ULTT CHAI

CCINCIDE

CE~-ANTICCOINCIDENCE UNIT




A Thesis

I}

[og

Submitted in partial fulfilment of
the requirements for the degree of
Ilaster of Scilence (E.E,)
at the

University of Manitobs



-
[ 5

2

-

ble,

£

.

g

S
bl

DO

&

i

n

De

E )
e




@ P & € 8 B B B 6 & L 686 O 0N & O GO

<

Loaesssszoce

E

roul

Cci

AV4

besoooosoecse

FCUL

e

Ci

[AYS

Ls20e¢o0o00aceoes000aed

n

i

£

=0

o~
A

6 & ¢ 0 3 0 6 6 05 6006 & 06 e B8 B 6 B¢ EEC B O S C O F DO

30

tcoaewceeaeeoeoooaeoaaooeaceoen

2
4

o
©
&

o

o

)

[

o

i}

o

eyl

L3

[e)
£t

e

TT

Y
i

Un

T

KCE

CIDE

s

P
=

o
.
o
@
L
®
©
o
L
L
@
e
o
©
©
@
@
@
°
s
o
e
°©
°
&
@
&
9]
O
-

.

opert

iy

[
Ly

&8
A ® & & © 6 6 % & 6 & 0 § & 6 O & & 6 6 &

&)
]




s €O S R e’ w 0N N} ] gon] <t e} w0 el £ o] o~ W s [AV IR < e} o~
o e i -t Y Ay av; [} S} ) ] <t <t < i <t it I} e e} 10 fe]
—\
o @ L L] @ <« © 0 o L:) * © o o -3 13 o L3 o #
o @ 9 £l o ° & o o & ) 2 e - 3 o ¢ a@ 4 L)
@ ° ® o @ ° M.L @ 9 & o @ ° ° ° o o @ o @
@ o o a 2 e Qv @ 3 & © o e 3 L3 o k) « @ @
° ° ° ° i ® ] @ @ @ © o e @ o a © ® & 3
° e o ° ] o VH“ o » o ° o a ° © ° ® r m.L @
® o 9 @ 3 Ly MU. L3 L) ] [ e e o o o @ e .nC @&
» o @ ° ° E] O ° @ o ° o @ ° ° o e w\m vzu @
> @ @ e ° @ o0 ° @ © o ° L o o @ & al op- &
° 3 ® ° @ ° - L3 o @ o & o L] o ”,L e &
o a ® @ ° e (O] @ ® o Iy & & ° a o (0] I
° o o e e © * Bl @ * ° ® ° @ ° B 4 :“ 5]
o ° [oe} @ ° o ot ° o ° > ° o ° ® @ i 4
H © a O 3 [ L3 6 @ o L] o ° * -3 e ...lu
H & © .l o © o e £ ° o ° o ® _\L ° (O]
¢ 0 3 4o @ ° e ot o ° L) Y o L3 [] 43 ﬁ
: & o &3 ° o ° ') ° @ ° ° ° ° o } ] (3
: @} @ __ﬁsw ° ° E) ﬁ o © o o ® @ ﬂ" ,ﬁr « O
40 ° 3] o @ £} o] o © ® ° @ a G$ A .wn” Q_
W) @ oy @ ° ° e} ° @ 3 ° L3 @ ..,ﬂ.“ ] [ &) (O]
ol ° O » e ° © ¢ - ° ° -~ ° X O o)
W ° L] ° 9 o] ° Y ° ° [0} L] Gt aef
Q @ O & [y ° £ ° Y Bl ° 49 ° Gy st} @] [
- as ® = ° e ° o e o o ° ] o o 0] i o M
[ £ » £ @ 5 40 £ @ @ ° ° o “ 0y Q of [re
- = ° ® 42 LIS i e s o O ¢ & © o O ©
F ° 40 ° s} ) ° o e o O ¢ © s < @} +3
ol ° 0 o] ° © © ° ° = . ° Oy W ! o e @
= 02 ° oo N £ < o ° © o @ o © ) R 1
=) 5 A T = I & Y B () B + ° O L= S ) o o9 @«
o ¢ e R = I = e RO = = S 0 S o < ie)
-t H 49 [ et o] ] ° ) [ d 0] el @© o O i
o o} o o o O @] ° 4 e} fw] © i 0 K & ® o}
- ol a1 §-1 © 5 o o) i o ) [ YR < [} Al | () £ O ©
bord 43 O O e e [ ° o oo G ek = o ®
) 4 Gy ke - 0] @) &} ° ood 3 < K [ S £y O O 0] i)
ol e « LG &' ° FE T (5 SR B & S AR @ = EE o
CETRE & TS S S R — & s O o o Bl - o
&} - 9} O [} 84 ! ° pe O @] O 42 o ot 13 < s}
15 0] = O a0 o O e o an e w0 0 o o ] < K
o} 1 o i &y e Gy b ® 1] 49 &4 =Y &} 43 Oy e
@ Ko e o T O oo} 42 49 < 43 ol e O f < -
N = S IR < TS B B P A T 1 43 D A
o 42 [} je @ = O 1 oy G = -
£ & = 1 < © (&} = ) o = e} = () &
o O 43 o g v} o © £t < O O o © ©
st < o 0} 43 @ i o o] ol = @ 1= fed o =
& O © el N o £ O] & @ © - G = Gy © Gy
[} =t et 43 o © [} [»] 43 Lol e} o JJ Ho]
© e Gy © [ T & - & e B S SR S B = R ) i 43
= 0 0 [ = W et © 4o @] o ] © © s = Y o o
o < ) o] o] & L2 e 3 o} o 3 o © oy © (@1} W i jo
= 3 @ 0 o] AR} © - Oy el g 8y el 12 43 U 13 | o 43 i
< &4 = g o 43 o3 < SIS © O » o S © O o .
ES E m Mo m B+ o = o D A O o GM OO ®
L3 & L3 & & .Vl:..a # & °* & < & 3 & Ll L4 & £ @ o L] & @ &
e L T S R L o s 3 R« R T 2 T S (o S (o B e v ¢ B - L S S A SR A
o S e B R T o U TN e S o CR o S SR OV AN AU OV A SO




