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A timc i n t e r v a l  ~ n e t c r  i s  being developed 
which allows The rccording of a  n~n1111er of 
event rimes wit11 high r e so lu t ion  over n 
r c l a t i v c l y  long pcr iod  of t ime. 

INTRODUCTION 

In a  nunher of experimental a rcas ,  a means f o r  accu ra t e ly  rccording r c l a -  
t i v c  t imes of  occurrence o f  a s c r i e s  of cvents  i s  needed. 12 tcchniquc 
which e a s i l y  lends i T s e l f  t o  such recordirlg was inves t iga t ed  during t h c  
development of a high-spced s i n g l e - t r a n s i e n t  rccording device,  tlie 
Flagnctjc Matrix R e c o r d ~ r . l - ~  Thc app l i ca t ion  of this technique t o  a time- 
i n t e r v a l  meter r e s u l t s  i n  a system t l ia t  i lns c a p n h l l i t  i es f o r  measurcnent 
of  l a rge  t iming i n t e r v a l s  with hig!~ reso lu t io i l ,  nlul t iple  chnnnels timed 
d i r e c t l y  frorn t h e  same refcrcnce source ,  non-vo la t i l e  radj  a t  ion-hard d a t a  
s to rage ,  computer-compatible d a t a  r e t r i e v a l ,  and small  phys ica l  s i z e .  

DISCUSSION 

The basis of t h e  system i s  a rnatrix of t h i n - f  i lm magnetic record ing  
elements,  loca tcd  a t  t h e  intersections of two orthogonal s e t s  of con t ro l  
t r a c e s  (Figurc 1 ) .  With no cu r r cn t  flowing in t h c  l i n c s ,  t h e  mrzgnctiza- 
t i o n  of  an elenlent p o i n t s  c j t l l e r  d i r e c t i o n  along an "easyt1 ax i s  b u i l t  
i n t o  t h e  mat r ix  during f a b r i c a t i o n .  The a ~ p l  i c a t i o n  of a sufficient 
cu r ren t  t o  a word l i n e  w i l l  p u l l  t h e  rna f jnc t i za t io~~  in to  t h c  hard ax i s .  
A c u r r e n t  i n  t h e  b i t  l i n e  p u l l s  t h e  magnetization toward t h e  casy a x i s ,  
t h e  d i r e c t i o n  depending on t h e  p o l a r i t y  of t h e  cu r r cn t .  Whcn t h e  word- 
l i n e  cu r r en t  i s  removed, t h e  n a g i e t i z a t i o n  w i l l  f a l l  back t o  tho  easy-axis  
d i r e c t i o n  it is be ing  pu l l ed  toward, recording t h e  s t a t c  of t h e  b i t - l i n e  
cu r r en t  a t  t h a t  i n s t a n t .  

, I n  t h e  a p ~ l l i c a t i o n  of t h i s  technique t o  a Tirne I n t e r v a l  Meter (TTM), t h e  
b i t  l i n e s  a r e  dr iven with b i p o l a r  s i g n a l s  developcd by time-code generating 
d i g i t a l  l og i c .  The word-line cu r r en t s  are con t ro l l ed  by t h e  cvents  o f  
i n t e r e s t ,  with the s t a t e  of t h e  clock recordcd a t  t h e  tirrie each word-line 
i s  t r i g g e r e d .  
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An i n i t i a l  bread-boarded pro to type  of  such a  'I'IM was cons t ruc ted ,  and 
v e r i f i e d  t h e  feasibi .1- i ty  o f  t h e  concept.  The u n i t  p r e s e n t l y  under con- 
s t r u c t i o n  is  an engineering pro to type  d e s i ~ m e d  t o  allow a f u l l  i n v e s t i g a t i o n  
of t h e  c a p a b i l i t i e s  of t h i s  technique (Figure 2 ) .  

The t ime code i n  t h i s  u n i t  i s  synchronized by a 100-MHz c rys t a l - con t ro l l ed  
o s c i l l a t o r  feeding two sepa ra t e  genera tors .  The f i r s t  genera tor  produces 
an 8 - b i t  binary Gray code, a  minimum-transition t iming code, which gives 
2.5-nanosecond r e s o l u t i o n  over  a  per iod  of  0.64 microseconds. Thc second 
gene ra to r  conta ins  a  s e t  o f  de lay  l i n e s ,  g iv ing  e igh t  s e p a r a t e  phase- 
delayed s i g n a l s  a t  t h e  main o s c i l l a t o r  frequency. Combined with t h e  
Gray code, t h i s  allows 0.5-nanosecond r e s o l u t i o n ,  f o r  somewhat g r e a t e r  
than 10 b i t s  of  o v e r a l l  r e so lu t ion .  

