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S U B J E C T : A p p l i c a t i o n of a VLSI c o r r e l a t o r chip 

T h i s d e s i g n is based on a 16 MHz clock r a t e , r e c i r c u l a t i n g correlator 
and u s e s VLSI c o r r e l a t o r chips like t h o s e being designed at J P L . 

F i g u r e 1 is the block diagram for one b a s e l i n e c r o s s - c o r r e l a t o r . This 
d i a g r a m s h o w s a d y n a m i c RAM d u a l - r e c i r c u l a t o r using 256k x 1 
and VLSI c r o s s - c o r r e l a t o r / i n t e g r a t i o n s l i c e using 16 lags per s l i c e . 
T h e r e c i r c u l a t o r s a r e 2 m e g a - b i t s in s i z e which will result in .1 sec 
or longer i n t e g r a t i o n t i m e . Data is then read out of the correlator 
chip on a 16-bit b u s by a u t o m a t i c s e q u e n c i n g . The design is very 
s i m p l e and m o d u l a r b e c a u s e a c o m p l e t e b a s e l i n e c o r r e l a t o r and 
i n t e g r a t o r can be packaged on a c a r d . A 14 station correlator would 
h a v e 91 c a r d s of the same t y p e . 

The r e c i r c u l a t o r can be programmed to t h e r e q u i r e m e n t s of continuum 
and line o b s e r v a t i o n as stated in the V L B A p r o p o s a l , which are 
m o d e s A , B , C , D & E . 

T h e e f f i c i e n c y of a c o r r e l a t o r design can be r e p r e s e n t e d by its power 
c o n s u m p t i o n per m u l t i p l i e r m e g a b i t . That is, t h e "throughput power" 
of a c o r r e l a t o r can be c a l c u l a t e d as t h e n u m b e r of m u l t i p l i e r s times 
the b i t r a t e in m e g a b i t s per second (MMB). 

P C = m W / M M B 
T h e p o w e r c o n s u m p t i o n (PC) is not o n l y a m e a s u r e that s p e c i f i e s the 
o p e r a t i n g c o s t of the c o r r e l a t o r , it a l s o sets its physical s i z e , 
number of c o m p o n e n t s and t h e r e f o r e its r e l i a b i l i t y . 

A c o m p a r i s i o n between the VLSI a p p l i c a t i o n to the VLBA correlator 
and t h e N R A O VLA c o r r e l a t o r s h o w s the VLSI application about t w i c e 
as e f f i c i e n t , for 32 lags, as the NRAO V L A . For both s y s t e m s no 
c o m p u t e r w a s included and both system p r o d u c e a raw integrated 
c o r r e l a t i o n f u n c t i o n . See page 4 for VLSI VLBA power consumption 
b r e a k d o w n . 

NRAO VLA: 
VLSI VLBA: 

20 m W / M M B 
11 m W / M M B 
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A c o m p a r i s i o n w a s then m a d e between adding m o r e lags to the VLSI 
c o r r e l a t o r and N R A O VLA t y p e of c o r r e l a t o r . T h i s comparision is 
plotted on p a g e 5- M o d e A w a s selected b e c a u s e it g i v e s the least 
number of lags per f r e q u e n c y b a n d . The plot s h o w s the e f f i c i e n c y 
of c o r r e l a t o r s f r o m 16 lags to 1024 lags. The N R A O VLA correlator 
e f f i c i e n c y limit is a b o u t 17 mW/MliB. The VLSI c o r r e l a t o r e f f i c i e n c y 
limit is about 2 m W / M M B or about 8.5 t i m e s m o r e e f f i c i e n t . 

A d v a n t a g e s in p e r f o r m a n c e , c o s t , and d e n s i t y a c c r u e in mapping an 
a p p l i c a t i o n d i r e c t l y o n t o s i l i c o n , o p t i m i z e d for the function required 
by the a p p l i c a t i o n . P u r s u i t of those i m p r o v e m e n t s , like the 
c o m p a r i s i o n s s h o w n a b o v e , will d r i v e p r o d u c t d e s i g n e r s to make 
silicon their d e s i g n m e d i u m rather than s u p p o r t c h i p s . 

In c o n c l u s i o n , for any n e w correlator c o n s t r u c t i o n one should e s t i m a t e 
t h e e f f i c i e n c y (PC) for d i f f e r e n t design and s e l e c t t h e design with the 
lowest P C . 
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VLSI V L B A Power Consumption Breakdown 

I/C's per block (see fig. 1) 

mux 4 I/C x 2 blocks = 8 

r e c i r c u l a t o r & control 24 I/C x 8 blocks = 192 

Interface/phase rot 50 I/C x 1 block = 50 

VLSI corr. chip 2 I/C x 8 blocks « 16 

TOTAL I/C per B A S E L I N E 266 I/C's 

14 stations « 91 cards @ 12" x 15" ea. (266 I/C's per card) 

I/C total » 2 6 6 x 91 — 24.2k I/C's ® 8.5k w a t t s 

PC = mW/MM 

mW = 2 6 6 I/C's x .07 Amp x 5v x 1000 m W a t t s per Watts 

mW = 93100 

MMB « 2 mult x 256 lags x 16 meg Hz 

MMB = 8192 

PC = 11.36 mU'/MMB 
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