependen on the amplitude and duration of the avalanche
current and the surface condition of the particula transistor. It is attributed to high energy elect-
rons, liberated by avalanche multiplication, colliding with silicon atoms at the silicon-silicon dioxide
interface. The effect is 1o produce additional surface states, within or near the depletion layer,
causing a reduction in current gain. The degree of degradation is difficult to predict as it depends
on the avalanche current, the ionic charge in the oxide, (which is dependent on processing), the
surface state of the transistor, again process dependent, and the transistor geometry.

USING THE ZTX300 (BCW10) AS A DIODE
Three possible methods of connection are described:—
1. Collector/Base (with emitter connected to base).
This connection gives a diode with a medium recovery time, small capacitance, and high re-
verse voltage determined by the collector-base junction.
2. Base/Emitter (collector.connected to base).
The diode has a short recovery time, small capacitance, and a low reverse voltage determined by
the base-emitter junction.
3. Base/Emitter (collector connected to emitter).
The diode has a long reverse recovery time, a large capacitance, and a low reverse voltage
determined by the base emitter junction,
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Typical Recovery Time and Capacitance

Connection 1 Connection 2 Connection 3
[
[ —
Figure 10.8
Method of Recovery Time nSec. Capacitance pF
Connection r=Ir=10mA. R=500 at zero at reverse voltage
voltage -10V ~5V
1 89 7 3
2 27 7 35
3 244 13 55

The recovery time quoted is the interval between the negative input pulse attaining 109 of
its final value and the reverse current attaining 109, of its maximum value,

The graph (Figure 10.9) shows the variation of capacitance with reverse voltage.

" IS NS NAPRE AR AN NN NN R
1. COLLECTOR-BASE (Emitter connected to base)

2. BASE-EMITTER  (Collector connected to base)
3. BASE-EMITTER (Collector connected to emitter)

-
N

—
=]

(-2

(-]

CAPACITANCE C(pF)

-
[
~N

N

4 < 6 7
REVERSE VOLTAGE VR {VOLTS)

Figure 10.9

Junction Temperature Measurements ZTX300 (BCW10)

The maximum power dissipation of the ZTX300 in free air at 25°C is 300mW.

The thermal resistance, junction to ambient, 6,5 = 0:33°C/mW. Mounted on a Redpoint heat
sink type 92.DC* the thermal resistance is reduced to 6;,, = 0-21°C/mW enabling 480mW to be
dissipated at 25°C ambient.

With two transistors mounted in the same Redpoint heat sink, the heat sink should be clamped
to a small aluminium plate to enable a worthwhile increase in power dissipation to be achieved.
When clamped to an aluminium plate 13" X 1" X18swg, 480mW can be dissipated in each tran-
sistor.

If the transistor is clamped directly to a 1” X 1” X 18swg aluminium plate, a further reduc-
tion in thermal resistance occurs so that 6;5 = 0:17°C/mW, enabling 600mW to be dissipated.

The improved dissipation is offset, in some circumstances, by the fall of hg;; at higher collector
currents. A higher drive power becomes necessary and it may well be more economic to operate
output transistors in parallel, to achieve a given output power, than to use a heat sink and more
powerful drive circuits.

*Redpoint Limited, Stratton St. Margaret, Swindon, Wilts.
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STABLE VOLTAGE REFERENCE SOURCE

A ring of two reference circuit has been described* which provides two identical or dissimilar
reference voltages. The circuit is shown in Figure 10.10.

The ZTX303 (BCW16) transistors are connected as diodes, the reverse biased based emitter jun-
ction acting as a zener diode. This reference source stabilises the base emitter potential of a trans-
istor causing a constant collector current. The current flowing across a second reverse biased junction
stabilises the base emitter voltage of the second transistor, whose collector current is the constant
current source for the first simulated zener diode, completing the ring. It will be seen that two
reference sources are available. The permitted range of supply voltage varies from the base col-
lector breakdown voltage of the transistor (ZTX300 Vcgo 25V) to a minimum voltage given by:—

V supply min. > Vz: + Veieaty + (V21 - Var).

