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ABSTRACT 

This  p a p e r  d i scusses  a Cesium Frequency Standard t h a t  has  
been developed f o r  s a t e l l i t e  app l i ca t ions .  It weighs 
23  l b s .  and uses  23.5 wa t t s  of power, achieves a s t a b i -  
l i t y  of 1 x 10-13/105 seconds, and is r a d i a t i o n  hardened 
t o  meet GPS Phase 11 requirements.  To achieve t h e  weight 
and r e l i a b i l i t y  requirements,  both th i ck  and t h i n  f i l m  
hybr id  c i r c u i t s  were u t i l i z e d .  An SC-Cut c r y s t a l  o s c i l -  
l a t o r  i s  used t o  improve short-term s t a b i l i t y  and per for -  
mance on a moving plat form.  

INTRODUCTION 

I n  order  t o  meet GPS performances and weight requiremente t h e  Por t ab le  Real 
Time Clock [ I ]  p r e s e n t l y  manufactured by Frequency E l e c t r o n i c s ,  Inc .  was 
redesigned. Hybrids were u t i l i z e d  f o r  c r i t i c a l  modules t o  i n c r e a s e  t h e  r e l i -  
a b i l i t y  and t o  lower t h e  weight. A new a i r  "C" f i e l d  was used i n  t h e  cesium 
resonator ,  i n  o rde r  t o  improve t h e  frequency s t a b i l i t y  of the  s t anda rd  as a 
func t ion  of temperature.  Radia t ion  and thermal-vacuum ope ra t ion  were t h e  
prime f a c t o r s  i n  t h e  mechanical design of t h i s  s tandard.  

The c h a s s i s  of t h e  Standard i s  machined from a s o l i d  p i ece  of aluminum t o  
form a "shoe box" on which a l l  t h e  modules a r e  mounted. A modular approach 
was taken  t o  allow each aubassembly t o  be i n d i v i d u a l l y  t e s t e d  t o  i t s  per f  or- 
mance requirements p r i o r  t o  i n t e g r a t i o n  i n  t h e  system. A photograph of the  
Standard i s  shown i n  F igure  1. This shows t h e  ou t s ide  of t h e  shoe box wi th  
t h e  A6 Power Supply loca t ed  on t h e  extreme right-hand s ide .  Adjacent t o  t h e  
power supply i s  t h e  A4 h igh  p r e c i s i o n  SC-cut: o s c i l l a t o r .  On the extreme 
lef t -hand s i d e  is  a n  RF f i l t e r  box through which a l l  of t h e  power and t e l e -  
merry i n t e r f a c e  s i g n a l s  a r e  f i l t e r e d  before  e n t e r i n g  the  Cesium Standard. 
Also l oca t ed  under t h i s  cover a r e  t h e  two high vo l t age  power s u p p l i e s  (A2 and 
A3) f o r  t h e  Vac Ion  and E lec t ron  M u l t i p l i e r ,  r e spec t ive ly .  The Vac I o n  Pump 
i s  a l s o  loca t ed  under t h i s  enclosure.  



Figure 1 Portable Real Time Clock 

Figu re  2 i s  a photograph of t h e  u n d e r s i d e  of t h e  shoe  box. The Cesium B e a m  
Tube, A l ,  i s  l o c a t e d  i n  t h e  center  of t h i s  a r e a .  The t e l e m e t r y  i n t e r f a c e  
module, A 8 ,  i s  l o c a t e d  d i r e c t l y  above t h e  tube.  Below t h e  cube are t h e  A 5  
~ o d u l a t o r / M u l t i p l i e r  and A7 S y n t h e s i z e r  modnlpc- 

F i g u r e  2 Portable Real Time Clock, Bottom View 



SYSTEM DESCRIPTION 

Figure  3 is  a  block diagram of t h e  Cesium Standard. The 10.23 MHz output  is 
taken from t h e  A4 O s c i l l a t o r  Module. The 5.115 MHz o s c i l l a t o r  f requency is  
s p l i t  and d r i v e s  t h e  A 5  Mul t ip l ie r /Modula tor  and A7 Synthes izer .  The rmlti- 

