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M O D E L  FI 05, U . 8 GHZ C R Y O G E N I C  F R O N T - E N D

S e c t i o n  1. S Y S T E M  D E S C R I P T I O N

1.1 B r i e f  B l o c k  D i a g r a m  D e s c r i p t i o n

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

s y s t e m  i n t e n d e d  for u s e  as a r a d i o  a s t r o n o m y  r e c e i v e r  f r o n t - e n d .  

A f r e q u e n c y  r a n g e  of M.6 to 5.1 G H z  is c o v e r e d  w i t h  a r e c e i v e r  

n o i s e  t e m p e r a t u r e  of l e s s  t h a n  2 5 K  ( n o i s e  f i g u r e  l e s s  t h a n  0 . 3 6  

dB). T h e  d u a l - c h a n n e l s  a l l o w  b o t h  l e f t  a n d  r i g h t  c i r c u l a r l y -  

p o l a r i z e d  (LCP and RCP) s i g n a l s  to be r e c e i v e d .

A b l o c k  d i a g r a m  of t h e  s y s t e m  is s h o w n  in F i g u r e  1.1-1 and 

p h o t o g r a p h s  are s h o w n  in F i g u r e  1.1-2. A 4 . H 9  cm ( 1 . 7 6 8  inch) 

d i a m e t e r  c i r c u l a r  w a v e g u i d e ,  p r o p a g a t i n g  b o t h  T E ^  c i r c u l a r l y  

p o l a r i z e d  w a v e s ,  p r o v i d e s  t h e  i n p u t  to th e  s y s t e m .  A l o w - l o s s  

f o a m  p l u g  w i n d o w  in the w a v e g u i d e  s u p p o r t s  a v a c u u m  in a d e w a r  

w h i c h  c o n t a i n s  r e c e i v e r  c o m p o n e n t s  c o o l e d  to t e m p e r a t u r e s  of 50 

a n d  15 K e l v i n  by a c l o s e d - c y c l e ,  c r y o g e n i c  r e f r i g e r a t o r .  T h e  

t h e r m a l  b a r r i e r  s e p a r a t i n g  the r o o m  t e m p e r a t u r e  a n d  c r y o g e n i c  

p o r t i o n s  of t h e  i n p u t  w a v e g u i d e  is a c h i e v e d  by a 0.4 m m  (.016 

i n ch) g a p  in t h e  w a v e g u i d e  w a l l .  A s l o p e d - s e p t u m  w a v e g u i d e  

p o l a r i z e r  a c c e p t s  t h e  w a v e g u i d e  s i g n a l  a n d  e x t r a c t s  t h e  t w o  

o r t h o g o n a l  c i r c u l a r  p o l a r i z a t i o n s .  T h e  t w o  S M A  c o a x i a l * * l i n e  

o u t p u t s  of the p o l a r i z e r  ar e  c o n n e c t e d  v i a  d i r e c t i o n a l  c o u p l e r s  

a n d  s e m i - r i g i d  c o a x i a l  l i n e s  to th e  i n p u t s  of t h r e e - s t a g e  g a l l i u m -  

a r s e n i d e  f i e l d - e f f e c t  t r a n s i s t o r  ( G A S F E T )  a m p l i f i e r s  w i t h  a p p r o x i ­

m a t e l y  30 dB of gain. T h e  a m p l i f i e r  o u t p u t s  c o n n e c t  to c o m m e r c i a l  

v a c u u m  t i g h t  f e e d - t h r u  c o n n e c t o r s  v i a  2 . 1 5 9  m m  (.085 i n c h )  d i a m e t e r  

c o a x i a l  c a b l e s  m a d e  of l o w  t h e r m a l  c o n d u c t i v i t y  a l l o y s .



LCP
OUT

RCP
OUT

F i g u r e  1.1-1 

V L B A  4.8 GHz F r o n t - E n d  B l o c k  D i a g r a m



(a) (*>)

Figure 1.1-2

(a) The input waveguide is at top and local control panel is at center.

(b) Close-up showing the Bottom Plate, Inspection Cover, and refrigerator motor.



A t t a c h e d  to the f r o n t - e n d  d e w a r  is an e l e c t r o n i c s  c a r d  c a g e  

c o n t a i n i n g  six p r i n t e d  c i r c u i t  b o a r d s .  O n  on e  of t h e s e  b o a r d s  a 

l o c a l  ra o n i t o r / c o n t r o l  p a n e l  is m o u n t e d .  T h i s  s m a l l  p a n e l  c o n t a i n s  

a s i x - p o s i t i o n  s w i t c h  w i t h  p o s i t i o n s  C P U ,  C O O L ,  S T R E S S ,  O F F ,  

P U M P ,  a n d  H E A T .  Th e  l a t t e r  f i v e  p o s i t i o n s  p l a c e  the f r o n t - e n d  

i n t o  e a c h  of its l o g i c a l  s t a t e s ;  t h e  C P U  p o s i t i o n  a l l o w s  t h e  

s t a t e  t o  b e  d e t e r m i n e d  by t h r e e  c o n t r o l  b i t s  f r o m  the s t a t i o n  

c o m p u t e r .  W h e n  n o t  i n  t h e  C P U  p o s i t i o n ,  a r e d  i n d i c a t o r  is 

i l l u m i n a t e d  a n d  a m o n i t o r  b i t  is set low. A t w e l v e  p o s i t i o n  

m o n i t o r  s w i t c h  a n d  a 4 1/2 d i g i t  D V M  ar e  a v a i l a b l e  o n  t h e  l o c a l  

p a n e l  for r e a d i n g  a n a l o g  m o n i t o r  p o i n t s ;  a p i n  j a c k  in p a r a l l e l  

w i t h  th e  D V M  is p r o v i d e d  to c o n n e c t  a m o n i t o r  p o i n t  t o  o t h e r  

e q u i p m e n t  or to m e t e r  e x t e r n a l  v o l t a g e s .  T h e  d e w a r  a n d  p u m p  p o r t  

v a c u u m  a r e  m o n i t o r e d ,  a l o n g  with-_ d e w a r  t e m p e r a t u r e ,  b y  s e n s o r s  

a n d  c i r c u i t r y  on a s e n s o r  c a r d  in th e  a t t a c h e d  c a r d  c age. T h e  

s e n s o r  o u t p u t s ,  AC p o w e r ,  a n d  t h e  t h r e e  c o n t r o l  b i t s  a r e  i n p u t  to'* 

a c o n t r o l  c a r d  w h i c h  c o n t r o l s  the v a c u u m  s o l e n o i d ,  th e  r e f r i g e r a t o r  

m o t o r  p o w e r ,  a n d  a d e w a r  h e a t e r .  T w o  b i a s  c a r d s  p r o v i d i n g  c o n s t a n t  

d r a i n - c u r r e n t  bia s  for the c o o l e d  G A S F E T  a m p l i f i e r s  a r e  i n c l u d e d  

in t h e  c a r d  cage. D e t a i l s  of t h e  o p e r a t i o n  of t h e  f r o n t - e n d  c a r d  

c a g e  e l e c t r o n i c s  p a c k a g e  is p r o v i d e d  in a s e p a r a t e  r e p o r t .  

D e t a i l s  of a p r e l i m i n a r y  v e r s i o n  of t h e  p r i n t e d  c i r c u i t  c a r d s  is 

i n c l u d e d  in V L B A  T e c h n i c a l  R e p o r t  No. 1.

T h e  t w o  d e w a r  RF o u t p u t  s i g n a l s  f e e d  r o o m  t e m p e r a t u r e  b i p o l a r  

t r a n s i s t o r  a m p l i f i e r s  h a v i n g  a n o i s e  f i g u r e  l e s s  t h a n  3.5 dB a n d  

17 to 20 dB of gain. T h e  a m p l i f i e r s ,  b a n d p a s s  f i l t e r s ,  c a l i b r a t i o n
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n o i s e  s o u r c e s ,  an d  r e l a t e d  c o m p o n e n t s  ar e  m o u n t e d  on a RF c i r c u i t  

c a r d  t h a t  is i n c l u d e d  in t h e  f r o n t - e n d  c a r d  c a ge. T h r e e  t y p e s  of 

c a l i b r a t i o n  s i g n a l s  ar e  p r o v i d e d :

a) A l o w  n o i s e  c a l i b r a t i o n  s i g n a l ,  a p p r o x i m a t e l y  3K, f o r  

c o n t i n u o u s  p u l s e d  g a i n  a n d  n o i s e  c a l i b r a t i o n  of t h e  s y s t e m .

b) A h i g h  n o i s e  c a l i b r a t i o n  s i g n a l ,  a p p r o x i m a t e l y  3 0 0 0 K ,  

w h i c h  m a y  be u s e f u l  f o r  s o l a r  or o t h e r  l a r g e  s i g n a l  o b s e r v a t i o n s .

c) A n  e x t e r n a l l y  a p p l i e d  s i g n a l ,  c o u p l e d  '-MM dB to b o t h  

i n p u t s ,  f o r  the p u r p o s e s  of p h a s e  or time^-delay c a l i b r a t i o n  of 

the s y s t e m .

T h e  c r y o g e n i c  c o m p o n e n t s  a r e  c o o l e d  w i t h  a C r y o g e n i c s  

T e c h n o l o g y ,  I n c . ,  M o d e l  22 r e f r i g e r a t o r  w h i c h  r e q u i r e s  an e x t e r n a l  

h e l i u m  c o m p r e s s o r .  V a c u u m  s e r v i c e ,  s u c h  as p r o v i d e d  by a t w o - s t a g e  

m e c h a n i c a l  pump, is a l s o  r e q u i r e ^  a n d  is c o n n e c t e d  to the d e w a r  

t h r o u g h  a s o l e n o i d - o p e r a t e d  v a l v e .

1.2 S p e c i f  i cat i ons

U n l e s s  o t h e r w i s e  s t a t e d  t h e s e  s p e c i f i c a t i o n s  a p p l y  to t h e  

s y s t e m  at i t s  c r y o g e n i c  o p e r a t i n g  t e m p e r a t u r e ,  a n d  o v e r  t h e  

f r e q u e n c y  r a n g e  4.6 to 5.1 GHz. A set of t e s t  d a t a  s i m i l a r  to 

t h a t  w h i c h  wil l  be p r o v i d e d  for e a c h  f r o n t - e n d  is g i v e n  in A p p e n d i x  

I.
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1.2.1 N o i s e  T e m p e r a t u r e

T h e  r e c e i v e r  n o i s e  t e m p e r a t u r e  m e a s u r e d  at th e  f r o n t - e n d  

w a v e g u i d e  i n p u t  f l a n g e  s h a l l  be l e s s  t h a n  2 5 K  at m i d - b a n d  a n d  

l e s s  t h a n  30K o v e r  the e n t i r e  f r e q u e n c y  r a n g e .  T h e  n o i s e  t e m p e r a t u r e  

s h a l l  be m e a s u r e d  w i t h  a p r o p e r l y  c a l i b r a t e d  1 i q u i d - n i t r o g e n  

n o i s e  t e m p e r a t u r e  s t a n d a r d  a n d  at 50 M H z  i n t e r v a l s  f r o m  4.5 to

5 . 2  GHz.

1 . 2 . 2  I n p u t  R e t u r n  L o s s

T h e  r e t u r n  l o s s  for the t w o  o r t h o g o n a l  c i r c u l a r  w a v e s  in t h e  

i n p u t  c i r c u l a r  w a v e g u i d e  m u s t  be g r e a t e r  t h a n  15 dB.

1 . 2 . 3  F r o n t - e n d  G a i n

T h e  g a i n  t h r o u g h  e i t h e r  c h a n n e l  m e a s u r e d  f r o m  the f r o n t - e n d  

w a v e g u i d e  i n p u t  f l a n g e  to the RF O u t  j a c k s  J6 a n d  J7 s h a l l  be 46 

± 3 d B .

1 . 2 . 4  P h a s e  Cal C o u p l i n g

T h e  c a l c u l a t e d  c o u p l i n g  f r o m  the P h a s e  C a l  i n p u t  j a c k  J8 to 

t h e  c o o l e d  G A S F E T  a m p l i f i e r  i n p u t s  s h a l l  be -44 ± 2 dB.

1 . 2 . 5  P h a s e  Cal I n p u t  R e t u r n  L o s s

T h e  r e t u r n  l o s s  at the P h a s e  Ca l  i n p u t  j a c k  J8 s h a l l  be > 20

dB.

1 . 2 . 6  O u t p u t  R e t u r n  L o s s

T h e  o u t p u t  r e t u r n  l o s s  for the R C P  a n d  L C P  c h a n n e l s ,  at RF 

O u t  j a c k s  J6 a n d  J7, s h a l l  be 20 dB.
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1. 2 . 7  C a l i b r a t i o n  N o i s e  T e m p e r a t u r e

T h e  n o i s e  a d d e d  to th e  s y s t e m  in e a c h  c h a n n e l  w h e n  +28 v o l t s  

is a p p l i e d  to the Ca l  c o n t r o l  l i n e  s h a l l  be 3 ± 2K a n d  c a l i b r a t e d  

w i t h  an a c c u r a c y  of ± 0 . 1 K .

1 . 2 . 8  H i g h  C a l i b r a t i o n  N o i s e  T e m p e r a t u r e

T h e  n o i s e  a d d e d  to t h e  s y s t e m  in e a c h  c h a n n e l  w h e n  +28 v o l t s  

is a p p l i e d  to the H i g h  C a l  c o n t r o l  l i n e  s h a l l  be 3 0 0 0 K  ± 15$ a n d  

c a l i b r a t e d  w i t h  an a c c u r a c y  of ± 30K.

1 . 2 . 9  O u t p u t  T o t a l  N o i s e  P o w e r

W i t h  a r o o m  t e m p e r a t u r e  w a v e g u i d e  l o a d  c o n n e c t e d  at the 

i n p u t  w a v e g u i d e  f l a n g e ,  the n o i s e  p o w e r  o u t  of t h e  RF O u t  j a c k s  

J6 a n d  J7, m e a s u r e d  w i t h  a broacTband p o w e r  m e t e r ,  s h a l l  be - 4 0  ± 

3 dBm. T h e  t o t a l  n o i s e  p o w e r  s h a l l  a l s o  b e  r e c o r d e d  w i t h  t h e  

f o l l o w i n g  w a v e g u i d e  i n p u t  c o n d i t i o n s :  s h o r t  c i r c u i t ;  s h o r t  

c i r c u i t  w i t h  Cal on; a n d  s h o r t  c i r c u i t  w i t h  H i g h  Ca l  on.

1 . 2 . 1 0  O u t p u t  N o i s e  P o w e r  S t a b i l i t y

T h e  r e c e i v e r  w a v e g u i d e  i n p u t  s h a l l  be s h o r t - c i r c u i t e d  a n d  a 

t e s t  r e c e i v e r  w i t h  a p p r o x i m a t e l y  10 M H z  I.F. b a n d w i d t h  a n d  1 k H z  

p o s t d e t e c t i o n  b a n d w i d t h  c o n n e c t e d  to th e  RF O u t p u t  j a c k s .  W i t h  

t h e  r e c e i v e r  t u n e d  n e a r  to the f r o n t - e n d  c e n t e r  f r e q u e n c y ,  a n d  

g a i n  a d j u s t e d  for 5 ± 1 V D C  o u t p u t  f r o m  th e  r e c e i v e r ,  the p e a k - t o - p e a k  

AC (> 2 Hz) r e c e i v e r  o u t p u t  s h a l l  be l e s s  t h a n  250 mV p e a k - t o - p e a k  

as v i e w e d  on an o s c i l l o s c o p e .  T h i s  t e s t  s h a l l  be p a s s e d  u n d e r  

c o n d i t i o n s  of l i g h t  t a p p i n g  u p o n  the d e w a r ,  RF c o m p o n e n t s ,  a n d
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c o a x i a l  c a b l e s .  (The p u r p o s e  of t h e  t e s t  is to c h e c k  f o r  m e c h a n i c a l  

l o o s e n e s s ,  v i b r a t i o n  s e n s i t i v i t y , 60 H z  m o d u l a t i o n , a n d  r e f r i g e r a t o r  

i n d u c e d  g a i n  m o d u l a t i o n . )

1.2.11 C o l d  S t a t i o n  T e m p e r a t u r e s

T h e  t e m p e r a t u r e  of th e  r e f r i g e r a t o r  f i r s t  s t a g e  (as m e a s u r e d  

o n  t h e  p o l a r i z e r  c o n n e c t e d  to t h a t  s t a g e )  s h a l l  be < 70K; the 

s e c o n d  s t a g e  t e m p e r a t u r e  as m e a s u r e d  on th e  c o l d  p l a t e  n e a r  the 

c o o l e d  a m p l i f i e r s  s h a l l  be < 17K.

1 . 2 . 1 2  F E T  B i a s  D a t a

T h e  o p t i m u m  d r a i n  v o l t a g e  V Df d r a i n  c u r r e n t  I D , a n d  g a t e  

v o l t a g e  V at r o o m  an d  c r y o g e n L c  o p e r a t i n g  t e m p e r a t u r e s ,  s h a l l
o

be r e c o r d e d  for e a c h  s t a g e  of the c o o l e d  a m p l i f i e r s .

1 . 2 . 1 3  C o o l - D o w n  T i m e

T h e  t i m e  r e q u i r e d  to coo l  the c r y o g e n i c  c o m p o n e n t s  f r o m  3 0 0 K  

to o p e r a t i n g  t e m p e r a t u r e  s h a l l  be l e s s  t h a n  12 h o u r s .

1 . 2 . 1 4  P h y s i c a l  W e i g h t  and S i z e

T h e  f r o n t - e n d  s h a l l  w e i g h  l e s s  t h a n  80 p o u n d s  a n d  s h a l l  h a v e  

t h e  o u t l i n e  s h o w n  in F i g u r e  1 - 3 ~ 1 •

1.3 I n t e r f a c e  D e s c r i p t i o n

D e s c r i p t i o n s  of the m e c h a n i c a l  a n d  e l e c t r i c a l  i n t e r f a c e s  of 

th e  s y s t e m  f o l l o w .
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1.3.1 M e c h a n i c a l  I n t e r f a c e

L o c a t i o n s  of the i n p u t  w a v e g u i d e ,  h e l i u m  s u p p l y  a n d  r e t u r n  

p o r t s ,  v a c u u m  port, a n d  m o u n t i n g  h o l e s  a r e  s h o w n  in F i g u r e  1 . 3“1*

T h e  i n t e n d e d  m o u n t i n g  c o n c e p t  is to a l i g n  the f r o n t - e n d  to 

t h e  a n t e n n a  f e e d  u s i n g  th e  i n p u t  w a v e g u i d e  f l a n g e  a n d  t h e n  t a k e  

up m o s t  of the f r o n t - e n d  w e i g h t  w i t h  a d j u s t a b l e  s u p p o r t s  b o l t e d  

t h r o u g h  t h e  . 5 3 1” d i a m e t e r  h o l e s  in t h e  f o u r  c o r n e r s  of t h e  10 

i n c h e s  s q u a r e  a l u m i n u m  p l a t e s .  W h e n  m o u n t e d ,  a c c e s s  s h o u l d  be 

p r o v i d e d  so t h a t  the c i r c u i t  c a r d s ,  R F  c a r d ,  or r e f r i g e r a t o r  

m o t o r  an d  d i s p l a c e r s  c a n  be r e m o v e d  w i t h o u t  d e m o u n t i n g  the f r o n t -  

e n d  a s s e m b l y .

9



AEROOUIP #5400-S2-8 
(WAT1NC CONN. #5400-S5-8).

UNLESS OTHERWISE SPECIFIED 
DIMENSIONS ARC IN INCHES
IM IIM K II:  W M i l  a  
1 *V«CC MCaaukil t.aaali f t  
I K M I  M C M U I .IM ;  f t  
I P v *c i  M CatA U i mr c

V
L.
B
A

« 4 .0  F e o u T  t o o

I_________________________________________

NATIONAL RADIO 
ASTRONOMY 

OBSERVATORY
! 4 .0  D e u jA e  
> iM T e e F A c e

» « * «  i r

t
N l f c l M i  ...........

FINISH:
u r w i l l f t f

________________ i S i f ________ I : i l _ « M # y f

Figure 1.3-1 

4.8 GHz Dewar Interface



1 . 3 . 2  V a c u u m  a n d  H e l i u m  I n t e r f a c e

T h e  v a c u u m  por t  c o n n e c t i o n  is t h r o u g h  a L e y b o l d — H e r a e u s  t y p e  

K F 16 f l a n g e ,  t y p e  18321 c e n t e r i n g  r i n g ,  a n d  t y p e  1 8 3 4 6  q u i c k  d i s ­

c o n n e c t  c l a m p .  A c o n t r o l  s i g n a l  on c o n n e c t o r  J2, P U M P  R E Q U E S T ,  

is h i g h  w h e n  v a c u u m  p u m p i n g  is n e e d e d ;  t h i s  m a y  be e i t h e r  u s e d  to 

t u r n  o n  a p u m p  or o p e n  a s o l e n o i d - o p e r a t e d  v a l v e  to a p u m p  m a n i f o l d .

T h e  h e l i u m  i n t e r f a c e  is t h r o u g h  A e r o q u i p  5 4 0 0 - S 2 - 8  s e l f -  

s e a l i n g  f i t t i n g s .  T h e  h e l i u m  s u p p l y  p r e s s u r e  s h o u l d  be 250 ± 10 

psi d y n a m i c ,  a n d  the r e t u r n  p r e s s u r e  is 60 ± 15 psi.

1 . 3 . 3  RF I n t e r f a c e

T h e  RF o u t p u t s  J4 a n d  J5, a n d  P h a s e  C a l  i n p u t  J6, a r e  c o a x i a l  

t y p e  N f e m a l e  c o n n e c t o r s .  T h e  r e t u r n  l o s s  at t h e s e  c o n n e c t o r s  

w i l l  be >_ 20 dB f r o m  4.6 to 5.1 GHz. T h e  RF O u t p u t s  c o n n e c t  in 

t h e  V L B A  s y s t e m  to th e  T 1 0 5  4.8 G H z  C o n v e r t e r  M o d u l e .  W i t h  43 dB 

of f r o n t - e n d  gain, the s y s t e m  f o l l o w i n g  th e  f r o n t - e n d  m u s t  h a v e  a 

n o i s e  f i g u r e ,  i n c l u d i n g  c a b l e  l o s s e s ,  of l e s s  t h a n  18 dB to a d d  

l e s s  t h a n  1K to the r e c e i v e r  n o i s e  t e m p e r a t u r e .

1 . 3 . 4  F r o n t - e n d  DC I n t e r f a c e  C o n n e c t o r s

T h e  M o n i t o r  c o n n e c t o r ,  J 2 ,  p r o v i d e s  v a r i o u s  a n a l o g  a n d  

d i g i t a l  m o n i t o r  f u n c t i o n s .  T h e  P o w e r ,  C o n t r o l ,  a n d  ID c o n n e c t o r ,  

J 5 , s u p p l i e s  f r o n t - e n d  p o w e r ,  r e f r i g e r a t o r  an d  cal s o u r c e  c o n t r o l s ,  

a n d  a t w e l v e - b i t  ID w o r d .  T h e  A u x i l i a r y  c o n n e c t o r ,  J4, is p r o v i d e d  

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

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

a s s i g n m e n t s  f o r  t h e s e  c o n n e c t o r s  are g i v e n  in T a b l e s  I, II* a n d
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III. T h e  f r o n t ^ e n d  c a r d  c a g e  is not d e s i g n e d  to c o n n e c t  d i r e c t l y  

w i t h  the V L B  A M o n i t o r / C o n t r o l  bus, b u t  a F r o n t - e n d  C o n t r o l  M o d u l e  

F101 is p r o v i d e d  to do so. D e t a i l s  of t h e  F101 m o d u l e  is g i v e n  

in a s e p a r a t e  r e p o r t .  D e s c r i p t i o n s  of the s i g n a l s  on the f r o n t -  

en d  DC c o n n e c t o r s  f o l l o w .

1.3. 4 . 1  P o w e r ,  C o n t r o l ,  a n d  ID C o n n e c t o r ,  J5

T h e  c i r c u i t r y  is d e s i g n e d  s o  t h a t  if t h i s  c o n n e c t o r  is 

u n p l u g g e d  t h e  r e f r i g e r a t o r  w i l l  c o n t i n u e  to run; t h i s  a l l o w s  

m a i n t e n a n c e  of a p o r t i o n  of t h e  s y s t e m  w i t h o u t  c a u s i n g  a w a r m - u p .  

N o t e  t h a t  if t h e  15 v o l t  s u p p l i e s  a r e  t u r n e d  of f  w h i l e  the AC 

v o l t a g e  is a p p l i e d ,  p o w e r  w i l l  be a p p l i e d  t o  t h e  r e f r i g e r a t o r  

m o t o r  r e g a r d l e s s  of the c o n d i t i o n  of the d e w a r  v a c u u m .
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TABLE I TABLE II TABLE III

J2-M0NIT0R
(DB25S ON FRONT-END)

£in Lalsl Function

1 VP PUMP VAC
2 VD DEWAR VAC
3 15K TEMP MON,
4 50K 10 mV/°K
5 300K
6 AC I AC CURRENT
7 RF1 RCP STAGE 1
8 RF2 OTHER STAGES
9 LF1 LCP STAGE 1
10 LF2 OTHER STAGES
11 LED LED VOLTAGE
12 - -

13 QGND QUALITY GND
14 SENS TEMP SENS A
15
16

17
18

19
20 S SOLENOID MON
21 P PUMP REQ
22 M MANUAL MON

23 X CONTROL
2k C MODE

25 T MONITOR

J5-PWR, CONTROL, AND ID
_^B25P. ON FRONT-END) .....

Pin Latel Eunsti&n

1 GND POWER GROUND
2 +15 600 mA

3 -15 100 mA
4

5
6 X CONTROL BITS
7 C
8 H

9 PA FE PARITY (EVEN)
10
11 CAL 28.0 V, 4-10 mA
12 HI CAL 28.0 V, " 50 mA
13 GND

14 F0 LSB
15 F1 FREQUENCY
16 F2 ID

17 F3 MSB
18 S0 l £b

19 S1 SERIAL
20 S2 NUMBER
21 S3
22 S4

23 S5 MSB
24 M0 MODIFICATION
25 M1 MSB

TABLE V

2- 11-86

J1-AC POWER 150 VAC 2<f> 0.5-1.0 A 
(DEUTSCH DM9606-3P ON FRONT-END)_________

MS Pin
LaJbsl Function fewer Supply

01 SHIFTED PHASE A

02 LINE' PHASE B
R RETURN C

J4-AUXHIARY 
(DBQS ON FRONT-END)

Pin Label Function

1 AC+ CURR MON, 10V/AMP
2 AC- RETURN

3 P PUMP REQUEST
4 GND GROUND

5
6

7
8

9

TABLE IV

FREQUENCY ID CODE

Code Fnsausiicy PA

0 75 0
1 327/610 1
2 1.5 1

3 2.3 0
4 4.9 1
5 8.4 0
6 10.7 0

7 14.9 1
8 23 1

9 43 0

A 86 0
B

C
D
E
F



T h e  e f f e c t  of the c o n t r o l  bit s  on J5; C, N O T - H ,  an d  X; is 

s h o w n  in T a b l e  VI.

