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In the few years invention, the btransistor has
become firmly established ags a most importent member of the
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~omiges to surpess the
vacuum tube in almost every field of electronless Since 1948
when the Oéigiﬁai veinb-gontaet type was announced by Bell
Telephone Laboratories, an intensive effort by %h@ workers

in the field has led to the development of many forms and shapes
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of trangistorg. §un@%ian'tran istors, phototransistors, mulile

aleﬁtve@a bvarsi%?@ﬁWQ ?i@ld Lora, snd bransistors made from
silicon have resulfed and ﬁhe field of applicstion consequently

53

has been broadened Inmenssly
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This thesis 1s primarily conecerned with The spplication
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of tranglistorsg to wit hing clreults and in @thi@&lar the
development of a transistorized single channel pmlse height
nalyzer. tn thig fleld the point-contast transistor has no
equal, primerily dus to 1ts inherent negative resistance
'@“aﬂacceﬂ? ic and conseguent greater than uniity aurren% gaing
Tt exhibits extremely wapld switehing setion and ean operate in
the millinmicrosecond region without the usual compensating
eirduitry required wi%ﬁ vasuwe tubes in @ha@ roglion. With the
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radar and asscelated missiie eles
that in the very near fulure the tiny point-gontact transistor

will completaly ?ep&aaa the wvacuun tube In gwitching cireulis.
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& bransistorized single chanwnel mlse m., ghts analveer has L ST
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developed and testeds The unit employe only thre & point-gontach

o
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trangistors and five ex rysetal dicdes greably é?@(:u%@:ing gpace and power
requirements sssociated with pulse height andlysers using vacrum bubese
Mawivmm regular counting rete ig in exeess of 500 5000 per second,
with the oubpub palse from the anticoinclidence civewit of sufficlent
length to trigger the associated scsling circulibs aboub one mieroe
second leng. Switehing elveuits which ave used in this wnit ave
discuszed fully, bobth enslybieally from the equivalent cirevit polund
of view, and pracbically from the experimernbel point of viewe Time
relationship problems arising from & fferences in belggering tines

of the upper and lover levels due to the finite rise tims of the ine-

put pulse are also discussed, Finall e Singe Qmmm;y of discrimination
level, gate widih and trigpering level of the bransistors are of

exbrene imporianse in pulse height analysis, considerable space is

alse devobed to this topice
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two Northern Fleectrie 2H22 polint-contact t?ansisﬁor% are shown
in Piges. 2.8 énd 2.9 o ThHe theorebtical characteristics were
computed From typical walueg quoted by Herthern Llestrlc on

ton charibs. For large pulse operation, vhere
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thelr "”¢eif§@a
ona ig not teo concerned abmuﬁ‘th@ exact posgitlon of the

turnover ﬂ@intsgld ssign procesdure for any N.l. 2NH22 type of
transistor can be perlormed ﬁvmm‘t%@ theoratieally debermined

eurves. However For eccurate worl, where one is ftri g,aﬂiﬁp the

£ with small ovulses,; it can be sesn thet the experimental
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circu
curves ﬁn,; be used and sach eirveuit desig ned o the particular
transistor under considevation. It was Telt that this latter
proceedure was necessary for this project.

Northern Elestric type 2N22 were chogen ags the type to
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e used primarily due to vesults of reliability tests perlox ~med
by G«Ns Tloprida’ on various polnt-contach &waneistérsg and
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the 2N22 exhibited a falrly pronounced negative
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which egreed fairly well wizh the theorelical curves, bub the

most Important feature was that Sheir fluctuations in triggere
ing lev were legs thep any other translistor of that type

available. A furtier deballed 3’mﬁv gicn of stsbllity will

Eald & Bealc Monosbable Transistor Trisger Clrculb.
Thegmo i g gy : a & > o oy b L R N . Y . v
By preper cholce of external loadsg, a negative
R:]
2ol T e omadnd Il el e - o e o, 4 7 T
reglon is exhibited by 2 polntecontaet transisbor. Various

2 - a " 2 e s LI ; % 3
cypes of teligger cireuits zan be obbalned by merely varying

Fala

B T T e whernal mavn T g e o Ty . “
gome of the sxternal parameters. The bishtable and actable

trigger clveuits were not used In this wlt and thevefore will

2

not be discussed to any grest exbent, However & detailed

ci cussion of the monesteble triegger cireud

it
&

ri wilil be extremely
revarding when the fingl agsembled unit is to be analy=zed,