Where Vz, and Vz, are the base emitter breakdown voltages, Vcisat) is the saturation voltage
of the first transistor and V3z; — Vg, is the voltage across resistor R;.

With the circuit shown, Vg = V. = 8V, V¢, is typically 0-2V, and Vg is typically 0-8V.

+ 1 +V
R2
27X303 ZTX500
vyo——¢
ZTX3OZ®
0V,

Figure 10.10

The transistor will saturate with a supply voltage of 8 + 02 + (8-0-8) = 154V,
The minimum supply voltage must therefore be above this value.

The Stabilisation Ratio (S = AV,./AV,..) was measured, for a range of supply voltages, with R,
and R, selected to give 1mA collector current in each transistor (R, = R;= 6:8kQ).

The results are tabled below.

Supply Voltage Vout: (via a 32 ; 1 probe) | Stabilisation Ratio S

11-0 16507 —

120 1-7888 —

130 1-9065 —

140 21066 —

150 21088

200 2:1088 100,000 : 1
250 21088

Dissimilar collector currents had an adverse effect on the stability.

As the supply current is the sum of the coliector currents, the circuit may be considered as a two
terminal device using the supply terminals, when it can be used as a constant current source. For
a typical line current of 2:SmA, a change of applied voltage of 5 volts will produce a current change
of 3uA or 011%.

*“Ring of Two Reference”, P. Williams, “Wireless World”, July 1967.
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D.C. AMPLIFIER

) +12V
68k.n t1% gssm:w. JDLZTX 500
> \ t
Trd
zmao_z@
1 Tr2 L
ZTX330  ZTX330 Ma
. outPuT
INPUT 10kn
o +—
47k
8.2k
X300 ZTX300
(8V Zener} %15“1
1kn
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Figure 10.11

All resistors are +10%, unless otherwise stated.

Trl and Tr2 are a matched pair of ZTX330 (BCW20) transistors (hgg; = hpg. +=10% at I
= 100 pA), both transistors are held together in a “DELTA”* Model 203 heat sink, or mounted
in a Redpoint heatsink, in order to maintain them both at a common ambient temperature. Tr3
and Tr4 are matched ZTX302’s (BCW14) also held together in a similar manner. Potentiometer
VR1 sets the output to zero voltage for zero input.

Typical Performance of Amplifier:

Maximum output voltage +11V at =10mA

Minimum load for full voltage swing 1-1ko

Nominal voltage gain 100

Bandwidth (3dB) 800kHz

Noise referred to input <2001V peak-to-peak

Input impedance 10k

Temperature drift Approximately 25, V/°C referred to the input

The circuit must be shielded from draughts to prevent a temperature differential arising between
Trl and Tr2 which could give rise to a large drift of output voltage.

*“DELTA” heat sink, model 203 (TO-18) obtainable from Jermyn Industries.
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A CHOPPER D.C. AMPLIFIER USING ZTX330 (BCW20) TRANSISTORS

An alternative method of D.C. amplification is to chop the applied D.C. signal to produce a
square wave of amplitude corresponding to the D.C. level. This can then be amplified in an A.C.
amplifier which may have a large gain but has no D.C. drift problems. The output of the amplifier
is fed to a demodulator which restores the signal to its D.C. component again. The chopper and
demodulator are usually synchronised.

The ZTX330 (BCW20) transistor has a very low offset voltage when operating in the inverse
mode, i.e. collector and emitter reversed. The typical value of the offset voltage developed across
a 1'5kQ load for a base input current of 500pA is about 0-25mV. Typical slope resistance for a
base input current of 500.A is 102 for both positive and negative inputs.

The base-emitter reverse leakage current was found to be less than 20nA for all samples tested.
These figures were obtained from several samples of ZTX330 and are reproduced here for guidance
only. No guarantee can be given that any transistor supplied will conform to these measurements.