1 4

T a b l e  VI 
F r o n t - E n d  C o n t r o l  S t a t e s

c H X M o d e C o m m e n t

0 1 1 OFF No r e f r i g e r a t o r  p o w e r ,  h e a t e r  
p o w e r ,  or v a c u u m  p u m p i n g .

1 1 1 C O O L N o r m a l  c o o l e d  o p e r a t i o n .

0 0 1 S T R E S S C O O L  w i t h  s m a l l  a d d e d  h e a t  
l o a d  to s r e s s - t e s t  c r y o g e n i c s

1 0 1 H E A T F a s t  w a r m - u p  of d e w a r  w i t h  
33 w a t t s  of h e a t  a d d e d .  PUMP 
R E Q  b e c o m e s  h i g h  w h e n  d e w a r  
v a c u u m  is g r e a t e r  t h a n  
10 m i c r o n s .

1 0 0 PUMP No r e f r i g e r a t o r  or h e a t e r  
po w e r .  P U M P  R E Q  high; 
v a c u u m  s o l e n o i d  o p e n  w h e n  
m a n i f o l d  p r e s s u r e  l e s s  t h a n  
d e w a r  p r e s s u r e .

N o t e  tha t  a c o n t r o l  d a t a  f a i l u r e  w h i c h  f o r c e s  all b i t s  h i g h

w i l l  k e e p  the s y s t e m  in C O O L  m o d e .  A l t h o u g h  all z e r o s  a r e  not 

d e f i n e d ,  it is c u r r e n t l y  i n t e r p e r e t e d  as t h e  S T R E S S  s t a t e .  T h e r e  

is n o  m e m o r y  in the d e w a r  c o n t r o l  c i r c u i t r y  a n d  s w i t c h i n g  f r o m  

on e  m o d e  to a n o t h e r  can be p e r f o r m e d  w i t h o u t  d a m a g e ;  th e  c o n t r o l  

c a r d  w i l l  not o p e n  the v a c u u m  v a l v e  s o l e n o i d  u n l e s s  the p u m p  p o r t  

v a c u u m  is s u f f i c i e n t l y  l o w ,  a n d  a l s o  p r o t e c t s  t h e  d e w a r  f r o m  

o v e r h e a t i n g  by the h e a t e r s .  Th e  c o n t r o l  b i t s  a r e  T T L  l e v e l s  w i t h  

e a c h  d r i v i n g  o n e  LS load.



T h e  C A L  a n d  HI CA L  c o n t r o l  s i g n a l s  d i r e c t l y  d r i v e  the c a l i b r a t i o n  

n o i s e  s o u r c e s  and in the c a s e  of HI CAL a l s o  d r i v e  a o n e - s t a g e  

n o i s e  c a l i b r a t i o n  a m p l i f i e r .  T h e  C A L  s i g n a l s  ar e  t u r n e d  o n  w i t h  

+ 28 v o l t s  at 15 mA f o r  C A L  and 120 mA f o r  t h e  HI CAL. T h e  c o e f f i c i e n t  

of c a l i b r a t i o n  p o w e r  o u t p u t  v e r s u s  s u p p l y  v o l t a g e  is l e s s  t h a n  

0.1 d B / % f o r  CAL.

T h e  t w e l v e  b i t  ID w o r d  p r o v i d e d  o n  J5 is f u n c t i o n a l l y  d i v i d e d  

i n t o  f o u r  f r e q u e n c y  ID b i t s ,  s i x  s e r i a l  n u m b e r  b i t s ,  a n d  t w o  

m o d i f i c a t i o n  ID bits. The f r e q u e n c y  ID c o d e s  ar e  g i v e n  in T a b l e

IV. In t h e  V L B A  s y s t e m ,  t h e  f r e q u e n c y  ID b i t s  w i l l  be u s e d  fo r  

m o n i t o r  a n d  c o n t r o l  a d d r e s s  a s s i g n m e n t .  A c c o r d i n g l y ,  a p a r i t y  

bit ( N O T - P A )  is p r o v i d e d ,  g i v i n g  th e  i n v e r t e d  E v e n  p a r i t y  of the 

f o u r  f r e q u e n c y  b i t s .  T h i s  b i t  is i n v e r t e d  i n  t h e  F r o n t - e n d  

C o n t r o l  M o d u l e  g i v i n g  E v e n  p a r i t y  of th e  M / C  a d d r e s s .  L o w  ID 

b i t s  are c o n n e c t e d  to G r o u n d ;  h i g h  b i t s  ar e  o p e n - c i r c u i t s . P u l l -  

u p  r e s i s t o r s  ar e  r e q u i r e d  in t h e  F r o n t - e n d  C o n t r o l  M o d u l e  F 1 0 1 .

1 . 3 . 4 . 2  M o n i t o r  C o n n e c t o r ,  J2

S i x  T T L  d i g i t a l  m o n i t o r  s i g n a l s  a r e  p r o v i d e d  o n  M o n i t o r  

c o n n e c t o r  J2. T h e  p u m p  r e q u e s t  s i g n a l ,  P, is a T T L  l e v e l  w h i c h  

is h i g h  if d e w a r  v a c u u m  p u m p i n g  is r e q u i r e d ,  a n d  s h o u l d  be m o n i t o r e d  

a n d  c o n n e c t e d  to the v a c u u m  m a n i f o l d  c o n t r o l  c i r c u i t s .  P is 

p r o v i d e d  on b o t h  J2 a n d  J4. The v a c u u m  s o l e n o i d  s i g n a l ,  S, is a 

T T L  s i g n a l  fo r  m o n i t o r  p u r p o s e s ;  S is h i g h  w h e n  the v a c u u m  v a l v e  

is open. N O T - M ,  M a n u a l  Mon ,  is h i g h  if the m a n u a l  c o n t r o l  s w i t c h  

o n  t h e  f r o n t - e n d  c a r d  c a g e  is in the CPU p o s i t i o n .  C, N O T - H ,  and 

X m o n i t o r s  a r e  p r o v i d e d  to i n d i c a t e  the a c t i v e  c o n t r o l  s t a t e .
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T h e  a n a l o g  m o n i t o r  s i g n a l s  o n  J2 a r e  p r o v i d e d  for f a u l t  

d e t e c t i o n  a n d  i s o l a t i o n .  T h e  v a c u u m  p r e s s u r e  as a f u n c t i o n  of 

the v a c u u m  m o n i t o r  v o l t a g e s  V p an d  V D is g i v e n  in F i g u r e  1 .3-2.

T h r e e  l i n e a r i z e d  (10 m V / K )  t e m p e r a t u r e  m o n i t o r s  are p r o v i d e d :  

t h e  r e f r i g e r a t o r  f i r s t  ( 5 0 K )  a n d  s e c o n d  ( 1 5 K ) s t a g e s ,  a n d  an 

a m b i e n t  ( 3 0 0 K )  t e m p e r a t u r e ,  s e n s e d  on t h e  RF c a r d  i n  t h e  c a r d  

c a g e .  I n  a d d i t i o n ,  t h e  r e f r i g e r a t o r  s e c o n d  s t a g e  t e m p e r a t u r e  

s e n s o r  v o l t a g e ,  b u f f e r e d  b y  a u n i t y - g a i n  a m p l i f i e r ,  is p r o v i d e d  

( S E N S ) .  T h i s  o u t p u t  has a n o n - l i n e a r  r e l a t i o n  to t e m p e r a t u r e ,  

but g i v e s  g r e a t e r  s e n s i t i v i t y  a n d  p o t e n t i a l  a c c u r a c y  at l o w  

t e m p e r a t u r e s  tha n  t h e  l i n e a r i z e d  1 0 m V / K  o u t p u t .

R F 1 a n d  LF1 ar e  t h e  f i r s t  s t a g e  g a t e  v o l t a g e s  of t h e  L C P  and 

RCP c o o l e d  a m p l i f i e r s ,  r e s p e c t i v e l y .  RF2 a n d  L F 2  a r e  the v o l t a g e  

s u m  of th e  r e m a i n i n g  s t a g e s *  g a t e  v o l t a g e s  fo r  t h e  t w o  c h a n n e l s .  

A l a r g e  c h a n g e  in an y  of the g a t e  v o l t a g e s  u s u a l l y  m e a n s  t h a n  on e  

of the a m p l i f i e r  s t a g e s  has a f a u l t  or t h a t  a p r o b l e m  e x i s t s  in. 

the b i a s  c a r d  or the f r o n t - e n d  w i r i n g .
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T h e  o u t p u t  AC I is the s i g n a l  f e d  i n t o  the f r o n t - e n d  c a r d  

c a g e  at A u x i l i a r y  c o n n e c t o r  p i n s  1 a n d  2. T h e  r e f r i g e r a t o r  p o w e r  

s u p p l y  p r o v i d e d  w i t h  t h e  f r o n t - e n d  p r o d u c e s  t h i s  v o l t a g e  (10 

V o l t s / A m p )  a n d  is p r o v i d e d  at J 2  s o  t h a t  t h e  s t a t i o n  c o n t r o l  

c o m p u t e r  c a n  v e r i f y  t h a t  p o w e r  is a p p l i e d  to the r e f r i g e r a t o r  

m o t o r  a n d / o r  o t h e r  f r o n t - e n d  AC c o m p o n e n t s .  T h e  r e f r i g e r a t o r  

m o t o r ,  v a c u u m  v a l v e  s o l e n o i d ,  a n d  d e w a r  h e a t e r s  c u r r e n t s  are 

s u m m e d  i n t o  t h i s  m o n i t o r  v o l t a g e .  T y p i c a l  c u r r e n t s  In t h e  v a r i o u s  

f r o n t - e n d  m o d e s  are: C O O L  - 0.7 A, S T R E S S  - 0 . 7 3  A, a n d  H E A T -  

0 . 4 5  A. T h e  rms c u r r e n t  d r a w n  by the v a r i o u s  l o a d s  ar e  as f o l l o w s :

R e f r i g e r a t o r  M o t o r  ................. ....0 . 7  a m p s

$
V a c u u m  S o l e n o i d  .................... ....0 . 2 5  a m p s

H e a t e r s  in H E A T  M o d e  .............. ....0 . 2 0  a m p s

H e a t e r s  in S T R E S S  M o d e  r-r...... . 0 . 0 3  a m p s
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If the v a c u u m  s o l e n o i d  is p o w e r e d  but t h r o u g h  a 

f a u l t  doe s  not a c t u a t e ,  it wil l  d r a w  0 . 4 0  amps.

Q u a l i t y  G r o u n d ,  Q G N D ,  is p r o v i d e d  o n  J2 as a l o w  c u r r e n t  

r e t u r n  p a t h  fo r  th e  f r o n t - e n d  a n a l o g  m o n i t o r s .  I t  s h o u l d  b e  

i s o l a t e d  f r o m  the s y s t e m  p o w e r  s u p p l y  g r o u n d s  at the c i r c u i t r y  

m e a s u r i n g  t h o s e  v o l t a g e s .

1 . 3 . 4 . 3  A u x i l i a r y  C o n n e c t o r ,  J4

T h i s  c o n n e c t o r  is p r o v i d e d  to a l l o w  m i s c e l l a n e o u s  c o n n e c t i o n s  

to th e  f r o n t - e n d .  T h e  AC c u r r e n t  m o n i t o r  a n d  th e  P u m p  R e q u e s t  

s i g n a l  a r e  e x p l a i n e d  in the a b o v e  s e c t i o n .



1.3.5 AC P o w e r  I n t e r f a c e ,  J1

T h e  C T I  M o d e l  22 r e f r i g e r a t o r  r e q u i r e s  t w o - p h a s e ,  150 v o lt, 

60 or 50 H z  AC p o w e r  w h i c h  is s u p p l i e d  i n t o  a t h r e e - p i n  r e c e p t a c l e ,  

D e u t s c h  D M 9 6 0 6 - 3 P *  w i t h  m a t i n g  p l ug, D M 9 7 0 2 - 3 S .  T h e  p i n  a s s i g n m e n t s  

are g i v e n  in T a b l e  V. A s i m p l i f i e d  AC p o w e r  s c h e m a t i c  of t h e  

e n t i r e  s y s t e m ,  a n d  a s u g g e s t e d  p o w e r  s o u r c e  s c h e m a t i c  a r e  s h o w n  

in F i g u r e  1.3 - 3 .  T h e  P111 M o d e l  22 P o w e r  S u p p l y  p r o v i d e s  t h e  

p r o p e r  v o l t a g e s  to r u n  the r e f r i g e r a t o r  m o t o r  a n d  is d e s c r i b e d  in 

S e c t i o n  2.9.

N o t e  t h a t  t h e  A C  p o w e r  c a b l e  m a y  be r e m o v e d  f r o m  J1 a n d  

p l u g g e d  d i r e c t l y  i n t o  the r e f r i g e r a t o r  m o t o r  to k e e p  t h e  s y s t e m  

c o l d  w h i l e  r e m o v i n g  AC p o w e r  f r o m  the c o n t r o l  c i r c u i t s .

1 . *1 S y s t e m  P a r a m e t e r  B u d g e t s

T h e  s y s t e m  n o i s e  t e m p e r a t u r e  b u d g e t  is g i v e n  in T a b l e  VII. 

T h e  f r o n t - e n d  g a i n  b u d g e t  is g i v e n  in T a b l e  V I I I ,  a n d  t h e  e s t i m a t e d  

h e a t  l o a d s  o n  t h e  r e f r i g e r a t o r  s e c o n d  (15 K ) s t a g e  is g i v e n  in 

T a b l e  IX.

19



1

ro
o

F i g u r e  1 . 3“3 

F r o n t - E n d  AC W i r i n g



21

T a b l e  VII 
S y s t e m  N o i s e  B u d g e t

C o m p o n e n t
P h y s i c a l
T e m p e r a t u r e

N o i s e
T e m p e r a t u r e  
or L o s s

S y s  tem
C o n t r i  b u t i o n

F E T  A m p l i f i e r  16 K

P o s t  F r o n t - e n d  300 K

S e c o n d  S t a g e  300 K

C a l  C o u p l e r  and
C o a x  C a b l e  16 K

P o l a r i z e r  50 K

W i n d o w  300 K

15.0 K 

1 8 , 0 0 0  K 

5 3 0  K

0 . 1 5  dB 

0 . 1 0  dB 

0.001 dB

T O T A L  R E C E I V E R  T E M P E R A T U R E

15. 0  K

0.9 K

0 . 5  K

0. 9  K

1.4 K

0.1 K

1 8 . 8  K

T a b l e  V I I I  
F r o n t - e n d  G a f n  B u d g e t

- 0 . 2  dB 
+ 32 ± 1.5 dB
- 0 . 6  dB

- 0 . 2  dB
- 0 . 5  dB 
+ 1 8 . 5  ± 1.5 dB
-  3 dB

NE T  G A I N  + 4 6 . 0  ± 3.0 dB

I n p u t  L o s s e s  
3 - S t a g e  C R Y 0 F E T  

9" .085" D. S S / A G  C a b l e  
12" . 1 4 1” D . C U / C U  C a b l e  
B a n d p a s s  F i l t e r s  
3 * S t a g e  P o s t  A m p  
O u t p u t  A t t e n u a t o r

T a b l e  IX
H e a t  L o a d  on R e f r i g e r a t o r  S e c o n d  S t a g e

R a d i a t i o n  0 . 2  w a t t s
C o a x i a l  L i n e s  to 3 0 0 K  (3) 0 . 1 3
C o a x i a l  L i n e s  to 50 K  (2) 0 . 6 6
No. 32 B r a s s  W i r e  (16) 0 . 0 4
F E T  A m p l i f i e r  DC B i a s  0.4

T O T A L 1.4 w a t t s
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S e c t i o n  2. C O M P O N E N T  D E S C R I P T I O N S  A N D  O P E R A T I O N A L  N O T E S

2.0 G e n e r a l

A n u m b e r  of key d r a w i n g s  ar e  s h o w n  in A p p e n d i x  II. T h e s e  

d r a w i n g s  i n c l u d e  bi 1 1 - o f - m a t e r i a l s  (BOM) d o c u m e n t s  w h i c h  i n d e x  

o t h e r  dr a w i  n g s . M a n u f a c t u r e r 1s d a t a  s h e e t s  for c o m m e r c i a l  c o m p o n e n t s  

u s e d  in t h i s  f r o n t - e n d  a r e  i n c l u d e d  in A p p e n d i x  III. I n  A p p e n d i x

IV, s p e c i a l  t e s t  e q u i p m e n t  n e e d e d  to t e s t  or c o n s t r u c t  t h e  f r o n t -  

en d  is d e s c r i b e d .

2.1 V a c u u m  D e w a r

T h e  v a c u u m  d e w a r  is a c y l i n d r i c a l  v e s s e l ,  f o r m e d  f r o m  a l u m i n u m

t u b i n g  c a p p e d  w i t h  o n e - h a l f  i n c h  t h i c k  a l u m i n u m  e n d p l a t e s .  T h e  

w a v e g u i d e  i n p u t  f l a n g e  is l o c a t e d  o n  the T o p  P l a t e  (so c a l l e d  

b e c a u s e  it w i l l  b e  n e a r e r  t h e  s k y  in t h e  V L B A  c a s s e g r  ai ni an 

s y s t e m ) .  The r e f r i g e r a t o r ,  DC and RF f e e d t h r u s ,  a n d  the I n s p e c t i o n  

C o v e r  are m o u n t e d  on the B o t t o m  P l a t e .  T h e  v a c u u m  m a n i f o l d  is 

m o u n t e d  on the c i r c u l a r  I n s p e c t i o n  C o v e r  t h a t  m a y  be r e m o v e d  to 

g a i n  a c c e s s  to t h e  i n t e r n a l  c o m p o n e n t s .  All j o i n t s  a r e  s e a l e d  

w i t h  O - r i n g s ;  no w e l d i n g  is used.

2.1.1 V a c u u m  P u m p i n g

T h e  d e w a r  i n t e r i o r  v o l u m n  is a p p r o x i m a t e l y  11.4 l i t e r s .  T h e  

i n t e r i o r  s u r f a c e s ,  t h e  c r y o p u m p i n g  c h a r c o a l  o n  the 1 5K p l a t e ,  a n d  

e s p e c i a l l y  the r i g i d  f o a m  u s e d  in the v a c u u m  w i n d o w  c o n s t r u c t i o n ,  

a d s o r b  g a s e s  a n d  w a t e r  v a p o r  t h a t  a r e  d i f f i c u l t  t o  r e m o v e  by 

m e c h a n i c a l  p u m p i n g .  If a d e w a r  has b e e n  o p e n  f o r  s e v e r a l  d a y s  in



h u m i d  c o n d i t i o n s ,  it ca n  t a k e  a c o u p l e  of h o u r s  for a 127 l i t e r / m i n u t e  

r o u g h i n g  p u m p  to e v a c u a t e  the d e w a r  to a p r e s s u r e  of 50 m i c r o n s .  

H o w e v e r ,  if a d e w a r  has b e e n  s t o r e d  u n d e r  v a c u u m ,  t h e  s a m e  p u m p  

can a c h i e v e  50 m i c r o n s  in l e s s  t h a n  30 m i n u t e s .  It is r e c o m m e n d e d  

t h a t ,  b e f o r e  c o o l i n g  t h e  f r o n t - e n d  p r i o r  t o  i n s t a l l i n g  o n  t h e  

t e l e s c o p e ,  it be p u m p e d  at r o o m  t e m p e r a t u r e  f o r  t w e n t y - f o u r  

h o u r s ,  if p o s s i b l e .

2 . 1 . 2  R a d i a t i o n  S h i e l d s

A s i n g l e  l e v e l  of r a d i a t i o n  s h i e l d i n g  is u s e d  in the d e w a r  

to r e d u c e  t h e  r a d i a t i o n  l o a d i n g  o n  t h e  r e f r i g e r a t o r  c o l d  s t a t i o n s .  

T h e  s h i e l d s  a r e  c o n s t r u c t e d  of t h i n  a l u m i n u m  s h e e t s  f o r m e d  i n t o  

t h e  p r o p e r  s h a p e s .  A c y l i n d r i c a l  s h i e l d  is a t t a c h e d  t o  t h e  

r e f r i g e r a t o r  f i r s t  s t a g e  a n d  is s p a c e d  a w a y  f r o m  the d e w a r  o u t e r  

c y l i n d e r  by a b o u t  3/8 i n c h e s .  C i r c u l a r  s h i e l d s  a r e  m o u n t e d  off 

of the e n d p l a t e s  by n y l o n  c l i p s ,  c l o s i n g  the e n d s  of the c y l i n d r i c a l  

s h i e l d .  T h e s e  s h i e l d s  s u r r o u n d  t h e  p o l a r i z e r ,  t h e  r e f r i g e r a t o r  

c y l i n d e r ,  a n d  the 15K c o m p o n e n t s .

2 . 1 . 3  S y s t e m  C o o l d o w n  P r o c e d u r e

W h e n  p r e p a r i n g  the f r o n t - e n d  for i n s t a l l a t i o n  o n  t h e  t e l e s c o p e ,  

it is r e c o m m e n d e d  t h a t  the d e w a r  be p u m p e d ,  u s i n g  th e  P U M P  m o d e ,  

for at l e a s t  24 h o u r s  p r i o r  to c o o l i n g .  For r o u t i n e  t e s t s  or if 

the d e w a r  has b e e n  s t o r e d  u n d e r  v a c u u m ,  e x t e n d e d  p u m p i n g  is not 

n e c e s s a r y .  I n  e i t h e r  c a s e ,  the f o l l o w i n g  p r o c e d u r e  s h o u l d  be 

f o i l  owed:
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1) C h e c k  t h a t  t h e  c o m p r e s s o r  is o p e r a t i n g  a n d  t h a t  the 
s u p p l y  p r e s s u r e  is 250 ± 10 psi . C o n n e c t  th e  r e f r i g e r a t o r  
h e l i u m  p o r t s  to the c o m p r e s s o r  l i n e s ,  r e t u r n  l i n e  f i r s t .

2) C o n n e c t  the f r o n t - e n d  v a c u u m  por t  to a p u m p  or v a c u u m  
m a n i f o l d .

3) C o n n e c t  the M o n i t o r  c o n n e c t o r  J2, the P o w e r  c o n n e c t o r  
J5, t h e  A u x i l i a r y  c o n n e c t o r  J4, an d  t h e  AC c o n n e c t o r  J1 
to the p r o p e r  c a b l e s .  C h e c k  t h a t  the AC an d  DC p o w e r  
s u p p l i e s  are on. U s i n g  t h e  m e t e r  o n  th e  l o c a l  c o n t r o l  

pa n e l ,  c h e c k  t h a t  the m o n i t o r  v o l t a g e s  a r e  r e a s o n a b l y .

4) C h e c k  t h a t  the d e w a r  ven t  v a l v e  is c l o s e d  a n d  c a p p e d  
a n d  t h a t ,  u n l e s s  m a n u a l  c o n t r o l  w i l l  b e  u s e d ,  t h e  
c o n t r o l  s w i t c h  on the c a r d  c a g e  is in th e  C P U  p o s i t i o n .

5) P l a c e  the f r o n t - e n d  i n t o  the C O O L  s t a t e ,  u s i n g  e i t h e r  
t h e  l o c a l  c o n t r o l  p a n e l  or t h e  s t a t i o n  c o m p u t e r .  F r o m  
t h i s  poi n t ,  the c o o l d o w n  p r o c e d u r e  is a u t o m a t i c .  T h e  
f r o n t - e n d  will g e n e r a t e  a P U M P  R E Q U E S T  a n d  w h e n  t h e  
p u m p  v a c u u m  b e c o m e s  l o w e r  t h a n  the d e w a r  v a c u u m ,  the 
v a c u u m  v a l v e  s o l e n o i d  wil l  o p e n .  W h e n  t h e  d e w a r  v a c u u m  
b e c o m e s  a p p r o x i m a t e l y  50 m i c r o n s ,  t h e  r e f r i g e r a t o r  
m o t o r  will s t a r t .  W h e n  the d e w a r  v a c u u m  b e c o m e s  l e s s  
t h a n  5 m i c r o n s ,  t h e  P U M P  R E Q U E S T  s i g n a l  will  b e c o m e  
1 o w .

C h a r t  r e c o r d i n g s  of a t y p i c a l  c o o l d o w n  a n d  H E A T  m o d e  w a r m - u p  

a r e  s h o w n  in F i g u r e  2.1 - 1 .  T h e  c o o l d o w n  t i m e  is a p p r o x i m a t e l y  12 

h o u r s  to a f i n a l  t e m p e r a t u r e  of 12K to 15K on the s e c o n d  s t a g e  

and 5 0 K  to 7 0 K  o n  th e  f i r s t  s t a g e .  T h e  w a r m - u p  t i m e  w i t h  33 

w a t t s  of hea t  a p p l i e d  is f i v e  h o u r s .  Th e  r a t i o  of t h e s e  t i m e s  

g i v e s  an a v e r a g e  r e f r i g e r a t o r  c o o l - d o w n  p o w e r  of 1 3 w a t t s  i n c l u d i n g  

0.4 w a t t s  to c o m p e n s a t e  for F E T  DC b i a s  p o w e r .

2. 1 . 4  D i s a s s e m b l y  of D e w a r

F i g u r e s  2 . 1 - 2  t h r o u g h  2 . 1 - 4  s h o w  the f r o n t - e n d  in a d i s a s s e m b l e d  

s t a t e .  T h e  s t e p s  n e c e s s a r y  to d i s a s s e m b l e  the d e w a r  s o  t h a t  th e  

c o o l e d  c o m p o n e n t s  m a y  be w o r k e d  o n  are:



W i t h  the f r o n t - e n d  w a r m e d  to r o o m  t e m p e r a t u r e ,  o p e n  the 
m a n u a l  ven t  v a l v e ,  b r i n g i n g  the d e w a r  t o  a t m o s p h e r i c  
p r e s s u r e .  O n  a c o n v e n i e n t  w o r k  s u r f a c e ,  p l a c e  the 
f r o n t - e n d  so t h a t  th e  I n s p e c t i o n  P l a t e  is a c c e s s a b l e .

If t h e  v a c u u m  a n d  h e l i u m  l i n e s  a r e  s t i l l  a t t a c h e d ,  
d i s c o n n e c t  t h e m  f o r  c o n v e n i e n c e .  R e m o v e  t h e  f o u r  8 * 3 2  
s c r e w s  a t t a c h i n g  t h e  I n s p e c t i o n  P l a t e  t o  t h e  D e w a r  
B o t t o m  P l a t e  an d  l i f t  it off.

T h r o u g h  t h e  i n s p e c t i o n  h o l e ,  r e m o v e  t h e  t w o  1 0 - 3 2  
s c r e w s  a t t a c h i n g  t h e  p o l a r i z e r  c o l d  s t r a p  to t h e  p o l a r i i e r .  
D i s c o n n e c t  t h e  s e m i - r i g i d  c o a x  f r o m  t h e  p o l a r i z e r  
o u t p u t s  a n d  r o t a t e  it o u t  of t h e  way. U n p l u g  t h e  w i r e s  
f r o m  the t e m p e r a t u r e  s e n s o r  m o u n t e d  o n  t h e  p o l a r i z e r .