(€2}
ot ]
o]

I >

b
o
.
.
o
.
.
©
o8
.
@
.
@
.
.




@

1

CLOTS .

P g

moxre

gl

Wo O

e

o
L

-
o
4

1




[t
< f-4
[av ol 0] 0]
®© <t o
o @] 4 o] @
© o O ] o2
-1 0 S
~n Gy O Lo N = () S ©
£y G < O I & 4]
© 0} < w @ 0] f w i il e
Q  uaw = Gy ° 0 =3
oW o o o @) o — W y 2
® K 42 © 2 o o] 1 [ ) [)) AN
i 42 © pi} i ® O I ] ﬂ%m
O 8 O ® w L e © t it ® i ©
ol n & oo oy 0] @ e &3 o
o R i e or-] W By & e @ 4 - 02 ok o~
@ ] i o} : 4D o & Q o 4
O « (ST O] o 42 &y n G 9] By 42
fal ST 5 (6] @ &) G < o T L2 ©
[ & o} O = o] [ 0 ]
(2} iy} @ o} O ] O © ® — 0 o2 1
&%} i~ & w L2} < o~ o o © o} oy @
= PAR R - © o 5 2 .
(] < < e -t ,AHM o=t n o i ©
& = 24 o 5 [ ot 12 43 fo K
o o ~ o G ol 0 n «w 3
b @] [53) 0] o & 43 ] ] Q o o ol 9]
43 o] 3 oy g © £ 40 ol = —1 ® o G
< E] By = o [ o ol et AV [af = O
= © TR ) o} oy & o O i S a3 L
O © g 1 W e ) o) )] 42 <4
] +> G- o) 42 e L O~ < @ 4 D & o P
5% = 0C o 3 TR S S T R o o - g a0
e ie; WO pal N I T N N O &) o
] 3 43 or-| ey o Oy - o o] o @
G- © g 43 oD 0} O o ) oo (0] <
o B 4 O 0o o 3 u oo o o o O ol <
<l L R o ) O ] ol 0] [ O ® o) ©
By NG e O b R O O e (O 43 O] o e
] 1 43 [0} i @ 0 N P - ) 6] 42 - o
< s iy SR N R e el ed W o L
®© iod [ay] o Kot B B o @] = ~ o «©
ol 18 oy =l 4D £ © @ @ 0] o] 0]
© o 0 S ) © a) R © 0] O G4
o & o ot ] (@] K] Q o 3 ] [ (@] o] G
G G O fa 0 (S B « B & 1 © o @
O Gy Gy 5 ® ~ 43 = o] ® @
Gy @ ) +3 = b o] T ) B o o @
O ) Py M &1 o o el (O N o o (SIS o K
4 12 O e} [t iy Y O el =] o] <l (] a +2
O Iy 42 O o @ 0 O -+ 1 e < .
a o ot ) o w0 o » w ol QA Gy i < O o &) 2}
< a8 W ® -] o oI & ~ o3 e C o
40 O ! 49 1] ] ol pee) © O @] (@] @
. ] &5 et © o ® O g o < o ® oy
= 3 L = il o = BEE o o -
] 0] ) SV 0 o1 e
. — C o oy @ ] b [ a3 i £
o [ < £ ] SV R < 0]
i ~ @ G & Gt %] & © o 6] O © ()
e~ o £ O G e} o IR - S A EE T =S N 4 B




