
AEC OR.0-2504-204 

PREAMPLIFIER FOR MULTI-WIRE PROPORTIONAL COUNTERS 

L. Trasatti and G. T. Zorn 

Technical Report No. 73-097 

March 1973 

UNIVERSITY OF M A R Y L A N D 
DEPARTMENT OF PHYSICS A N D ASTRONOMY 

COLLEGE PARK, MARYLAND 

I L P 

III? cbn'irV'n1 • 
•c r' - • • 

..,:•; .-ViwievjetV f iN'^j 

}•; vnrj 

APR 2 5 1973 
filSffflfiUTIOH OF THIS TOCUHSNr IS UNUMlfttt 



BLANK PAGE 



-1- AEC 0R0-2504-204 

P r e a m p l i f i e r f o r M u l t i - w i r e P r o p o r t i o n a l Counters* 

L. T r a s a t t i and G. T. Zorn 

This paper d e s c r i b e s the c h a r a c t e r i s t i c s o f 54 s m a l l 1 4 - c h a n n e l 

p r e a m p l i f i e r s f o r u s e w i t h m u l t i - w i r e p r o p o r t i o n a l - c o u n t e r d e t e c t o r s 

4- -
(MWPC). These d e t e c t o r s w i l l be used a t Adone, t h e e e c o l l i d i n g beam 

a c c e l e r a t o r l o c a t e d a t F r a s c a t i ( I t a l y ) , i n s i d e the e x p e r i m e n t a l magnet 

-4- -d e t e c t o r (MEA) which i s to surround one o f t h e e e i n t e r a c t i o n r e g i o n s . 

Severe s p a c e l i m i t a t i o n s f o r c e d t h e p lacement o f a l l l o g i c c i r c u i t s o u t -

s i d e the magnet and r e s t r i c t e d t h e s i z e and p h y s i c a l c o n f i g u r a t i o n o f 

t h e s e p r e a m p l i f i e r s . One v iew of t h e arrangement a t Adone f o r two o f the 

MWPC w i t h p r e a m p l i f i e r s i s shown i n F i g . 1 . (Chamber s e n s e w i r e s a r e 

p a r a l l e l w i t h t h e b e a m s . ) The l i m i t a t i o n i n t h e s p a c e a v a i l a b l e f o r 

e l e c t r o n i c s near t h e chambers i s e v i d e n t . F i g u r e 2 shows a photograph of 

two L-shaped boards p lugged i n t o two s m a l l e r p r o p o r t i o n a l chambers used 

f o r t e s t s . 

I . Mechanica l D e s c r i p t i o n . 

14 i n d i v i d u a l p r e a m p l i f i e r c i r c u i t s were arranged on a s i n g l e 

p r i n t e d - c i r c u i t board ( 2 . 7 5 i n . x 1 . 6 9 i n . ) on which a p r i n t e d - c i r c u i t -

board c o n n e c t o r a l s o was mounted. The c o n n e c t o r p lugged i n t o a p r i n t e d 

c i r c u i t board which was a p a r t o f t h e chambers and s e r v e d t o p r o v i d e 

c o n n e c t i o n s t o each of a group o f 14 a d j a c e n t w i r e s , t o t h e power s u p p l y , 

and t o t h e ground. The w i d t h o f each p r e a m p l i f i e r b o a r d , 2 . 8 i n . , was 

g i v e n by t h e number o f p r e - a m p l i f i e r s t imes t w i c e t h e w i r e s p a c i n g o f 0 . 1 

i n . , s i n c e p r e a m p l i f i e r s were p l a c e d on both ends o f t h e c h a n b e r s . 

Two f r o n t a l v i e w s o f t h e p r i n t e d c i r c u i t : boards a r e shown i n 

F i g s . 3a and 3b. The narrow d i m e n s i o n s o f c o n d u c t o r s and s p a c i n g s made 

hand s o l d e r i n g t e c h n i q u e s n e c e s s a r y i n t h e i r p r o d u c t i o n . The 1 5 - d u a l -

c o n t a c t p r i n t e d - c i r c u i t - b o a r d c o n n e c t o r was s o l d e r e d o n t o t h e b o a r d . 



-2-

The o u t p u t from each a m p l i f i e r was c o n n e c t e d t o a 15-m l e n g t h of 50-ohm 

c o a x i a l c a b l e (RG 1 7 4 / U ) . These c a b l e s were clamped t o t h e boards i n two 

c o n f i g u r a t i o n s ; one coming o u t p a r a l l e l t o the board, as s e e n i n F i g . 4 a , 

and t h e o t h e r a t a r i g h t a n g l e to t h e board through d r i l l e d h o l e s , a s 

s e e n i n F i g . 4 b . The c a b l e s from each p r e a m p l i f i e r board were t e r m i n a t e d 

on an output board on which a n o t h e r p r i n t e d - c i r c u i t c o n n e c t o r was a l s o 

mounted. A photograph o f t h e o u t p u t board i s shown i n F i g . 5 . 

I I . E l e c t r i c a l C h a r a c t e r i s t i c s ? 

