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I 
ABSTRACT 

Q u a r t z  c r y s t a l s  h a v e  a c h i e v e d  s t a b i l i t i e s  o f  1 x 10-"/day and  h a v e  b e e n  and  I 
s t i l l  are t h e  k e y  building block for u s e  i n  s a t e l l i t e  c o m m u n i c a t i o n  and  t i m i n g  I 

s y s t e m s .  Even  w i t h  i n t r o d u c t i o n  o f  r u b i d i u m ,  c e s i u m  a n d  h y d r o g e n  s t a n d a r d s  f o r  
s a t e l l i t e s ,  t h e  c r y s t a l  o s c i l l a t o r  is s t i l l  a n  i m p o r t a n t  e l e m e n t  i n  a c h e i v i n g  t h e  
s t a b i l i t y  and  low n o i s e  r e q u i r e m e n t .  

T h e  c r y s t a l  o s c i l l a t o r  consumes  l i t t l e  power ( 1  w a t t ) ,  is  l i g h t w e i g h t  ( l e s s  
t h a n  a lb.) a n d  a c h i e v e s  a MTBF o f  b e t t e r  t h a n  t w o  m i l l i o n  h o u r s .  T h e  a b o v e  4 
c h a r a c t e r i s t i c s  make it i d e a l l y  s u i t a b l e  f o r  s a t e l l i t e  a p p l i c a t i o n s  and it h a s  b 
h a d  a n  e x c e l  l e n t  t r a c k  r e c o r d  i n  s p a c e .  T h i s  p a p e r  s u m m a r i z e s  q u a r t z  c l o c k s  
p r e s e n t l y  employed  i n  s a t e l l i t e  s y s t e m s  w i t h  s t a b i l i t i e s  o f  1  x 1 0 - ~ / d a ~  t o  5 x 
10  - ' * / d a y  a n d  will c o m p a r e  t h e i r  p e r f o r m a n c e  o n  e a r t h  w i t h  w h a t  h a s  b e e n  
a c h i e v e d  i n  o r b i t a l  e n v i r o n m e n t s  w i t h  r e s p e c t  t o  l i f e ,  s t a b i l i t y ,  p o w e r  
c o n s u m p t i o n ,  t e m p e r a t u r e  s t a b i l i t y  a n d  r a d i a t i o n  e f f e c t s .  



QUESTIONS AND ANSWERS 

V O I C E  FROM AUDIENCE: 
How many o v e n i z e d  s p a c e  o s c i l l a t o r s  a r e  t h e r e ?  

I 
MR. BLOCH: 
If you l o o k  a t  t h e  t o t a l  number  of o v e n i z e d  o s c i l l a t o r s  i n  s p a c e ,  t h e r e  a r e  o v e r  
300 i n  s p a c e  a t  t h i s  moment .  Many o f  t h e  s y s t e m s  a r e  d o u b l y  a n d  s o m e  a r e  t r i p l y  
r e d u n d a n t .  T h e  GPS, a s  a  m a t t e r  o f  f a c t ,  i s  f o u r  way  r e d u n d a n t .  You h a v e  q u i t e  a 
f e w  c r y s t a l  o s c i l l a t o r s  p e r  b i r d .  I n  many o f  t h e  e a r l y  s p a c e c r a f t ,  b e f o r e  we 
r e l i e d  o n  m u l t i - c h a n n e l  s y n t h e s i z e r s ,  t h e r e  was a s e p a r a t e  TCXO f o r  e a c h  c h a n n e l ,  
w i t h  a s  many a s  f o r t y  c h a n n e l s .  T h e r e  were l o t s  o f  T C X O t s  p e r  b i r d .  T h e  
p e r f o r m a n c e  o f  c r y s t a l  o s c i l  l a t o r s  i n  s p a c e  h a s  been v e r y ,  v e r y  good.  T h e r e  h a v e  
b e e n  a few a n o m a l i e s ,  b u t  I t h i n k  o n l y  o n e  f a i l u r e  i n  a b o u t  t w o  t h o u s a n d  p i e c e s  
o f  h a r d w a r e .  