3

the monostable triggering vrineiple
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The basic monostaeble tr gfﬁ? clrev
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emitter invub ehavacteriztic and transfer charscteristic isg
LA 2 2% SRS o £} o §

funt

Ut

ghown in Plg. 2,10 The negative resistence region of the w_
: e
i ie curve begins glightly to the right of the VC axls.
in the gulescent state the capaoltor € is fully charvged
and -ls effectively an oven elreuli. The cperating polnt ig
theyefare atb My » the dic. load line being vertical. When g
ogitive sm3 tter volbage pulse sends into the emiiter o positive
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Flg. 2,10,
Because of the current amplificetlon within the transistor and
the vozitlve fsedback action afforded by the base vesistance,
the emitter and gollector cuvrents increase rapldly, and since
the woltage aevoss the condenser cannct changs ingtantaaeously
the operabing volnt will shilt o the reglon alb
gonstant volbage to voint jga Wow the eapacitor ls being.
charged in sn opposite polarity e thedt of itz gquiescent atate,

and the operabing point moves along the saburabtlon curve until

it reachas the valley polint. When the unstable negatlive

emltter current and sbtoring actlon of the capscibtor Is %o
shif% the operating polnt ot consbant voltage to the euifd

raglon atb Hao The cepacifor now disscharges through the
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reverse resistance of the emitter diode and the cireunit returns
to its original position Yys and now is roady to repeat the cycle
'upon application of another trigger pulses
The equivalent switching action circuits are shown in Fige 2.1l.
(a) Equivalent circuit illustrating the trigger action (b) effect of

clozing switeh (e) effect of opening switecho

Figo 2.11
Quiescently, with both Sl and 52 open, the currents in the emitter
and eollector loops are respectively
*eo foo = e (2.3.1)
By F By 7 7g

A% © = 0 both Switehes are closede Effest of closing switches
is Nlustrated in Figs 2.11 (b)o ¥ is a fictibious voltage
gouree vesulting from short-cireuiting the quiescent voltage
drop across ﬁé_when S1 is closed,

v, = _ Yefeo (2.302)
B, # BT,
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- P o & 3 e~ ” %
V, 8 = Ryl = ( Ry #R, )4 {2e3clin)
Selving we pet
?

1.8 v /
Ta i s) % E:; PL . C;
= 9 EeXP o it {2:3:54}
{3
L m . wh/RoL 0., wt /Ry - ¢
fo =g Ryp (1 =exp sl Voo exp 1 26340
a -F? AT
RpRe Rg
1YY, Ey =3 o]
here R,., = |
ViLLe2 R.ﬁ_i R'b}’i
tb h
Wow taking into consgideration the iniitial currsnts Feg and Lo,
the bokal currenis arve:
2 -
P , . @G Ry L
e j“g /"“é ﬁ'@o Vo ©XDa s (20307
B
A RV G Ry G
i, ® 1 & i, Vg exp. LAY Ba {2:355,)
) o a0 o v, R B %?»‘KWTMW .
Rq{ ll-b 24 ..\{B ) }.Lb Iﬁ} R@
The emitter current Jjuups from zero to VO/R@ on the initlation
of a trigeering pulse and then decreases exvonentially until
ig falls to Izg the cireult then trip er:nw paclk to low
conduction. I, is given by (2.2.18:) as
T e I
iz “ A {2&30@@}
. *? f i 3
al By, # Ry = By
The sescond trigger actlon g equivalent to opening switeh
S and S at b ® T, f.e. when I, reaches I.. This time T is
S @ €
given by
e m . ol ot Ry £ TR, 3} . But
T = 3113 in 8 8al b 4 e ) e fhy (263104}
| { B, R #v R
A ¢ o C
Currents 1, and 1, for t 7T umay be calculated from considerations
! e _
of wpening switches S, and S, ab t = T. This is eculvalent %o
2] 4 L1 r - '-? n
inserting filetiticus current gources Ieo and 100 as shown in

Fige 2,11 {C") -
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where Y ig

che initial voltace across thecondenser.
Operation may be sumarized in the following manner

Tine Region 1 g
520 ] T, .
t e 0 11 Ry, v
0t T 1L R ;
£ ow T 11 Ry, vy
Tt R_ vy

Therefore

3.

I 20 for $40 (2:3615.)
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DESIGH AND TUSTING OF TIB SINGLE CHANNEL PULS TEIGTW ANATYZLR .

3¢l A Praeticeal Monosbtable Trigger Clveuitl

ks

A practical momosbable
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Aos To(5:0) 38 ghown in Flge 3.1 for both negative and positive

input pulses, and in essence waz the type used ih this unit.
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Figa 3&1@

Iinitlates trigmer action. Cavacitor ﬁB acts as boeth the

sgoupling capacitor for the iunpub pulse and the feedback element

for the

£3

lgger eircult. In thisg lavestigatlion It wus determined

1

that this douvble duby" performed by capacitor ©

the vecovery time of the eiwveult (b) as compared te the same

'

cireuit {a}. Using the ssme physical parsmsters and iransis

Thelr pezi yrmanceg were almost identlesl @xaept for the
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times. The cireult as in FPlgs 3:1.(b)
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hed o minlown erecovery btime of 1.2 1

wminimum recovery btime of 0.8 v secs. with the same oubpub

pulse length as stebted above. It was therelore decided %o

use the megetive Inpub elreuit vherewer possible.