The c i r c u i t diagram f o r one 14~channel p r e a m p l i f i e r u n i t i s shown 

i n F i g . 6 . The p r i n c i p a l components are MECL I I i n t e g r a t e d c i r c u i t s , * 
/ 

i . e . , t h r e e MC1020 and one MC1035. The power s u p p l y v o l t a g e r e q u i r e d i s Vcc' 

- 5 . 2 V . The r e f e r e n c e v o l t a g e a t which the d i f f e r e n t i a l a m p l i f i e r s o p e r a t e 

<Vbb> i s - 1 . 2 V . This l e v e l , which a l s o appears on t h e p r o p o r t i o n a l w i r e s , 

i s g e n e r a t e d w i t h i n t h e MC1035 c i r c u i t and i s power a m p l i f i e d by one o f 

t h e a m p l i f i e r s o f t h i s I . C . t o d r i v e t h e V,. r e f e r e n c e bus s u p p l y i n g a l l 
DO 

c i r c u i t s . 

The e f f e c t i v e i n p u t impedance o f each p r e a m p l i f i e r i s 1200 ohms. 

Ho d i o d e s a r e used a s c i r c u i t p r o t e c t o r s on i n p u t s , a s t h e s e i n t e g r a t e d 

c i r c u i t s a r e found t o be q u i t e rugged and a s s o c k e t s were i n s t a l l e d making 

each I . C . e a s y t o r e p l a c e . For s t a b i l i t y r e a s o n s , each p r e a m p l i f i e r i s 

back coup led t o t h e i n v e r t i n g i n p u t v i a a 10 KO r e s i s t o r . The p u l s e 

a m p l i f i c a t i o n i s not a f f e c t e d , as t h i s i n p u t i s a l s o b y p a s s e d t o ground 

w i t h a 0 . 0 1 p f . c a p a c i t o r . Each o u t p u t d r i v e s a 15 meter l o n g 50 ohm 

c a b l e which i s t e r m i n a t e d on t h e o u t p u t board through a 0 . 0 1 pf d i s c 

c a p a c i t o r . A n e g a t i v e - g o i n g i n p u t p u l s e r e l a t i v e t o V^b* produces a n e g a -

t i v e o u t p u t p u l s e r e l a t i v e t o ground. - N O T I C E -
This -epori was prepared as an account of work 
sponsored by the United States Government. Neither 
the United States nor the United States Atomic Energy 
Commission, nor any of their employees , nor any o f 
their contractors, subcontractors, or their employees , 
makes any warranty, express or implied, or assumes any 
legal liability or responsibility for the accuracy, com-
pleleness or usefulness o f any information, apparatus, 
product or process disclosed, or represents that its use 
would not infringe privately o w n e d rights. 
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The shape of t h e input p u l s e used i n t e s t s of t h e s e p r e a m p l i f i e r s 

i s shown i n F i g . 7. The r i s e t i m e o f 15 n s e c and t h e f a l l t i m e of 800 n s e c 

were chosen to s i m u l a t e t h o s e observed on the w i r e s o f p r o p o r t i o n a l 

chambers o p e r a t e d w i t h "magic" gas m i x t u r e . S a t u r a t i o n and p u l s e d i s -

t o r t i o n are observed f o r i n p u t p u l s e s w i t h a m p l i t u d e s g r e a t e r than 0 . 0 5 

V o l t s . The output p u l s e s a t u r a t i o n v o l t a g e i s M).11V. C h a r a c t e r i s t i c 

output p u l s e s a r e a l s o shown i n F i g s . 7a and 7b. The a m p l i f i c a t i o n , 

V out^ V in* m e a s u r e d a t y p i c a l p r e a m p l i f i e r i s p l o t t e d v s t h e input 

p u l s e v o l t a g e , V. , i n F i g . 8a . The e r r o r bar a t V. = 10 mV i s the xn i n 

c h a r a c t e r i s t i c roo t -mean- square d e v i a t i o n o b s e r v e d f o r a l l a m r ; . f i e r s . 

In F i g . 8b the c h a r a c t e r i s t i c o u t p u t p u l s e w i d t h a t h a l f ami ; . i tude a s a 

f u n c t i o n o f i n p u t peak v o l t a g e i s g i v e n . 

MWPC p u l s e s i g n a l s appear ing on one p r e a m p l i f i e r c h a n n e l i n d u c e 

p u l s e s o f t h e same p o l a r i t y on a d j a c e n t c h a n n e l s . For i n p u t p u l s e h e i g h t s 

be low s a t u r a t i o n , i . e . 50mV, t h e o u t p u t c r o s s t a l k s i g n a l s a r e ^6% of the 

o u t p u t s i g n a l appear ing on a c e n t r a l c h a n n e l . Th i s f r a c t i o n i s s e e n t o 

i n c r e a s e l i n e a r l y w i t h i n p u t p u l s e h e i g h t a f t e r s a t u r a t i o n i s r e a c h e d . The 

c r o s s t a l k i s p r i n c i p a l l y due t o c a p a c i t i v e c o u p l i n g be tween t h e c o n t a c t s 

o f t h e i n p u t p . c . board c o n n e c t o r . In our c a s e , however , t h e c r o s s t a l k 

s i g n a l i s more than c a n c e l l e d by the p o s i t i v e s i g n a l s induced on a d j a c e n t 

w i r e s of MWPC's. The r e s u l t i n g p o s i t i v e o u t p u t p u l s e i s not d e t e c t e d by 

t h e l o g i c c i r c u i t s which f o l l o w . 