The Shunt Chopper

A.C.AMPLIFIER
Vin Rin r_Vgut
/ )&
1
av ov

Figure 10.12

The voltage to be amplified is modulated by the chopper and the resultant square wave is
amIlJl]iﬁed and then synchronously demodulated to give a d.c. output with the same polarity as that
at the input.

Single Transistor Chopper
A.C.AMPLIFIER

e >—! o
5

oV | oV

m w
Figure 10.13

For good linearity, Vi, >> offset voltage of transistor, i.e. Vi, >10mV for reasonable linearity.

Balanced Chopper Amplifier—Microvolt/Microamp Meter

The chopper transistor offset voltage can be balanced out with that of another similar transistor
and voltages below 1004V can be measured accurately. In addition, when used in a balanced cir-
cuit, temperature drift is reduced as both transistors drift together.
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Figure 10.14 illustrates a typical application using this principle.
All switch resistor values to be
A within a tolerance of ¢1%

(See Figure 10.17 for A.C. Amplifier circuit)

A.C.
AMPLIFIER
25pF 100PF

2.2k

NCEE R

AAA—
15ka T oYV Z1X330 VR3

ZTX VR Skn TXS 1.5k o
330 5 KA 25140
= o 2.7kn
o
10
T

’ 10kn 6800pF ) o
. —{ 0
vz | 47°F kn m&ﬂpF L ans8kn] 100 +12V
S 10kn I M
a2 |22ka2 15kn1ka32.2knSzs1a0] ™I | [ —71x300
140 0.033pF 0.033pF
Srxa00 s - TZSUF
300 <s.6kn,
ov
Figure 10.14
<12V
+100PF ésso.u
- Sioka r
ZTX 300
Used as 130#": =i
Zener Diode
zrxsooi
INPUT] spF  ZTX32 zrxsooL BpF
°————l|t—
15pF
J 120k.n
) J
58k.n.$ 39ka %330:».
ov

Figure 10.15—The circuit of the A.C. Amplifier portion of the Chopper Amplifier shown in Figure

10.14,
Setting-up

Adjust VRI to give zero reading on the meter when the switch is in the 1 volt position and
with zero input.

With the range switch at 100xV and VR2 at approximately mid position, feed in 100uV from
a source of less than 100 impedance and adjust VR3 for full-scale deflection.

Adjust VR2 until full-scale deflection is also obtained for an input of 1V with the range switch
in the 1V position.

~ For accuracy on the 100xV/100nA range, the source resistance must be less than 1009,

The meter used should be a 100uA-0-1001A centre zero moving coil type, with an internal
resistance of less than 1kQ.

Due to the high sensitivity of the A.C. amplifier, the whole unit, excluding power supply, should
be enclosed in a metal box earthed to the circuit at the input only. The metal box will also screen
Trl and Tr2 from draughts and improve the short term temperature stability of the amplifier.

All wiring must be as short as possible.

A low ripple power supply must be used and a suitable circuit is given in Figure 10.16. Output
is set to 12V by adjusting VR1.

Ripple is approximately 15SmV peak-to-peak.
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Power Supply

12V rms.
240V _ ZTX 300 _ ) ) 12V 35mA
S0Hz l
ka L'lk.ré 23 F.l. 33kn
SOOcF # 251P|==;
5 VRI SVT
tkn
2200
=
Figure 10.16
Specification

Supply voltage 12V at approximately 35mA. (Initial current upon switching on is considerably
higher than this for a few seconds, due to the long time constants involved).

A.C. amplifier Power gain 86dB typical
Bandwidth 20Hz to 150kHz (-3dB)
Noise < 10pV peak-to-peak referred to input.