£ ) » —
< Q @ o1 by
2 3 " > & o e
© e © . 1 & <
o o = 4 — -1 A 3
o o - o ® o |
4 ol = [} ° © o) o~ 0] —
e} o O o V] © £ -
G © = @ o ° Ko < 4 G4 | -2
I o« a3 ®» o b o1 O o A
wm i o o] ~— © e} o
03] ° o 0} £ a-t joal > 1 R o £ 4
B R Oy (&) o 8] 4 [ ] O O ~
ool e @ b4 &0 o o 0] o e ~
. fad = & ® o O B oo 4 o
[} @] O o] O o1 Fry i o] © o
& P e Gq 42 © -~ i 0 o ol
ot o w© o o (SRR ! @ e e ® 4D
o o 3 ® 1 - & = ]
© 0 O s @ o« [} — e 42 ® =
© 0] R & & ey o} [ o2 © ) ot
© K] 43 o Ko ] iR &) = P 4b o ©
o 43 4+ 0 o o~ 1 i @ @] = ! G
© o o o © o R U SR == < —
w3 G4 et [0 [ [OREE i) 0 o 58] ot [~ @ e ) ~
i O K [0} [N & <ot [} — @ i S [AVS /2]
o R o O oy 43 e £ O o2 o o
o R = il af) B © (ORI = -~ 19 S B
o = = [0} © £ 4 @) © o) o &4 ) iy}
O i O Q o <l - [ Gt b ] Gt ] it} [0}
o 43 © o e o o~ o e o % it e I~ S £
0 o O ot B o o] Ka] o3 0 < @ W ©
@ O © m o4 < o Ul & [ ] 2 o ot
o O (] @ TN Gy o] o T B N ~  ed G
+3 o o e JOBE & © e < PRI Fry ol
© o © B R Ly B~ Kt B ] 4 e} oo = H]
G « qw] 2} +2 © O e} 4+ ot @ 9} 43 S el
@) r+ © O o] - IS £ = _ [ ks U] SIS ]
@ S - o 02t O by =R
oo o ) oI & ® e o L S S P~ ]
& o5 o S o~ @ © § o , » © oF
o O O e ® fiv] - il o) o a0 ] Gy S = e XY I Y
K} 13 o IS = fe liy) 45 0} o] o} ot © -l 8 (] 4% B
= e Gy SRS = 2 3 & SIS 2 1Y
oy g (O © © @] bayg =3 $ ~ W 8 o S, @ Mo
ju &} o 0 43 o 0 ] [0} &} ! ® ] 0]
o & 2 O Ke 0] 43 m £ fot 98} 43 ot
= = = O o g ® © §t Gef ol o] = By
i u O a3 @ @ 3 @ 43
o] ) 04 0] & ol < — B 42 o of)
w o O R e} Goy o} (O] By © o] +> o
@ 2 @ PP & © - 4+ (OB 0 e
& (6} Oy [ b Kol [13) = & o K =
et o) fi w42 i © b O T £~ b} Gt
@ o0 0 o B w0 PR & TR L S & e
K ® G © © o e e peod
+3 1= o e} K o b o o 2y
Q LR s R < © @ =
on} 2 =} ol s - 4 P o ol © oped
o ] (G = w 5 1 e K S 0}