If we examine @qnaﬁi@m {(2:3:10.) For Tg'we gee thab if
the other external par ﬁme*awg fnvelved are chosen and kepb
fized, our choise of ¢, willl debhew e cutput pulsse

axternal » gremelers are usus 2Ly

R

chusen Tor correet operatling @amditicﬂsg

and usually 1% caG, Gn, end O, alone
A S 3
thae outpus pulse lengih. { provided of course the internal

parameters do not change due to temperabure changes.)

In Flge 3.1.(a} dlods D, imsuﬁ@ﬁ that the trigger sirveuld
ds Igoleted from the source exgept for the short time that
the pulse ig passing through. Gl a~ts g the [sedback slement
and conbtrols the gutput pulse in this cireuit,

Tt wes ghown in Section 2.3 that after the cirvcull triggers

& s

From its saturation stabe to ilsg suteflf state, the eapacitor

Eu . N vy s ep} e Y 2 - & e A e
Cy starts to discharge through the high internal emltter
kg - 2] -y s -, -y
resistance » 3 in this case 1t ilg gctuglliv » &£ » £ R, in
& g 7 I o)
parallel with R _. Simee R, is of the order o

PR S & oo o, S wnepna S Py a
of the triggey sirevits this causes the eml

ially to its culescent velue ral Thisa
(‘ii @ o iny ayos da g me %_ Fmd o She vompsd R ‘f“ 2% 0 (O e ¥ n 4 LY,
) SCARPRE il ALHLGE LRE TOPBRLLLLOR 1DGGUengy ay i '{3 et

eircult can operete. Te, peduce the discherge time a second
diode { D, and Da} is plaged between emltler and base to
provide a low impedsnee path for the discherge of the
capaaitoybit now discharges through the forward impedancs of

the diode £ Ry, in parallel with v, P

hs IR parallel with

=



s owder of R
=3

as much as one tenth of the
of dilscharee ﬂcuﬁeiuaﬂ“ without the recovery diode, Using
the above arnazgemcnt recovery btimes were improved 00 %
over those chitained with@ut the dimdesg and up o a minimum
of 0,8 u secs with & Oah u see oubput pulse length. This is

)

by no means the absolube ﬂwnimum a translisto be pushed

7

can
to, but was the minimmm cbtainagbls with The pulse generstor
* 14

used dus o violation of conditions (1) snd (2) on the followling

page i aﬁtgmﬁﬁs were made to reduce the recovery time any

't might be menitlioned that the exbternal emltter load Re

and emlitber supply Eee are nobt really necessary for monosgtable
operation ag hag been shown when the basic manostéble @ireuit
wag congidered. They were added in thig unlt Iin ordew ﬁé

obtain a control on the vaitage reguired to tripgger the ci?cuit;

oo

ine 1s vertiecal and operating

o

Without R, and E, . the d.e. load

point is at My -{See Figs 3.2, below) The voltare pulse
required to trigrer the cirvcuit could be very small indeed,
and this poses uhe threat of the circult pagsing into the

getlive PGQLOR and ogcillatin

g due bte small wvariations in the
trigeoering level. Vo
i ! A




This was experienced many times during the course of besting,

and thevefors RP and Bee'were added. The dsc. load line now

]

o}

hag a slope «R_ and an Intercept of «B shovn in Fige 3.2

ee
and trigpering voltare V, can be precisely controelled. For

nonostable operation howsver R@ and Ee@ are reshtricted to -
such values so Ul
input charactoristic only in the cutoff reglon.

The cubtput pulse ampllitude and width of either slecult
{a) ov (b} are independent of Input pulse amp iltude and
width subjeet to the followling conditions:
{1) If the input pulse width 1g greater than the oubtpub pulse
width, the amplitude of the inmpub pulse wust net be so large
that 1% will execeed the véltag@ reguired o trigrer the clroult

- <

immediately after it has swiltched from the saturation o the

o

cuboff region. If the imput nulse ieg not restricted in Thig
manner, an incrsase in Lhc output pulse width would recsult,

=

{2) If the amplitude of ihe inpub pulse is just suffiecient

g

b
>

the width of the input pulse must be
slisntly leses than the recovery time of the cirecult. If the |
input pulse width is e aT/ZP crenter than the recovery time
of the circuit, multiple outout pulges will result from the

initiation of a single input trigger puleoe.

3s2s Sitabilliizaticn of the D.C. Opnerating Point.

