CEAPTER II

Ceneral Considerationa on Electronlecs for Neutron

Monitor and Theory of Stabilized Transistor Circuits

Z. Y% MNature of the pulse input signal and requirements for pulse
shaping

The interaction of the newtron with the EFEI—-cuunter gives
particle which releases a charge at the input of the sueceeding
electronic circuit. This pulse of charce is considered to be the
pulse input sipgnal. The nature of the final signal after passage
through the eleetronic circult depends on both the chapacteristics

of the pulse input signal and the electronic circuit,

The basic requirements for ¢ounting apparatus are {1} the
ability to ccunt accurately; often up to high counting rates.and
€2)) the ability to separate the desired pulses, which are called
the signal, from the unwanted pulses,

The measuring apparatus for counting consists of three units,
These upits are the ampliiier, the discyinminator,and the scaler.
In the amplifier, the pulses are amplified and shaped. The Function
of the discriminator is to pass only the deeired pulses. Finally,
the scaler counts the pulse passed by the discriminator.

‘w2 Pulgewamplifier requirements

Important considerations for pulse~amplifier ipclude pulse
shaping, noise; gain, maximnm output signal aaplitude, polarity, lio-

enrity, overload talerance, and physical arrangement.

The reguired gadn depends on both the awvallable input signal
and tho desired outpui signal, The maximum usable gzain is set by the
noise level,and in practice this maxdinoum is found to be of the order
af 1ﬂﬁi

The shape of the output pulse of an amplifier is determined by
the shape of the pulse input signal and the characteristics of the
amplifler, The schematic diapram shown in Fig 2-1 is an ideelized am-

plifier representation is uscful for discussing pulse shaping.
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Fig 2-1 Eguivalent circuit of a pulse input circuit
and pulsc amplifier

The circuit elements ®_and C_ include the characteristics
of both the EF} « ¢ounter and the input of the amnplifier. For exai-
ple, consider Fig 2-2, which 1s a2 typiczal input circuit of a wvoeltage..
seasitive ampiifier for uwse with a BF} - ¢ounter. The collector is
at a high pogitive potential atove grouad, and & blocking capacito?
Cﬁ iz provided between it and the transistor bases. The capacity C;
represents the sum of the input capacity of the transiter and all
wiring and stray capacities; in additiorn to any other ecapoeity that

mzy be placed at taat position.
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Fig é~2 Input circuit for use with EF5 - counter

Tig 2-% 1is a simplificatien of tue circuit in Fig 2-2 in
which d-¢ potentials are disregarded {(6).

/!
T, = the capacity of the collector to
-

ground
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Fig 2-3 Input eircuit for vse ia fthe analysis of pulse

input signals.
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. . s . - .
fs a further simplification, H1 ana RE cain be replaced by

r
the resistance R, .which is egual to R R f{H +H s and the capacitance

2
C; and EB ocan beﬁrhprcsented by GQ 3 whlch ig equal to CE+C3
The circuit concisiing of H1 and Gq ; wnown as the differ-
entiation network, deiermines the lower-frequency cut off and the
clipping time of the amplifier. The time constant H,IC1 s desighated
as T g i known as the differentiatiocn, or c¢lipping time-constant e The

clrguit & CE g determines the upper—-fraquency cuft coff of the anpliicer

2
ane affect the rise and delay ftimes of the pulses.

The nulse input signal may be either positive or negative,
altkough the signals 25 produced by the circuit in Fig 2-2 are mostly
negative.

Linearity between pulse input signal and output sigral of
0:5 pzrcent or heiter is often necessary. This is obtainad by the
choice of the operating points for the transistors within their linear

range and by the use of negative fezdback and other methods.

The usc of the separate preamplifiers has the additional ad-
vantage that it mokes it possible to provide the shortest possible
leads to the counter and thersby, minimizing the input eap-city? The
gain of the preomplifier depends on the application, with coummon
valvoes varying irem less than 1 to 100, Its output stage is alwoys
emitter follower, wihlch can drive thelong ¢able required ts couple it

te the maln amplifier.