In t h i s  design,  t h e  word-l ines  a r e  c o n t r o l l e d  through b u f f e r  l o g i c  by 
d i f f e r e n t i a l  ECL-compatible input  s i g n a l s .  A record  enable s i g n a l ,  
e x t e r n a l l y  suppl ied  by t h e  system use r ,  se rves  t o  g a t e  t h e  channels only 
during t h c  time of i n t e r e s t .  A c a l i b r a t e  mode i s  a l s o  provided, i n  which 
an e x t e r n a l  c a l i b r a t e  s i g n a l  w i l l  s t r o b e  a l l  16 channels a t  t h e  same 
i n s t a n t ,  a l lowing channel-to-channel c a l i b r a t i o n  of t h e  u n i t  a t  any time. 

Since t h e  t iming codc gcnera tors  a r e  free-running,  t h e  d a t a  recorded 
g ives  t h e  r e l a t i v e  t ime o f  occurrence f o r  each event.  If an abso lu t e  
time nleasurcment i s  des i r ed ,  one channel would be  s t rohcd  by a  re ference-  
t ime s i g n a l  t o  r c l a t c  t h e  d a t a  t o  an abso lu t e  s tandard.  Also, s i n c e  t h e  
code is c y c l i c ,  rhe u n i t s  can be cascaded t o  i nc rease  t h e  system t ime 
range covered. For example, adding another  u n i t  with 16 b i t s  of Gray 
code t o  t h e  above would al low tialing ovcr .04 scconcls with 0.5-nanosccond 
r e so lu t ion .  

Although t e s t s  have not  y c t  been performed on t h e  engineering pro to type ,  
an idea  of t hc  o v e r a l l  system performance can h e  gathcred from t h e  bread- 
boarded prototype.  Since t h e  system i s  d i g i t a l ,  i t s  t iming accuracy i s  
a f f c c t c d  p r imar i ly  by v a r i a t i o n s  i n  l o g i c  Schavior  caused by changes i n  
temperature o r  supply vol tages .  With t h e  u n i t  c a l i b r a t e d ,  t h e  o v e r a l l  
accuracy i s  expected t o  be wi th in  k 1  l e a s t - s i g r l i f i c a n t - b i t  ( t o .  5 ns i n  
t h i s  ca se ) .  The o the r  source of e r r o r  i s  i n  t h e  o s c i l l a t o r  d r iv ing  the  
codc gene ra to r s ,  which has a  s p e c i f i e d  accuracy of 0.0001% f o r  t h c  present  
u n i t .  However, m y  ex te rna l  osci l l a t o r  capable of being adapted t o  ECL 
l e v e l s  can be  used t o  ob ta in  h igher  s t a b i l i t y  and accuracy. 

To read  out  d a t a  from t h e  matr ix,  t h e  word l i n c  f o r  a s c l e c t c d  channel is 
s trobed by t h e  i n t e r n a l  readout  l og ic ,  and t h e  outputs  of  t h e  b i t - l i n c  
sense  a m p l i f i e r s  a r e  t r a n s f e r r e d  t o  b u f f e r  r e g i s t e r s .  In  t h e  manual read-  
out  mode, t h e  channel i s  s e l e c t e d  with f ront -panel  switches and Thc d a t a  
appear on a l i gh t - emi t t i ng  diodc d i sp l ay .  Under t h e  remotc mode, readout 
t akes  p l ace  through cornputer cont ro l  v i a  a  CAMAC Llataway a t  r a t e s  up t o  
t h e  CAbWC maximum of 1 megaword/second. 



'I'hc d i g i r a l  c i r c u i t r y  i s  primnri l y  kC1, l o g i c ,  w i t h  tllc high-speed p o r t i o n s  
us ing  Motoro la ' s  MECL I11 c i r c u i t s .  For b o t h  speed and s i z e  b e n e f i t s ,  t h e  
c i r c u i t s  su r rounding  t h e  m a t r i x  c a r d  a r e  f a b r i c a t e d  u s i n g  h y b r i d  c i r c u i t  
techl i iquus .  Both t h i n  and t h i c k  f i lm approacl-ies have been used.  A plug- in  
rrlodule arrangement a l l o w s  c a s c  o f  f a b r i c a t i o n  and maintenance 3 s  w e l l  :is 3 

mult i l a y e r  c i r c u i t  c a p a b i l i t y  i n  t h e  hybr id  p o r t  i 011. l'he c l i g i n c c ~ i  ng p ro to -  
t y p e  u n i t  w i l l  b e  lloused i n  a 1 3 / 4 "  x 19" rach c l luss i s ,  w i t h  f u r t h c r  
packaging emphasis d i r e c t e d  toward a C.VlAC Inst  r ~ n n e n t a t  i o n  k ~ d u l  c .  
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Figure 1. Magnetic matrix element. 
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F-igure 2 .  Magnetic rxatr-ix t i ~ n e  i n t c r v a l  meter. 