R e m o v e  the t w o  1 0 - 3 2  s c r e w s  h o l d i n g  the c a r d c a g e  b r a c k e t  
to th e  D e w a r  T o p  P l a t e .  R e m o v e  th e  six 1 0 - 3 2  s c r e w s  
h o l d i n g  t h e  D e w a r  B o t t o m  P l a t e  to the D e w a r  C y l i n d e r  
and c a r e f u l l y  w i t h d r a w  t h e  B o t t o m  P l a t e  a n d  a t t a c h e d  
c o m p o n e n t s  f r o m  the C y l i n d e r .  T h e  p o l a r i z e r  a n d  g a p p e d  
w a v e g u i d e  wil l  r e m a i n ,  a t t a c h e d  to t h e  T o p  P l a t e .

R e m o v e  the t h r e e  s c r e w s  h o l d i n g  the c y l i n d r i c a l  s h i e l d  
a n d  r e m o v e  t h e  s h i e l d .

c e s s  to an y  of the c o o l e d  .c o m p o n e n t s  is no w  p o s s i b l e .
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TIME (HOURS)
F i g u r e  2.1-1 (a ) 

F r o n t - E n d  C o o l d o w n  R e c o r d

TIME (HOURS)
F i g u r e  2.1-1 (b) 

F r o n t - E n d  W a r m u p  R e c o r d
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F i g u r e 2. 1 - 2

Th e D i s a s s e m b l e d  D e w a r .

C l o c k w i s e  f r o m  l o w e r  c e nt er : T h e  I n s p e c t i o n  
C o v e r ;  t h e  p o l a r i z e r  and T h e r m a l  T r a n s i t i o n  
m o u n t e d  to the d e w a r  T o p  P l a t e  and C y l i n d e r ;  
the S i d e  S hi e l d ;  the B o t t o m  P l a t e  and c o o l e d  
c o m p o n e n t s  w i t h  the c a r d  cage.
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F i g u r e  2 . 1 — 3

T h e  P o l a r i z e r ,  T h e r m a l  T r a n s i t i o n ,  a n d  
I n p u t  W a v e g u i d e  M o u n t e d  to the D e w a r  

T o p  Pla te .

N o t e  the r a d i a t i o n  s h i e l d  m o u n t e d  
w i t h  n y l o n  cl ip s .



O n e  d i s a d v a n t a g e  of the f o a m  is t h a t  it a d s o r b s  m o i s t u r e ,  

s l o w i n g  d o w n  t h e  r o u g h  p u m p i n g  p r o c e s s ,  a n d  m a k i n g  it n e c e s s a r y  

to p r o v i d e  a w a t e r  v a p o r  sea l  on the e x t e r n a l  s i d e  of the w i n d o w .  

T h i s  is o b t a i n e d  w i t h  a s h e e t  of S a r a n - w r a p  e p o x i e d  i n t o  t h e  

W i n d o w  R i n g  t h a t  b o l t s  ove r  the w a v e g u i d e  w i n d o w .  T e s t s  h a v e  

s h o w n  t h a t  th e  S a r a n - w r a p  c o n t r i b u t e s  no m e a s u r a b l e  a m o u n t  to the 

r e c e i v e r  n o i s e  t e m p e r a t u r e .

2. 3 W a v e g u i d e  T h e r m a l  T r a n s i t i o n

T h e r m a l  i s o l a t i o n  b e t w e e n  t h e  d e w a r  i n p u t  f l a n g e  a n d  the 

p o l a r i z e r  at 5 0 K  is p r o v i d e d  by a O . U m m  ( 0 . 0 1 6  i n c h )  ga p  in the 

w a v e g u i d e  w a l l .  A c h o k e  g r o o v e  at the g a p  is used. I n s e r t i o n  

l o s s  an d  r e t u r n  l o s s  t e s t s  of t h e  t h e r m a l  t r a n s i t i o n  a s s e m b l y  

h a v e  s h o w n  no e v i d e n c e  of m e a s u r a b l e  e n e r g y  r a d i a t i n g  f r o m  the 

gap. T h e  gap is s u p p o r t e d  by f o u r  t u b e s  m a c h i n e d  f r o m  0.5 i n c h  

d i a m e t e r ,  t y p e  G - 1 0  e p o x y - f i b e r g l a s s  r o d  s t o c k .  T h e  c a l c u l a t e d  

h e a t  l o a d  t h r o u g h  e a c h  s u p p o r t  t u b e  is 56 mW f o r  2 2 4  m W  t o t a l  

c o n d u c t e d  l o ad.

T h e  t h e r m a l  t r a n s i t i o n  is m a c h i n e d  in t w o  s e c t i o n s  f r o m  

6 0 6 1 - T 6  a l u m i n u m .  T h e  top s e c t i o n  b o l t s  to t h e  D e w a r  T o p  P l a t e  

a n d  c o n t a i n s  the v a c u u m  w i n d o w  m a t e r i a l .  The l o w e r  s e c t i o n  is 

s u p p o r t e d  f r o m  the to p  s e c t i o n  by t h e  f o u r  s u p p o r t  t u b e s ,  a n d  t h e  

p o l a r i z e r  is b o l t e d  to its l o w e r  s u r f a c e .

2. M P o l a r i  zer

Th e  p o l a r i z e r  is a si o p e d - s e p t  urn w a v e g u i d e  s t r u c t u r e  p r o v i d e d  

by a c o m m e r c i a l  v e n d o r .  T h e  s t e p p e d  s e p t u m  is m o u n t e d  in s q u a r e
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w a v e g u i d e  an d  s e p a r a t e s  t h e  two c i r c u l a r l y  p o l a r i z e d  w a v e s  to the 

t w o  S M A  o u t p u t  c o n n e c t o r s .  A s i m p l e  s c r e w - t u n e d  a d a p t e r  to 

c i r c u l a r  w a v e g u i d e  is p r o v i d e d  b y  t h e  p o l a r i z e r  v e n d o r .  T h e  

p o l a r i z e r  is s p e c i f i e d  in V L B A  S p e c i f i c a t i o n  A 5 3 2 0 0 N 0 0 1 .

2.5 N o i s e  C a l i b r a t i o n  S y s t e m

T h e  n o i s e  c a l i b r a t i o n  c o m p o n e n t s  a r e  s h o w n  in the b l o c k  

d i a g r a m ,  F i g u r e  1 . 1 — 1. A 30 dB c o a x i a l  d i r e c t i o n a l - c o u p l e r  in 

e a c h  i n p u t  s i g n a l  l i n e  c o u p l e s  in a cal s i g n a l ,  a h i g h  cal s i g n a l ,  

a n d  an e x t e r n a l l y  a p p l i e d  p h a s e  c a l i b r a t i o n  s i g n a l .  A c o a x i a l  

p o w e r  d i v i d e r  w i t h i n  t h e  d e w a r  s p l i t s  t h e  c o m m o n  c a l i b r a t i o n  

s i g n a l  to t h e  t w o  r e c e i v e r  c h a n n e l s .  T h e  d e w a r  c a l i b r a t i o n  i n p u t  

is t h r o u g h  a S M A  h e r m e t i c  f e e d t h r u ;  the c o u p l i n g  f r o m  t h i s  j a c k  

to e a c h  r e c e i v e r  i n p u t  is a p p r o x i m a t e l y  -3 4  dB ( i n c l u d i n g  1 dB of 

c a b l e  1 o s s e s ).

The r e m a i n d e r  of the c a l i b r a t i o n  c o m p o n e n t s  ar e  m o u n t e d  on, 

t h e  RF card, as s h o w n  in F i g u r e  2 . 8 - 1 .  T h e  h i g h  cal o r i g i n a t e s  

in an a v a l a n c h e  d i o d e  n o i s e  s o u r c e  h a v i n g  E N R  * 35 dB, is a m p l i f i e d  

by an a m p l i f i e r  w i t h  a b o u t  10 dB of net gain, a n d  f e e d s  t h r o u g h  

t h e  m a i n  l i n e  of a 10 dB c o u p l e r  to the d e w a r  cal i n p u t .  W i t h  1 

dB of o t h e r  l o s s e s ,  the EN R  r e f e r r e d  to t h e  r e c e i v e r  i n p u t  is 35 

+ 10 - 1 - 34 - 10 dB w h i c h  is 3 0 0 0 K  e x c e s s  n o i s e  t e m p e r a t u r e .  T h e  

h i g h  cal is t u r n e d  on b y  a p p l y i n g  + 2 8  v o l t s  t o  t h e  H I G H  C A L  

c o n t r o l  line; t h i s  s u p p l i e s  the n o i s e  s o u r c e  (15 mA) and, t h r o u g h  

a 15 vol t  r e g u l a t o r ,  the 100 mA f o r  the h i g h  cal a m p l i f i e r .  N o t e  

t h a t  w h e n  the h i g h  cal is not in use, the cal a m p l i f i e r  m u s t  a l s o  

be t u r n e d  off to p r e v e n t  a b o u t  3 K e l v i n  of n o i s e  f r o m  b e i n g  a d d e d  

to the r e c e i v e r  by the a m p l i f i e r  no i s e .
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Th e  n o r m a l  cal s i g n a l  o r i g i n a t e s  in a s e c o n d  35 dB EN R  n o i s e  

s o u r c e  w h i c h  d r i v e s  t h r o u g h  a 3 dB p a d  i n t o  t h e  -6 dB p o r t  of a 

s e c o n d  c o u p l e r  a n d  int o  the -10 dB p o r t  of the f i r s t  c o u p l e r .  

A l l o w i n g  1 dB for l o s s e s ,  t h e  E N R  r e f e r r e d  to t h e  r e c e i v e r  i n p u t  

is 35 - 3 - 6 - 10 - 1 - 34 = -19 dB w h i c h  is 3 .7K. T h e  C A L  

c o n t r o l  l i n e  m u s t  s u p p l y  +28 v o l t s  at 15 mA.

2.6 C o o l e d  A m p l i f i e r s

T h e  3 - s t a g e  FE T  a m p l i f i e r  is d e s c r i b e d  in N R A O  E D I R  No. 259. 

T h e  n o i s e  t e m p e r a t u r e  b u d g e t  f o r  t h e  c o o l e d  RF c o m p o n e n t s  is 

g i v e n  in T a b l e  VII. T h e  t y p i c a l  p o w e r  d i s s i p a t e d  by e a c h  a m p l i f i e r  

is 0.2 w a t t s  (see h e a t  l o a d  b u d g e t  in T a b l e  IX).

2.7 D e w a r  I n t e r n a l  W i r i n g  a n d  Coa-xial L i n e s

T h e r e  are 16 w i r e s  b e t w e e n  the 3 0 0 K  d e w a r  RFI f e e d t h r u  p l a t e  

an d  the c o m p o n e n t s  at 15K a n d  t w o  w i r e s  to the p o l a r i z e r  t e m p e r a t u r e  

s e n s o r .  T o  r e d u c e  the h e a t  l o a d  of t h e s e  w i r e s ,  a s p e c i a l  b r a s s  

w i r e  is u sed. The w i r e  is #32 s o f t  b r a s s  ( t y p e  260) w h i c h  g i v e s  

a f a c t o r  of 8 l o w e r  h e a t  l o a d  an d  h i g h e r  s t r e n g t h  t h a n  c o p p e r  at 

a s a c r i f i c e  of 2 . 3  t i m e s  g r e a t e r  r e s i s t a n c e  at 3 0 0 K .  It is 

c o a t e d  w i t h  p o l y u r e t h e n e  i n s u l a t i o n  w h i c h  c a n  be b u r n e d  off w i t h  

a s o l d e r i n g  i r o n  a n d  is b o n d e d  i n t o  a r e d / g r e e n  p a i r  w i t h  p o l y v i n y l  

b u t r a l  w h i c h  can be d i s s o l v e d  w i t h  a l c o h o l .  T h e  w i r e  is p a r t  

n u m b e r  B 2 3 2 2 1 11-001 f r o m  M W S  P r e c i s i o n  W i r e  in C h a t s w o r t h ,  CA. 

W i t h i n  the d e w a r  the w i r e s  ar e  cut to a l e n g t h  of a b o u t  12 i n c h e s  

a n d  the t o t a l  hea t  l o a d  for 16 w i r e s  (FET b i a s  a n d  15K t e m p e r a t u r e
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s e n s o r )  is 34 mW. F o r  the 2 w i r e s  to th e  d e w a r  h e a t e r s  w h i c h  

m u s t  p a s s  0.21 a m p s ,  12" of 7 x 38 A W G  c o p p e r  w i r e  is u s e d .  T h e  

p o l a r i z e r  t e m p e r a t u r e  s e n s o r  is c o n n e c t e d  w i t h  b r a s s  w i r e s .

T h e  h e a t  f l o w  an d  a t t e n u a t i o n  of v a r i o u s  t y p e s  of c o a x i a l  

c a b l e s  at c r y o g e n i c  t e m p e r a t u r e s  are g i v e n  in N R A O  E D I R  No. 223* 

T h e  c o a x i a l  l i n e s  f r o m  the p o l a r i z e r  to the a m p l i f i e r  p l a t e s  are 

f a b r i c a t e d  of a p p r o x i m a t e l y  3 i n c h  l e n g t h s  of .141" c o p p e r  c o a x i a l  

l ine, g i v i n g  0.01 dB l o s s  at 15K. T h e  .085" c o a x i a l  l i n e s  b e ­

t w e e n  th e  15K c o m p o n e n t s  and 3 0 0 K  h a v e  a p p r o x i m a t e l y  0.6 dB of RF 

l o s s  a n d  c o n d u c t  a p p r o x i m a t e l y  40 m W  of h e a t  each.

2.8 RF C a r d

All r o o m  t e m p e r a t u r e  RF c o m p o n e n t s  a r e  m o u n t e d  o n  a p r i n t e d  

c i r c u i t  b o a r d  ( F i g u r e  2 . 8 - 1 )  t h a t  is i n c l u d e d  in t h e  f r o n t - e n d  

c a r d  cage. S e m i - r i g i d  c o a x  c o n n e c t s  the t h r e e  d e w a r  S M A  f e e d t h r u s  

to the p r o p e r  c o n n e c t o r s  on the RF C a r d .  T h e  n o i s e  s o u r c e s  a n d  

c o u p l i n g  n e t w o r k s  ar e  d e s c r i b e d  in s e c t i o n  2.5; all of t h e s e  a r e  

s t a n d a r d  c o m m e r c i a l  c o m p o n e n t s .

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

is d e s c r i b e d  in s p e c i f i c a t i o n  A 5 3 2 0 5 N 0 0 1 .  T h e  t e m p e r a t u r e  c o ­

e f f i c i e n t s  of a M i t e q  a m p l i f i e r  SN 6 6 8 1 5  p u r c h a s e d  u n d e r  t h i s  

s p e c i f i c a t i o n  w e r e  m e a s u r e d  as - 0 . 0 2  dB/°C fo r  g a i n ,  a n d  - 0 . 1 3  

°/°C for p hase.
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F i g u r e  2.8-1 

RF Card.

T h e  h i g h  cal amp an d n o i s e  s o u r c e  
ar e not m o u n t e d  on t h i s  card.



T h e  H i g h  C a l  a m p l i f i e r  is a u n i t  i d e n t i c a l  to t h e  p o s t  

a m p l i f i e r s .  An a t t e n u a t o r  f o l l o w i n g  the a m p l i f i e r  is s e l e c t e d  

s u c h  tha t  the H i g h  Cal l e v e l  is a p p r o x i m a t e l y  3 0 0 0 K .  A r e g u l a t o r  

is r e q u i r e d  to r e d u c e  the 28 V cal d r i v e  v o l t a g e  to the 15 v o l t s  

r e q u i r e d  by the a m p l i f i e r ,  a n d  is m o u n t e d  on th e  RF C a r d .

2.9 R e f r i g e r a t o r  P o w e r  S u p p l y

T h e  r e f r i g e r a t o r  m o t o r  r e q u i r e s  t w o - p h a s e  (90 d e g r e e s  p h a s e  

d i f f e r e n c e )  AC p o w e r  an d  w i l l  o p e r a t e  at 120 to 160 v o l t s  R M S  at 

50 t o  60 Hz. T h e  P 1 1 1  M o d e l  22 P o w e r  S u p p l y  is d e s i g n e d  to 

p r o v i d e  th e  p r o p e r  v o l t a g e s ,  d e r i v e d  f r o m  120 volt, 60 Hz, s i n g l e ­

p h a s e  p ower; the s c h e m a t i c  is s h o w n  in F i g u r e  2 . 9 - 1 .  A n  i s o l a t i o n  

t r a n s f o r m e r  is u s e d  in the P111 w i t h  an u n l o a d e d  o u t p u t  v o l t a g e  

of 160 v o l t s  RMS. T h e  s h i f t e d  p h a s e  o u t p u t  is o b t a i n e d  w i t h  a RC 

n e t w o r k .  T h e  r e s i s t a n c e  c o n s i s t s  of tw o  1 5 0  o h m ,  50 w a t t ,  1$ 

w i r e w o u n d  r e s i s t o r s  in s e r i e s .  T o t a l  p o w e r  d i s s i p a t e d  in the 

r e s i s t o r s  is a p p r o x i m a t e l y  45 w a t t s .  T h e  c a p a c i t o r  is a 4 yF 

o i l - f i l l e d  c a p a c i t o r .

I n c l u d e d  w i t h i n  t h e  P 1 1 1  is a d e v i c e  t h a t  s e n s e s  the AC 

c u r r e n t  d e l i v e r e d  to the f r o n t - e n d .  T h e  c u r r e n t  s e n s o r  p r o d u c e s  

a DC c u r r e n t  p r o p o r t i o n a l  to the AC c u r r e n t  (1 m A - D C /  1 A - A C ) .  A 

10 K o h m  r e s i s t o r  is p r o v i d e d  a c r o s s  t h e  DC t e r m i n a l s ,  r e s u l t i n g  

in a DC o u t p u t  v o l t a g e  of 10 V D C / A m p  w h e n  m e a s u r e d  w i t h  a h i g h  

i m p e d a n c e  c i r c u i t .  T h e  DC s e n s o r  v o l t a g e  is o u t p u t  on p i n s  A and 

B of c o n n e c t o r  J3 on the f r o n t  p a n e l  of the P1 1 1 . T h e s e  p i n s  a r e  

n o r m a l l y  w i r e d  to pin s  1 an d  2 of th e  f r o n t - e n d  A u x i l i a r y  c o n n e c t o r  

J4, so t h a t  the s t a t i o n  c o m p u t e r  c a n  m o n i t o r  t h e  AC c u r r e n t  vi a  

t h e  M o n i t o r / C o n t r o l  bus.
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2 . 1 0  F r o n t - e n d  C a r d  C a g e

T h e  c a r d  c a g e  e l e c t r i c a l  i n t e r f a c e  s i g n a l s  a r e  d e s c r i b e d  in 

s e c t i o n  1.3 of t h i s  r e p o r t .  T h e  c a r d  cage, the a s s o c i a t e d  c i r c u i t  

c a r d s ,  a n d  t e s t  a n d  c a l i b r a t i o n  p r o c e d u r e s  a r e  d e s c r i b e d  in 

d e t a i l  in a s e p a r a t e  r e p o r t .  A p r e l i m i n a r y  v e r s i o n  of t h e  c i r c u i t  

c a r d s  a r e  d e s c r i b e d  in V L B A  T e c h n i c a l  R e p o r t  No. 1.
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AMPHENOL 126-233 —s.
MATING 126-214-1000 MON

MATING MS3106A14S-01P
Figure 2.9-1 

Schematic of iflll Refrigerator Power Supply
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S e c t i o n  3- T R O U B L E S H O O T I N G

3.0 I n t r o d u c t i o n

T h i s  s e c t i o n  g i v e s  a f e w  s u g g e s t i o n s  for l o c a t i n g  a n d  c o r r e c t i n g  

p r o b l e m s  t h a t  m a y  be e x p e r i e n c e d  w i t h  the s y s t e m .

3.1 L o w  or N o  G a i n

C h e c k  t h e  c o o l e d  F E T  a m p l i f i e r  b i a s  v o l t a g e s .  T h e  g a t e  

v o l t a g e s  m a y  be c h e c k e d  t h r o u g h  t h e  M o n i t o r / C o n t r o l  bus, bu t  if 

an  a b n o r m a l i t y  is f o u n d ,  t h e n  the d r a i n  v o l t a g e s  an d  c u r r e n t s  

m u s t  be c h e c k e d  at t e s t  p o i n t s  on the b i a s  c a r d s .  RF1 an d  L F 1 

a r e  the a m p l i f i e r s '  f i r s t  s t a g e  g a t e  v o l t a g e s .  RF2 a n d  L F 2  is 

t h e  v o l t a g e  s u m  of t h e  r e m a i n i n g  s t a g e s '  g a t e  v o l t a g e .  T h e  

s i g n a l s  R F 1 , R F 2 , L F 1 , an d  LF2 w i l l  n o r m a l l y  r a n g e  b e t w e e n  0 a n d  

-2 v o l t s ,  an d  s h o u l d  not v a r y  by m o r e  t h a n  ± .02 v o l t s  f r o m  the 

v a l u e s  r e c o r d e d  in the t e s t  d a t a  for e a c h  c o o l e d  a m p l i f i e r .  >Av 

v a l u e  g r e a t e r  t h a n  z e r o  v o l t s  ( u s u a l l y  + 14 v o l t s )  i n d i c a t e s  

i n s u f f i c i e n t  d r a i n  c u r r e n t  a n d  l e s s  t h a n  -2 v o l t s  ( u s u a l l y  *-14 

v o l t s )  i n d i c a t e s  a d r a i n  c i r c u i t  s h o r t .  If a p r o b l e m  w i t h  a 

a m p l i f i e r ' s  b i a s  c o n d i t i o n s  is n o t e d ,  tr y  r e p l a c i n g  t h e  a p p l i c a b l e  

b i a s  card. If t h a t  d o e s  not c o r r e c t  the p r o b l e m ,  e x a m i n e  t h e  

D e w a r  P o w e r  c o n n e c t o r ,  J3, a n d  the d e w a r  DC f e e d t h r u s  for o b v i o u s  

p r o b l e m s .  If all t h a t  f a i l s ,  t h e n  t h e  d e w a r  w i l l  h a v e  t o  b e  

o p e n e d  to r e p l a c e  the a m p l i f i e r .

If the c o o l e d  a m p l i f i e r s '  b i a s  v o l t a g e s  a r e  c o r r e c t ,  m e a s u r e  

t h e  +15 V t e r m i n a l s  on the p o s t a m p s  l o c a t e d  on th e  RF C a r d  in the 

c a r d  c a g e .  If the +15 v o l t s  is not c o r r e c t ,  u n p l u g  t h e  RF Card-
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a n d  m e a s u r e  the v o l t a g e  at p i n  2 of the c a r d  c a g e  s l o t  1 c o n n e c t o r .  

If t h a t  v o l t a g e  is +15 ± 0.1 v o l t s ,  t h e n  the RF C a r d  s h o u l d  be 

r e p l a c e d ;  o t h e r w i s e ,  l o c a t e  the p r o b l e m  w i t h  t h e  15 v o l t  s u p p l y .

If a l l  t h e  D C  v o l t a g e s  a p p e a r  c o r r e c t ,  c h e c k  all the RF 

c o n n e c t i o n s  for t i g h t n e s s .  It m a y  be p o s s i b l e  t o  i s o l a t e  t h e  

p r o b l e m  b y  o b s e r v i n g  a t o t a l  p o w e r  i n d i c a t o r  w h i l e  t a p p i n g  or 

s h a k i n g  th e  c a b l e s  a n d  RF c o m p o n e n t s .  If not, t h e  f r o n t - e n d  w i l l  

h a v e  to be r e m o v e d  for s e r v i c i n g .

3 . 2 C o o l d o w n  F a i l u r e

3.2.1 R e f r i g e r a t o r  M o t o r  N e v e r  S t a r t s

T h e  r e f r i g e r a t o r  m o t o r  wil l  not s t a r t  u n t i l  t h e  d e w a r  v a c u u m  

b e c o m e s  l e s s  t h a n  a b o u t  50 m i c r o n s  (4.5 v o l t s  on the m o n i t o r ) .  

C h e c k  t h a t  the f r o n t - e n d  is c o m m a n d e d  to t h e  C O O L  m o d e .  C h e c k  

t h a t  t h e  v a c u u m  v a l v e  s o l e n o i d  is e n e r g i z e d  ( i n d i c a t o r  on the 

v a l v e  l i t). If not, c h e c k  t h a t  the p u m p  v a c u u m  (Vp m o n i t o r )  is. 

l e s s  t h a n  the d e w a r  v a c u u m  a n d  t h a t  the P U M P  R E Q  bit is high; if 

t h e s e  a p p e a r  r e a s o n a b l e ,  c h e c k  t h a t  the AC v o l t a g e  is p r e s e n t  (an 

e a s y  w a y  is to u n p l u g  the AC c a b l e  f r o m  the c a r d  c a g e  an d  p l u g  it 

d i r e c t l y  i n t o  the r e f r i g e r a t o r  m o t o r ) .  If the f r o n t - e n d  v a c u u m  

v a l v e  i s . o p e n ,  but the d e w a r  and p u m p  v a c u u m s  do not f a l l  ( r e f e r  

to S e c t i o n  2.1 for a d i s c u s s i o n  of the d e w a r  p u m p i n g  c h a r a c t e r i s t i c s ) ,  

c o m m a n d  the f r o n t - e n d  OF F  to c l o s e  the v a l v e .  T h e  p u m p  v a c u u m  

s h o u l d  t h e n  fall to n e a r  its b l a n k - o f f  p r e s s u r e ;  if not, t h e r e  is 

a p r o b l e m  w i t h  the p u m p  or the v a c u u m  m a n i f o l d .  If it d o e s ,  

t h e r e  p r o b a b l y  is a g r o s s  v a c u u m  l e a k  in th e  f r o n t - e n d  dewar; 

r e f e r  to t h e  n e x t  s e c t i o n .
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If the dewar vacuum is less than 50 microns but the refrigerator 

still doesn’t run, try connecting the AC power cable directly 

into the refrigerator motor. If it then runs, replace the control 

card in the card cage; if not, either the AC supply isn’t working 

or the refrigerator will have to be serviced.

3.2.2 Refrigerator Runs, but System Do e s n’t Cool

In the event of a cool-down failure, it is often difficult 

to ascertain whether the problem is a vacuum leak which loads the 

refrigerator or a refrigerator problem which gives poor vacuum 

due to insufficient cryopumping. If initial checks of refrigerator 

motor current, r e f r i g e r a t o r  sound, and c o m p r e s s o r  s u pply and 

return helium pressures do not reveal the problem, it is necessary 

to warm up the front-end to roofli t e m p e r a t u r e  and o b s e r v e  the 

vacuum with the refrigerator off. A leak tester may be necessary, 

but it is also possible to observe the rate of vacuum rise after 

pumping for greater than one hour at 300K. The system is then 

commanded to OFF (closes solenoid valve) and a vacuum rise rate 

greater than 10 micron/min is indicative of a leak. Petroleum 

ether sprayed around the dewar 0-ring joints may help locate a 

gross leak; the mechanical vacuum pump will begin to labor when 

the petroleum ether enters the dewar.