Chopping frequency 1-5kHz approx.
Input impedance on voltage ranges 10MQ/volt
Voltage drop on current ranges < 200pV

Linearity, excluding meter, is better than 3%,
_ The final accuracy of the instrument will depend upon the accuracy with which the initial
adjustments were made.

Temperature Drift

The chopper type of amplifier has a vastly superior temperature drift figure in comparison with
the direct coupled differential amplifier.

For the best temperature drift performance, transistors Trl and Tr2 should be mounted to-
gether in a “Redpoint” heatsink type 92-DC, to keep them both at the same temperature.

No attempt was made to match Trl and Tr2 since the values of offset voltage and slope resistance
were fairly constant for the several specimens tested.

The temperature drift was found to be approximately 1pV/°C referred to the input.

SECTION 11
COMPLEMENTARY CIRCUITS

The use of n-p-n and p-n-p transistors in the same circuit can result in simplification of inter-
connections and a reduction in the number of resistive and capacitive components.

The following circuits illustrate such applications.
Timing Relay Circuit

1.5pA Quiescent Current +8V

Z5170 “P.O.Type 3000
800
22kn r3
ZTX 300
RS
oV
Figure 11.1 (Circuit description overleaf)
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With C1 completely discharged, charging current flows in the circuit comprising R1, R2, R3,
Cl, and R4 components. The voltage across R1 turns on Trl and the rising voltage on the base
of Tr2 turns this transistor on. As there is a positive feedback loop, both transistors turn on and
the capacitor charges, almost to H.T. voltage, very rapidly. As the charging current falls off, a
reverse process occurs and both transistors turn off. The top side of the capacitor is tied to earth via
R4 and the other side goes negative with respect to earth.

The capacitor discharges to the H.T. line via the SMQ resistor R3 giving a 5 second delay.
When the base voltage of Tr2 rises above the emitter voltage, the action is repeated. The reverse
biased base emitter junction has a typical breakdown voltage of 7-5V and this will limit the nega-
tive potential on the base. As the 12kQ resistor R4 is in the breakdown circuit this is permissible.
A positive pulse is applied every 5 seconds to the output transistor Tr3 as transistor Trl turns on.
With the relay replaced by a 10k resistor a pulse of 3 milliseconds was obtained at the collector.
The timing transistors are only conducting during the charging part of the cycle, which makes the
circuit very economical in power consumption.

Directly Coupled Amplifier

The circuit uses transistors in a ring of three and demonstrates the high gain that can be
obtained with simple circuitry using complementary types, directly coupled.

The voltage gain is 3 X 10%, or 90dB.

The high frequency gain is determined by C3, and with the value given, is 3dB at 20kHz.
C3 promotes h.f. stability.

The low frequency gain is determined by C1, C2 and the source resistance, resulting in a hump
befgrﬁﬁlzlt-()ﬁ' With the values given, the voltage gain rises +4-5dB at 40Hz and falls to —3dB
at 25kHz.

09‘}/
{At 1.3mA)
9
—
25uF
P R1
15kn
ov
R5 C2%25PF R
AA A
47k 47kn

Figure 11.2
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The input impedance of Tr2 is

. . RS
r. X he. in parallel with m

3
= 45 X 100, in parallel with ‘17—;;6&

= 185Q

Thus, loss due to R5 is:
185 .
1185 = 0156

Therefore, voltage gain from the junction of VR1/RS to the output is:

0156 X 150 = 23-5

Sensitivity at junction VR1/R5 to the output is:

2300

'73% = 98mV

Trl is arranged to operate at 2mA collector current

r, = % — 1350

Collector load is 2:2kQ, 47k and 1kQ in parallel

= 6000
. 600
Therefore, Voltage Gain of Trl = 13%
= 45
I 98 _
and the sensitivity for full output =g = 2mV
The input impedance is
. . 100kQ
re X hg, in parallel with m
= 135 X 100, in parallel with 1(:(;100

= 8500

Prior to applying the supply voltage, VR2 should be set to zero and subsequently adjusted to
give 1mA quiescent currents in Tr3 and Tr4.