For precise work it 1z very important that the trigoering
tevel of btrigrer circults remain constant. It has been found
that uransi stor parameters vary c¢onsiderably due to esmbient
temperature changes, aglng etc. Although these effects are

primarily due to production me hods and control, still, certain




cireult btechnigues may be emploved to minimlze them. In
particular a and e, va@y yith tempevaiure considerably more
than de the other payametargy‘and these changesg in a and T,
cauge the emitter Input charzcteristiec te shift as shown

*

in Plge 3.3sibj.

201
4 of : ‘ }/
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I3 .;?.gc 3a3e

o

Varigtlions in the ?=wa1i g point {p) would cause the eircult

either to free run cor fall to Trigrsy for any paﬁticula? input
pulse. Varistiong in the valley point {q) would cause changes
in output pulse widih.

For stability investigations, o special stabilized double
pulse generator was conﬁﬁ?ﬁeted end gability tests were First .
performed on it, The circuit for the pulse generator is given
in Fig., 3.l. I% employs a mulitivibrator with varisble repetits

lon frequency to gilve the basle pulse. This pulse is then used

o trigper a univibrater which gives out a delay

K

ed pulae relat-

2

ive to the triggering pulse; the tims between pulss trains agein
being varisble. The two trains of pulses then are fed into a

o

nixer and through 1 stege of amplification. They are then

=

@d
through a blased diode stabilization eircuit which only passes
-pulses of one speclfia yoltacze height. An amplitude control then
taps off the required pulse awmplitude and the pulses are sent

out through a. cathode Ffollower of gain almost unity and low

output impedance. This pulse generator gives out negative pulses
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28,

0 to LO wolis, eontinuocusly verlable. Basic repetitlon ITrequency is
variable in 5 steps from 750 pulses per second to 12,500 ges

per second. Second twsin of pulses delayed relative to first
by wariasble amounts in 5 steps: one from 0.6 1 secs. o Lol u
gees, continuously varlable, and I steps up Lo 80 1 secs,delay.

The eireult used to debermine the stabllity of

e

-

n

generator is shown in Fig. 3.
S6ALS

st
§ R
Pulse
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A pulse from the generator was passed through a diode,
bissed such that only a few milliivelis were passed to the
omplifier and such that the amplifier did not oveflcad.at
maximum gain of 6lj, The oubtput from the amplifier was then
keot constant on en escillescopse screen. Variabions of f 2
millivolts in the input pulse amplitude e the amplifier
wore eagily detected. Twe trials‘@f 20 hours each were run

and the results are shorm in Figs. 3.0 and 3.7. Plge 3.6

T

g for o digeriminablon level of 20 volte whils Pig. 3.7 is.
for a diserimination level of only 3 wolts. Uobte that beltween
104 and 114 hours a conbinuous check was kept on the stabllity,

readings being taken every half-minute in order to asgeriain

<o

o<h

- whether or not there ﬁere any very shordt extreme fluctuations
that did not follow the general trend.Is was found bthat there
were no'short fluctuations” and it was therefore assumed That
the curve was rather smooth between experimentally determined

points,
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The ampliflier was determined to be well within the
astability range being measured provided it had undergone &
warnm-up period of at least two hours before the experiment
was undertpkens Flucktuations possibly due to varlations in
the assoclated power suphlies were discounted by simply

observing results when the supply voltages were varied by

one percent. Thisg raused no debtectable change in the experiment
o.B i

sulte and since the supylies had a2 gbebility of O.lL % or

)
@

P

it wag therefore assumed thut the fluctuations measured

5"

c"r

gtter

z"

were bhose actuslliy due to the pulse generator liselfl. The

bies Tor the dlode diseriminating cireult weg obtained fronm

PR T S . s T e ey g - By S Ty T o PR SUVRSNTI
a battery and was assumed to be consbant within emperimental

ervor. Lt was acbually determined that the initial change in

&

the curves for the siability tests of the wulse generabtor was
due to the heating wp of components, for when a fan wag turned
onto the components after a perlod of abouit twe hours the

curve almost rose to its intial valuve. We see from Flgs. 3.6

and 3.7 therefeore, that at worst, for oubtput pulses of 20 volts

the maximum fluctuatien In this eubtpub pulse is only 2 millie
volts. ( after a wamme-up pericd of at least one hour.) With

a 3 velt oubput pulse bthe maxiwum veriabtion after the saome

k]

The stebi the trigeering points of the tr u-ﬂzﬁtows

could now be lnvestigated uvaing the ebove menitioned pulse

generasor. Sse Fige. 3.