Refer to S e c t i o n  2.1.5 for p r e c a u t i o n s  to obse r v e  when 

reassembling the dewar. The cause of vacuum leaks is most often 

a missing, dirty, or pinched 0-ring, or loose bolts that cause an 

0-ring to be less than fully compressed.
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4.8  GHz VLBA Front End 
Final Test Report 
Assembly 53205A001

C a r d  C a g e  S/N: r^ Q !_____________  Date: 2 7  P -'J  ̂
D e w a r  S/N: ^ p / ____________  T e s t e d  by: '/'■y ) _____________

R e c o r d  C o m p o n e n t s 1 M o d e l / S e r i a l  N u m b e r s :

1. Refrigerator: C~~T i rOUE.' 7-2 t£7>J 1  /  C (o J v /  ̂ _________

2. Orthomode Transducer: ____________________________________________ *

3. Monitor Card: /V C ~~ 3 ______________________________________________

4. RCP B i a s  Card: P  C  - 1 1___________________________________________________

5. LCP B i a s  Card: J3 C ~  I ? _________________________________________________

6. S e n s o r  Card: _____ C  ~ (o _________________________________________

7. C o n t r o l  Card: C. Cy - 5" ___________________________________________

8. 15 K T e m p  S e n s o r :  / ' /? //v,- /7?v ■'____________________________________

9. 50 K T e m p  S en s o r :  /j q 7  jn/ / / ? / / / _____________________________________

10. RCP C r y o g e n i c  A m p l i f i e r :  ///'/* •;?______ / / r ! C 9  ______________

11. LCP C r y o g e n i c  A m p l i f i e r :  / / V /0)_________-S'//7 X. > 6S*' ' S t  *

12. RCP B a n d p a s s  F i l t e r :  f l f jT A L  n ? ; ~ V O O ?  / 2. .57/J ^

13. LCP B a n d p a s s  F i l t e r :  NODE!. -  VitOS. / 2 c / f J  & S ~  7

14. RCP P o s t  A m p l i f i e r :  ftQ t / _ f  f''h - .r - V  T _______ Z / t )  n h P ' / : :

15. LCP P o s t  A m p l i f i e r :  m i A  L P  n f r ' ?  i j  ~ V  S  £ Z/ r J  f r & r

16. L o w  Cal N o i s e  S o u r c e :  /. S/?. 3  2  OS~~(-r s / t )  n ?_$_________

17. H i g h  Cal N o i s e  S o u r c e :  ///v; ///'T7/’ / • / ___________________________

18. H i g h  Cal N o i s e  A m p l i f i e r :  /Jn  T  //7jf ’/ ' ; ._______________________

A t t a c h  S t r i p  R e c o r d i n g  of D e w a r  C o o l - D o w n .



1-2

CALIBRATION RECORD OF 4.9 GHZ RECEIVER, S 
RCP POLARIZATION, TESTED SY RDN 
DATE 09/08/85 TIME 08:45.6 
COMMENT: NONE

ERIi #1 , MOD 20

15K TEMP = 11 .72 50K TEMP = 52 .5 7 30OK TEMP = 302 .23
AC AMPS = 0. 273 DEUiR VAC = 212 PUMP VAC = 10081
HEMT LED =  14 .41 +15 VOLT = 14 .885 -1 5  VOLT =~ 15.066
CAL VOLT =  27 .82 HIGH CAL = 27 .6 3 SPARE = - . 0 1
FETSs LF1= 571 LF2= - . 5 2 1 RF 1 = - . 8 3 6  RF2= - . 6 4 0
PAR ITY  OK
CRYO MODE I S  COOL <7> CONTROLLED BY CPR

0 3 : 5 2 . 3 09/03 / 3 5  TH0T=294 T C 0 LD =77 . 93 TLN = 76 .93
F,MHZ TRCVR TCAL HI CAL SHORT

4500 31 .0 2 .0 9 0 .0 : 6 . o
4550 28. 4 2 .07 0 .0 1 6 . 0
4600 26 .3 2 .15 0 .0 17.1
4650 2 5 .5 2 .34 0 .0 16.7
4700 2 3 .5 • •—* r* 0 .0 17.3
4750 22 .6 2 , 40 0 .0 1 7 .:
4800 21 .3 r> , 0 .0 -L6 . 9
4850 20 .7 2 .29 0 .0 17.2
490 C 20 . 0 i 0 .0 17.0
4950 1 9 . S \d. • / •«.' * 1 7 . 3
5000 iU . ij £ • — 0 .0 1 .* • I*
50 50 20 .3 2.84 0 .0 17,5

• 5100 sL • *- 0 .0 * -!« •*1
5150 4 ' . —? . •> ^ ' -r 0 .0 1 7 . 6
5200 26 . ■■ 2.50 0 . c 1 c . 3

L
TScUv ;

3  !-
!

n o

-fc +  . T + -!- + + +

1- 2 2 

j.' + '+ +'

I
sr\ -!

a : j

4850 5280OK



1-3

CALI BRATI ON RECORD OF 4.9 GHZ RECEIVER, 
LCP POLARIZATION, TESTED BY RDN 
DATE 09/03/85 TIME 08:55.9 
COMMENT: NONE
15K TEMP = 11 . 65 50 K TEMP = 52.57 30OK TEMP = 303.35
AC AMPS = 0 •280 DEWR VAC 213 PUMP VAC = 10078
HEMT LED = 14 .41 + 15 VOLT — 14.oow -15 VOLT =- 15.071
CAL VOLT = ' 27 .82 HIGH CAL = 27.63 SPARE -.01
FETS: LF1 = a572 LF2= -.!522 RF1 = -.837 RF2= -.641
PARITY OK
CRYC MODE IS COOL <7) CONTROLLED BY CPR
09:02.9 09/08/85 TH0T=294 TC0LD=77.93 = 7£ ■ o C■-> • .* 4.
F ,MHZ TRCVR TCAL HI CAL SHORT
4500 30 .0 . 1 1 0 .0 1 6 .3
4550 27. 3 4

X • 97 0 . 0 16.4
4600 ■'y cr iX Q p 0 . 0 16.7
4650 Cf 1 *7 •  L* 1 6.3
4700 SI .-•tr 0 .0 4 ̂  .-|X w* m C1
4750 • xL •-rtr • • . ♦ .* 0 .0 1 * - & 1 J ■ w
4800 19. *7 . i 7 0 .0 4 *“•x «
4850 19 .ij £ • *i6 0 .0 i 6 • ̂
4900 1 c? l o •o xL* *1C‘ o .0 J o . 3
4950 1 V  l 7  •0 *L, 43 ij .0 r* • 2
5000 ^ r*. C;"7 *J . 0 4 ̂  C* X •-* ■ •
5050 .•1-♦ *7 « i~t•  u ; .**. t _♦*
51 OC .1 n . * i 1J ■
5150 26 •9 • ij. 0 16.1
5200 29« c . 44 .0
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4.8 GHz VLBA Front End 
Final Test Report 
Assembly 53205A001

Card Cage S/N: __________________  Date: ,')7 /b*/-.
Dewar S/N: *70 ’__________  Tested by: r ' ~ T  0 / >

Gain-Dewar Flange to Output Connector (4.5-5.1 GHz):

L-Channel R-Channel

i

Gain-Phase Cal Input to Output Connector (4.5-5.1 GHz):

L-Channel R-Channel
m
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4.8 GHz VLBA Front End 
Final Test Report

Assembly 53205A001

Card Cage S/N: _____________________________ Date: <0 ? /■? / ? ?  \
Dewar S/N: r]O f______________________ Tested by: V J

FET Bias Settings

Stage

L-Channel Amp ?/2, £2 7-J77 R-Channel Amp # o-,0.0V

VD

. .
f r o  f\)

VG

300 K

VG

15 K(|/)

VD h VG 

300 K

V
15 K

1 S . 0 0 . 78/ - , 5 4 c . o z .7 7 5 ' - 8 2 ?

2 £ . 0 1 i . S O S 3 ;  • s .  oo /■SO - , 4 3 - U  o ^  0 • !

3 ''.01 / .S O - / 4 ^ / ! / H .0 1 /. sv

Total RF Power Out 
Measured with HP436/8484A Power Meter

Input Condition

At 15 K At 300 K
L-Channel

dBm
R-Channel

dBm
L-Channel

dBm
R-Channel

dBm

302 K Load ........... _-V. 7  7 -  i J ^
—4 4 , 4 - A z  3

79.7 K Load .......... _4/ V  . /̂,i / /
— v  •'. / * /I/VI N  r\

// •: — / - * 4 , 2 -  42. /

Short + Cal .......... J  " - __,j ^ .-

Short + HI Cal ......... / v / ; /)  /-■ t J S - /V’/ .-
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4.8 GHz VLB A Front End — Final Test Report *** Assembly 53205A001

C a r d  C a g e  S/N: _____________________ Date: ? /> '/? '*_____________
D e w a r  S/N: *- rs [_____________  T e s t e d  by: 1 ' cl.

O u t p u t  1 dB C o m p r e s s i o n  Poin t:
L - C h a n n e l
4.6 GHz: 7. VZ. dB m
4.85  GHz: ; ;  ̂ d B m
5.1 GHz: V. -v'z dBm

L o w  F r e q u e n c y  S p e c t r u m :
L - C h a n n e l  R - C h a n n e l
0 - M O  Hz 0 - 1 0  Hz

NOT AVAILABLE. NOT AVAILABLE.

0 - 5 0 0  Hz 0 - 5 0 0  Hz

R - C h a n n e l
4.6 GHz: £ . 6 0  dBm
4.8 5 GHz: Q________dBm
5.1 GHz: <j. Q ?________dBm

NOT AVAILABLE. NOT AVAILABLE.
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4.8 GHz VLBA Front End 
Final Test Report 
Assembly 53205A001

Card Cage S/N: 
Dewar S / N :

j Q O L

5 £ L L

Input Return Loss (4.6-5.1 GHz): 

L^Channel

D a t e : 
Tested by:

R-Channel

/J

O u t p u t  R e t u r n  L o s s  (4.6-5 .1  GHz):

L - C h a n n e l  R - C h a n n e l
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APPENDIX II 

Drawings and Bill of Materials

The front-end is documented in the VLBA drafting system 
and associated drawings are filed there. Included in 
this appendix are assembly drawings, wiring lists and 
diagrams, and bills of materials, from which all associated 
documentation can be determined. The f o l l o w i n g  is a 
list of documents included here:

Drawing No,

D53205A001
A53205B001
D53205A002
A53205B002
A53205A005
A53205B005
C53205A006
A53205B006
A53200A001
A5 3200B001
D53206A005
A53206B005
C53206A007
A53206B007
B53206A008
A53206B008
B53206A012
A53206B012
A53206A013
A53206B013
A53206W001

Title

Assembly, 4.8 GHz Front-End 
BOM, 4.8 GHz Front-End 
Assembly, 15K Plate 
BOM, 15K Plate 
Assembly-^ RF Card 
BOM, RF Card
Assembly, Thermal Transition 
BOM, Thermal Transition 
Assembly, Temperature Sensor 
BOM, Temperature Sensor 
Assembly, Card Cage 
BOM, Card Cage 
Assembly, Inspection Cover 
BOM, Inspection Cover 
Assembly, Solenoid 
BOM, Solenoid
Assembly, Cable J1 to Dewar 
BOM, Cable J1 to Dewar 
Assembly, E.T.I.
BOM, E.T.I.
Wiring List, Card Cage





I

B o m  a ^v l o s b o o i

UNLESS OTHER WISE SPECIflCD 
dimensions are in inchci J'b 4 C K .U V NATIONAL RADIOimmmkii <Ml|| ft F e o u T  ( .u d ASTRONOMrIKJUHtMtMHU; ft
lUMMlAtlilu * a H .__________________________ OBSERVATORYIWIHIailK >

: o e u j A e  a s s y
y -

U«I(«|<L:
C»tl

FINISH:
NEXT ASSf USED ON 11"*



II-2

BILL OF APPROVED PREPARED REV:
MATERIAL: T I T L E : BY/DATE: BY/DATE: DATE:
A53205B001 Dewar Assembly, 4.8 GHz F.E. R.Norrod

10/9/86
Q t y . 

Item Req. Description Designation P/N
Suggested
Manufacturer

1 . 

2.
3.

4.

5.

6.
7.

8. 
9.

1 0. 
1 1 . 
1 2.
13.

14.

15.

1 6.
17.

18. 
19.

Ref Assembly Dwg - Dewar 

Assembly — Card Cage

Assembly

Assembly

Assembly

Assembly

Assembly

Assembly

Assembly

Assembly

Assembly

Assembly

Assembly

Inspection Cover 

Temperature Sensor 

RF Card 

Bias Card 

Control Card 

Monitor Card 

Sensor Card

15 K Plate 

Thermal Transition

DC Feedthru 

T imer

Polarizer (Spec Type B)

1/4 - 20 X 1/2 SHCS

Quick-Release Waveguide 
Cl amp

53205A001 NRAO

D53206A005 NRAO

C53206A007 NRAO

A53200A001 NRAO

A53205A005 NRAO

D53206A002 NRAO

D53200A004 NRAO

D53200A006 NRAO

D53200A003 NRAO

D53205A002 NRAO

A53205A006 NRAO

B5 3206A0 12 NRAO

A5 3206A0 13 NRAO

A53200N001

KF*-50
18345

Atlant i c 
Mi crowave

All Metal

Leybold

20.

Continued



II-3

BILL OF
MATERIAL:
A53205B001

T I T L E :
Dewar Assembly, 4.8 GHz F.E.

APPROVED PREPARED REV: 
BY/DATE: BY/DATE: DATE: 

R.Norrod 
10/9/86

Item
Qty. 
R e q . Description Designation P/N

Suggested
Manufacturer

21 . 

22. 

23. 1. DC Feedthru Cover A53206M060 NRAO

24. 1 Dewar Top Plate C53205M005 NRAO

25. 1 Dewar Cylinder D53205M006 NRAO

26. 1 Dewar Side Shield B53205M007 NRAO

27. 1 Dewar Top Shield A53205M008 NRAO

28. 1 Dewar Bottom Plate D53200M027 NRAO

29. 1 Dewar Inspection Shield A53206M018 NRAO

30. 2 Dewar Handle B53206M020 NRAO

31 . 2 Dewar Shield Support A53206M009 NRAO

32. 1 Dewar 70 K Shield Connection A53206M010 NRAO

33. 1 Polarizer Cold Strap A53205M009 NRAO

3^. M Handle Collar A53206M019 NRAO

35. 1 Bottom Shield C53206M021 NRAO

36.

37.

38.

39.

li n

AR

AR

.086 Diameter Stainless Steel 
Semi-Rigid Coax

.141 Diameter Copper Semi- 
Rigid Coax

C o n t i  n u e d
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BILL OF
MATERIAL:
A53205B001

APPROVED
TITLE: BY/DATE:
Dewar Assembly, 4.8 GHz F.E.

PREPARED R E V : 
BY/DATE: DATE: 
R .Norrod 
10/9/86

I tern
Qty. 
R e q . Description Designation P/N

Suggested
Manufacturer

41 . 1 Cryogenic Refrigerator Model 22 CTI

42. 3 SMA Feedthru (hermetic) 208 Omni- 
Spec tr-a.

43. 1 Card Cage Bracket B53205M014 NRAO

44. 2 0-Ring (cylinder) 2-270 Parker

45. 1 0-Ring (inspection cover) 2-251 Parker

46. 1 0~Ring (thermal transition) 2-253 Parker

47. 1 0-Ring (bias feedthru) 2-1 30 Parker

48. 1 1 10-32 x 1 Socket Head Cap Screws All Metal

49. 4 10-32 x 1/2 SHCS All Metal

50. 6 8-32 x 3 / 8 SHCS All Metal

51 . 2 10-32 x 5/8 SHCS All Metal

52. 15 #10 Flat Washers All Metal

53. 17 #10 Lock Washers All Metal

54. 4 #8 Lock Washers All Metal

55. 5 6-32 x 3/8 SHCS All Metal

56. 5 #6 Flat Washers All Metal

57. 5 #6 Lock Washers All Metal

.
00in 8 Nylon Standoffs

59. 3 Nylon Standoffs (inspection cover)

60. 1 0-Ring (refrigerator) 2-1 44 Parker

Continued
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BILL OF
MATERIAL:
A53205B001

T I T L E :
Dewar Assembly, 4.8

APPROVED PREPARED REV: 
BY/DATE: BY/DATE: DATE: 

GHz F.E. R.Norrod
10/9/86

11 em
Qty. 
R e q . Descr i pt i on Designation P/N

Suggested
Manufacturer

61 . REF Polarizer Outline 
Modifi cation

and
B53205M018 NRAO

62. 1 Waveguide Cover B53205M012 NRAO

63. 1 Waveguide Extension B53205M011 NRAO

64. 6 Coax Connectors (.086) 201-2A Omni*-
Spectra

65. 14 Coax Connectors (.14) 2001-7641-
02

Omni-
Spectra

66. 2 8-32 x 3/4 SHCS All-Metal

67. 2 Male-Female Spacers 
8-32 x 1/2

60855 Waldom
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BILL OF APPROVED PREPARED REV:
MATERIAL: TITLE: BY/DATE: BY/JJ^XE: DATE:
A53205B002 15 K Plate, 4.8 GHz F.E. m E -

Qty. Suggested
Item Req. Description Designation P/N Manufacturer

1 . Ref Assembly — 15 K Plate D53205A002 NRAO

2.

3.

4. 2 Cryogenic Amplifier, 4.8 GHz FET A53205B101 NRAO

5. 1 Power Splitter PN 2089“ 
6203-00- 
FSC-16179

Omni-
Spectra

6. 2 30 dB Couplers 4014C-30 Nar da

7. AR Epoxy A-1 2 Armstrong

8. AR Activated Carbon Grade JXC 
6X8 Mesh

Wi tco

9. AR Indi um

10. 1 Thermostat

11 .

12. 2 4*-40 x 3/8 All Metal

13. 4 4-40 x 1/2 All Metal

14. 2 4*40 x 5/8 All Metal

15. 8 4-40 x 7/8 All Metal

16. 16 #4 Flat Washers All Metal

17. 16 //4 Lock Washers All Metal

18. 4 6-32 X 1/2 SHCS All Metal

19. 4 #6 Flat Washers All Metal

•oCM 4 #6 Lock Washers All Metal

Continued -
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BILL OF
MATERIAL:
A53205B002

TITLE:
15 K Plate, 4.8 GHz F.E.

APPROVED PREPARED REV: 
BY/DATE: BY/DATE: DATE:

R jDa )

Item
Qty. 
R e q . Description Designation P/N

Suggested
Manufacturer

21 . 4 2-56 x 7/8 All Metal

22. 8 #2 Flat Washers All Metal

23. 4 #2 Lock Washers All Metal

24. 1 Assembly — Temperature Sensor A53200A001 NRAO

25. 2 SMA Barrels Omni-
Spectra

26. 1 Heater SC 252.25 Hotwatt

27. 1 Heater Clamp A53206M056
-01

NRAO

28. 1 15 K Cold Plate C53205M016 NRAO



BOM: A53205B005

@ @ @  -

NATIONAL RAOIO ASTRONOMY OBSERVATORY 
GREEN BANK, WV 24944

4.8 GHZ F.E.
™  a s s e m b l y ,

RF CARD
MATERIAL) / ^ ,Y' R. SIMON SATD

FINISH DCSGN iYi SATD

SHEET*
1 Of 3 = A ^ 2 Q 5 A Q . Q 5 .

REVi SCALE*



O
T
-
I
I



BOM: A53205B005
NATIONAL RADIO ASTRONOMY OBSERVATORY 

GREEN BANK. WV 24944
nuxi T S s e m b l y ,^  VLB a

4.8 GHZ F.E. RF CARD
MATERIAL)

BRAWM >v* R. SIMON DATE'
12/12/W

FINISH DCSGN BYi DATEi

S H E E T . ___ 1 DRAWING
3 OF 3 I HUH 106

RCVi SCALE<



II-12

Sheet 1 of 3

BILL OF 
MATERIAL: 
A53205B005

APPROVED PREPARED REV: 
TITLE: BY/DATE: BY/DATE: DATE: 
RF Card Assembly, H .8 GHz F.E. 12/12/86

Item
Qty. 
R e q . Description Designation P/N

Suggested
Manufacturer

1 . REF RF Card Artwork 53205Q001 NRAO

2 . REF Assembly, RF Card 53205A005 NRA0

3. REF RF Card Drill Drawing 53205P001 NRAO

4. REF RF Card Schematic 53205S002 NRAO

5. 2 Post-Amp A53205N001 Mi teq

6 . 1 Cal Noise Source w/option 
SMA Female Output

NC3205G NoiseCom

7. 2 Bandpass Filter 
w/Mounting Clips

6B1-4850 
-700S12

Reactel

8 . 2 Isolator, SMA Male In/Female Out V3I-M080-1 Virtech

9. 2 Isolator, SMA Female In/Out V3I-M080 Virtech

1 0 . 1 Coupler, 6 dB, 4.8 GHz 2 0 2 0 - 6 6 1 6  
- 0 6

0SM

1 1 . 1 Coupler, 10 dB, 4.8 GHz 20200-6 6 1 7 
- 1 0

OSM

1 2 . 1 Attenuator, CAL (Select in Test) 292-XX Midwest MW

13. 1 High Cal Noise Source w/SMA 
Female Out (Optional)

NC3205G Noi seCom

14. 1 High Cal Amplifier (Optional) A 53205N001 Mi teq

15. 1 Attenuator, Select in Test 
(if items 1 3 “1  ̂ installed)

292-XX Midwest MW

16. 1 Termination (use if items 
1 3 - 1 5  not installed)

41 1 2P EMC

17.

1 8 . AR S e m i - r i g i d  coax cable, .141 Dia.

19. 18 SMA Connector for .141 cable

•oCM
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Sheet 2 of 3

BILL OF APPROVED PREPARED REV:
MATERIAL: TITLE: BY/DATE: BY/DATE: DATE:
A53205B005 RF Card Assembly, 4.8 GHz F.E. 12/12/86

I tern
Q t y . 
R e q . Descr i pt i on Designation P/N

Suggested
Manufacturer

21 . 2 Filter Clip Spacer B53205M017 NRAO

22. 4 Isolator Support B53205M019 NRAO

•
m<M 2 Mount, Noise Source A53206M033 NRAO

24. 2 Clamp, Noise Source A53206M034 NRAO

25. 1 Mount, Coupler A53206M032 NRAO

26.

27. 1 Temperature Sensor LM335AZ Nati onal

28. 1 Resistor, 12K, 5% RC079F123J Allen-Bradley

29. 6 Test Jack (1 ea. Blk, 
Grn, Wht, Vio, Red)

Y e l , 105-07XX
^001

E.F. Johnson

•
oCO 2 Resistor, 1 ohm, 0.1% RN55C Dale

31 . 1 Capacitor, 15 uF, 20V, 
Tantalum

•
CMCO 1 Transient Suppressor, 15 V MPTE-15 General
Semiconductor

33. 2 Capacitor, 0.22 yF
(when item 14 installed)

34. 1 Voltage Regulator
(when item 14 installed)

7815CT Motorola

35. AR Heat Sink Compound 340 Dow

36. 4 SHCS, 2-56 X 3/8

37. 6 FLAT WASHER, #2

38. 25 SHCS, 4-40 X 1/4

39. 29 FLAT WASHER, #4

40. 2 SHCS, 4-40 X 3/8
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Sheet 3 of 3

BILL OF
MATERIAL:
A53205B005

T I T L E :
RF Card Assembly,

APPROVED 
BY/DATE: 

4.8 GHz F.E.

PREPARED REV: 
BY/DATE: DATE: 
12/12/86

Item
Qty.
Req. Descri pt ion Designation P/N

Suggested
Manufacturer

41 . 2 S H C S , 2-56 X 5/8

42. 2 CLEARANCE SPACER, #4 X 3/4 LONG

43. 2 SHCS, 4-40 X 7/8

44. AR #22 STRANDED WIRE

45. 3 HEX NUT, 4-40



BOM A53205B006

UNLESS OTHERWISE SPECIFIED 
DIMENSIONS ARE IN INCHES
10U M M C IJ :  M iC L U  rt 
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BILL OF
MATERIAL:
A53205B006

T I T L E :
Thermal Transition,

APPROVED PREPARED REV: A 
BY/DATE: BY/DATE: DATE: 

4.8 GHz F.E. R. Norrod
10/9/86

Item
Qty. 
R e q . Descri pt ion Designation P/N

Suggested
Manufacturer

1 . Ref Assembly Thermal Transition 53205A006 NRAO

2. 4 FHC S , 6-32 x 1/4 LG. All Metal

3. 1. O-Ring (Window Ring) 2-141 Parker

4. 4 Support Tube B53205M002 NRAO

5. 1 Polarizer Ring B53205M001 NRAO

6. 1 Dewar Cap C53205M004 NRAO

7. 1 Window Insert A53205M010 NRAO

8. 4 1/4-20X3/8 Socket Head Cap Screws All Metal

9. 1 Window Ring B53205M003
-1

NRAO

10. 1 Window Holding Ring B53205M003
-3

NRAO

11 . AR Epoxy A-12 Armstrong

12. AR Lock-Tite

13* AR Saran-Wrap
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Page No. 

09/15/86

ITEM MANUFACTURER PART NUMBER

A53200B001-BOM TEMPERATURE SENSOR 

NRAO-BILL OF MATERIALS 

DESCRIPTION QUAN

0 NRAO

1 NRAO

2 NRAO

3 LAKE SHORE

4 MICROTECH

5 ATC

A53280A001

A53200B801

A53200M002

DT-500-KL

GF-2

100-B-681-M-P-50

ASS'Y TEMPERATURE SENSOR 0

BOM TEMPERATURE SENSOR 0

TEMP SENSOR MOUNT i

M/N DT-500KL silicon diode temperature sensors 1

CONNECTOR, 2 SOCKET 1

Chip capacitor 630pf 2
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Paqe No. 