The lower frequency limit can be extended to —-3dB at 40Hz by increasing C8 to 250F.

Spedification
. Supply current with zero output = 9mA
Supply current at 150mW output = 40mA

fl

Poyver output

Sensitivity for 150mW output
Input impedance

Frequency response

150mW at 10, total harmonic distortion
2mV RMS \
8500

-3dB at 200Hz and 20kHz
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SECTION 12
AVALANCHE PULSE GENERATOR

Figure 12.1 shows the collector emitter voltage breakdown characteristic. 1f a resistor is
connected between base and emitter, the maximum voltage can be increased from Vi eisus, 10 Veer.
If the power is increased further, the collector emitter voltage drops to a low value and there is a
sharp increase in collector current. Transistors driven into this secondary breakdown region can be
easily destroyed, as the breakdown is due to the collector current being channelled through a small
area of the collector base depletion layer. However, if the current is limited in amplitude and dura-
tion, use can be made of the very rapid transition into the breakdown region to produce short pulses
with high amplitude and fast rise times.

Ic
secondary breakdown
\\\\ primary breakdown
Fig. 12.1

forward bias
operation VeE s

r VHT

3 Y b

% % %
Fig. 12.2 A -———-ﬁsaa ) T““—T___T

‘n'=no of sections

AAA
VW

AAAA—a

+_¢ﬂ.
R,

8
Pulse Width = 2 LC
L
Zo = —
C

Vceo < VHT < vcbo

The circuit, Figure 12.2, is shown below the characteristics, and' depends upon a charged pulse-
forming network or delay line. The capacitance of the network is charged to the HT voltage.
On the application of the trigger pulse the transistor breaks down and the network discharges through
the transistor and the load. The pulse width is defined by the network. The charging rate, and
hence the maximum repetition rate, is defined by the time constant of the collector resistor and net-
work capacity.

A detailed description of secondary breakdown and circuits using this effect can be found in
the Application Report “ The Use of Transistors in Avalanche Mode ™*

* A new Ferranti publication.
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Figure 12.3 shows a circuit diagram of a complete pulse generator using an avalanche tran-
sistor. A multi-position switch selects the capacitors of a multivibrator circuit which provides trigger

pulses with a wide range of repetition rates.
networks to obtain a range of pulse widths.
load or a built-in load which can be switched into circuit.

A further switch selects the various pulse forming
The circuit may be used with either an external 50 ohms
The output voltage across 50 ohms is

Fig.12.3 — Avalanche Pulse Generator

12V.
25172
60V ¢ . T
. o3V 820n 0 A
ZSﬂORa\é
S 250pF ==
1k < Sl'v)‘
c
M 'T— M b =
1ov J1ov FRE [REN. szm.:u f;\?pF
27X 310
b¢ w
Switched ‘C Pulse [Switched P.F.N. (Totals)| Sections
Width
4,F Sns 15pF + 330nH 2
047uF 10ns 30pF + 750nH 3
0.047u.F 20ns 70pF + 1.5pH 3
4700pF 50ns 150pF + 3. 7«H 4
p
470pF 100ns 300pF + 7.5pH 5
L Lh L4
-——’U'GUHF’UUU‘j—’&w—I‘---
o= =
% T Tc/ﬁ
‘n'sections —» w2



THE E-LINE PACKAGE is injection moulded with a plastic specially selected to provide a rugged one-piece
encapsulation resistant to very severe environments and giving excellent high temperature performance.

Standard lead formation is collector-base-emitter ‘in line’ (1 -27 mm between pins).

ALTERNATIVE LEAD CONFIGURATIONS are available as direct ‘plug in’ replacements for TO-5 and TO-18
metal can types and are identified by the letters K and L (see outlines below).

The majority of E-Line semiconductors are identified by the letters ‘ZTX' followed by the type number.