The galn contrel of a pulse amplifier is located several
stages beyond the input. The Zocaticn of the gain contrsl is deter-

mined by balaneing of the signal-noise ratic and the overlcad problom.

The pogitien of the pulse-shapirz circuit alse nrceds spece

12l econsiderations. Vhen low noisc level is important, the shord
time constant cannot ke placed in the exrly stages, since the low re-
sistance Aassociated with it would m1ﬁ0 the thermal noise intolorable.

On the ather hand, the w»ulse blﬂgllg Cﬁqnctbé left to the high-lewel

sliges beeausce of the shift ir the operating point of the transistorc.



The shift occurs because of the pile-up of the pulses with the long
decny constants. The ususl position for the pulse-shapihg n:twork is
after a goin of about 100, which usually falls between the preanpli-
fier and the main amplifier. A further adran-

tage of placing the pulse~shaping net work at the intermediate level
rather than at 2 lower level is that it serwves to reject the Lhum and
olbler low-frequency noise generated at the low-gain levels of the am-

alifier,

Stability of the amplifier gain is guite impertants. In
ceunting measurements a change in gain may result in = spift in the
refraction of the pulses passing the discrimimaotor. A change 07 a
small fraction of 1 percent inr the cutput voltage for 2 1 rnerceat
ghange in linc voltage is nob an unzommon requirement. The nrimary
methnocs enployed for stabilizaticn’of the gain are the use of negpative
feedhocelt in the amplifier section and the provision for gosd regela-~

tion in the power supply section.
2.3 Bias stabiliiy

One of the basig prehlems involwed in the design of tran-
gistor amplifiers ls establishing and maintaining biasing coiditions
{6}s They must be maintained degpite variaticns in ambicnt temper~
ture and varisticons of goin and leakage current between transistors
of the same type. This caa readily be seer by rveferring to Fig 2-4(a2
where the transistors are operated in the commen emitter mode and zre

biased by a ceopstant base current, I Fig 2~ (b) shows the common

B °
emitter c¢olliector characteristics of two different transisters with the
same collector load line superimposed on them. For the transistor cha-
racteristic shown with solid lines and 2 base current IE ¢ the opero-
tirg point ic at M. On the other hand, if a higher pgain trongistor is
used, or the Original Srrmsicioevs 6410 and leakage current are in-
erensed dus to an increase in température, the transistoi characterise

tic shown with dashsd ling could result.

[
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Fig 2-% 5hift of Jperating point.
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2.4 The leakzze current ICEG

The leakage current IGBG is the c¢ollector current when the
collector is biaosed in the reverse (hign resistance) direction with
respect to the base, and the emitter is open-circuited. This current
is made up of two coumporents, one temperature-dependent and one Rolte

age dependent (7).

ICBD is ol prinmary cencern in transister biasinp. Becouse
of its extreme temperature dependence it can be come an appreciable
part of the base current in low-lewsl applicatioms, and it san cause
selfeheating and thermal runaway in large - signzl applicztions.

The real collecior current, includipg the leakage current,

that flows in 2ny cummon-emitter conmecticn is (8)

I. =h__I_+ {i+h__}I (2.1)
c FE B FE' "o

instead of IC = hFEIB

common-c¢iitter current gain.

where hFE

Since the I.,. contrdbution is multiplied by h it can

FE ¥
be expected to affect drasticzlly the rignitude of common-emitter
solleector current ns tesperature iz raised.
2.5 Stability fctors

Equation (2.1} shows that any variation of Togg due to tem
perature will manifest itself in a shift upwards in the collector
¢haricteristics of the trapsistor as shown in Tig 2-%. The degroe to

which any bias eircuit zcbually maintains the gperating point 1o aocosured
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- by what is called stability factor. There are several stability
factors, one is a measurc of the effects of ICBG in moving the operat-
ing point,; the second is a measure of the effects of hF? in moving the

operating polnt. MHathematically the stability facteors can be stated

as
! &g
5 = AT 4
CBO
| ol
and g . hc g
. BPre
where 3 = leakage stability Tactor
ﬁhlc = chahige in collector current
ESICED = Change in leakuage
s - Current gain stability factor
&I, = change in collector current

chanpge in current gain,

B Ppp

For any transistor whers both lezkage and currcnt gain are
changing simultanecusly, the total incremental changg in current is
approximate by equal to the sum of the scparate leskapge and currant
gzln incresents as predicted from the stability - factor calculations.