09/15/86

A532C6B005-BOM CARD CAGE 

ffiAO-BILL OF MATERIALS

'EM MANUFACTURER PART NUMBER DESCRIPTION

0 NRAO D53226A005 ASS'Y CARD CAGE

1 NRAO A53286BW5 BOM CARD CAGE

2 NRAO C5312£#068 FRONT PANEL

3 NRAO B53286M363 SIDE PLATE

4 NRAO C5323&1067 BACK PANEL

5 NRAO A53226H061 SIDE RAIL

6 NRAO C53206M065 COVER(SIDE)

7 NRAO D53206M069 TOP SIDE

8 AMP 205208-1 HD-20 Metal Shell Connector r Plug 25 position

9 AMP 205237-1 HD-20 Metal Shell Connector, Recept. 25 position

10 OMNI-SPECTRA 21011 SIIA-TYPE N BULK HEAD

11 CINCH (TRW) 50-44A-30 EDGE CARD CONNECTOR, 44 PIN

12 CINCH (TRW) 50-PK-2 POLARIZING KEY

13 DALE RH-25 320 RES. 330 23W iX

14 DALE RH-10 RES. 5X 16H IX

15 VOLTREX ECC-6 CABLE CLAMP

16 DEUTSCH DM9686-3P AC connector jack, 3 pin

17 NRAO B532S&1062 BAR

18 AMP 235293-1 HD-20 Metal Shell Connector, Recept 9 position

19 SOUTHCO 74-13-210-24 110-32 S.S. Insert

20 ALLMETAL

21 ALLMETAL

22 ALLMETAL

23 ALLMETAL

24 ALItfETAL

25 ALU4ETAL

26 NRAO C53296M066

52-56 X 3/16 lg. S.S. socket head cap screws 

*4-40 x 3/16"lg S.S. socket head cap screw 

#4-40 x 1/4 lg. S.S. socket head cap screw 

#4-40 x 5/16 lg. S.S. socket head cap screw 

54-40 x 3/3 lg. S.S. socket head cap screw 

*4-40 x 3/8 lg. S.S. flat head slotted screw 
COVER

27

23 ALLMETAL 

29 KEYSTONE 908

#10-32 x 3/8 lg. S.S. Socket Head Cap Screws 

# 4 GROUND LUG

30 NRAO B53236K064 END PLATE

31 NRAO A53206K001 WIRE LIST CARD CAGE

32 OMNI-SPECTRA 216 SMA ADAPTER, PLUG/JACK

33 AMPHENOL 78-FF8-11 Octal Socket Plug with claap

34 CINCH (TRW) D-2W18-2 CONNECTOR JACK SCREW KIT (1 PAIR)

35 MOLEX 03-09-1022 2 PIN CONN RECEPTACI£

36 MOLEX 02-69-1103 FEMALE .093 DIA PIN 20-14 AWG

37 DEUTSCH DK9702-3S display structure, 3 socket

38 SOUTHCO 47-13-103-10 #4-40 Captive screw ass'y 1/8" panel

39 SOUTHCO 47-10-101-10 #4-40 Captive screw ass'y, 1/16" panel

40 SOUTHCO 74013-104-24 #4-40 S.S. Insert

41 HELICOIL

42 ALU4ETAL

43 BEIDEN 8443

#4-40 Heli Coil Inserts S.S. Free Running 168 

3/32" Dia. 1/4" long S. S. dowels 
JACKETED 3 WIRE 22 AWG

44 BELDEN 9740 JACKETED 2 WIRE 18 AWG TWISTED PAIR
45 BELDEN 8442 JACKETED 2 WIRE 22 AWG TWISTED PAIR

46 MANHATTEN CABLE M 39076 JACKETED 3 WIRE 18 AWG

47 ALPHA WIRE FIT-221-1/8 CLR HEAT SHRINK TUBING 1/8 ID CIIAR

48 ALPHA FIT-221-1/4 BLK HEAT SHRINK TUBING 1/4 ID BIACK
49 ALPHA FIT-221-3/8 BLK HEAT SHRINK TUBING 3/8 ID BLACK

QUAN

0
0
1

1

1

1

1

1

1
2
3

7

7

1
1

i
1

1

1

2
2
14

2
11
14

2
1

0
1

6
1

1

3 

2
4 

2 
2 
1

3 

2 
1

4 

2 
0



Page No. 

09/15/86

ITEM MANUFACTURER PART HUMBER

59 ALPHA FIT-221-3/4 BLK

51 AMP 66536-9

52 AMP 665£4-9

53 AMPHENOL 9779-513-4

54 MOLEX 02-09-2118

55 NRAO A53286I004

56 ALPHA 1855

57 ALI£N-BRADLEY RC20GF511J

58 ALPHA 1857

59 ALPHA 296

60 MOTOROIA 1N5355A

A53236BW5-B0M CARD CAGE 

NRAO-BILL OF MATERIALS 

DESCRIPTION

HEAT SHRINK TUBING 3/4 ID BLACK 

HD-20 Connector Contact-Pin 

HD-20 Connector Contact-Socket 

Rubber Bashing Type AN3420 

MAI£ .093 DIA. PIN 24-18 AWG 

FRONT PANEL SILKSCREEN 

STRANDED 22 AUG WIRE COLORS AS REQ. 

RES. 513 1/2W 5*

STRANDED 18 AHG HOOK WIRE 

SOLID 18 AUG BUS WIRE 

DIODE, 1N5355A (ZENAR 18V)
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Page No. 1 

89/15/86

ITEM MANUFACTURER PART NUMBER

0 NRAO C532C6A007

1 NRAO A53236B007

2 NRAO B53206A008

3 NRAO B53236M007

4 NRAO A53206M028

5 NRAO A53206H029

6 NRAO A53206M050

7

8

9 CAJON B-2-E

10 ASCO 8'333A17VH

11 TELEDYNE-HASTING DV-6R

12 CAJON B-8-ME

13 CAJON B-2-ME

14 CAJON B-8-SE

15 CAJON B-2-SE

16 CAJON B-8-5N

17 L & H 910-230-119

18 NUPRO B2P4T4

19 NUPRO B-2P4T2

20

21

22

23

24 ARO

25 AMERLOCK PCS-16

26

27 PSM 4-1, grade ]

28 PSM 10-1, grade

A532O6B007-BOM INSPECTION COVER 

HRAO-BILL OF MATERIALS

DESCRIPTION MAN
nrA|A)ljVV>rVVVV

ASS'Y INSPECTION COVER 0

BOM INSPECTION COVER 0

ASS'Y SOLENOID 1

INSPECTION COUER i

SE FITTING REWORK (ITEM 14) 0

ME FITTING REWORK (ITEM 12) 0

VAC CONN. R.W. (ITEMS 16 & 17) 0
0
0

1/8 NPT Brass female elbow 1

Vacuum valve, 120V, 60 Hz coil, 1/2" NPT 1

Vacuum gauge (metal housing, octal plug) 2

1/2 NPT nale elbow 1

1/2 NPT Brass male elbow 1

1/2 NPT street elbow 1

1/8 NPT Brass street elbow 1

1/2 NPT Hex nipple 1

Hale flange fitting 1

Type KF-16

Plug valve, 1/8 NPT, female 1

Pluq valve, 1/8 NPT, male 1
0
0
0

TEFLON PIPE SEALANT TAPE 1\2 WIDE 0

FILTER (OPTIONAL) 1

Nylon spacer, 1 LG 3

EPOXY 2-PART 5 MINUTE CURE 0

1/4 DIA. 1/16 BRONZE FILTER 1

5/8 DIA 1/16 TH BRONZE FILTER 1
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PART NUMBER

B53236A008 

A53206B008 

ITEM 10 

45RN2111

03-09-2822 

02-09-2103 

A53236M070 

FIT-221-3/8 BLK 

FIT-221-3/4 BLK

A53206B003-BOM SOLENOID 

NRAO-BILL OF MATERIALS 

DESCRIPTION

ASS'Y SOLENOID 

BOM SOLENOID 

BOM A53206B007 (REF)

INDICATOR LIGHT

ROMEX CONNECTOR (1/2" COND.), alua 

2 Pin connector plug, MOLEX 

MAI£ .893 DIA PIN 20-14 AWG 

SOLENOID COVER REWORK 

HEAT SHRINK TUBING 3/8 ID BLACK 

HEAT SHRINK TUBING 3/4 ID BLACK
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Page No. i A53206B012-BOM CABI£ ASSY Ji TO DEWAR

09/15/86
HRAO-BILL OF MATERIALS

ITEM MANUFACTURER PART NUMBER DESCRIPTION QDAN

0 NRAO B53236A012 ASS'Y CABLE Jl TO DEWAR

1 NRAO A53236B012 BOM CABLE ASSY Ji TO DEWAR

2 NRAO A53286M008 DC FEEDTHRU

3 NRAO A53280I002 DC FEED THRU ARTWORK

4 VICLAN 7648-1011-102 1000pf, 200 volt feed-thru capacitor

5 OS MICROTECK COMP. XS1F2-332H 3300pf, 500 volt feed-thru capacitor

6 MICROTECH EP-7S-1 Connector, 7 socket

7 MICROTECH &-2 2 pin connector, recept.

8 BEIDEN 9747 22 AHG / 24 COND

9 AMP 235233-1 HD-20 Metal Shell Connector, Plug 25 position

10 CINCH (TRW) DBM-25P 'D' CONN. 25 PINS

11 MWS PRECISION WIRE B-2322111-001 #32 soft brass, type 260, bifilar wire

12 MICROTECH GM-2 2 pin connector, plug

13 MICROTECH HS-7 AG PLATED CO STEEL(0SE SINGLE WIRE)

14 A i m  WIRE FIT-221-1/8 CLR HEAT SHRINK TUBING 1/8 ID CLEAR
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Page No. 
09/15/86

A53206B013-BOM ELAPSED TIME INDICATOR

NRAO-BILL OF MATERIALS

EM MANUFACTURER PART NUMBER DESCRIPTION

0 NRAO A53296A013 ASS'Y ELAPSED TIME INDICATOR

1 NRAO A53286B813 BOM ELAPSED TIME INDICATOR

2 CURTIS 520-CP3 ELAPSED TIME INDICATOR-WIDE RANGE

3 MOIZX 03-09-2022 2 Pin connector plug, MOIZX

4 MOLEX 02-09-1118 FEMAI£ .093 DIA. 24-18 AWG

5 ALPHA PVC-105-12 ALL-PURPOSE TUBING 0.085 ID

6 ALPHA FIT-221-1/4 BLK HEAT SHRINK TUBING 1/4 ID BLACK

7 ALPHA FIT-221-3/4 BLK HEAT SHRINK TUBING 3/4 ID BLACK

QUAN
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VLBA 8.4 GHZ FRONT END 

CARD CAGE 

WIRING LIST

Note:

Unless noted all wire 22 AWG stranded, BOM Item 56. Noted types 

are:

Jacketed 3-wire 22 AWG cable; BOM Item 43.

Jacketed twisted pair 18 AWG cable; BOM Item 44.

Jacketed 3-wire 18 AWG; BOM Item 46.

Jacketed twisted pair 22 AWG; BOM Item 45

18 AWG Stranded Wire; BOM Item 58

18 AWG Solid Bus Wire; BOM Item 59

Ref: Bill Of Materials A53206B005 
Assembly Drawing D53206A005

COLOR CODE

X-NONE Nx N2 N3
0-BLACK
1-BROWN Nj-PRIMARY COLOR
2-RED N2-lst TRACER IF SPECIFIED
3-ORANGE N3-2nd TRACER IF SPECIFIED
4-YELLOW
5-GREEN
6-BLUE
7-VIOLET
8-GRAY

9-WHITE 
P-PINK 

T-TAN

GROUND LUGS

GL1, GL2, GL3, GL4, GL5, GL6- SEE D53206A005 FOR PLACEMENT.

February 18, 1986 
By: H. Dill

Dwg. No.: A53206W001 
Sheet: 1 OF 14 

Revision:B
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CARD SLOT WIRING LIST

SYSTEM: VLBA 8.4 GHZ 
ASS'Y: CARD CAGE 
SLOT: 1 
CARD: RF Card

FRONT END DWG. NO.: A53206W001 

DATE: February 18, 
BY: H. DILL 

SHEET: 2

1986

PIN FUNCTION TO COLOR PIN FUNCTION TO COLOR

A GROUND BUS BUS 1 GROUND GL1 OXX
Sl-M OXX BUS

B +15 VOLTS BUS BUS 2 +15 VOLTS BUS 2XX
J5-2 2XX *1

C -15 VOLTS BUS BUS 3 -15 VOLTS BUS 4XX
J5-3 4XX *2

D 4

E 5

F 6

H 7

J 8

K 9

L 10

M LO CAL RET. Sl-S OXX 11

Sl-A
N LO CAL IN J5-11 8XX 12-

P 13

R 14

S HI CAL RET. Sl-M OXX 15

T HI CAL IN J5-12 8XX 16

U 17

V 18

W 300K TEH MON. S3-L 92X 19

X 20

Y 21

Z QUA. GND J2-13 5XX 22
GL2

SPECIAL INSTRUCTIONS:
*1 WIRE 1N5355A ZENAR DIODE BETWEEN GL1 AND PIN 2 WITH BAND TOWARD PIN 2. 

*2 WIRE 1N5355A ZENAR DIODE BETWEEN GL1 AND PIN 3 WITH BAND TOWARD GL 1 .

'BU S ' SIGNIFIES 18 AWG SOLID BUS WIRE STRAPPED THROUGH ALL SEVEN CARD SLOT 

CONNECTORS.

KEY BETWEEN 1&2.



SYSTEM: VLBA 8.4 GHZ FRONT END DWG. NO.: A53206W001
ASS'Y: CARD CAGE DATE: February 18, 1986

11-32

CARD SLOT WIRING LIST

SLOT: 2 
CARD: SPARE

BY: H. DILL 
SHEET: 3

PIN FUNCTION TO COLOR PIN FUNCTION TO COLOR

A GROUND BUS BUS 1 GROUND BUS BUS

B +15 VOLTS BUS BUS 2 +15 VOLTS BUS BUS

C -15 VOLTS BUS BUS 3 -15 VOLTS BUS BUS

D 4

E 5

F 6

H 7

J 8

K 9

L 10

M 11

N 1-2

P 13

R 14

S 15

T 16

U 17

V 18

W 19

X 20

Y 21

Z 22

SPECIAL INSTRUCTIONS:
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CARD SLOT WIRING LIST

SYSTEM: VLBA 8.4 GHZ 
ASS'Y: CARD CAGE 
SLOT: 3
CARD: MONITOR CARD

FRONT END DWG. NO.: A53206W001 
DATE: February 18 

BY: H. DILL 
SHEET: 4

1, 1986

PIN FUNCTION TO COLOR PIN FUNCTION TO COLOR

A GROUND BUS BUS 1 GROUND BUS BUS

B +15 VOLTS BUS BUS 2 +15 VOLTS BUS BUS

S3-X 2XX

C -15 VOLTS BUS BUS 3 -15 VOLTS BUS BUS

D 4

E QUALITY GROUND GL2 5XX 5

S4-J
F PUMP VAC MON J2-1 8XX 6

S6-14
H DEWAR VAC MON J2-2 6XX 7

S6-N
J 15K MON (TEMP A) J2-3 96X 8

S6-D
K 50K MON (TEMP B) J2-4 95X 9

S6-5
L 300K MON J2-5 92X 10

Sl-W
M AC CURRENT MON J2-6 PXX 11

J4-1

N RCP GATE 1 MON J2-7 90X 12 X-MON J2-23 7XX

S4-7
P RCP GATE 2,3 MON J2-8 904 13 C-MON J2-24 9XX

S4-6
R LCP GATE 1 MON J2-9 94X 14 NOT H-MON J2-25 3XX

S5-7
S LCP GATE 2,3 MON J2-10 97X 15

S5-6

T LED MON J2-ll*l 903 16
J3-22

U SPARE MON J2-12 1XX 17 X-CPU J5-6 7XX

V *2 18 X-OUTPUT S7-4 7XX

W  MANUAL MON J2-22 902 19 C-CPU J5-7 9XX

X LED +15 VOLTS S3-B*l 2XX 20 C-OUTPUT S7-M 9XX

Y 21 NOT H-CPU J5-8 3XX

Z 22 NOT H-OUTPUT S7-L 3XX

SPECIAL INSTRUCTIONS: *1 CONNECT R3 (510 OHM, 1/2 WATT CARBON, BOM ITEM 9)
ACROSS PINS S3-T,X.
*2 RESERVED LOCATION (USED IN PLACE OF PIN X ON SOME EARLY MODELS NOT

RECOMMENDED FOR NEW DESIGNS.)

KEY BETWEEN 3 & 4
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CARD SLOT WIRING LIST

SYSTEM: VLBA 8.4 GHZ FRONT END DWG. NO.: A53206W001
ASS'Y: CARD CAGE DATE: February 18, 1986
SLOT: 4 BY: H. DILL
CARD: RCP FET BIAS SHEET: 5

PIN FUNCTION TO COLOR PIN FUNCTION TO COLOR

A GROUND BUS BUS 1 GROUND BUS BUS

B +15 VOLTS BUS BUS 2 +15 VOLTS BUS BUS

C -15 VOLTS BUS BUS 3 -15 VOLTS BUS BUS

D GATE 4 J3-19 7XX 4 GATE 4 MON N.C.

E GATE 3 J3-17 98X 5 GATE 3 MON S4-6 904

F GATE 2 J3-15 4XX 6 GATE 2 MON S3-P 904

H GATE 1 J3-13 90X 7 GATE 1 MON S3-N 90X

J

K

QUALITY GROUND 

DRAIN 4

S3-E

S5-J
J3-20

5XX

902

8

9

L DRAIN 3 J3-18 6XX 10

M DRAIN 2 J3-16 3XX 11

N DRAIN 1 J3-14 25X 12

P 13

R 14

S 15

T 16

U 17

V 18

W 19

X 20

Y 21

Z 6 VOLT CONTROL N.C. 22

SPECIAL INSTRUCTIONS:

KEY BETWEEN 4 & 5
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SYSTEM: VLBA 8.4 GHZ FRONT END DWG. NO.: A53206W001
ASS'Y: CARD CAGE DATE: February 18, 1986
SLOT: 5 BY: H. DILL
CARD: LCP FET BIAS SHEET: 6

CARD SLOT WIRING LIST

PIN FUNCTION TO COLOR PIN FUNCTION TO COLOR

A GROUND BUS BUS 1 GROUND' BUS BUS

B +15 VOLTS BUS BUS 2 +15 VOLTS BUS BUS

C -15 VOLTS BUS BUS 3 -15 VOLTS BUS BUS

D GATE 4 J3-11 91X 4 GATE 4 MON N.C.

E GATE 3 J3-9 9XX 5 GATE 3 MON S5-6 97X

F GATE 2 J3-7 97X 6 GATE 2 MON S3-S 97X

H GATE 1 J3-5 94X 7 GATE 1 MON S3-R 94X

J

K

QUALITY GROUND 

DRAIN 4

S4-J
GL6
J3-12

5XX

8XX

8

9

L DRAIN 3 J3-10 PXX 10

M DRAIN 2 J3-8 24X 11

N DRAIN 1 J3-6 20X 12

P 13

R 14

S 15

T 16

U 17

V 18

W 19

X 20

Y 21

Z 6 VOLT CONTROL N.C. 22

SPECIAL INSTRUCTIONS:

KEY BETWEEN 4 & 5
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CARD SLOT WIRING LIST

SYSTEM: VLBA 8.4 GHZ FRONT END
ASS'Y: CARD CAGE
SLOT: 6
CARD: SENSOR CARD

DWG. NO.: A53206W001

DATE: February 18, 1986
BY: H. DILL

SHEET: 7

PIN FUNCTION TO COLOR PIN FUNCTION TO COLOR

A GROUND BUS BUS 1 GROUND BUS BUS

B +15 VOLTS BUS BUS 2 +15 VOLTS BUS BUS

C -15 VOLTS BUS BUS 3 -15 VOLTS BUS BUS

D

E

F

H

A  MON OUT (15K) 

SENSOR A RTN 

SENSOR B RTN 

SENSOR B

S3-J
S7-D
J3-1
S6-F
J3-3
S6-E
J3-4

96X

93X

92X

95X

4

5

6 

7

TEMP SENSOR A 

B MON OUT (50K)

J3-2

S3-K

96X

95X

J VAC TUBE DWR-1 P16-3 2XX*1 8

K VAC TUBE DWR-2 P16-5 0XX*1 9

L VAC TUBE DWR-3 P16-7 5XX*1 10

M VAC DWR LOCAL MON N.C. 11

N

P

VAC DWR MON S3-H
S7-E

6XX 12

13

R

S TEMP A  NLIN J2-14 906

14

15

VAC PUMP MON 

TEMP A  NLIN

S3-F
S7-F
NC

8XX

T TEMP B NLIN NC 16 TEMP B NLIN NC

U 17 VAC TUBE PUMP-3 PI 5-7 5XX*2

V 18

W 19

X 20

Y 21 VAC TUBE PUMP-1 P15-3 2XX*2

Z 22 VAC TUBE PUMP-2 P15-5 0XX*2

SPECIAL INSTRUCTIONS:
*1 AND *2  - USE THREE CONDUCTOR JACKETED CABLE; BOM ITEM 43 
TERMINATE EACH AS SPECIFIED BY D53206A005.

KEY BETWEEN 5 & 6
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CARD SLOT W IRING L IST

SYSTEM: VLBA 8 .4  GHZ FRONT END DWG. NO.: A53206W001
ASS'Y: CARD CAGE DATE: February  18 , 1986

SLOT: 7 BY: H. DILL
CARD: CONTROL CARD SHEET: 8

PIN FUNCTION TO COLOR PIN FUNCTION TO COLOR

A GROUND BUS BUS 1 GROUND BUS BUS

B +15 VOLTS BUS BUS 2 +15 VOLTS BUS BUS

C -15 VOLTS BUS BUS 3 -15 VOLTS BUS BUS

D TEMP A MON IN S6-D 96X 4 X EVAC CONTROL S3-1& 7XX

E VAC DWR MON IN S6-N 6XX 5

F VAC PUMP MON IN S6-14 8XX 6

H 7

J S-SOL MON OUT J2-20 98X 8

K

L

P-PUMP REQ OUT 

NOT H-NO HEAT CTRL

J2-21
J4-3
S3-22

91X 

3 XX

9

10

M C-COOL CONTROL S3-20 9XX 11

N T2

P 13

R 14 SOLENOID RTN Rl-2 9XX*1

S SOLENOID SUPPLY P14-1 0XX*2 15

T 16 RESISTOR LOAD R2-1 OXX

U 150VAC IN , PHASE 2 J l- 1 2XX*1 17

V 150VAC REFR, PHA 2 P12-1 2XX*3 18 LOAD HEATER RTN R2-2 TXX

W DEWAR HEATER J3-24 1XX*5 19 DEWAR HEATER RTN J3-25 TXX

X 150VAC IN , PHASE 1 J l- 3 0XX*1 20 150VAC RTN IN J l- 2 9XX*1

Y

Z

150VAC REFR, PHA 1 P12-3
P13-1

0XX*3
0XX*4

21

22

REFR RTN P12-2
P13-2

9XX*3
9XX*4

SPECIAL INSTRUCTIONS: KEY BETWEEN 6 & 7 .
*1 - USE 18 AWG STRANDED WIRE. TWIST S7-U ,X ,20.
*2 - USE TWO CONDUCTOR JACKETED CABLE; BOM ITEM 44. CONNECT RED CONDUCTOR (FRE 
END IN CARD CAGE) TO R l- 1 . OPPOSITE END TERMINATED IN P14-2.
*3 - USE THREE CONDUCTOR JACKETED CABLE; BOM ITEM 46. OPPOSITE END TERMINATED 
IN P12.
*4 - USE JACKETED 22 AWG TWISTED PAIR; BOM ITEM 45 . OPPOSITE END TERMINATED IN 
P13.
*5 - TWIST S7-W,19.
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25 PIN D-CONNECTOR WIRING LIST

SYSTEM: VLBA 8.4 GHZ FRONT END DWG. NO.: A53206W001
ASS'Y: CARD CAGE DATE: February 18, 1986
TYPE: BULKHEAD BY: H. DILL
SEX: FEMALE (SOCKET) SHEET: 9

FUNC'T: FRONT END MONITOR DESIGNATION: J2

1 
JZ5 

1 
1 

W 
1 

1 
PM 

I

FUNCTION TO COLOR PIN FUNCTION TO COLOR

1 VAC PUMP MONITOR S3-F 8XX 14 TEMP A NLIN S6-S 906

2 VAC DEWAR MONITOR S3-H 6XX 15

3 15K MON (TEMP A) S3-J 96X 16

4 50K MON (TEMP B) S3-K 95X 17

5 300K MON (AMBIENT) S3-L 92X 18

6 AC CURRENT MONITOR S3-M PXX 19

7 RCP GATE 1 MON S3-N 90X 20 S-SOL MON S7-J 98X

8 RCP GATE 2,3 MON S3-P 904 21 P-PUMP REQUEST S7-K 91X

9 LCP GATE 1 MON S3-R 94X 22 MANUAL MON S3-W 902

10 LCP GATE 2,3 MON S3-S 97X 23 X-MON S3-12 7XX

11 LED MON S3-T 903 24. C-MON S3-13 9XX

12 SPARE MON S3-U 1XX 25 NOT H-MON S3-14 3XX

13 QUALITY GROUND GL2 5XX

SPECIAL INSTRUCTIONS:
ORIENT CONNECTOR WITH SOCKETS 14-25 CLOSEST TO WIRING EDGE OF FRONT PANEL. 
(SEE D53206A005)
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SYSTEM: VLBA 8.4 GHZ FRONT END DWG. NO.: A53206W001

ASS'Y: CARD CAGE DATE: February 18, 1986
TYPE: BULKHEAD BY: H. DILL
SEX: FEMALE (SOCKET) SHEET: 10

FUNC'T: DEWAR POWER/MONITOR DESIGNATION: J3

25 PIN D-CONNECTOR WIRING LIST

PIN FUNCTION TO COLOR

1 SENSOR A RTN S6-E 93X

2 SENSOR A (15K) S6-4 96X

3 SENSOR B RTN S6-F 92X

4 SENSOR B S6-H 95X

5 LCP GATE 1 S5-H 94X

6 LCP DRAIN 1 S5-N 20X

7 LCP GATE 2 S5-F 97X

8 LCP DRAIN 2 S5-M 24X

9 LCP GATE 3 S5-E 9XX

10 LCP DRAIN 3 S5-L PXX

11 LCP GATE 4 S5-D 91X

12 LCP DRAIN 4 S5-K 8XX

13 RCP GATE 1 S4-H 90X

SPECIAL INSTRUCTIONS:
TWIST J3-24,25.
ORIENT CONNECTOR WITH SOCKETS 1-13 

(SEE D53206A005)

PIN FUNCTION TO COLOR

14 RCP DRAIN 1 S4-N 25X

15 RCP GATE 2 S4-F 4XX

16 RCP DRAIN 2 S4-M 3XX

17 RCP GATE 3 S4-E 98X

18 RCP DRAIN 3 S4-L 6XX

19 RCP GATE 4 S4-D 7XX

20 RCP DRAIN 4 S4-K 902

21 DEWAR GROUND GL6 OXX

22 LED S3-T 903

23

24 DEWAR HEATER S7-W 1XX

25 DEWAR HEATER RTN S7-19 TXX

TO WIRING EDGE OF FRONT PANEL.
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9 PIN D-CONNECTOR WIRING LIST

SYSTEM: VLBA 8.4 GHZ FRONT END DWG. NO.: A53206W001

ASS'Y: CARD CAGE DATE: February 18, 1986
TYPE: BULKHEAD BY: H. DILL
SEX: FEMALE (SOCKET) SHEET: 11

FUNC'T: AUXILIARY MONITOR DESIGNATION: J4

PIN FUNCTION TO COLOR PIN FUNCTION TO COLOR

2 AC CUR. MON RTN

3 PUMP REQUEST

4 PUMP REQUEST RTN

5

S3-M PXX 6

GL2 OXX 7

S7-K 91X 8

GL2 OXX 9

SPECIAL INSTRUCTIONS:

ORIENT CONNECTOR WITH SOCKETS 6-9 CLOSEST TO THE WIRING EDGE OF RONT PANEL. 
(SEE D53206A005)
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SYSTEM: VLBA 8.4 GHZ FRONT END DWG. NO.: A53206W001
ASS'Y: CARD CAGE DATE: February 18, 1986
TYPE: BULKHEAD BY: H. DILL
SEX: MALE PINS SHEET: 12

FUNC'T: DC POWER AND CONTROL DESIGNATION: J5

25 PIN D-CONNECTOR WIRING LIST

PIN FUNCTION TO COLOR PIN FUNCTION TO COLOR

1 GROUND GL6 OXX 14 ID FO *1 OXX

2 +15 VOLT SUPPLY Sl-B 2XX 15 FI *1 OXX

3 -15 VOLT SUPPLY Sl-C 4XX 16 F2 *1 OXX

4 17 F3 *1 OXX

5 18 ID SNO *2 OXX

6 X (EVAC CONTROL) S3-17 7XX 19 SN1 *2 OXX

7 C (COOL CONTROL) S3-19 9XX 20 SN2 *2 OXX

8 H (NO HEAT CTRL) S3-21 3XX 21 SN3 *2 OXX

9 NOT PARITY (EVEN) *4 OXX 22 ID SN4 *2 OXX

10 23 SN5 *2 OXX

11 CAL CONTROL Sl-N 8XX 24 MO DO *3 OXX

12 HIGH CAL CONTROL Sl-T 8XX 25 MODI *3 OXX

13

SPECIAL INSTRUCTIONS:

*1 - FREQUENCY CODE WILL BE WIRED BY GROUNDING APPROPRIATE BITS, F0-F3, TO GL3 
TO READ THE PROPER CODES.