-

o 3 3¢9 o 310 5 and 3.1l.
The method was effeetively the same as employed with
the stabllity tests of the pulse gencrator. The inpubt pulse

%o the trigrer cilreult wag adjusbted s¢ that the transistor

Comels
=
o
ot
)
K
[N

Ta

64
®
ot

&
@
93]
<3

o~y
e
=y

Pew veriations in the pulse amplitude

-
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conbrol elreoult of the pulse generator were made in opder

to get ths desired accuracy
height.) The uncerbainty in whether or net the translstor weg
actually triggering took in 7 2 millivolts end made up the

L

ecks on each of the itws

23‘”

error. Two ten houpr al

transigtors used for the trigger cirsulits were obtained at

two differant pulze repetition freguencies, in orvder to

determine whether or not the heabing of The transis

to 1% belng in the high conduction region more often for

sion frequencies sffeobsd the triggering

1@\@ S

e

For W«57 £t wos debeymined that the higher p.r.f. eauged
greaver varlatlons in triggering lsvel.

‘2

At 25,000 pulses/sec. --» fluchustions wers O meveo e Lo
At 750 pulses/sec. ~-o fluctuetions were 27 mev. maximum
For Vo2l no &iffer&nc@ wag detected for the different pulse
vepeu¢ﬁrau frequencles. Both varied by approxzimately 35 meve
meximum. { All of these walues gquoted above are maximum
variation after a two hour warmeup pericd has been discounted. )
All four tests were run on an input pulse of zpproximstely
3 volts and fluctuations In the pulse genevator weve only 15 moeve
Sometimes this would subtract from the level and sometimes this
would add to the level. As an &b elutely worst possible ecase
the = thor estimabes the meximum veriations in @meﬁew ing levels

..
o e s

Fopr Wmbk7 eecew 25 m.v, variabtion

S s st

For Velll wwes 20 m.v, vediabion




Thus by careful gelection of base rezistance and transisgtors
it wes felt that the stability of the triggering levels was.

obtained to a satisfactory degree. It was algo éecide that to
employ the usual diode elawping sircults, for clamping down

the trigrering points to speeified voltares would not improve
rogults sufficlently to warvent the uge of two extra Jdiodes

o

snd an extra supply voltage. Secondly, there would have been
diffieulties endountered in obtaining relisgble measurements

to any higher degree of gtablility sinee fiuctuations in the
oulse generator ltself were alveady of the order of the measurew
ments being teken, However, in fubure designs Lthey mest certaine
Ly may be required. The two transistors used here were paln

3

taltingly selected and 1t is interessting to note that

=

2

aone o

the ather 18 transistors tested were wiih

]

n 10 9 of these Hwo
as far as gtabllity goes. JSome $riggering points varied as
much as 280 m.v., even after L hours of cveration. Clamping

cireuits would most. certeinly have to be used with most of

4]

those transistors, especlally if applied to similar elreuiis
requiring similar degrees of stability as in this project.
The diode clamping technique sugrested above is illustrated

- « 5 - "] rg
in Fige 3.12. S

% - Wa }

2

Fige 3.3126




Without the clamping dio

&
and Q, whose positions

paramnaters, With the diode D

1

des the
Fluet mmm with wvard

the first

38a

Purnover poinis

sations in trangistor

turnover point is

clamped approximately at a voltage Vays and the second diode

D, elanps the

2
stebilized tuenover vpoints

Antleoincidence

3a3s

second turnover point ab

e ¥
ars now P

approximately V Thea

B2°

and Q?@

The

Mizing Circulb,

schematls wi@g?am for an anticolinelidence sireult is
11@ g l ”E”a 3913
Input ?
@"""““i{ > ¢ g‘“/ 6 uis
Anticoineidence |
Input @ R &
e 2 A D R
R S s ¢
& b . .
‘”g : R Oubput.
i : b
4 R,
. - Q % o
au e m 5
TeE  emi }\ €262 e
- & b g -
Pige 3213

The elrcuit gives
vositive pulse is spplied

qugm% gryrive simultar

being of almost equal amg 14tnd
since the

and theretore no relabive ¢ h nees

(o

It is thalt the

preferable
greater in amplitude
insure eompiete cancell

Note that the stability of

to the emitier

e, there

th

ann output pulse If and only 1if a single

t ioputs I o positive

the emitter aund basse, both

will be no trigger actliowm

base ls driven wosiﬁiv& as hard as the emitter is

2

obtential

in osecurs bebween
input pulss to the base be

an that o the emitter in

Ona

the trigge

ng level of the

transistor used in he antlicoinelidence circuit 1s not as

inmportant acs for the trungistérs uzed in the trigper circults.
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03
@

Gopaiderably mere fluctuations ecan be tolerated gince Talerly
large pulses are used to opurdis the civeult, ( on the emitler
1z v&itgé én the bace 27 volts). As an extra precaution, the
emitter 1ls blaged wather héavily negabive so that a puise of
sbout 6 volts is required to teigger the circult. Thus even
fluetuations of f 5 volts, which are highly unlikely, will

not hinder the operabion of the eircult. ( Bight hour stebility
test on £ 5le2l showed a meximwe Fluctuation of 60 m*l?i%alﬁﬁn}
Wote slac, that a single yositiv& pulse QnAthevt sge will not
trlgger the eiveull, no maitter how large. However, thilsg
situation does not oscur in pulse-height anaslysis, since th@
fed frow the upper level btrigger civeult, and 1f the
up?a@ level has triggsred, thén gortainly the lower level

must have also Triggered.