The least stobility fackor is the best for the stability casc.
2.6 Direct-coupled amplifier circuits

Dircct-coupled amplifiers are commonly wvsed in a wide
variely of apnlicatiocns. In many of these applications the signal
miy contain a d-c component as well as law-fregquency compeonents. Sige
nals of this type are gncountered in many instruments and apparatus,
such as ir tle electronic part of the neutron monitor. Consequoently
this type of amplifier reguires direct coupling botween the stagus

without the use of coupling capacitors.



11

Fip 2-5 Simple d-¢ transistor amplifier with two common-

L)

emitter stages

Fig 2~5 schows one possible arrangement of this tygpe ponsis-
ting of two comugn-uiitter stages in whigh the sipnal developed acrois
the lead rezicztance HL1 iz applicd dirgctly ;; tlix hzse of the secoond
transistores

For proper operation of such an amplifier, the d-c voltaze
drop aceoss resistance R, must be sufficient to maintain the cmitter

I
of the second transistor slightly positive with respect to the base.

2.6.1 Problem of drift

=

In d-¢ transistor amplifiers, Orift is caused primarily by
random changs of temperature. All parameters of itransistor vary with

temperaturc. The current-gain is very scmsitive to temperaturc change.’
The current I. . may be expressed {3) approximotely as

Togo = Ig exp (0.05T) ;

Yhere IS iz the current at DO_G9 and T the temperature in

degrec centigrade. hLence

di

ETQED

0,05 I exp {0,05T)

G005 ICEE:I‘

The incremental change of this current car be written as
1oR0 = 0.05 ICEGL\ T

Where @ T is the temperature change in degrees centigradc.
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In general the temperature coefficient for ICEID is about
E = 10 percent per degree centigrade. In view of this, tewperature
compensation of the d-¢ transistor amplifier becumes a serious probe=

lﬁ'm a
2.6.2 Multistaze stability considerations.

The previcus section dealt with thns wardiation of collegtor

h !

current wit! For multistage direct-coupled transister ampli-

* “cBo *
fiers, this problem becomes many times more severe, as the variatinon
of collector current of one transistor is passed on to the next tran-
sistor, where the variation is amplified and combined with the sim:zlar
variation dwe to changes in the second unit. As stages are added the
cffect is cascaded until finally a wvery small drift in the first unit

noy cause the whole chain to become Lrnoperative.
2.7 Feedback amplifiers.

Nerative fecedback in amplifiers improve such prencrtics as
stability under varying power supply conditions, stability to parcme-
ter variation, freedom from non-linearities. We will now analyzce a
few af the methods of applying feedback to transistor amplifier very
bricfly. The common-emitter circuit is gomsiderably more useful for
transistor apnlications, and emphasis will be placcd on this type of

configuration.

Consider the nlock diapram shown in Fip 26, Here we arc
characteriaing the active amplifisr in terms of voltzage gain Av 3
voltage feedback 1s being applied to the input, throupn netwerk B .
In situztions where the feedback network is paussive we aay define B
as the volioge-feedback factor. Ths guantity represents the puercent-

age of the oudput voltage that is fed Lack Lo the laput.

Mathematically

B, = {2.2)

o
-
out
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Figy 2-6 Block diagram of veltage feedback nctwork

For the basic amplifier without feedback
vout
A = — {2.3)

v
Y.
in

In the case of a power source that is a voltape source we

can also say
Yout '
n:.i - (E-II'I']'

b

g

Yhen feedback is applied, the toatl voltazge condition at the

input requires a summation of the individeal voltages:

VE = Vin = ‘I."f (2-5}

To fird the performance of the total amplifier with fecedback,
we gubstitute (2.5) into (2.4) to obtain

v
f
4 _ out
'
Tin"Vg
s . . . .
where A = wvoltage gain with feedback. Substituting (2.2)

for \ and dividing numerater and deminator by v, v e obitain

Ay T v (2.6)

1-B_ A
vow

For common-emitter amplifiers there: is an ipherent 180° rhase
shift befween input and output ; that is, Av iz a negative guantity.
The absolute value of (2.6) is
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i, g = ——_— (2.7)

T+B A
v

Consider nov the blogk dizgram shown in Fig 2-7.  Hare we
characterize the zctive amplifier in terwms of current zain d. Current
feedback is being 2pplied to the input, 2ut of phase with the input

throuph retwerk Bi y where Ei is thke currunt--fesdbock factor.