*2 - THE UNIT SERIAL NUMBER CODE WILL BE WIRED BY GROUNDING APPROPRIATE BITS, 
SN0-SN5, TO GL5 TO READ THE PROPER SERIAL NUMBER.
*3 - MODIFICATIONS WILL BE CODED BY GROUNDING APPROPRIATE BITS, MODO-MODl, TO 
GL4.

*4 - NOT PARITIY WILL BE GROUNDED TO ENSURE EVEN PARITY OF THE FREQUENCY CODE.

NOTE- THE FREQUENCY CODE, SERIAL NUMBER, MOD CODE AND PARITIY BITS WILL BE WIRED 
IN UPON THE FINISHED ASSEMBLY OF THE COMPLETE FRONT END. THESE WILL BE MADE UP 
OF GROUND LUGS WITH THE PROPER NUMBER OF WIRES AND PINS.

ORIENT CONNECTOR WITH PINS 14-25 CLOSEST TO THE WIRING EDGE OF THE FRONT PANEL. 
(SEE D53206A005)
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APPENDIX III 

Manufacturers' Data Sheets
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A P P E N D I X  IV 

S p e c i a l  T e s t  F i x t u r e s

A w a v e g u i d e  c o l d  t e r m i n a t i o n  ( A s s e m b l y  5 3 2 0 5 A 0 0 7 )  w a s  
f a b r i c a t e d  to t e s t  the f r o n t - e n d .  F o u r  q u a r t z  f in s are 
m o u n t e d  in c i r c u l a r  w a v e g u i d e  w h i c h  is i m m e r s e d  in 
l i q u i d  n i t r o g e n  to p r o v i d e  t h e  c o l d  t e r m i n a t i o n .  A 
g a p p e d  w a v e g u i d e  and v a c u u m  w i n d o w  s i m i l a r  to th a t  u s e d  
in t h e  f r o n t - e n d  is i n c o r p o r a t e d .  V a c u u m  s e n s o r s ,  
t e m p e r a t u r e  s e n s o r s ,  a n d  h e a t e r s  a r e  i n c l u d e d  f o r  
c o n t r o l  of the unit. F i g u r e  IV-1 s h o w s  p h o t o g r a p h s  of 
the c o l d  t e r m i n a t i o n .  W h e n  f i l l e d ,  the t e r m i n a t i o n  m a y  
be u s e d  in e i t h e r  a h o r i z o n t a l  or v e r t i c a l  o r i e n t a t i o n  
an d  will r e m a i n  c o l d  for o v e r - 4 2  h o u r s  w i t h o u t  r e f i l l i n g .





INTERFACING SURFACE FOR 
' U S E R ’S VACUUM CHAMBER

_ 11.25 M AX . 
( 206mm) 7 . 0 9 7  .  

(180mm)
. 3.750 .  

(95mm)
/ - O P T I O N A L  

/  FIRST-STAGE

7.10 MAX. 
(180mm)

H E L IU M - G A S  RETURN COf,INECTOR

ELE CT RIC AL POWER CONNECTOR

C T I  C^yo&E/OICS 

ICEU'I/O PA UK 

u ) A L ~ r U A / l  j  /-t4S5 oZZ-SQ-  

(Cel7)^0-cl4OC

(8 )# 6 -3 2  TAPPED HOLE S 
ON A l .844"(47mm)DIA. B.C. 
(FIRST-STAGE COLO STATION)

(4 ) # 4 - 4 0 i0 .5 0 M(l3mm)LG 
MOUNTING SCREWS ON A 
l.250"(32mm) DIA. B.C. 
(SEC ON D -S TA GE  COLD 
STAT ION)

(2) 0.205 (5.2mm) 
DIA. THRU H O LE S

0.096"(2.5mm)DIA THRU a 
8 2 ° C'SK TO O.I8"(4.5mm)

( 4 )  # 1 0 - 3 2  T AP PED 
HOL ES  ON A 3.625" 
(92mm) DIA. B.C.

(4) 0.l2 5"(3.2 mm)DI A.— ^  
THR U a 8 2 *  C'SK TO 
0.235 " (6mm) DIA. ON 
A l .250"(32mm) DIA. B.C. 
ONLY ( 2 )  U S ED  TO 
FAST EN B AC K- U P PL AT ES  
TO HEAT STATION

V I E W - A
( E N L A R G E D )

FIGU RE 2 - 5 .  IN S TA LL AT IO N INTERFACE OF 
THE MODEL 22 COLD HEAO



» h t \ P T M j V  *

l' 2 advantages of 
: h a s t i n ^ o t u m  instruments

R e f e r e n c e  T u b e  

M o d e l  N o .

0B160
•OB-18

OB-20 
OB-31 
OB-33 
OB-44 

Not Available 

Not available 

Not available 

Not available

R a n ge ____________

0-20 m m  Hg
0-100 Microns Hg
0-1000 Microns Hg
01-10 Microns Hg 
0-5000 Microns Hg 
0-50 Torr
0-100 Torr 
10'* to 10'* Torr 
0-100 Torr 
0-800 Torr

T u b e  t y p e
State reference  letter 
m atch in g  purposes.

STAINLESS STEEL 
TYPER" SERIES 

TYPE-------- BASE
m e t a l  ty p e  c o lo r

p y r e x t y p e
RANGE

INSTRUMENT

Yellow

O range

0-2O mm Hg
White

B r o w n



| DM 9702-*~T

NOTE:

i

2

L O C A T I N G  GROOVE P O L A R I Z I N G

f N

] /

F M A X  C A B L E  E N T R Y

FART NO. c D E , F L P WT IN LBS

DM 9702- 3 Ps 1 iV
2332

13 » 16 14 2 332
1

’8_
.0506.J0582_

DM 9702- 7 ps ‘ 1 'S' I!
7a- i* 2 s5r iz

DM 9702 -12 p 1 II , i . i 7 5 5 _JQ36_ II 13ps 1 12' 1 16 1 16 16 C 1 T 16
DM 9702-19 ps 1 -jr I 31 TS “ fo

!«
* 9

16 2 7
_32

7
.'16 _13 0 2_ 1416

DM 9702-27 ps 1 32 1 1? _ J
5_ :r 2 732 j r  .. _l 60 5

DM 9702-37 ps ' T L ~Jr _ i 2 73T . \
_2Q91_ 2 3 Q1

DM 9702-61 I 2 T . 53 1 '64 • -ii 1516' 2 38 A.4 _.1351_34 2 2
S E E  " G E N E R A L  D E S C R IP T IO N "  FOR E L E C T R I C A L  
AND M A T E R I A L  S P E C I F I C A T I O N S

FOR A V A I L A B L E  C O N T A C T  A R R A N G E M E N T S  
AND A L T E R N A T E  IN S E R T  P O S IT IO N S ,  S EE 
C A T A L O G  P A G E  #  1 4 5 0 0 ,  IN DM SECTIO N

I. DC IU A *  ALL fHANP ( D O I I fftACtlOMl + O il DICIMAtB -t 00» AH8LII ± V*

• ric

•  M C

• ric
• rtc

i
U)

THE DEUTSCH COMPANY

( E N V E L O P E )
PLUG, WITH CABLE CLAMP 

Q U I C K  D I S C O N N E C T -  P U S H - P U L L  T Y P E

C H A S T I N G S

4 - 2 2 - 6 0 | c o o e  , . , 3 7

DM 9702-X s
DM 4P (4 61)



P0LARIZIN6 KEY

120 01 A. 
UTG. HOLE

N0TE:
I. SEE

D M 9606-*s
R E V I S I O N S

Ot t CR l RT l QN O* T< I AMWQVfcj.

B A C

I ±  iA)L 
I 8

E D

K062

PART NO. A B C D E
WEIGHT 
IN LBS

DM 9606-3 PS T
i • . I t s •

1C
31
14

i P .02 0 8 
5~02 3 0

DM 9606-7 ps’ ' 1 . 71 • 43
*4

IIi r 41XT P 02 9 8 
S 03 3 a

DM 9606-12 ps 3 .•IS 13 j i-
i i

49 F 04 1 8
1 32 I* • 4 _ s 0493

P , 3 . t o i II IS 87 P .0349DM 9606-19 S 1 r* i r i r • 4 S 0673

DM 9606-27 PS H I i + i i r • TT P .0730 
5^0 9 27

DM 9606-37 rs , 7 1.1*7 . i 1 15 P .0971
1 10 1 — ' ~r 5 1162

DM 9606-61 ps 1 26 1 TF* 1.437 ■ * - ' IT . 33 P . T 8 4 0 
S .1994

i

GENERAL DESCRIPTION FOR ELECTRICAL AND 
MATERIAL SPECIFICATIONS.
FOR AVAILABLE CONTACT ARRANGEMENTS AND 
ALTERNATE INSERT POSITIONS, SEE CATALOG 
PA6E *  14500. IN l)M S E CT IO N

NEXT ASSY | USED OH

APPLICATION

f r a c t i o n s
DECIMALS
ANCLES

f Oil I oos
10* SO'O*

ITEM I QT V PART NUMBER O f S C R I P T l O N

L I S T  OF M A T E R I A L

SIGNATURE ft DATE

C. HASTINGS__
(E N VELOPE)

RECEPTACLE.
MINIATURE SQUARE 
FLANGE MOUNTING TYPE 

DM TYPE

T h t  D t u t s o h  C o m p a n y
I L I C r X O N l C  C O M f O N I N T l  D IV IS IO N  
U ,m ta p * J  A i r p o r t  • B a n n in g , C * l i l» m i»

Y  ( t )  196?. THE DEUTSCH C O W m r

DM 9 6 0 6 - #
<113S L,tT

D M - 5 R  ( 7 / 6 ? )



» Stainless Steel Sheath
•  Maximum Temperatures to 1250cF w ^^ - 

_• Moderate Watt Density
•  U .L  Recognized & CSA Certified (V i"  & UP)
•  Supplied w ith 12" SF-1 Leads

Hu W A T T ,  IN C .
■ >N 'E R S , MA 

') 777-0070

III-5

STANDARD CARTRIDGE HEATERS

DIMENSIONS CAT. NO. WATTAGE :
i

VOLTAGE ;
WATT DENSITY 

W/in*
1 1

DIMENSIONS I CAT. NO. WATTAGE j VOLTAGE WATT DENSITY
W/ina

1/8" x 1 " SCI 21 10W j 1 20V 35 Vi " x 1 '/, " SC5015 75W 1 20V 50
1 !8 " X 1 - SC121 1 5W 1 20V 50 Vi " X 1 Vi " SC5015 75 W 240V 50
1/8" X 1 >/," SCI 215 20W 1 20V 40 Vi" X 1 Vi" SC5015 90W 120V 60
1/8" x 1 ’/ ," SCI 215 25 W 1 20V 50 Vi" x 2" SC502 1 20W 120V 50
1/8" x 2" SCI 22 35VV 1 20V 50 Vi" x 2" SC502 1 20W 240V 50Vi" x 2 Vi " SC5025 80W 120V 25
5/32" x 1 " SCI 51 10W 1 20V 25 Vi" x 2 Vi " SC5025 i 1 50W 120V 50
5/32" x 1>/T SC1515 20W 120V 35 Vi" x 2 Vi " SC5025 150W 240V . 50
5/32" x 2" SCI 52 35W 120V 40 Vi" x 3" SC503 200W 120V 50Vi" x 3" SC503 200W 240V 50
3/16" x IV i" SCI 815 30W 120V 40 Vi" x 4" SC504 275W 120V 50
3/16" x 2 “ SC182 35W 120V 35 Vi “ x 4" SC504 275W 240V 50
3/16" x 3" SC183 65W 120V 40 Vi" x 5" SC505 350W 120V 50
3/16" x 4" SC184 90W 1 20V 40 Vt" x 5" SC5C5 350W 240V 50
3/ 1 6" x 4 " SC 184 60W 1 20V 25 Vi" x 6" SC506 425W 120V 50
3/16" x 4" SC184 100W 120V 45 Vi " x 6 " SC506 425W 240V 50

% “ x 1 " SC251 20 W 1 20V 35 5/8" x 2 Vi" SC6225 75W 240V 20
% " X 1 % " SC251.25 20W 1 20V 25 5 /8 ” x 2 Vi " SC6225 200W 120V 50
% " x 1 ’/2 - SC2515 30W 120V 30 5/8" x 2 Vi" SC6225 2 OOW 240V 50
V* " x 1 Vi " SC2515 30W 240V 30 5/8" x 3" SC623 250W 120V 50
%" x 1 y2 - SC2515 50W 1 20V 50 5/8" x 3" SC623 250W 240V 50
%" X 1 Vi " SC2515 50W 240V 50 5/8" x 3 Vi “ SC6235 300W 120V 50
%" X 2" SC252 50W 1 20V 35 5/8" x 3 ’/j " SC6235 3 OOW 240V 50
V* " x 2 " SC252 SOW 240V 35 5/8" x 3 Vi “ SC6235 350W 120V 60
%" x 2 Vi" • > ► SC252.25 75W 240V 50 5/8" x 4" SC624 350W 120V 50
%" x 2 V4 " SC2525 65 W 1 20V 35 5/8" x 4" SC624 350W 240V 50
’/«" x 2 ’A" SC2525 65 W 240V 35 5/8" x 5" SC625 450W 120V 50
% " x 3 " SC253 1 o o w 240V 45 5/&'^x 5" SC625 450W 240V 50
% " x 3 Vi" SC2535 90 W 1 20V 35 5 /8 ” x 6" SC626 350W 120V 30•• SC2535 90 W 240V 35 5/8" x 6" SC626 400W 240V 30
% " x 4 " SC254 110W 1 20V 40 5/8" x 6" SC626 540W 120V 50
’/«" x 4" SC254 1 10W 240V 40 5'8" x 6" SC626 540W 240V 50V*" x 4 Vi " SC2545 1 1 o w 1 20V 30 5/8" x 7" SC627 635W 120V 5 0 -
% " x 4 Vi " SC2545 110W 240V 30 5/8" x 7" SC627 635W 240V 50 .
'/«" x 7" SC257 150W 1 20V 30

3/«" x 2 Vi" SC7525 230W 120V 50
3/8" x 1 " SC371 30W 1 20V 40 V." x 2 Vi" SC7525 230W 240V 50318 ” x 1 - SC371 30W 240V 40 V* " x 3 Vi " SC7535 350W 120V 50
3/8" x 1'/," SC3715 30W 120V 20 3/«" x 3 Vi" SC7535 350W 240V 50
3/8" x 1 Vi" SC3715 30W 240V 20 3/«" x 5" SC755 500W 120V 50
3/8" x 1 SC3715 50W 1 20V 40 3/«" x 5" SC755 300W 240V 50
3/ 8"  x 1 ’/2" SC3715 50W 240V 40 V«" x 6" SC756 650W 120V 50
3/ 8"  x 2" SC372 70W 1 20V 35 3/«" x 6 “ SC756 650W 240V 50
3 /8"  x 2" SC372 70W 240V 35 3/«" x 7" SC757 760W 120V 50
3/ 8"  x 2" SC372 100W 1 20V 50 3/«" x 7" SC757 760W 240V 50
3 /8"  x 2 ’/j " SC3725 100W 1 20V 40 3/«" x 8" SC758 750W 120V 40
3/8"  x 2 Vi" SC3725 100W 240V 40 3/ i"  x 8" SC7 58 885W 120V 50
3/ 8"  x 3 " SC373 75W 1 20V 25 3/«" x 8" SC758 | 885W 240V 50
3/ 8"  x 3" SC373 7 5 W 240V 25
3/ 8"  x 3 Vi" SC3735 1 50W 1 20V 50
3/8". x 3 Vi" SC3735 1 50W 240V 50
3/8"  x 4" SC374 75W 240V 20
3/ 8"  x 4 " SC374 220W 1 20V 50
3/8" x 4" SC374 220W 240V 50
3/8" x 4 ’/," SC3745 250W 1 20V 50
3/8" x 4'/ ," SC3745 250W 240V 50
3/8" x 5" SC3 75 280W 1 20V 50
3/8" x 5" SC375 280W 240V 50
3 '8 " x 5'/, SC3755 100W 240V 15
3 8 “ x 6" SC376 350W 1 20V 50
3 ■ 8 “ x 6 " SC3 76 350W 240V 50

Bu LLEt i /3 1,7



III-6

P r e c i s i o n  C a l i b r a t e d  

C o a x i a l  N o i s e  S o u r c e s  

1 G K H z t o 1 8 G H z

NC 3000 Series

FEATURES:

tiACK£AJS/bcJC^ /Jcr 

<£C ^ 400 - 4/ 4-4
C A T  / V C .  9 ^ 5 "

• Input power + 28 volts, 25 ma. max.
• Noise output variation with temperature less than 0.01 DB/°C
• Noise output variation with voltage less than 0.1 DB/%V
• Operating temperature range -55 °C to + 85 °C
• Calibration charts are supplied with each noise source
• Calibration points are listed on each noise source
• Noise output rise time and fall time <1 usee
• Noise diode is hermetically sealed

NOISE FIGURE METER COMPATIBLE TYPES:

HIGH NOISE OUTPUT TYPES:

‘ Specify package code

SMA(F)

MODEL
FREQUENCY 
RANGE (GHz)

NOISE OUTPUT 
ENR (0B)

VSWR
M AX

PAC KAGE
C ODE*

CALIBRATION
FREQUENCIES

NC 3101 .01 — 8 15.5 ±  .5 1 .2  on/off . 0 1 . . 1 , 1 .0

NC 3102 . 0 1 - 1 2  4 15.5 ±  5 1 .2  on/off A
&

1 GHz steps

N C 3 10 3 1 - 1 2 . 4 15.5 -  .5 1 .2  on/off to

NC 3104 1 - 1 8 15.5 ±  5 1.35 on/off H 1 GHz steps

NC3 10 5 1 2 - 1 8 15 .5  i  5 1.35  on/off

SMA(F) Q

N(M)|

M ODEL
FREQUENCY NOISE OUTPUT P AC KAGE CALIBRATION
RANGE (GHz) ENR (DB) FLA T N E S S C ODE* FREQUENCY

NC3201 10  KHz —1 .1 G H z 3 0 - 3 5 ±  1DB 0 .1 , . 1 . . 5 ,1 .0

NC3202 001 -  6 3 0 - 3 5 ±  1DB . 0 1 . .1 . .6

NC3203 1 - 2 3 0 - 3 5 ±  1 DB A 1 .1 .5 ,2 .0

NC3204 2 - 4 3 0 - 3 5 ±  1DB to

NC3205 4 - 8 3 0 - 3 5 ±  1DB H 1 GHz STEPS

NC3206 8 - 1 2 2 8 - 3 3 ±  1DB

N C 3 20 7 1 2 - 1 8 2 6 - 3 2 ±  1DB

N(M)

SMA(M)

SMA(M)

SMA(F) 11/16x3/4 BNQF) A

-------- 2.63------

11/16x3/4

2.63

11/16x3/4

2.63

1.2 x.63

3.00

3.00

1/2 x 1/2

2.31

1/2 x 1/2

2.31

=□TNQF) B

SOLDER c  
LUG

BNQF)

H

1 .2 X .6 3

->

SOLDER
LUG

In SMA<F) F

M
SOLDER Q 
LUG

OPTIONS

1. Housing A-E can be supplied with threaded mounting holes.
2. SMA connectors standard as shown. Alternate sex may be specified.
3. Input voltages as low as 15 volts are available in some models • consult factory.

SMA(M)g; 1/2 x 1/2

2.31

RF
CONNECTOR

BIAS PACKAGE
CONNECTOR COOF
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T U B O f A R  B A N D P A S S  F I L T E R S
® 20 TO 5000 MHZ — 1 TO 13 SECTIONS •

SERIES - 1

~2mm)

SERIES - 2

SERIES - 3 SERIES - 4

M t H I ^REACTEE^I^' W&r

H n c ,

^ o c  jcV/Z/e, At 0 ,  

(3 o / )  Z < > 9  - 5 5 3 5 -  

C A T  * £ 0 0 - S
PART NO. DEFINITION:
NO. OF SECTIONS 
TUBULAR BANDPASS 
SERIES IDENTIFICATION 
CENTER FREQ. (MHZ)
3dB BANDWIDTH (MHZ) 
CONNECTOR DEFINITION 
INPUT CONNECTOR TYPE 
OUTPUT CONNECTOR TYPE

3

J
B 1 - 500 - 100 S 1 1

ELECTRICAL SPECS. SERIES-1 SERIES-2 SERIES-3 SERIES-4 " w
CENTER FREQ. RANGE 100-5000 MHZ 50-3000 MHZ 40-2000 MHZ 20-1000 MHZ
3dB BW (% OF Fo) 1 - 65% 1 - 85% 1 - 90% .5 - 95%
MAX INSERTION LOSS see fig. 7 see fig. 7 see fig. 8 see fig. 8
IMPEDANCE 50 ohms 50 ohms 50 ohms 50 ohms
MAX. VSWR @ Fo and t 1.5:1 1.5:1 1.5:1 1.5:1
ATTENUATION see fig. 3 see fig. 4 see fig. 5 see fig. 6
DIAMETER 3/8 IN. 1/2 IN. 3/4 IN. 1 1/4 IN.
INPUT POWER ** 10 WATTS 20 WATTS 50 WATTS 200 WATTS
APPROX. LENGTH see tables see tables see tables see tables
ENVIRONMENTAL SPECS.

SHOCK 30G - 11 ms 30G - 11ms 15G - 11 ms 15G - 11 ms
VIBRATION 10G-.02-2000 CPS 10G-.02-2000 CPS 10G- 02-2000 CPS 10G-.02-2000 CPS
HUMIDITY up to 95% up to 95% up to 95% up to 95%
TEMPERATURE -55°C to 125°C -55°C to 125°C -553C to 125°C -55°C to 125°C
ALTITUDE space rated space rated space rated space rated

t  40% OF 3dB BANDWIDTHS UP TO 4 SECTIONS. 60% OF 3dB BANDWIDTHS UP TO 6 SECTIONS 
80% OF 3dB BANDWIDTHS UP TO 13 SECTIONS

HIGHER POWER AVAILABLE 
CONSULT THE FACTORY

NOTE: SEE PAGE 7 FOR CONNECTOR DEFINITIONS AND TYPES.

ALL REACTEL. INC. STANDARD TUBULAR BANDPASS FILTERS ARE DESIGNED TO A LOW RIPPLE CHEVYSHEV CONFIGURATION 
BESSEL. GAUSSIAN. BUTTERWORTH OR OTHER CONFIGURATIONS ARE AVAILABLE UPON REQUEST. PLEASE CALL THE FACTORY TO 
DISCUSS SPECIFIC REQUIREMENTS.