The recovery dicde from base to emitier wmust be removed
in this eirecult in order to prevent the positive pulse on the
base Trom adding to the positive pulse on the emifter, and
having the clireult ftrigger from Lhe combined @ffegtgwhereaé

a eancellation should have resulited. In order Lo reduce the

Fod

»

rocovery time In this cireuii, the diode may be placed as
shown in Fige 3.13. vi b small series resigtonce To ground.

This replagenent effectlively changes the emitter bias arraunge-

ment, and Re may have to be adjusisd. The diode 1s necessary

in some cases for isolation where a value cf Ry is ﬁﬁoh Tthat
an appreciable amount of signal is lost aecross 1t and vhere
Ry is set high for trigpering sensitivity. lowever, In this
unit Re was arranged to be only 700 ohms and Ré was chiosen
for correct emltter bias . in conjunetion with Rgs such that

a 6 volt pulse was vegquired to trigrer the clrcuits No




PR
[
2

appreciable loss of signal was encounte the diode,
and therefore it was unnscessary. Rscovery time tests were made
with end without the diode and uno appreciable difference was
debectad, This of course was Lo be sxvected sine@7Re was alyeady
of the order of the forward impeaance of thediode, and the
discharge time sconstent wag effectively @R@a Photographs of

gidence eivreult showing

%—J\a

the ouipul pulges from the anticoiy

vecovery times are gilven in Plgs. 3,23 and 3,22

3. Delev Techunlouess

Beeause the input pulse has a finite wige time, there ia

rgering time &% betwsen the Upper snd

orm
(\;

Savie Gate -

midth Al =%

fapua  easoos mise eCIN eATy v

Sl P

This differsnce in btriggering tlme depends also upon the gater
width and discriminstion level es well as uwoon the rise time

-~

of the input pulse. We ses therafore that The lower iév 21 pulse

must be delayed in Such'a way so that it srrives at the mizer

for gll diseriminstion levels, gate widtha and rise times
peetedﬁ completely overlapped by the upper level pulse. Two

types of delay methods vere tried in this investigation, and

the following one was accepted.




A pilece of ¢.E. conbipucus delay line { nominal impedance

1000 ohmg; nominal delay,

/2.7 ©63 and 167.0 ohms / £t dece vesigtence} was used in the

Tower choamel. Sinee this unit was specificelly designed for
3%

use in conjuncition with eﬁﬁiwment now being empl@yed in

s8¢

t..d

intillation spectrometer sgeit-upz at the University of Manitoba,
the delay clrveult design te follow was bhased on the pulse
rise tines obtainable frow the Atomic Amplifier {type 204~}

presently belng uged o Teed wvapuum tube pulse helighit analyzerss

The subput pulses frow the smplifier have o rise time of
approzinabely Go25 u in
triggeying time bLelwesn lowsr and upper levels could net be
more than G.25 w secs. even for the wovrst pos bi@ CRIS: 1s:86

diserimination level at zero and gate widith egual to the pulse
helghts

The lower level pulss length at the emitter of the wixer
lce. after 1t hes passed through the delsy line, should nob
differ from the lower level trigger siveuit oubput pui
length by eny eppreciable smount if the deley line i properly
mabteched, and thervefore the oubput pulse lenpth from abe trigger
clreult was used Lo compubs ths regquired wpper level canecelling
nulge zhape. H0w~vewg when the unit was sgsenbled, perfeck
cancellation was not takiug plase due %o reflestlionsg in the

“delay idne., The pulse shapes were than fabrlicated experimentally

5

on 2 "bresd-board’,
The deley was chogen as 0.20 u sees. in order to completely

e B}

encompass the worst pogsible case mentionsd above, and then uh®

external parameters of The mixing eclireuvlt and the u

Py

z a
trigger cirveult were adjusted for proper pulse cancgll




-~

i @
H

pulae amplitude, pulse gheape, cirevit vecovery tinme, and

eley line wmatching. Ne@ilea@‘tc Bay, & goc& deagl of compromisge
'n ad to be adopbed, and wherever possible the parawmetsers where
chogen to favoer conditions whereby a minimum possible recovery
time could be cbtained, reflestions in the delay line being
tolerated %o a certain extent,

The pulse length at the emitter of the mixer was effeetiveiy

Juat less than 0.2 v sees., If one locks ab the ph@tog@@phs‘in
section 3.5, ‘t.éaﬁ be seen thaet the botal i&mgth ié abouk
Ogﬁﬁ u gsecs bub The secondary pulse dus Lo refle ?mﬁ iﬁ the

delay line is of neglig gible amplitvds cowpered to the Firet

to take into aecount the worst possible cass. { 0.2 £ 0.28)
Actually 1% was adjusted %o have a Tlat top of about O, 52 u
gecs and a totsl length of 0.9 w gees. The two extrenme

poggiblitiss are i3 1Q8twabbd ‘below with ia@aiiémd pulse shapes.