© L }

& i~

1

3
H

AT
Ea

=
<L

cy

e}

L

figie

3

Gy
®

p

A

1

1
s~

1}

o)

(@)

be

ne Lo

£

st



<

L

E

o
1

e or

i

£t

is

events

3

o]
4

e

"
&

!

since Tl

and

-]

nds,

0-12 gseco

1

of

ving
\]-Z}s‘ ..lb

resol

Gt
&)

[43]

'
.

o
=

e
0}
]

4

Sike

o

i 8
b




(o)}

TRANSISTOR SWITCHING CIRCUITS

2.1 Analysis of the Grounded Base Transistor Circuit

. ,
It has been shown® that the equivalent T-network for

g transistor may be represented as in Fig. (1) for the

common base configuration. Referring to Fig. (1), it is

seen that rple is a fictitious voltage generabtor that

hY

transforms a passive T-nebwork into an sctive Transistor
equivalent network., The internal parameters of the tra
are represented by re, Tb, and r,. The equabtions of the

gireuit may be written in the form

and upon substitubion of the circult constants the equations

become
2 E %(r@%rb) Ty
g ol i
\ %(fm%ﬁb) (fb%fo;
L % —

It 1s desirable to obtain an expression for the input
voltage Ve as a function of the input current i, termed the

emititer input characterigtic,

ge (2) in which Ry and Re

Ly

Congider the cirzcuilt of ¥l

represent external locads.
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FIG | EQUIVALENT T NETWORK FOR GROUNDED BASE TRANSISTOR
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FIG. 2 TRANSISTCR NETWORK WITH LOADS




given by

If the expression for v, from equation (2.1.1
substituted into equation (2.1.2), the result is glven by

S

resgion for ig from equation{2.1.3) is sub-

an expression for collector current i, in terms of emitter
current ig, termed the transfer characteristlic of the clrcult.




1G
into account
“” (261 06>
f},’ ;R'b;-’.\.o
2e1.7)

The emitber input and transfer characteristics may be
separated into three digtinct regziong which are described
below .

(a) Cutoff Region
In this vegion, both bthe emitter-base and collector-base
diodes are open. The following conditions are then applicable.
Te is much larger Lthan Ry. & = 0.
Imgposition of the above conditions vields the following
Ve = i@rc. - (Bolo’(})
ic = -ig. Ry - Bpoe 1 (2.1.9)
BpARc#7¢ Ry ARe #re
(b) Transition Region

The characteristics of the Transition Region sre that
the emitter-base diode is conducting, the ¢ c¢tor~base
diode is open, and the circuit is subject to cufrent amplification.
The following sssumptions are then valid.

Te 1s much smaller than Ry,



11

Tmposition of the above assumption leads to the following

[

guations.

Ve = 1eBpeRo £ ro(l-RA) .1.10)
Ry # e # Re

ic =
It is of special interest to note from equabtion (2,1.10)

negative emni

if R

fte
n
=]
O]
n
[92]
[y
I
Y]
]
o
—
i
e
“
8]

fona
i
b

w
[

resistance will be encountered in the btransition region. It

=

¥

will be shown later that this condition is necessary to permit

operation of the clrcult as a trigger ov switching circuit.

fn this reglon, bobth the emitter-base and collector-base
dioCes are conducting. The transistor behaves approximately
1ike a conductor. The following conditions are then applical
& % 0

re is much less than Ry, 7re is much less than Ry.

19

J

Imposition of the above conditlons yields the following.
Te = i (2.1.12)

41 e Ta o
ciie DOLNGYS

-3
=¥
[6)

Je
=
®
[@]
O]
jo]
z._J *
B
Q

and saturation reglons
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FIG.5 BASIC

MONOSTABLE

CIRCUIT
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FIG. 6 EQUIVALENT CIRCUIT FOR MONOSTABLE

OPERATION
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The value
the order of a few microamperes gince the value of re in the

cutoff region is of the order of one or two megohms. Hence

the second term in equation (2.2.5) could be neglected since

it 1s much smaller than the first term. This would yield the
result

i, = (2.2.8)
where Tso 1s def of collector current

flowing in the circuilt when the emitter current is zero.

gimplified if the emitter load is removed. Since experimental
licates that the peak point of the emitter input

cheracteristic 1g located slightly to the right of the volbage

@]
)