LO
SS

 
FA

CT
OR

 
(F

)

I I I- 8

TABLES: kSffaaTH (L) vs FREQ.& NO. OF SECTIONS
SERIES - 1 SERIES - 2

I o  ( M H Z ) N O .  O F  S E C T I O N S f o  ( M H Z ) N O .  O F  S E C T I O N S
2 3 4 5 6  1 7  | a  1 9  I 10 2 3 4 5 6 7 8 9 1 0

1 0 0 - 2 0 0 3 4 5 5 ' i 6  ! 6 ' i 7 ! 3 '  7 I 9 5 0 - 7 0 S '  1 9 1 0 1 2 1 4 ' j 1 7 — — —

2 0 1 - 3 0 0 2 > 4 3 3 ' J 3 34 4  1 5 5 ' i  | S ’ 7 I 6 j 4 7 ’ - 1 0 0 3 ’ 1 4 ’ J 6 8 9 1 * 1 1  v » 1 3 ’ i 1 5  V i 1 7

3 0 1 - 5 0 0 2 ’ j 2 * 4 3 J 4 3 ’ j 3 > .  1 4 > « 5  1 6 ’  4 j ® * ! 1 0 1 - 1 4 0 3 3 ’ j 5 6  V i 7  V , 8  V i 9 ’/ i I t 1 2 ’  a

5 0 1 - 7 0 0 2 2 ’ i 3 3 ’ . 3 J « i 4 - J 5  ! 5 ! 6 '  1 1 1 4 1 - 2 0 0 2 '  1 3 4 ' « 5 ’ 4 6 '4 7 8 9 1 0

7 0 1 - 1 0 0 0 1 1 . 2 2 '  2 3 3 '  1 1 4 4 ' * 5 i 5 '  * 2 0 1 - 3 0 0 2 ' 4 2 J 4 3 '  1 4 1 « 5 5  V i 6  V« 7 3

1 0 0 1 - 2 0 0 0 1 ’ '» 1 * 4 2 2 - , 3 3 ' j 3 * . * 4 ’  2 3 0 1 - 4 0 0 2 2 ’ i 3 3 V * 4 ’ i 5 5  V i 6 V i 7  V i

2 0 0 1 - 3 0 0 0 1 I ’ i 1 2 ’ * 2 ' ! 3 3 ’ 1 3 > . 4 ' « 4 0 1 - 7 0 0 1 ’  * 2 2 '  1 3 >'■! 4  V i 5 6 7

3 0 0 1 - 5 0 0 0 1 1-4 I V , 2 2 ’ . 2 '  2 3 3 '  2 4 7 0 1 - 3 0 0 0 1 1 - i 2 2 ’ j 3 3  V i 4 4  V i 5

SERIES- 3 SERIES- 4
4 0 - 5 0 5 7 9 1 1 ’ j 1 4 1 9 2 ’ ' 2 2 4 2 0 - 4 0 4 ' , 6 > ? 9 l O ' . i 13 1 6 1 9 2 2 2 5

5 1 - 7 5 41/j 6 1 2 8 9 , , U ' l 1 3 • 5 ’ 6 1 7 4 1 . 6 0 4 5 6 ' * 8  ' 2 10 1 3 1 5 1 7 1 9

7 6 - 1 5 0 3 3 ’ 1 4 S '  1 S ' i 3 9 10
"

6 1 - 8 0 3 ’ ’
4 5 ’ i 7 8 '  j 9 1' ! 1 1 1 3 1 4 V i

1 5 1 - 3 0 0 2 ’ j 3 3 ’ j 4 5 5 ' j 6 ’ j - a 3 1 - 2 0 0 3 4 4 ' 2 6 7 8 9  V i 1 1 1 2

3 0 1 - 7 0 0 2 2 > ' i 3 3  V i 4 4 '  1 5 6
7 2 0 1 - 5 0 0 3 3 '1 4 5 6 7 a * 9 1 0

7 0 1 - 2 0 0 0 I V * 2 2  V i 3 3  V i 4 4 ’ 1 1 5 6 5 0 1 - 1 0 0 0 2 '  1 3
I 3 ’ '

4  1 1 5 5  V i 6  V i 7 8

2%, 3dB BANDWIDTH

IP
ATTENUATION CURVES

i-3 FIG. 3 FIG. 4

5%, 3dB BANDWIDTH

• ANOW‘OTm»

15%, 3dB BANDWIDTH
FIG. 5 FIG .  6

■O O* M l lu O K O Ix t

25%, 3dB BANDWIDTH
JFTvn

INSERTION LOSS CURVES
I N S E R T I O N  L O S S

F (N+ .5)L0SS= % BW + 2dB
F = LOSS FACTOR N = NO. OF SECTIONS % BW = % OF 34B BW
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Excellent Amplitude And Phase Balance 
High Isolation Between Output Ports 
Low VSWR, Small Size And Light Weight 
Octave and Multi-Octave Frequency Coverage.
Power: 10 Watts Input Maximum with Matched Terminations 
Meets MIL-E-5400 and MIL-E-16400 Environments

This series of two-way, in-phase 
stripline power dividers demonstrates 
excellent performance as well as 
small size and light weight. These octave 
and multi-octave power dividers 
have high isolation, low VSWR and 
excellent amplitude and phase balance. 
Their rugged construction meets MIL-E-5400 
environmental conditions, making them ideal 
for high performance microwave systems.

• Pic 1017® 
POWER «*•*>**

TYPICAL PERFORMANCE PART NO. 2 0 8 9 -6 2 0 8 -0 0
2.0

1.0

0.0

1 30 d£ 
■ *•=■«

i
!

M AY

------- 1-------

j

ai * M » ■m n*w

/

30

03
2 ,

2
2 20

10

. . .  ..

I i I
I

ii
j

.

15dB

FREQUENCY (GHz)

SP E C IF IC A T IO N S

2 4 6 8 10 12 14 16 
FREQUENCY (GHz)

18 4 6 8 10 12 14 16 18 
FREQUENCY (GHz)

-Vsj f o r — :

■ W X  ■
' ' i k t '

r- f.J C

2U89-o20'l-uU 1.0-2 .0 1.25 20 0.4 0.2 4.0 2.0 2.0 (50.8) 0.5 (12.7) 1.5 43
20 8 9 -6 2 0 2 -0 0 2.0 -4 .0 1.35 20 0.4 0.2 4.0 2.0 2.0 (50.8) 0.5 (12.7) 1.5 43
20 8 9 -6 2 0 3 -0 0 4.0 -8 .0 1.40 20 0.6 0.2 6.0 2.0 1.38 (35) 0.4 (10.2) 1.2 35
20 8 9 -6 2 0 4 -0 0 8 .0 -12 .4 1.60 18 0.65 0.25 6.0 2.0 1.38 (35) 0.4 (10.2) 1.2 35
2019-62C5-C0 12 .4 -18 .0 1.70 15 0.8 0.25 6.0 3.0 1.38 (35) 0.4 (10.2) 1.2 35
..089 -6207-00 2.0 -8 .0 1.50 18 0.8 0.25 8.0 4.0 2 .25  (57.2) 0.5 (12.7) 1.3 37
•039 -6208-00 2 .0 -18 .0 1.70 15 1.30 0.25 8.0 10.0 2 .25  (57.2) 0.5 (12 .7) 1.3 37

..OS9-6209-OO 4 .0 -18 .0 1.70 15 1.20 0.25 8.0 4.0 1.63 (41.4) 0.5 (12 .7) 1.3 37
| 2 0 8 9 -6 2 1 0 -0 0 7 .0 -18 .0 1.70 15 0.8 0 .25 8.0 3.0 1.38 (35) 0.4 (10 .2) 1.2 35
‘ Maximum input power with output loads of VSWR 2.0:1. 
Derate to 10% of listed value when arbitrarily terminated.



'v^rXr.^4 

f t J/M -r - „ A' ■

^C 3y 4- ̂ - ^  I I I D 1 B 2 S T 1 C N A L  C O L 3 P S -H H S
M I N I  C O U P L E R S  •  O C T A V E  B A N D W I T H

111-10

i  Smallest and Lightest Couplers Available
o .5 Through 18 GHz Including Wideband Units
•  High Directivity —  LowVSWR
•  Meets MIL-E-5400 and MIL-E-16400 Environments

This complete line of mini-series coaxial stripline 
couplers features the smallest and lightest units 
available anywhere, typically measuring 1 inch by V2 
inch by 3/s inch thick and weighing only about V2 ounce. 
These units are the ultimate in performance and will 
consistently outperform their conservative specifications. 
All of the units use OSM female stainless 
steel precision connectors.

SPEC IF IC A T IO N S

O S M J A C K  
(TYP. 3 

P L A C E S )

.375 
(9.5 mm)

.250 
(6.4 mm)

380 —  C —
(TYP.) : i , ; 
(9.7 mm) | ] ,

L

.250 TYP. 
(6  4 m m )

--- 1-

.093 —  
(2.4 mm) B_J K.104 DIA. THRU

A---------- (2.7 mm) (TYP.)

7 6 — i -0 ±0 .60  j 0.15 ....  25 1.10 1 1.10 I 50 4 4
2020-6601-10 | 7 | 10 ± 1 .0 ±  0.75 0.15 25 1.10 1.10_I 50 10 4
2020-6602-20 } 7 0.5-1.0 20 ± 1 .0 ±0 .75 0 15 25 | 1.10 1.10 I 50 50 4
2020-6603-30 I 7 30 ± 1 .0 - 0  75 | 0 15 25 1.10 1.10 I 50 50 4
2020-6604-06| 5 6 ± 1 .0 ±0 .60 0.20 25 1.15 1.15 I 50 4 4
2020-6605-10 | 5

1.0-2.0
10 ± 1 .0 ±0 .75 0 20 25 1.15 1.15 j 50 10 i 4

2020-6606-^0 I 5 2 0 ±  1.0 ±0 .75 0.20 25 1.15 1.15 I 50 50 , 4
2020-6607-20 | 6 30 ± 1 .0 ±0 .75 0.20 25 1.15 1.15 I 50 50 I 4
•.G20-ooUd-U6 I 3 6 = 1 .0 ±0 .60 0.20 22 1.15 1.15 I 50 4 I 4
2020-6609-10 | 3

2.0-4.0
10 ± 1 .0 ±0 .75 0.20 22 1.15 1.15 i 50 10 I 4

2020-6610-20 1 3 20 ± 1 .0 ±0 .75 0.20 22 1.15 1.15 ! 50 50 4
2020-^611-30 4 30 ± 1 .0 ±0 .75 —_ 0.20 22 1.15 1.15 : 50 1 50 4
2020-cb12-0-Si 2 6 ±1 .0 ±0 .60 0.25 20 1.25 1.25 50 4 4
2020-6613-10 2

2.6-5.2
10 = 1 .0 ±0 .75 0.25 20 1.25 1.25 50 10 4

2020-6614-20 2 20 ± 1 .0 ±0 .75 0.25 20 1.25 1.25 50 50 4
2020-H615-30 1 30 = 1 .0 ±0 .75 0.25 20 1.25 1.25 50 50 i
i.-J20-6b • ;-C 5 2 6 ± .75 ±0 .50 0.25 18 1.25 1.25 50 4 4
2020-6617-10 2

4.0-8.0
10 ± .75 ±0 .50 0.25 20 1.25 1.25 50 10 4

2020-6618-20 2 20 ±.75 ±0 .50 0.25 20 1.25 1.25 50 50 4
:>:*)20-ioi o-~n 1 30 ± .7 5 ±0 .50 0.25 20 1.25 1.25 50 50 4
kG20-oo2U-ub 2 6 ± 1 .0 ±0.40 0.40 15 1.35 1.35 50 4 4
202C-6621-10

7.0-12.4
10 ± 1 .0 ±0 .50 0.40 17 1.35 1.35 50 10 4

2020-6622-20 1 20 ±1 .0 ±0 .50 0.30 17 1.35 1.35 50 50 4
2020-6623-20 1 30 ±1 .0 ± 0  50 0.30 17 1 35 1.35 50 50 4
2020-o624-0b 2 6 ±1 .0 ±0.50 0.50 15 1.35 1.35 50 4 3
2020-6625-10

7.0-18.0
10 ±1 .0 ±0 .75 0.50 12 1.45 1.45 50 10 3

2020-6626-20 1 20 ±1 .0 ±0 .75 0.50 15** 1.45 1.45 50 50 3
2020-6627-30 8 30 ±1 .0 ± 0 .75 0.50 15** 1.45 1.45 50 50 3
2020-bo^d-Uo 2 6 ±1 .0 ±0.40 0.50 15 1.35 1.35 50 4 2
2020-6623-10 10 ±1 .0 ±0 .50 0.50 12 1.45 1.45 50 10 2
2020-6630-20 1 12.4-18.0 20 ±1 .0 ±0 .50 0 50 12 1.45 1.45 50 50 2
* 020-*) 631 - *j0 8 30 ± 1 .0 ±0 .50 0.50 12 1.45 1.45 50 50 2

M ECH A N ICA L  SP E C IF IC A T IO N S
- . . . »

V . ,— ,4^ ;->>n
..........

V:. \
1 1.000 (25.4 mm) N /A .500 (12.7 mm)

.546 (13.9 mm)

.219 (5.6 mm)

0.62 17.6
2 .500 (12.7 mm) 0.60 17.0
3

1.156 (29.4 mm) .343 (8.7 mm) .656 (16.7 mm)
.500 (12.7 mm) 0.64 18.2

4 .546 (13.9 mm) 0.67 19.0
5

1.781 (45.2 mm) .937 (23.8 mm) 1.281 (32.5 mm)
.500 (12.7 mm) 0 82 23.2

6 .546 (13.9 mm) 0.87 23.3
*7 3.000 (76.2 mm) 1.000 (25.4 mm) 2.500 (63.5 mm) .750 (19.1 mm) .310 (7.9 mm) 1.50 43.0
8 1.000 (25.4 mm) N /A .500 (12.7 mm) .625 (15.9 mm) .219 (5.6 mm) 0.67 19.0

•NOTE Case style seven has four mounting holes located symmetrically to the two shown dotted in figure. 
* *12dB from 12.4 to 18.0 GHz.



2.6-5.2 G H z
Model FrequencyRange[GHz|

CouplingNominal(dB)
Frequency * Sensitivity [dB)

Insertion Loss Excluding Coupled Power
True Directivity (dB Min) VSWR Primary Secondary Line Line AverageIncident(Watts)

PowerAverageReflected(Watts) Peak
m

WeightOz

4053-6 2.6-52 6=1.00 =0.60 0.25 1.80 18 1.25 1.25 50 2 3 0.43
4053-10 2.6 5.2 10il .25 =0.75 0.25 0.80 20 1.25 1.25 50 5 3 0.43
4053-20 2.6-52 20±1.25 =0.75 0.25 0.25 20 1.25 1.25 50 50 3 0.43
4053-30 2.6 5.2 30±1.25 =0.75 0.25 0.20 20 1.25 1.25 50 50 3 0.46

4-8 GHz
Model FrequencyRange[GHz)

CouplingNominal(dB)
Frequency * Sensitivity [dB)

Insertion Loss Excluding Coupled Power
True Directivity (dB Min) VSWR Primary Secondary Line Line AverageIncident(Watts)

PowerAverageReflected(Wattsl 'Peak|kW)

Weight 0z Grams

4014C-6 4-8 6±1.00 ±0.60 0.25 2.00 18 1.25 1.25 50 2 3 .56 16
4014C-10 4-8 10±1.25 ±0.75 0.25 1.00 20 1.25 1.25 50 5 3 .56 16
4014C-20 4-8 20+1.25 ±0.75 0.25 0.30 20 1.25 1.25 50 50 3 .56 16
4014C-30 4-8 30=1.25 =0.75 0.25 0.25 20 1.25 1.25 50 50 3 .60 17
7-12.4 GHz

Model FrequencyRange[GHz)
CouplingNominal(dB)

Frequency • Sensitivity (dB)
Insertion Loss Excluding Coupled Power

True Directivity (dB Min) VSWR Primary Secondary Line Line AverageIncident(Watts)

PowerAverageReflected(Wattsl Peak(kW|

Weight Oz Grams

4015C-6 7-12.4 6=1.00 =0.50 0.40 2.00 15 1.30 1.30 50 2 3 .63 18
4015C-10 7-12.4 10=1.25 =0.50 0.40 1.00 17 1.30 1.30 50 5 3 .64 18
40I5C-20 7-12.4 20=1.00 =0.50 0.30 0.35 17 1.25 1.25 50 50 3 .63 18
401 SC-30 7-12.4 30=1.00 =0.50 0.30 0.30 17 1.25 1.25 50 50 3 .71 20

7.5-16 G H z
Model FrequencyRange[GHz|

CouplingNominal(dB|
Frequency * Sensitivity U3)

Insertion Loss Excluding Coupled Power
True " Directivity (dB Min) VSWR Primary Secondary Line Line AverageIncident(Wattsl

PowerAverageReflected(Watts) Peak(kW)

Weight Oz Grams

4055-6 7.5-16 6-1.10 =.0 SO 0.60 2.00 12 1.35 1.40 50 2 2 .63 18
4055-10 7.5-16 10=1.50 =0.75 Q.60 1.00 12 1 35 1.40 50 5 2 - s£3 18
4055-20 7.5-16 20=1.25 r0.75 0.50 0.50 15 1.35 1.40 50 50 2 .63 18
4055-30 7.5-16 30=1.25 =0.75 0.50 0.50 15 1.35 1.40 50 50 2 .70 20
‘ F r e q u e n c y  s e n s i t i v i t y  is inc lu d ed  in c o u p l i n g .

Type SM A
Stainless Steel Female

- .004
002

. I 04 O u . T h r u

M o d e l  N o . A B C

* 4 01 4C  - 6, O 
! 

O .2 81 . 5 0 7 . 47
4 0 1 4 C - 3 0 . 320 . 541 . 47

*•401 5C 6. 1 0 , - 2 0 . 281 . 507 . 81
•UOI SC  20 . 404 .6 2  5 . 81
' 4 0 1 6 C - 20 -3 0 . 404 . b25 . 81
•'105 3 6 . 1 0 . - 2 0 .281 . 507 . 47
4 0 5 3 - 3 0 . 320 . 541 . 47

*<•055 -6 , -10 .281 . 507 . 81
*<4055- 2 0 , - 30 . 404 . 6 2 5 . 81

to l . I . O I S

N O TE : Add 040 m ax to th e  length, w idth, and he igh t to allow  tor ex te rio r finish.

A ) A £ 0 b  H L C t b t i A r V F  
MA 0 Pf>A A) x

(g j t i ) 2 3 /  -

_________________________________ c a t  ^r/0 56~>rge-__________ n a n  hi
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AC VOLTAGE 
AND CURRENT 
TRANSDUCERS
VT SERIES 
CT SERIES

M O D E L  CT5-1

*o0ll DljCec,

t*P ,

DESCRIPTION:
The VT (Voltage Transducers) and CT (Current Transducers) 
provide a 0 to 1 mA DC output related to the AC input 
signal to the transducer. Transducer output is derived from 
the average absolute value of the input and is calibrated 
in terms of the rms value for sine wave input.

Voltage transducers are available for 120, 240, 480 volt 
inputs at 50 to 500 Hz.
Current transducers are available with full-scale current 
input ranges from 1 to 1000 Amperes rms

4-20 mA output available upon request.

MODEL VOLTAGE (VAC) RANGE OUTPUTCAL
VT120 Oto 150 1 mA @ 150V
VT240 0 to 300 1 mA @ 300V
VT480* 0 to 575 1 mA @ 5 7 5 V

MODEL

CURRENT 
(AMPS AC) 

RANGE
OUTPUT

CAL

CURRENT
SENSOR

DRAWING
CT1-1 Oto 1 1 mA @ 1A Internal
CT5-1 0 to 5 1 mA @ 5A Internal
CT10-1 Oto 10 1 mA @ 10A Internal
CT20-1 Oto 20 1 m A @ 20A Internal
CT5-100 Oto 100 1 mA @ 100A W
CT5-200 Oto 200 1 mA @ 200A W
CT5-300 0 to 300 1 mA @ 300A W
CT5-400 0 to 400 1 mA @ 400A X
CT5-600 0 to 600 1 mA @ 600A - X
CT5-1000 Oto 1000 1 mA @ 1000A Y

* Includes OSI 226 145 Potential Transformer.

SPECIFICATIONS (Common to All Models):

ACCURACY (Calibration, linearity @ 25°C) ± 0 .5 %  FS 
FREQUENCY RANGE 50 to 500Hz
RESPONSE TIME 400ms
TEMPERATURE EFFECT (from

calibrated value) —20°C to +  60*C ± 1 %  of Reading
RIPPLE
FULL SCALE OUTPUT 
OUTPUT LOADING 
OVERLOAD (Continuous)

Voltage 
Current

Except CT10-1 & CT20-1
1 Second Transients 

BURDEN 
Voltage 
Current

OPERATING RANGE (Extended)
Voltage 
Current

DIELECTRIC TEST:
(Input/Output/Case)

VT and CT 1500VAC
CASE SIZE DRAWING B, See Attached Drawing 
CURRENT SENSOR DIMENSIONS, See Attached Drawing

VOLTAGE AND CURRENT 
TRANSDUCER CONNECTIONS

MODELS 
CT5-1 THRU CT20-1 
VT120 AND VT240

< 1 %  FS 
1 mA DC 

0-10K ohms

Full Scale Rating 
2 X Rating 

1.25 Rating 
50 X Rated Input

2.8VA FS 
1VA FS

Full Scale 
1.2 X Rating

DC
Output

AC
Input

+

MODEL
VT480

l 2 3 4

DC
Output

W

Red

120V

+ Red

Blk226-145

H 480 V

J Blk

1 H x 1V2*2A% HW L

MODELS 
CT5-100 THRU C T5-1000

f c i f

Current Transformer Phasing 
is not required

T



\n - 7 y d a t a
S U M M A R Y

CP3-Series  

Curtis Indachron  
Elapsed Tim e M eter/C o un ter

I

L

L

L

L

FOR W1AIMTE?JA1\3CS 
MOIUITOmMG
□ Measures operating time 
a Counts to Megahertz rates

THE NEW CP3 SERIES 
CURTIS INDACHRON 
ELAPSED TIME METER/COUNTER
was developed as a low cost monitor tor preven 
tive maintenance scheduling, and other appli­
cations requiring a convenient, simple means 
of reset to zero in the field. It simplifies preven­
tive maintenance scheduling and field service 
records reducing field service costs. Addit ion­
ally, the actual hours of use or total cycles data 
has many areas of application.

Cost of the CP3 Series is under $4.00 in moder­
ate production quantities. Typical applications 
are P/M scheduling for office machines, test in­
struments, appliances, computer elements, 
machine tools, etc.

FEATURES:
■ Instant Field Reset to Zero

■ Easy Readability

■ Overrun Safety

■ Infinite cycles

■ Scales for any type of scheduling programs

■ M ode ls  op e ra te  from  any AC or DC Voltage

■ Compact Size

■ Counts Operation Cycles— from Pulsed Inputs

GENERAL DESCRIPTION
The heart of the Model 520 CP3 is the patented* 
Curtis mercury coulomcter, in which the indicat­
ing dot travels longitudinally along a mercury  
filled c a p illa ry  tube at a rate p ro p o rtio n a l to the 
flow of electric current through the instrument.

In the  CP3 Series, the  c a p illa ry  tube  is m oun ted  
on a w in d o w -c o v e r assem b ly  □ .  T h is  p lug s  in to

continued . . .

‘ U.S . Pat. 3,665,303, others pending
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. continued

the bed which has a :̂ p0t5ved channel in which 
the adjustable scale is mounted □  . The scale 
can be set anywhere along the length of the 
meter and is V 2 the length of the channel, provid­
ing for overrun safety should the meter run be­
yond the full scale time period.

To reset the instrument, the equipment mainte­
nance man merely removes the cover from the 
bed and reverses it 180 This places the dot 
downscale where it can start travel upscale again 
(the dot always moves from negative [ — ] to 
positive [ +  ] ) .  Inasmuch as the scale can be 
moved in its channel, it is Dositioned so that 
“zero” o r  any other marking can align with the 
new downscale position of the dot □  .

To facilitate the rezeroing operation, the cover 
assembly has ten molded reference marks on the 
cover. These marks are matched by identical 
marks on the bed. To determine where to set the 
scale when rezeroing, note is made of the posi­
tion of the indicating dot relative to the cover 
reference marks and the zero indice of the scale 
is simply moved to the corresponding mark on 
the bed.

Any type of scale markings can be used —  in 
hours or in symbols that refer to various mainte­
nance schedules or other procedures. Moreover,  
simple records can indicate how many times full

MODELS

M O DEL 520 CP3: Operates from 115 VAC; 
incorporates a zener diode and resistor 
power supply rated to obtain proper cur­
rent from 115 VAC input according to the 
desired time scale. Internally regulated for 
line voitage variations.

MODEL 420 CP3: Operates from any DC 
Voltage; incorporates resistors rated to 
obtain proper current for desired time 
interval from the specified DC voltage 
input.

MODEL 120 CP3: Operates from DC Cur­
rent; is the lowest cost unit. It operates  
directly from current or pulse train 
established in the parent equipment to 
provide the desired time constant, i.e.:
1000 hours — 3.2 microamperes.

Scales: (See other side) Standard scale 
is */2 . 0-1000 hours. Other scales can be 
furnished as required. Anv type scale 
marking can be used —  in hours or in 
symbols that refer to various maintenance  
schedules or other procedures. A. B and C 
are typical customer applications.

or part scale has been “ reversed" so that an 
infinite number of hours or readings can be made  
from a basically short-period scale. It never “ runs 
out of time ’. A lens is molded into the window  
of the cover, doubling the readability of the 
indicating dot.

TECHNICAL DESCRIPTION

Operational Temperature: 0° to + 5 0 ° C  
S h o c k :5 0 g  11 millisec 
Vibration: 20 g 50-500 Hz 
Attitude; Attitude insensitive

Storage Temperature: —  35° C to +  70' C

Materials: Body —  ABS Flame Retardant High 
Modulus; Window —  Acrylic ASTM  
D —  788, Grade 8

Terminations: 8" wire leads, #26 ga. AWG, 
vinyl insulated

Standard Mounting: Adhesive backing with 
3M - 4 0 3 2  polyurethene tape

Optional Mountings:
Code A: Threaded studs, no adhesive backing. 
Code B: Frangible seal.
Code C: Non-threaded studs with 

adhesive backing.
Code D: Rear exit leads.
Code E: Hioh current cover (11087-11437).

2 Mill iampere Max. Current.
3.2 Mill iampere-hours full scale. 
Minimum hour range =  2.0 hours. 

Code F: High current cover (11087-11686).
3.5 Milliampere Max. Current.
1.6 Mill iampere-hours full scale. 
Minimum hour range — 0.5 hours.

STANDARD MOUNTING

0.40

_ L _

#26ga.-8 VINYL LEADS

0.26

#4032-3M 
' ADHESIVE MOUNT

Data and specifica tions sub ject to change w ithou t notice Printed in U S.
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INSTALLATION AND 
MAINTENANCE INSTRUCTIONS

2-WAY DIRECT ACTING SOLENOID VALVES 
NORMALLY CLOSED OPERATION -  3/8 AND 1/2 NPT

B U L L E T I N S

8030
8031

A S W ;

Form No. V-5304R2

DESCRIPTIO N
Bulletin 8030’s are 2-way normally closed direct acting solenoid valves. 
Valves are constructed with forged brass or stainless steel bodies and 
soft seating for tight seating on low pressure scrvice. Srandard valves 
have a General Purpose NEMA Type I Solenoid Enclosure.

Bulletin 8031’s are the same as Bulletin 8030’s except the solenoids are 
equipped with an enclosure which is designed to meet NEMA Type 4 - 
Watertight. NEMA Type 7 (C or D) Hazardous Locations - Class I. Group 
C or D and NEMA Type 9 (E. F or G) Hazardous Locations - Class II, 
Groups E. F or G and are shown on separate sheets of Installation and 

Maintenance Instructions, Form Nos. V-5380 and V-5381.

OPERATION

Normally Closed: Valve is closed when solenoid is de-energized. Valve 
opens when solenoid is energized.

IMPORTANT: No minimum operating pressure required. 

IN S T A L L A T IO N

Check nameplate for correct catalog number, pressure, voltage and 
service.

PIPING

Connect piping to the valve according to marking on valve body. Apply 
pipe compound sparingly to male pipe threads only; if applied to valve 
threads, it may enter the valve and cause operational difficulty. Pipe 
strain should be avoided by proper support and alignment of piping. 
When tightening the pipe, do not u*» valve as a lever. Wrenches applied 
to valve body or piping are to be located as close as possible to connection 
point.

IMPORTANT: For the protection of »he solenoid valve, Installs strainer 
or filter suitable for the service involved In the inlet side as cloft to the 
valve as possible. Periodic cleaning Is required depending on service 
conditions. See Bulletins 8600, 8601 and 8602 for strainers.

WIRING

Wiring must comply with Local and National Electrical Codes. Solenoid 
housings are provided with a 7/8 diameter hole, for 1/2 inch conduit. The 
general purpose solenoid enclosure may be rotated to facilitate wiring by 
removing the retaining cap or dip. CAUTION: When metal retaining clip 
disengages, it will spring upwards. Rotate enclosure to desired position. 
Replace retaining cap or clip before operating.

TEMPERATURE LIMITATIONS

For maximum valve ambient and fluid temperatures, refer to chart 
beiow. The temperature limitations listed are tor UL applications. For 
non UL applications, higher ambient and fluid temperature limitations 
are available. Consult factory. Check catalog number and wattage on 
nameplate to determine maximum temperatures.