Pl 3.7 . upper A Fige 351
FhBa “flg r““‘“7zw/ level % P ©e 2
taj : g ; loweyr ; ; (b}
. g tv’ﬁ"w ?e'{?ux %gﬁt !
SN o A | S
PR O]
‘ @hﬁs sl
el - —

(&) BOLh upper gnd lower levels some time,

(b) Lower level triggers 0,25 u seecs before upper level

<

A control was incorporated in the final ssseumbled uniit
to wary the Ouup&ﬁ pulse length from the uppsr level as nmay
be required with faster amplifiers, tbuw reducing the recovery

time. R, was made variasble rather the ¢ as is the usual method




becausge 1t was experimentally determined that in order %o
cbtain a range Tor total outpubt pulse lengths from Ochtto

g

ol u secs. a large range of values for { had to be covered,

[

whereas only & smsll range of values of R_ would give the seme

b
resultg. It was also eonsidcrably more convenlent to employ
a ﬂotenciometef rather than a veriasble capacltor from s space

limitation point of view. The range of R that had to be

Lnsorporated was only 160 chme, and this change mads no deteche
able difference in the stabllity tests of btriggering levels
he same principle was used in the mixing oult to control

the Q&%gu% pulse

O
(5

except that R wag varied rather bthen, Rb@

5
&

This had %o be the cace besause Rb In the mixing eirveult was
chosen in a couwpromising menner from the point of view of
operating conditions and delay line matching and once chogen,
1% had to veﬁaia consbant,

The othey method Investigated for incorvorating a delsy
made ugse of a transistor and is i1llusirated below.

R

c
Ty T Nt Gutput

Inout Da'”' - _gm...
Gﬂé” Dy i o.—- LB @ .

1 g Sp— 3.

. e } 4 =

— B —
C JL o . b
b
WT*Eee f ‘T”Eé@

Figa 3@16&

The diods meross the choke absorbs sll the @nevgy exeept for

the smeil negative "pip" at the trailing edge of the cutpub

pulse, which would be observed scross R_. By varylng C or Ry,
W

the output pd}saiength-could be varied and therefore the




delayed negabive "plip" could be glgo varisd in time. The
main disadventace with the cirecuit as spplied to the problem
under congideration was that the d@iaywm pulse wag negatlve

and could not be applied dlrec tly to the

5

mixing circuit. Also
to obtaln delays of less than 0.5 u sees, very small chokes

had to be used and the delayed pulse was very smalls less thanp

H&
{’3
9
o
tta
)
o

one volt in amplitude. An extra transistor for ampllfl
and phase reversal would have to ke used. It was felt thatb

o

the oprdinary transmission

frud

ine delay would be @ bebter cholce
from th@ voink of view of simplieclty and 3’ & proper maieh
could be obbtained, ite performance would he consglderably

betier than the transistor delay scheme In the w@gi&nsv seguired.

‘The phobographs in section 3.5 show that a 1ittle mismatch

is present but the reflected pulses have very 1lttle eflffect

on the overation of the unit,

3.5. Performance of the Sinple Channsl Miilse-Helipht Analvzer.

Complete ecircult diagram of the transistorized aingle
choonel pulse-helght analyzer is piven in Iige 3.17.

o

Tor Tubure monitoring o ses the following table 1s included.
g P ; _

Neles Operating Conditions

I, 2.6 Mmos. 3.0 Mude 1o7 Mo 8o
v, 375 w 30,0 w 35.0 v
Tg 0.l me8. © 2ol mage 3el Moo

A1l resistors sre 1%, 3w, carbon and all potentiometers
except the two helipots in the diseriminating eircuitc ave
carbon. Wire wound notentiomebers must not be used in this

unlt, exeept iIf abaciutely unavoidable, in dead parts of
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Lba

the clreuwit, e the helipots sre used hers. The stray
inductance assocliated with the wire wound potentiometers caused
slight distortions in pulse shapes, esvecially If used in
the base cireuit,

The s tability of gat@ width and diserimination level was
tembed for two 6iffewent pulue rige times, 0.3 and 0.03 u secs.
The results are tabulate@ below for a range of digerinination

levels from 0 te 60 wolts,

rige time of gate width Varistions in gate
input pulse width

0,03 1w 1/L0 v

0.3 1w 5/20 v

0.03 2 % 1/20 v

0e3 2w 7/20 v

003 3w 1!!‘2\, K

03 3w QfEO v

We see that for pulsses heving rels Gively long risé times
the results are not very geod, and since the ampliflers
presaatly being used in our parti@ular seb-up give pulée&
with »31 e times of this order, any results obiained in conjunction

‘with this unit woulﬁ not be very'feliablew-HGWevgr vith the
fast rise time pulsss, vesplts are Indeed accepteble; gate
width varylng by only about 1.6% over a range of diseriminabion
lewels of 60 volts.