T
£
A /
e Rpe- - e
LT lent
= .

Fig 2=-%Y Bleock dizgram of curreat {vedback notworks

In the same way zs described for the woltage-feedhnck case,

we shall get (8)

n{f ) ."I'l.i

4 I ‘3

1 14B.aA. (2.3)
1 1

, L . .
ihere by = current zain with feedback.
The general case of feredback egquation wouwld be

A = A n

1+BA

Analysis of any glwven circuit will indicate the type of
feedback that is most coffcectives Yhen voltoge scurces arc invelwed,
voltage fecdback is appropriate. Singe the foodiback veltage apnears
in series wit? the source voltasge, this type of fecdback is czlled
series feaedback. ‘hoen current sources are invelved, current feedhack
iz zprroprinte. Since the feedbaclk current paraldels tle source cupr-
rent In driving the input, this type of feedback is called sount food-

back.
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Besides affecting galn, negative feedback increases the froe-

quency rcspense of an amplifier. The general-case equatlons applicabsle

are (8) ¢
p L
p fL = -
1+BAi
f T
fH = I‘H {1+3a)

4 . . .
Where £ = lowefroeguency half-power point wite feedback,

L
- frequency half--power point with feedback,

«Shunt-type Feedbac

,H.ma'\—-,.l__ng

&

73

Tig 2-8 Shunt fecdback

. - . o g .
Since the grounded-emitier circuit has z 150 phase =hift in

the region where bigh-Trequerncy effects zre negligible, such a gircult
sunplices nepative feedbzck. lor such a clircuit we have {3) , as =

result of the feedoack, a reduction in pain and input impedance as well

a5 in output impedance.

L R el e
THEA P ) R
LI..*'I ,‘I\_I_FI \.:'.: tj.- l:,jy' s

B3 G 6B
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-5erics-type foodback

=

Fig 2«9 Series feedbhack
“his type of feedback results in increased input and ouiput

ifpedances and decreased mair.

-dultistage serics or shunt feedback

LY LIS

Fig 2=10 (a) Multistzge series feedback

(b} Hultistage shunt fecdback
2,8 Comparison of stability factors involving feedback -~

The siability factors for fixed blacing, current-feedback
biasing, voltage-fezdback biasing and combination currcnt-voltaze-

feedback biasing are tobul-led in Table 2.1 (8),
2.8.1 Fixed hiazing.

Ir spive of its simplicity, the fixed-bias circuit WET-N
major drawback. The operating woint is ¥ory rusponsive to change in
I and h Stree 1, is fived in value cha in i r I

CBO pp ° O P @ value, any ages in hp. o CRO
are Tactored dircctly into the cocllector-current oxpressicu. The
shifts in collector current with changes in temperature and cuanfes in

translstors cuan be drastic.
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2:8.2 Current-feedback biasing (See figurz in Table 2.1)

In the fixed-bias approach, the variation of aperating point
is too excessive to be acczptable for most applicaticns. Ik iz noces=
Sary to improve the stability factors in order to minimize this varia—-
tion,

Fig 2=71 Graphical depictiun of
sperating point control 2ue to

v variation,
op Vard

Consider the graphical dépiction of the current-feedback
circuit shown in Fig 3-11. Point O is the desired operating point
for the circuit. As temperature irncreases, leakage ircreases, and the
collecter-current tends to increase towards poiat x. 4t thias Gine,
the effeets of returning the blas resistor directly to the colleetor
current causes 2 decrease in the collector-to-emitter voltape, Since
this voltage @eturmines the base current, there is a decrease in the
bage current, The cperating point dees pot move to point X but ratihor

ends up ot nn interim point, ¥.
2,853 Volvaze-fecdhack biasing {See figure in Table 2.1)

Another type of feedback from the oupput is applied througn

4 resistor dn the emitter lead.