DIRECT ELECTRICAL EQUIVALENTS are available for the more popular metal can and plastic types and are
usually recognised by the type number, e.g.

BC107 = ZTX107L*

BC213 =ZTX213L*

BC337 = ZTX337L.*
* Note: L = TO-18 lead formation.

‘BF197 = ZTX197L"*
2N4400 = ZTX4400

THE BASIC PERFORMANCE of E-Line is dependent to a certain degree on the type of chip used in the
package. However, the following can be used as a guide.

Operating and storage temperature range = —55 to +175°C
Power dissipation at T,,, = 25°C = 200 up to 1000 mW+1
Maximum collector current =upto1ampt?

t Dependent on chip size.

E-Line Plastic Package — Outline & Dimensions

4572020 229013

4572021 ,29:0)3 4572020 2291013
\ 2572020 ik .——1
wb52:020 301 F
? i
54 3,81 20
81 Maj a 6.06 Max,
Lo /A:l ] 2020
Seated
127 127,
051 075
127 102 -1,02
051
102
0,4570ia.
J oo
5 | - j -0.051
P%&s‘- e b c
ETD.
LaLJ i mo oldl =
127127 " 1271127

Dimensions in millimetres

STANDARD PACKAGE

Qutline reference
BS3934 .. .. S0-94

‘K" LEAD FORMATION
for TO-5 and TO-39
compatibility

Outline reference
BS3934 .. .. SO-95

‘L" LEAD FORMATION
for TO-18 compatibility

Outline reference
BS3934 .. .. SO-96

A

‘M’ LEAD FORMATION
for flat mounting

Outline reference
BS3934 .. .. S0-97




Publications

In order to supplement the information given on the data sheets for individual devices, Ferranti Ltd., publish
comprehensive information in the form of application notes and reports, brochures, leafiets, etc. These deal
with particular devices, or groups of devices, in greater detail and are available on request from the Electronics
Sales Department at Gem Mill. Examples of items currently available are listed below.

PRODUCT GUIDES:

E-Line Plastic Encapsulated Semiconductors.
Opto Electronic Devices.

Semiconductors for Hybrid Circuits.

R.F. & Microwave Power Transistors.

L.F. Power Transistors & Power Rectifiers.
Microwave Diodes.

Integrated Circuits.

BROCHURES:

/
ESA 39 A VHE/FM Receiver Design.
ESA 41 A Six Channel Digital Proportional Radio Control System.
ESB 45 E-Line Transistor Applications. (Price 40p).

ESB 57 CDI — The Bipolar LSIL

ESB 62 ULA — The Uncommitted Logic Array.

ESB 63 Low Power TTL (LTTL).

APPLICATION REPORTS:

No. 8 Voltage Regulators and Reference Diodes.

No. 11 Microlin Amplifiers ZLD2S and ZLD2T.

No. 13 R.F. Power Circuits using Ruggedised R.F. Power Transistors.
No. 14 Silicon Opto-Electronic Devices.

No. 15 ZN402 — The Gated Operational Amplifier.

AR/121 ZN414 — The One Chip Radio Receiver.

APPLICATION NOTES:—

No. 12 Voltage Transient Protection of Silicon Rectifiers.

No. 14. Silicon Rectifiers in High Voltage Applications.

No. 23 The Controlled Avalanche Rectifier: General and High Voltage Applications.
No. 24 10kV Stabilised EHT Supply using Silicon Transistors.

No. 32 1kW D.C. Amplifier.

No. 35 Micro-E Transistors Thermal Ratings and Mounting Techniques.

No. 37 A Low Power High Efficiency Output Stage using ZT3866 Transistors.

No. 38 A Low Q Bandpass Amplifier Design using ZT3866 Transistors.

No. 39 A V.H.F. Ring Divider.

LEAFLETS:

ESB 53 Micronor 2 DTL, Series 300E or 300HE.

ESB 59 Micronor 2 DTL, Series 200E.