It should be mentioned thait the relatively poor results
at the pulsse rise t*m@s for which t“e delay end transistor
cirveulits were @Sp@@i&lly designed are not duve ko elther of

these aireults. but due to the-opetatien of the diseriminating

oty
]

diodes in the dis riminating elrcuit@.ﬁigh back impnedance
diodes { Texams Instruwents 601 ) were chosen for use in the
digeriminating circuitg_SeveraK types were tested { 1m3l,
1N38 and T.I.601) bubt it was found difficult to mateh the

13l and 1H38 diodes due t6 small differences in their-




bael impedances betwosn ény_ﬁw&-pajﬂL&u>” diodes. AL voeltege
levels above 15 volis, noticable differsnces in the amovnt ©
curvent each dicde drew wewre easgily detected because potentlal
dl?f@womco were obaerved ascross peints. that were supposed

be at the same dece pobeniial, Th@ silleon 601 diocdes have @
wmueh higher forward veslstance than the other two mentioned
{undeslrabla) but plse have ecensiderably higher back resistances
(d@ciwabla)'ané 1% was relatively s simple mabtteor to seleet a
few thai drew aimost fdentleal currents at the same voltage
levals.

In ovder Lo try end improve the vesulbs for the 0.3 u

g8¢, vizse bime pulsss, small
ﬁéi:zs sach diode in turn in owvder to ac certaln vhethar op

no% the pulses were leaking more through one diode btham through
the other due to giray egpacitive coupling aspcss the dicdes.
Very silght improvements were noticed but it was eoncluded that
the major faull was elsewhere, since the effeet ghould have

been more proneunsed for the sharper pulses bub wasnite.

The author feels that in order to make the unit spplicable

will have to be used, possibly a biased transistor anplifiers
RL1ity wag net examined due to a laek of Uime and

5

ubure date., It is hwoped that-

to be como at a
posslibly a faster vacuum btubs gwplifier will be obtained in -
The neer fubure so that this uwnit ecould he sueessfully
incovporated Inte the seintillation spectrometers ot

the University of Hanito@ag

Je will concern oumsselvas Prom here on . therelore only

with the results as cbitained with the "rfast” pulses.




The pulse shapeg 28 @éﬁain@d from the various polnts
mit are shown in Figs. 3.18, 3.19; 3,20,
3,21, 3:22, and 3023,
The minimwn recovery time of the unit is just less then
2 u secs. Therefore, meximum regular count ing vwete ig slightly
in excess of SOGﬁOOG per seconde. FQU no more than a 1% loss
maximum countwng rate should not exceed 5,000 pulses per second,

Thi value was compubed from the expressicn N e ¥
( 1 = nt )

where ¥ ® the number of events occuring per second

n & the nuber of events sounted per second
¥ & recovery tine of the elrvculi

{ the civeult of course being of the non~psralysablse Lyps. )
The 2 u gec. recovery tima ils govermed by the recovery time

of the uoper level which itsgelf Is just 2 v secss All other

et

rigger clire eults have recovery times less than this and down
to a minimum of C.8 u secs. The rather long recovery time iuv
the upver level is due to the trigger cireult having to zgilve
out a rather 1oﬁg puige { 0,9 u sees. ) in order to completely

enclose the lower level pulse at the mixer for ell gate widths,

[oe

diseﬁimination 1evels§ 1d rise times encounmbered. The

pha,ag%‘nhq show all the m¢ﬁ1mub PG@O@@“j times obtalnabley

2R,

the results are frowm input pulses cbiained 1rom.§he doukle
pulse generabor des@ribed‘eaflierg The wlse tines of the
outpult pulses in Pigs. 3.18, Bgigﬁ and 3920 were measured on
the Te&ﬁz@nix millimicrosecond sweep zcopse and determined to
be 30 m 1 gess. in all cases.

The ovtpub pulse length is varisble from 1 to 2 1 secs

as may be required with associated scaling sguipment; some

scelavs requiring at least pulses 1 u sec long ebove the




E}.C,} &

diserimination ilevel of the scsler. The double vise effect

. - -

in these oubpub pulses from the mizer could not be eliminated
without causing excessive distortion te the imput pulses due

to Purther mismatching of the delay line and it was decided

to tolerate this effect, since 1% really dees wvery 1ittle

harm 1f any ab all,

4

The laat three refersnces lisbted wnder sechion 3.6, although

not referred to aspeeifieally, were included beeause genersl ideas

were obtalined frowm them and used freely throughout this thesis.
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