I I I . T e s t o f 756 P r e a m p l i f i e r C i r c u i t s 

Us ing a 10 mV i n p u t p u l s e , a s y s t e m a t i c s tudy o f a m p l i f i c a t i o n 

and d e l a y t ime (measured a t h a l f a m p l i t u d e ) was made f o r a l l a m p l i f i e r s . 

The r e s u l t s a r e p r e s e n t e d i n F i g s . 9a and 9b. The measurements were 
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made on t h e comple te s y s t e m i n c l u d i n g o u t p u t board,, Thus the measured 

d e l a y s p r e a d i n c l u d e s t h e e f f e c t of c a b l e - l e n g t h v a r i a t i o n s which was 

found t o be as much as 2 n s e c . The p r e c i s i o n of t h e measurements was 

± 1 . 0 mV and ± 2 . 5 n s e c , r e s p e c t i v e l y . I t was o b s e r v e d t h a t , on t h e 

a v e r a g e , t h e MC1035 had an a m p l i f i c a t i o n which was ^3% l a r g e r than t h a t 

f o r t h e MC1020 and t h a t d i f f e r e n c e s i n the geometry of the c o n n e c t i o n s on 

the p r i n t e d c i r c u i t board produced ^3% v a r i a t i o n s i n t h e a m p l i f i c a t i o n 

between d i f f e r e n t a m p l i f i e r s on t h e same board. 

The above t e s t s were performed w i t h V = - 5 . 2 0 ± 0 . 0 1 V o l t s . cc 

The a m p l i f i c a t i o n changed when t h i s v o l t a g e was a l t e r e d . At 'olO mV, 

t h e f r a c t i o n a l change i n V i . e . AV /V was e q u a l t o t h e f r a c t i o n a l o u t out out 

change i n t h e s u p p l y v o l t a g e V i . e . AV /V . At s a t u r a t i o n , f o r c o c c o c 

V. = 100 mV, (AV /V ) = 0 . 4 (AV /V ) . Judging from t h e c h a r a c t e r -i n ' c c cc o u t ou t ® 

i s t i c s of t h e v a r i o u s components u s e d , o p e r a t i o n a t e l e v a t e d temperature 

up t o 60°C i s no t e x p e c t e d t o a l t e r s i g _ f i c a n t l y t h e a m p l i f i e r c h a r a c t e r -

i s t i c s . 

These p r e a m p l i f i e r s have been t e s t e d w i t h t h e MWPC and found t o 

o p e r a t e s a t i s f a c t o r i l y w i t h t h e e l e c t r o n i c s y s t e m d e s i g n e d f o r t h e magnet 
3 exper iment a t Adone. 
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Fig. 2. Sandwich of two small MV/PC's used for tests with two preampli-
fier boards. 

Fig. 3. Printed circuit board for lit channel preamplifier: 

a) Component side, without integrated b ) Socket side with all components 
c i r c u i t s , c a b l e s and c a b l e c lamp. i n s t a l l e d . 



I c 

a) First configu-
ration: 
cables coming 
out parallel 
to the board. 

b) Second confi-
guration: 
cables coming 
out perpendirruiar 
to the board 
through drilled 
holes. 

w ig. U. i^Uly asn«*ibien preamplifier boards. 

Pig. 
Output board, fully assembled. 
The ohm termination resistors 
are soldered directly to the 
pins of the p.c. board 
connector. 

s 
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Preanplifier board: resistors are 1/5 V.', canacitors 
are miniature tantalum capaci-
tors (Corning/CoTiponfrits, In'.:.), 
input connector i s a 2 x IS contact 
p.c . board connector (Cinch 50-301-10) 

Output board: resistors are l/i3 W, capacitors ar^ 
ceramic disc type, output 
connector i s a 2 x 15 contact 
p.c. board connector (A~toher>ol 
261-10015-2). 

FLg. 6. Circuit diagram of one LU-prea^plifier unit; 
resistor values are in ohm, capacitor values 
in pF. 



10 mV/div $0 nsec/div 

a) Output unsaturated 

b) Output saturated 

Fig, 7. Input and output pulse shapes. 



_ 1 1 > 
I I 1 0 1 0 0 vin (mV) 

Fig. 8a. Tests on a typical preamplifier: Amplification (Vou^/Vin) vs input voltage. (Vin). 
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Fig. 8b. Tests on a typical preamplifier: Pulse width at half amplitude vs Vin, 
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Fig. 9a. Variations in the response of 756 preamplifiers with Vin*10 mV: Output pulse height d i s t r ibu t ion . 
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.Pig- 9b- Variations in the response of 756 preamplifiers with mVs 
Distribution of delays measured at half height. 