Any tendency for the collector current and nence the emitter
current causcs ap ineresse in the IR drop in the emitter resistance.
The polarity of this veltage is opposite to the normal forward-bizs
veltage between base ang emitter. There is , thes, some desgree of come

bpensition for operating-point excursicn.
2.5.% Combination current-voltage feedback,

The voltage-feedback circwit loses 3ts effoctivencss as R:

ad

[T .

lncreases, .\t such 1 Lime, however, the introduction of current fegd

back i3 advantageous,
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This method is generally capable of maintaining a very high

degree of operatingepoint stability (8},

The principles discussed in cbnjunction with the d-c¢ efiects

above can apply also to the a-c effects.
209 Bilas compensation

In many cases, particularly in d-¢ amplifiers, feedback sta-
bilization can be used only sparingly, since it reduccs the de-c gain
as stability factor is reduced. It is often possible to reduce drift
of the operating point by using non-feedbock or comzansation method

without reducing the 2-¢ zain.

One of the simplest and most reliable componaation methods

involves the use of semiconducter junction diode (10).

-V .
Ty i
.= Yoo
Rh : FtL
& R gy
o YT M
a RD
R I
L L -
(a] (G}

Fig 2-12 Diode Compensation

The significant thing in Fig 2-12 {(a) is that as temperaturc
inereaacs, the forward drop in the bias diode decreases, ecutting back
an the forward biazs of the transistor, compensating for whot other

wise would have meant a shi¢t in the operating point.

Fiz 2«12 (b} shows u dicde used to coempeasale for base-to-
enltier veltage changes in a transistor. If the voedtaze across the
dicde and the base~to-emitter junction are 2qual the feorward dicde
characteristic iz very similur to the bage~to-emitter transistor cha-
racteristic, This means that since these two voltages vary with tez-

perature at the same rate, Ih iz indspendent of Uc -
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A series diode may alsc te used with the emitter follower
circuit to keep the output voltage consiaznt, a5 sliown in Fig 2-12 (c).

Temperature seasitive resistors are alse useful in compens
sotins transister drift. The most widely used of these is the ther-
mistor, which has a regative temperature coefficient and a resistance

that Zecreases exponsntially with temperature,

R i

=t

Fig 2~13 Thersistor compensation.
wn

2,10 Temperature compensation of d-¢ amplifiers by suitable arrunze-
mahnt s

{ne cof the methcds whick may te enplaoyed 1s based on propuer
selection of the characteristics of the warious transistors employed
in the t-¢ amplifier. If nobh transisterz arc of the same type, only
the following Five c¢onaections can be used for temperature comnernsntion
(@) of the amplifier:

1. Common-ealttor common-emittere

2. Commun-base common-., Swmrbber.

3. Commcn-base commen-collector.

4. Commen-emitter commen-~c¢ollector.

S5 Comon-ccllector comnon-base.
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o

Fig 2«14 Circuit arrangement for temperaturc stabilizetion
of o d-c amplifiesr.
Fig 2-14 shows arother arrangement which may e uscd for

temperature stabilization of the amplifier, The current increagiwent

i1 gue to ehange of temperature of the first transistor 1= divided
inte currentis iE and 33 flewing through resistances HL1 and RD reg=-
pectively.

Owing to currert incrament i3 , @ current incroment will
appear (with phase reversed) on tae ¢ollector side of the second
transistoer. The ratio betwooen RL1 and HD mzy be so¢ chosen that this
currcent ircroment will componsste the current increment which is due
to the change of temperajure of the second transistor, resuliing in

the nct increment 11 Loocoming aeros
2,11 Halfi supply vzltape princinle.

Whem o transistor is used at high junctian temperatures it
iz rossible for ropeaecracive leating to scenr which will result in
thermal run—awéy and pussible destruction of the transister. If
the ecollector-cmitter valiage iz lezs than half the supnly volinge in
comman—-emitter mode the transistor will be stahle from thermal run=

awey (14). This is ths half supply veltage principles
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