ESB 60 Micronor 2 DTL, Series 110 and 130

ESB 62 Micronor 2 DTL, Series 200 and 300.

ESA 43 Performance Assessment of a Range of Plastic Encapsulants and Device Manufacturers.
ESA 46 Environmental and Reliability Assessment of Micro-E devices.
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CUSTOMER SERVICE INFORMATION

Our Customer Service is designed to deal quickly and efficiently with your enquiries. The
services we offer are detailed in the following paragraphs.

DELIVERY ENQUIRIES 061-624 6661 Ext. 290

Information on the current delivery position of any of our range of products will be given by
members of our staff who attend to these questions personally.

TECHNICAL ENQUIRIES AND QUOTATIONS 061-624 6661

In the Electronic Sales Department we have a staff of engineers who are able to furnish you
with price quotations and with technical advice on problems relating to your individual re-
quirements. These engineers are assigned to specific areas and are thus familiar with many
of your companies needs. They are aiso in constant touch with our Field Sales Engineers
who will be pleased to call upon you to discuss your semiconductor requirements.

DISTRIBUTORS

Orders under £100 in value are dealt with by our distributors, whose addresses are shown
below under their geographic areas.

The distributor’'s area is not limited to his geographical location.

Scotland Midlands Southern England
Semicomps Northern Limited, Coventry Factors Limited, Edmundson Electronic
42 The Square, Coronet House, Components Limited,
Keiso, Upper We!l Street, 30-50 Ossory Road.
Roxburghshire. Coventry CV1 4AF. #2&‘;‘:‘2’"3531_52';'; 0404
Telephone: Kelso 2366 or 2369 Telephone: 0203 21051 Telex: 887.212
Telex. 72692 ) Telex: 311243

. N Semicomps Limited,
Northern England Swift Hardman Limited. No. 5 Northfield Industrial Estate.

. e Swift House, Beresford Avenue,

Swift Hardman Limited, Liverpool Road, Wembley,
Hardale House, Newcastle-u-Lyme, Middlesex HAO 1SD.
Baillie Street, Staffordshire ST5 9JJ Telephone: 01-903 3161
Rochdale. Telephone: 0782 60011 Telex: 935243
I:::::h(;;;a;) 706 47411 Telex: 36297 S$.D.S. Components Limited,

Gunstore Road,

Edmundson Electronic . N
Hilsea Industrial Estate,

Components Limited,

Portsmouth,
40-45 Lower Tower Street, Hants PO3 5JW.
Birmingham B19 3NT Telephone: 0705 65311
Telephone: 021-359 2410 Telex: 86114

Eire
Joseph McKeever and Co. Ltd.,
Canal House,
Northumberland Road,
Dublin 4
Telephone: 64869
Telex: 5608 MCK El

© FERRANTI LTD. 1974

Not to be reproduced in whole or in part without the prior written permission of Ferranti Ltd. o
The information furnished is believed to be accurate but no liability in respect of any use of it is accepted by
Ferranti Ltd. nor is any licence implied for the use of any patented feature.

Printed in England HK&R
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SALES ENQUIRIES -

_ ;i b
UNITED KINGDOM Ferranti Ltd
il i : Gem Mill
Chadderton
Oldham OL9 8NP

Tel: 061-624 6661
Telex: 668038

Ferranti Electric Inc

East Bethpage Road

Plainview ;

g - ‘New York 11803
U.S5.A.

Tel: 516-293-8383
Telex: 510 224 6483

UNITED STATES

Ferranti GmbH

GERMANY .

8-Munchen 22
West Germany

Tel: 0811 297353
Telex: 523980

For further information contact

'FERRANTI LIMITED, ELECTRONIC COMPONENTS DIVISION
GEM MILL, CHADDERTON, OLDHAM, OL9 8NP. Tel: 061-624 6661
or your nearest stockist 3 : '

Electronic Components Division -

Widenmayer Strasse 5

: ATelex: 668038
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