NOTE: Alternating Current (A-C) and Direct Current (D*C) solenoids are 
built differently. To convert from one to the other, it Is necessary to 
change the complete solenoid Including the complete solenoid base 
sub-assembly and core assembly.

SO LE N O ID  TE M P E R A TU R E

CONSTRUCTION

fcOIL
CLASS Catalog Maximum 

Ambient 

Temp. F

Maximum 

Fluid 

Temp. °FWATT
RATING

Prefix

A-C Construction A
None 77 180

(Alternating Current) 10.5

A
None 77 200

15.4

F
FT 122 200

10.5 or 15.4

. H
HT 140 200

10.5 or 15.4

O-C Construction 

(Direct Current)

A. F 
or H None, FT 

or HT
77 150

11.2

A. F 
or H None, FT 

or HT
77 180

16.8

Standard catalog valves are supplied with coils designed for continuous 
duty -Service. When the solenoid is energized for a long period, the 

solenoid enclosure becomes hot and can be touched with the hand only 
for an instant. This is a safe operating temperature. Any excessive 
heating will be indicated by the smoke and odor of burning coil 
insulation.

M A IN T E N A N C E

WARNING: Turn off electrical power supply and depressurize valve 
before making repairs. It Is not necessary to remove the valve from the 
pipe line for repairs.

CLEANING

A periodic cleaning of all solenoid valves is desirable. The time between 
cleanings will \ary. depending upon media and service conditions. In 
general, if the voltage to the coil is correct, sluggish valve operation, 
excessive leakage or noise will indicate that cleaning is required. Be sure 
to clean valve strainer or filter when cleaning solenoid valve.

P R E V E N T IV E  M A IN T E N A N C E

POSITIONING/MOUNTING

This valve is designed to perform properly when mounted in any 
position. However, for optimum life and performance, the solenoid 
bhould be mounted vertical and upright so as to reduce the possibility of 

foreign m atter accumulating in the core tube area. For mounting bracket 
(optional feature) dimensions, refer to Figure 1.

1. Keep the medium flowing through the valve as free from dirt and 
foreign material as possible.

2. While in service, operate the valve at least once a month to insure 
proper opening and closing.

3. Periodic inspection (depending on media and service conditions) of 

internal valve parts for damage or excessive wear is recommended. 

Thoroughly dean all parts. Replace any parts that are worn or 
damaged.

A S C O  Valves
Form No. V-5304 R2 PRINTED IN U.S.A. 1976 AUtOfnOtfc SWltCh CO. FLORHAM PARK. NEW JERSEY 07932
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IMPROPER OPERATION
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SPARE PARTS KITS

1. Faulty Control Circuit: Check the electrical system by energizing 
the solenoid. A metallic click signifies the solenoid is operating. 
Absence of the click indicates loss of power supply. Check for loose or 
blown-out fuses, open circuited or grounded coil, broken lead wires 
or splice connections.

2. Burned-Out Coll: Check for open circuited coil. Replace coil, if 
necessary.

3. Low Voltage: Check the voltage across the coil leads. Voltage 
must be at least 85% of nameplate rating.

4. Incorrect Pressure: Check valve pressure. Pressure to valve must be 
within range specified on nat teplate.

5. Excessive Leakage: Disasseml le valve and clean all parts. Replace 
worn or damaged parts with a complete Spare Parts Kit for best 
results.

Spare Parts Kits and Coils are available for ASCO valves. 
Parts marked with an asterisk (•) are supplied in Spare Parts Kits.

ORDERING INFORMATION 
FOR SPARE PARTS KITS

When Ordering Spar* Part* or Coils 
Specify Valve Catalog Number, 

Serial Number and Voltage.

COIL REPLACEMENT

Turn off electrical power supply and disconnect coll lead wires. 
Determine valve size (NPT) and proceed in the following manner:

3/8 NPT CONSTRUCTION - Ret»> to Figure 2.

1. Remove retaining cap or clip, nameplate and housing. CAUTION: 
When metal retaining clip disengages, .it will spring upwards.

2. Remove spring washer, insulating washer and coil. Insulating washers 
are omitted when a molded coil is used.

3. Reassemble in reverse order of disassembly paying careful attention 
to exploded view provided for identification and placement of parts.

1/2 NPT CONSTRUCTION - Refer to Figure 3.

1. Remove retaining cap or clip, nameplate and cover. CAUTION: When 
metal retaining clip disengages, it will spring upwards.

2. Slip yoke containing coil, sleexes and insulating washers off the 
solenoid base sub-assembly. Insulating washers are omitted when a 
molded coil is used. Slip coil, sleeves and insulating washers from 
yoke. For D-C Construction, a single fluxplate over the coil replaces 
yoke, sleeves and insulating washers.

3. Reassemble in reverse order of. disassembly paying careful attention 
to exploded views provided for identification and placement of parts.

CAUTION: Solenoid must be fully reassembled as the housing and
Internal parts are part of and complete the magnetic circuit. Place
Insulating washers at each end of coil. If required.

VALVE DISASSEMBLY AND REASSEMBLY (Refer to Figures 2 and 3)

Depressurize valve and turn off electrical power supply. Proceed In the
following manner:

1. Remove the retaining cap or clip and slip the entire solenoid 
enclosure off the solenoid base sub-assembly. CAUTION: When 
metal retaining clip disengages, it will spring upwards.

2. Unscrew solenoid base sub-assembly and remove body gasket, 
core assembly and core spring.

3. For normal maintenance, it is not necessary to disassemble the 
manual operator unless external leakage is evident, if disassembly 
is required, remove stem pin. stem and stem gasket.

4. All parts are now accessible for cleaning or replacement. Replace 
worn or damaged parts with a complete Spare Parts Kit for best 

results.

5. Reassemble in reverse order of disassembly paying careful attention 
to exploded views provided for identification and placement of parts.

6. Rcplace body gasket, core assembly and core spring. For 1/2 NPT 
Construction, be sure wide end of core spring goes into core 
first and closed end protrudes from the top of the core. Replace 
solenoid base sub-assembly and torque to 175 ± 25 inch pounds. 
Replace solenoid enclosure and retaining cap or dip. —

7. After maintenance, operate the valve a few times to be sure of 

proper opening and closing.

(22.2]

Dim ensions for M ounting Bracket 
Figure I .  (O ptional Feature)

A SCO*
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PARTS INCLUDED IN 
SPARE PARTS KIT ^

RETAINING CLIP5fc

-RETAINING C A P ^

\2t------ NAMEPLATE

I

Y O K E -

HOUSING PROVIDED WITH 
/ /8  DIA. HOLE FOR 
1/2 INCH CONDUIT

SOLENOID BASE 
SUB-ASSEMBLY

TORQUE SOLENOID BASE 
SUB-ASSEMBLY TO 

1 7 5 - 2 5  INCH pOUNDS

A -C  (ALTERNATING CURRENT) 
CONSTRUCTION SHOWN

SLEEVE

- IN S U L A T IN G  WASHER 
(OMITTED WHEN MOLDED  
COIL IS USED)

COIL

NSULATING WASHER 
(OMITTED WHEN MOLDED 
COIL IS USED)

SLEEVE

-CORE S P R IN G ^
(WIDE END IN CORE FIRST, CLOSED END 
PROTRUDES FROM TOP OF CORE)

C----- CORE ASSEMBLY

BODY G A S K E T ^  MOUNTING BRACKET 
(OPTIONAL)

VALVE BODY

Bulletin 8030- 1 /2  NPT 
General Purpose Solenoid Enclosure Shown.

Figure 3. For E ip lo s lo n -p ro o f/Watertight Solenoid Enclosure used on Bulletin 8031, See Form No. V-5381.

A S C O  Valves

Automatic Switch Co. F L O R H A M  PA R K . N E W  JE R S EY  07932 Form No. V-5304R2 PRINTED IN U.S.A. 1976
vs) Automatic S\\it(*h Co. *inn6HTt msirvio



I I I —18

.093'' Diameter Terminals .198'' Centers (Grid Pattern)
(SEE PAGES 10 AND 11 FOR DESCRIPTION)

STYLE ELECTRICAL RECEPTACLE ORDER NUMBERS PLUG ORDER NUMBERS
Circuits Model Max. Max. With Mtg. With Holding With Ears Without Ears With Mtg. Without Mtg.

(a) No. Amps Volts Ears Only Tabs Only And Tabs Or Tabs Ears Ears
1 (a) 1951 12 5.000 N/A 03-09-1014 N/A N/A N/A 03-09-2014
1 1619 12 ■250 N/A 03-09-1011 N/A N/A N/A 03-09-2011
2(b) 1545 12 250 N/A 03-09-1022 03-09-1021 03-09-1023 03-09-2021 03-09-2022
2(b) 1816 12 600 N/A 03-09-1028 N/A N/A N/A 03-09-2028
3 1396 12 250 N/A 03-09-1032 03-09-1031 03-09-1033 03-09-2031 03-09-2032
3(b) 1816 9 600 N/A 03-09-1038 N/A N/A N/A 03-09-2033
4 1490 9 250 N/A 03-09-1042 03-09-1041 N/A 03-09-2041 03-09-2042
4(c) 2163 9 250 N A 03-09-1049 03-09-1040 N/A 03-09-2040 03-09-2049
4(b) 1816 9 600 N/A 03-09-1047 NA N/A N/A 03-09-2048
5 1653 9 250 N/A 03-09-1052 N/A N/A N/A 03-09-2052
5(d) 2629 9 250 N/A 03-09-1057 N/A N/A N/A 03-09-2057 (d)
6 1261 9 250 03-09-1062 03-09-1064 03-09-1061 03-09-1063 03-09-2061 03-09-2062
9 1292 9 250 03-09-1092 03-09-1094 03-09-1091 03-09-1093 03-09-2091 03-09-2092

12 1360 7.5 250 03-09-1121 03-09-1126 03-09-1125 03-09-1122 03-09-2122 03-09-2121
15 (e. f) 1375 7.5 250 03-09-1151 N/A 03-09-1154(e) 03-09-1152 03-09-2152 03-09-2153(f)

Housings are molded nylon 6/6 Zytel 
101 or etjuivalent.
Housings are standard white, or at 
an aflditional cost may be dyed any 
of the following colors: Black. Blue. 
Brown. Green. Gray. Orange. Amber. 
Red. or Yellow.
Integrally molded mounting ears 
snap-lock either the dug or recep­
tacle into a canel without hardware. 
See Mounting Ear Oetail.
Tabs on the side of receotacles pro­
vide friction locking ot connector 
housings.

-A ±.005

- e

N / A —  Not available.

(a) Electrical ratings are per circuit; UL and CSA recognized: except for Model 1951. 
Molex UL file card No. E29179; CSA file card No. 19980.

(b) Center spacing .248". Will accommodate: 14. 16 and 18 AVVG with 1/32" insulation -  16 
with 18AWG (double crimp), each with 1/32" insulation. Model 1816 housings have positive 
lock rather than holding tabs.

(c) 4 circuits in square grid pattern.
(d) Has positive lock rather than holding tabs; piug 03 09-2057 vviii mate aiso with 5 circuit recep­

tacle Model 1653, part 03-09-1051, and 4-circuit receutacie Model 1490. part 03-09 1042.
(e) To order mating piug tor receptacie part 03-09-1154 (with ears and locking tabs) specify only 

plug part 03-09-2154 (has pull tabs, no mounting ears).
(f) Plug also is available with pull tabs and without mounting ears. Order part 03-09-2151.

Maximum 
Standard .090" 
Miniature .060'

A  B
^  ±,005
___ L

< E ►

Panel Thickness
---- XI------

— —

1 «  H > -
C ► ► «  J

___
-

G -Zrzri*
V - ——t -  j '  ♦* -

" J

( ' 
/ <&

/  /

4-Circuit with Positive Lock 15-Circuit Plug with Pull Tabs

£

4 Circuits in Square Grid Pattern h f t  
in i
LLl_

oooo.
oooo

ioooo1
rn iT -

t ,  I I I  [ I
i LLJJJL.

STYLE RECEPTACLE PLUG
Cir­

cuits
Model
No.

A B C O E F G H 1 A B C O E F G H 1 J
I 1951 N/A N/A N/A 1.853 .312

Dia.
N/A N/A N/A N/A N/A N/A .312

Oia.
2.25 .437

Oia.
N/A N/A N/A N/A N/A

1 1619 N/A N/A N/A 1.00 .234
Dia.

N/A N/A N/A N/A N/A N/A .241
Oia.

.968 .358
Oia.

N/A N/A N/A N/A N/A

2 1545 .725 .312 N/A 1.00 .250 N/A .442 .536 .250 .800 .375 .257 .968 .352 N/A .421 .639 .250 .532
2 1816 N/A N/A N/A 1.063 .265 N/A N/A .531 N/A N/A N/A .265 1.031 .359 N/A N/A .656 N/A .625
3 1396 .840 .312 .236 1.015 .236 .37 .44 .670 .24 .933 .375 .240 .97 .34 .37 .421 .77 .250 .666
3 1816 N/A N/A N/A 1.063 .265 N/A N/A .784 N/A N/A N/A .254 1.031 .368 N/A N/A .921 N/A .840
4 1490 1.038 .312 N/A 1.000 .236 .37 .437 .868 .236 1.131 .375 .24 .969 .338 .37 .421 .971 .74 .843
4 2163 .500 .600 N/A 1.000 .434 N/A .442 .434 .312 .555 .695 .450 .969 .538 N/A .421 .538 317 .450
4 1816 N/A N/A N/A 1.063 .265 N/A N/A 1.032 N/A N/A N/A .265 1.031 .359 N/A N/A 1.156 N/A 1.125
5 1653 1.238 .312 N/A 1.000 .243 N/A .437 1.066 .243 1.331 375 .252 .969 .338 N/A .421 1.075 .252 1.066
S 2629 N/A N/A N/A 1.000 .24 N/A N/A 1.07 .24 N/A N/A .25 .969 .35 N/A N/A 1.17 N/A 1.07
6 1261 .718 .600 N/A 1.015 .632 N/A .442 .434 .563 .750 .695 .633 .969 .733 N/A .421 .536 .563 .536
9 1292 .828 .725 N/A 1.015 .627 .3/ .442 .666 .563 .937 .660 .630 .970 .730 .28 .56 770 .198 .198

12 (a)(b)l 360 1.G50 .655 N/A 1.015 .633 N/A .442 .871 .563 1.155 .760 .633 .969 .737 N/A .421 .975 .563 .975 (a)
15(c) 1375 1.240 .655 N/A 1.015 .632 .37 .442 1.066 .563 1.343 .760 .629 .969 .734 .37 .421 1.169 .563 1.169

N /A —  Not applicable. • Dimensions suoject to nominal variation — .005".

(a) 12-circuit plug, Model 1360, has alternate design of .844" Dim. J.
(b) 12-circuit receptac'e with mounting ears and locking tabs 03-09 1125 mounting hole "B ”  dimension is .725 min. 

4 (c) 15-circuit receptacle with mounting ears and lockinq tahs 03-09-1154 mounting hole ” 8 "  dimension is .725 min.
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MODEL No. A B C 0 E F G H Cl C2 D1 D2 El E2 HI H2

1189 Female .120 — — .120 .09 .865 — — .055 .150 Max. .125 .140/.100 .190 .260/. 180 — —
1190 Male .093 — — .120 .09 .865 — — .055 .150 Max. .125 .140/.100 .190 .260/. 180 —
1377 Female .120 — — — — — 1.125 — .055 .150 Max. — — — — .050 .023
1376 Male .093 — — — — — 1.125 — .055 .150 Max. — — — — .050 .023
1381 Female .120 — — .120 .09 .865 — — .055 .150 Max. .125 .140/.100 .140 .160/.100 — —
1380 Male .093 — — .120 .09 .865 — — .055 .150 Max. .125 .140/.100 .140 .160/.100 — —

1433 Female .120 — — .120 .09 .865 — — .055 .150 Max. .075 .095/.080 .075 .095/.080 — —
1434 Male .093 — — .120 .09 .865 — — .055 .150 Max. .075 .095/.080 .075 .095/.080 — —
1451 Female .120 — — .120 .09 .865 — — .055 .150 Max. .125 .120 .190 .210 — —
1450 Male .093 — — .120 .09 .865 — — .055 .150 Max. .125 .120 .190 .210 — —
2151 Female .120 — — .120 .09 .865 — — .055 .150 Max. .125 .120 .140 .130 — —
2152 Male .093 — — .120 .09 .865 — — .055 .150 Max. .125 .120 .140 .130 — —
2871 Female .120 — — .120 .070 .865 — — .055 .150 Max. .079 .107 .089 .109 — —
2870 Male .093 — — .120 .070 .865 — — .055 .150 Max. .079 .107 .089 .109 — —

Dimensions subject to nominal variation —  005".

Molex makes terminals of various metals with optional plating finishes to satisfy 
specific operational requirements.

Brass, Tin Plated Terminals
Most applications are met by the standard Molex brass, tin Dlated terminal. Tin 
plating is applied prior to forming of the 30 per cent zinc, 70 per cent copper alloy 
material.

Suggested application is for more than 50 millivolt at 1 milliamp current usage. 

Brass, Gold Plated Terminals
Gold plated brass terminals are best suited for low current use and where ex­
cessive corrosion is a factor, or when storage of two years or more for use is 
expected. Plating is applied after forming, except for selective area plating. 

Suggested application is for use with less than 50 millivolt at 1 milliamp current.

Phosphor Bronze, Tin Plated Terminals
Improved mechanical characteristics, but reduced electrical characteristics are 
typical of tin plated phosphor bronze terminals. Conductivity is 15 per cent, com­
pared with 28 per cent for tin-plated brass terminals.

Suggested application is for use where a high numDer of insertion and with­
drawal cycles is required.

Modified Copper, Tin Plated Terminals
Where higher current is employed, and insertion ar;d withdrawal cycles are low, 
tin plated modified copper terminals are suggested.

These terminals have a conductivity of 65 per cent, compared with 28 per cent 
for tin plated brass and 15 per cent for tin plated phosphor bronze.

r -E 2 -1  !»D2* |*C2<
C1

D1

T Y P I C A L  PC B H O L E  ■■

LAYOUT ‘

A k -J  A k -

f a fi

H2

Electrical
Resistance
M/V voltage drop per amp, ±  10%:

1st engagement 3.0 10th engagement 3.1
Probe about 1 inch from crimp barrel on 18 AWG stranded wire. Voltaqe 
drop includes mated terminals and both crimps. Tin material and plating.
High Voltage Test
Withstands 1500 volts RMS applied between ariiacent terminals for GO sec­
onds, mounted m all housings.
Temperature Rise/Operating Range
30°maximum for all connectors at maximum rated current. Temperature 
range —40 C to 105'C.
Current Rating
Amperage rating UL listed.

Meciicnical
Terminal Crimp Strength
Minimum pull-out force in pounds for AWG wire sizes:

14 — 35 lbs. 24 — 8 lbs.
16 — 30 lbs. 26 — 5 lbs.
18 — 25 lbs. 28 — 3 lbs.
20 — 15 lbs. 30 — 2 lbs.
22 — 10 lbs.

Engage/Disengage Forces
Standard terminal of .010 stock 70/30 brass — average engage/disengage 
forces in plug/receptacle connector with =30% tolerance, in pounds per
c ircu it :

6-circuit 17.4/ 7.2
9-circuit 25.1/10.8 

12-circuit 34.8/14.4 
15-circuit 43.5/18.0

1-circuit 2.9/12
2-circuit 58/2.4
3-circuit 87/3.6
4 -circuit 11 6/4 8
5-circuit 14 5/6.0 

Averaae insertion force --30%
housing 15 2.7 lbs.: retention, 20 lbs. minimum.

male and female terminal in connector

(See Pnqe 2)

T e r m i n a l H A N O  T O O L S C R I M P I N G M A C H I N E
M o d e l  N o . C r i m p i n g I n s e r t i o n E i t r a c t o r B e n c h A u t o m a t i c

1 1 8 9 - 1 1 9 0 1 1 - 0 1 - 0 0 0 2
N o t

R r o u i r e d
1 1 - 0 3 - 0 0 0 6  ( a)  
1 1 - 0 3 - 0 0 1 5 11 04-0006 A r t a s

1 3 8 0 - 1 3 8 1 1 1 - 0 1 - 0 0 0 2 N o t
R e a u t r e d

1 1 - 0 3 - 0 0 0 6  ( 2 )  
1 1 - 0 3  0 0 1 5 11 -04-0006 A r t o s

1 4 3 3 - 1 4 3 4 1 1 - 0 1 - 0 0 0 6 1 1 - 0 2 - 0 0 0 ] 1 1 - 0 3 - 0 0 0 6  ( a)  
1 1 - 0 3 - 0 0 1 5 11-04-0006 A r t a s

1 4 5 0 - 1 4 5 1 1 1 - 0 1 - 0 0 0 2 N o t
R e a u i r e d

1 1 - 0 3 - 0 0 0 6  ( a ) 
1 1 - 0 3 - 0 0 1 5 11-04-0006 A r t o s

2 1 5 1 - 2 1 5 2 1 1 - 0 1 - 0 0 0 2 N o t
R e t u r n e d

1 1 - 0 3 - 0 0 0 6  ( a )  
1 1 - 0 3 - 0 0 1 5 11 04-0006 A r t o s

2 8 7 0  2 8 7 ) 11-01-002S N o t
R e g u i r e d

1 1 - 0 3 - 0 0 0 6  ( a ) 
1 1 - 0 3 - 0 0 1 5 11 04-0006 A r t o s

(a> Spnng-loaaed tor automatic terminal election.
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TERM INALS ORDER NUM BERS

Crimp 
Wire Size

Insulation
Oiameter

Model
Nos.

Chain Form (a) Loose Form
Male Female Male Female

With Detent W /0 Detent With Dimple W /0 Dimple With Detent W /0 Detent With Dimple W /0  Dimple

14-20 .065-. 160 1 1 8 9  F
1 1 9 0  M 02-09-2101 —  02-09-1101 02-09-1102 02-09-2103 — 02-09-1103 02-09-1104

18-22 .060-. 120 1380 M
13 8 1 F 02-09-2116 —  02-09-1116 0 2 -0 9 -1117 02-09-2118 — 02-09-1118 0 2-09-1119

1 8 2 4 (b ) .070 Max. 2 8 70  M
2 8 71 F 02-09-2136 —  02-09-1136 02-09-1138 02-09-2137 — 02-09-1137 02-09-1139

24-30 .030-.060 14 3 3  F
14 3 4  M 02-09-2141 —  02-09-1141 02-09-1142 02-09-2143 — 02-09-1143 02-09-1144

PC Tail Hole Size: 
.060

1 3 7 6  M
1 3 7 7  F — —  — — 02-09-2133 02-09-2134 0 2 -0 9 -113 3 , 02-09-1134

(a) 8.000 terminals per reel— All chain form orders are rounded to the nearest 
full reel.
Chain form reels for Models:

1433 and 1434 contain 6,000 terminals.
2870 and 2871 contain 4,000 terminals.

(b) For fire-retardant insulated wire. F  = Fem ale M -  Male

T E R M IN A L S O R D ER N U M B E R S
Chain Form  (a) Loose Form

Wire Size Diam eter N o s . M ale Fem ale Male Fem ale
With O e te n t W/0 D e te n t W ith Dim ple W /0  Dim ple W ith D e te n t W / 0  D e te n t W ith Dim ple W / 0  Oim ple

14-2 0  (b) .065-. 160 1 1 8 9  F
1 1 9 0  M 02-09-6101 —  02-09-5, 01 02-09-5102 02-09-6110 — 02-09-5110 02-09-5111

14-2 0  (c) .065-. 160 1 1 8 9  F
1 1 9 0  M 02-09-6100 — 02-09-5100 02-09-5103 02-09-6106 — 02-09-5106 02-09-5109

14-20  (d) .065-. 160 1 1 8 9  F
1 1 9 0  M 02-09-6107 —  — 02-09-5107 02-09-6109 — — 02-09-5108

18 -2 2  (d) .060-. 120 1380 M
1 3 8 1  F

02-09-6121 —  02-09-5119 — 02-09-6124 — 02-09-5124 —

18 -2 2  (e) .060-. 120 13 8 0  M
1 3 8 1  F 02-09-6117 —  02-09-5120 — 02-09-6118 — 02-09-5121 —

18 -2 2  (c) .060-. 120 1380 M
1 3 8 1  F 02-09-6122 —  02-09-5122 — 02-09-6123 — 02-09-5123 —

24-30 (c) .030-.060 1433 F
1434 M 02-09-6144 — 02-09-5144 02-09-5146 02-09-6145 — 02-09-5145 02-09-5147

PC Tail (d) Hole S ize : 
.060

1 3 7 6  M
1 3 7 7  F — —  — — 02-09-6132 02-09-6134 02-09-5131 02-09-5132

full reel.
Chain form reels for Models 1433 and 1434 contain 6,000 terminals, 

(b) 0.00005 min. gold over 0.00010 min. copper plate.

(c) 0.00002 min. gold over 0.00003 min. nickel plate.
(d) 0.00003 mm. gold over 0.00003 min. nickel plate.
(e) 0 00005 min. gold over 0.00010 min. nickel plate. 
T E R M IN A L S  O V E R A L L  G O LD  P L A T E D  A F T E R  FO R M IN G . 
S P E C I A L  P L A T I N G S  A V A I L A B L E  U P O N  R E Q U E S T

Fem ale
Male

TERM INALS ORDER NUM BERS

Crimp 
Wire Size

Insulation
Diameter

Chain Form (a) Loose Form
Nos. Male Female Male Female

With Oetent W/0 Detent With Dimple W /0 Dimple With Detent W /0 Detent With Oimple W /0 Dimple
18-22 .060-. 120 2 1 5 1 F

2 15 2  M 02-09-2201 —  02-09-1201 02-09-1203 02-09-2202 —  02-09-1202 02-09-1204

18-22 (b) .060-.120 2 1 5 1 F
2 15 2  M —  —  —  — 02-09-6202 —  02-09-5202 —

(a) 8.000 terminals per reel— All chain form orders are rounded to the nearest (b) 0 00002 mm. oold over 0 00003 min nickel plate F  = Fem ale 
full reel. T E R M IN A L S  O V E R A L L  G O LD  P L A T E D  A F T E R  FO R M IN G  M = Male

S P E C I A L  P L A T I N G S  A V A I L A B L E  U P O N  R E Q U E S T

TERM INALS

Crimp Insulation Model 
Wire Size Diameter Nos.

Chain Form (a) Loose Form
Male Female Ma|e Female

With Detent W /0 Detent With Dimple W /0 Dimple With Detent W /0 Detent With Dimple W /0 Dimple
14-20 .0 6 0 ,16 0

145 1 M 02-09-2301 02-09-2302 02-09-1301 02-09-1302 02-09-2303 —  02-09-1303 02-09-1304
la) 6 00U ermmais rer reel— All chain form orders are rounded to the nearest F r F«>male 

?u;l 'eel. M  .  '  .



(a) ,'(b)
Disassembled. The quartz fins and liquid nitrogen At right is the waveguide input flange.
are within the cylinder sitting atop the gapped/
waveguide. Flgure Iv-1

Cold Termination.