If the emitter load is removed, the equations

monostable circult take the followling form.

ie = ECC..‘C SXD e ("‘ }_DL’D;ZRQ @ t) 30 %t é,f (202@9)
] f ]
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FIG.8 A PRACTICAL MONOSTABLE CIRCUIT




Na

It is cleax from the theory previocusly developed, that

3

when the circuits of Fig. (8) have triggered from the saturation
to the cutoff state, the condensers C; and Cg must discharge
through the internal emitter resistance reg, in parallel with

the load line resistance Rg, before the circults are again

O]

ready to operat nce re 18 of the order of a few megohms

= .

e, Ol
and since Re could be of the order of tTen thousand ohms or
e

b

Y

higher, the resultant high discharge time limits the maximumn
pulse repetition rate to which the circults would respond.
The recovery diodes D in both circuilts of Fig. (8] shunt

Ve

ance discharge path

-}

a

the emitter-base and provide a low imped

for the capacitors, thereby allowing the circults to regpond
to a considerably higher pulse repelbtition rate, Circults

* =t

employing recovery dlcodes have been found Lo have recovery

.

stigation.

D

times as low as a few microseconds.in this inv

The output pulse smplitude and width of elther circuit
are independent of the input pulse amplitude and widbth subject
to the following restrictions.

1e cubput pulse

l“'
Q
,f,
e
n
.j
O
&y
[
®
3
<
-
m
o
s

(1) TIf the input pulse v

width, the amplitude of the input pulse must not be so large
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The basic trigger cilrcult given by
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s the

fundamental unit of the colncidence clrcults and may be

triggered by elther positive or negative input sources. IT

has been previously shown that a low value of base resistance
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characteristic. In the circult of Fig. (L0) the base resistance

has been chogen to Ffavor trigger stability since this factor

ig of major importance for good operatlon of coincidence

circuits. The value of collector resictance Ry has Dbeen so

chosen as to favor = pronounced negative resistance charvacter-

istic thereby compensating for the use

!
L &

found thet most transistors (type 2822
san

# The above is a direct result of thi

haracteristics m
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FIG. 12 COINCIDENCE MIXING CIRCUIT
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trigger the cireult, the lower will be the resolving

to remove the recovery

dlode shunting the emitter-ba in order that positive pulses
applied to the base of the mixer do not trigger the circult.
!

It would appear that an incresse in the reooverg&ime of

the mixing circult would result from the removal of the smitter-
base diode, However, by suitable cholce of the emitter
(8 volts for the 2N22 transistors used in this investigation)
the required emitter load may be made sufficlently srmall to

for the feedback capacltor,

;.4
ot
[

provide a low discharge patl

11t to maintain a short recovery

&

thereby allowing Tthe circ

e mixing circult 1s very versatile

L)
]
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*
=
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C’i"
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m L3
C‘
=
0

D

of ccolncidence-anticoincidence pulses with a low resolving

time by eppropriate adjustment of the emitber load.
5.5 Three Channel Colncldence-Anticcoincidence Unit

The results of this investization have led to the deslign
of a three channel coincldence-anticolineidence unit. It isg

of interest to note, however,

4

by experiment.
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FIG. 15 REGULATED VOLTAGE SUPPLY




SH, 200 M.A_

NOTE- | ALL TRIODES ARE 6s4
2. ALL PENTODES ARE 6S47

%
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ot

line when the unit is switched from colncldence to anti-
¥ AT 4 L T . £ ey PRESA CRC R .
The complete three channel colncidence-anticolncldence cix

puit is given by Fig, (17). Channels (1) and (3) are

with continuously varisble delay lines (0-0.75 mlicroseconds)
and the unit may be operated in any one of the following

‘nannels (L), (2), and (3) in coincidence.

—
Ay
(] «Q

hannels (1) and (%) in coincidence and channel (2) in

v

anticcincidence with this output.




CHANNEL 3.  SAME

AS  CHANNEL |

CHANNEL 2. SAME AS
CHANNEL | EXCEPT

AS NOTED IN
SECTION 3.2

CHANNEL i AS GIVEN

BY FIG. ||

I
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O

HARVEY L. POLLOGCK
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FIG. 16 CONCIDENCE-ANTICOINCIDENCE COUNTER
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