p l i e r lmodu la to r  phase modulates t h i s  frequency a t  an 83 Hz r a t e  and then  mul- 
t i p l i e s  t h e  s i g n a l  by 1800 where i t  is  mixed wi th  a Synthes ized  14.368 MHz 
beat frequency. This  genera tes  t h e  9.192+ GHz Cesium T r a n s i t i o n  Frequency 
which i s  f e d  i n t o  Cesium Beam Tube A l .  Telemetry I n t e r f a c e  Module A 8  accepts  
d i s c r e t e  commands t o  d i r e c t  t h e  Cesium Standard and provides  ana log  and d i g i -  
t a l  monitors on t h e  s t a t u s  of t h e  Standard. Power s u p p l y  A6 i s  t h e  main DC 
t o  DC Converter t h a t  uses  t h e  26.5 Vdc input  t o  gene ra t e  t h e  necessary system 
vol tages .  Assemblies A2 and A3 a r e  t h e  High Voltage Power Supp l i e s  f o r  t h e  
Vac I o n  Pump and E l e c t r o n  M u l t i p l i e r ,  r e s p e c t i v e l y .  These power s u p p l i e s  
have been designed t o  be shor t -c i rcu i t -proof  and t o  wi ths tand  t h e  p re s su re  
environments from a i r  t o  vacuum. 

F igures  4 and 5 a r e  photographs of t h e  top and bottom of MultiplierjModu- 
l a t o r  Module AS.  

PERFOKMANCE RESULTS 

T e s t s  have been performed on t h e  pro to type  u n i t  of  t h e  Spacecraf t  C e s i u m  Clock, 
(SCC) w i t h  t h e  fo l lowing  r e s u l t s .  The Allan Variance was measured ou t  t o  l o5  
seconds and showed a n o i s e  f l o o r  of 1 x 10-13, T h i s  graph i s  shown i n  F igure  6 .  
A phase d e v i a t i o n  p l o t  f o r  a per iod of 4.63 days  i s  shown i n  F igu re  7 .  A sum- 
mary of  t h e  s p e c i f i c a t i o n  requirements  v s .  t h e  measured r e s u l t s  i s  shown i n  
Table 1. A thermal  a n a l y s i s  was made on t h e  SCC t o  determine t h e  maximum t e m -  
p e r a t u r e  rise which w i l l  be seen  i n  t h e  vacuum environment. F igure  8 shows t h e  
Location of t h e  modules and test  po in t s .  F igure  9 i s  t h e  thermal  equ iva l en t  c i r -  
cuit of t h e  SCC from each module t o  t h e  mounting p l a t e .  A maximum base p l a t e  
temperature  of 45°C was used. Table  2 summarizes t h e  c a l c u l a t e d  temperatures  
wi th  t w o  of t h e  a c t u a l  measurement po in t s  t h a t  were made i n  thermal  vacuum 
measurements . Rela t  i v e l y  good c o r r e l a t i o n  was obta ined ,  e s p e c i a l l y  when con- 
s i d e r i n g  t h a t  t h e  a n a l y s i s  used worst case condi t ions .  

CONCLUSIONS 

A Spacecraf t  Cesium Clock has  been succes s fu l ly  designed and b u i l t  t h a t  is 
capable  of meeting t h e  GPS Phase I1 requirements.  A s  of t h i s  d a t e ,  thermal  
a n a l y s i s ,  thermal  test and r a d i a t i o n  t e s t i n g  have been completed w i th  excel-  
l e n t  r e s u l t s .  F l i g h t  u n i t s  a r e  i n  f a b r i c a t i o n  and will be completed i n  mid 
1983. 





Figure 4 Modulator/MultiplierModule, A5 

HYBRID OSCILLATOR 14 HZ DC FILTERIREGULATOR 

2 X  
MULT 
90-1 

TAT, 
'ER 
dHZ 

Figure 5 Motlulator /Multiplier Module, A5 
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Figure  7 Phase D e v i a t i o n ,  Spacecraft 
Cesium Clock(SCC) FE-5460A 
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TABLE I1 SPACECRAFT CESIUM CLOCK 

THERMAL ANALYSIS 

T( "C)  
MEASURED 
I N  VACUUM 

- 

48.5  

55.6 

. 

MODULE 

A l A 7  
A1 AB 
A1 B 
A2 
A3 
A4A 
A4B 
A5 
A6A 
A6B 
A7 
A 8  

- -  

T( O C )  

CALCULATED 

58.7 
58.7 
56.2 
51.8 
51.4 
59.4 
59.4 
56.4 
61.7 
61.7 
53.1 
51.6 

- 
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Figure 8 Thermal Measurements, spacecraft Cesium Clock A6 
Deck Mounted, Final Configuration 

A lAA 
A 2 

A ~ A B  A 4 B  

7 3 T1 -- 

A 7 A 3 A 1B 

I 

Figure 9 Thermal Schematic of Final Configuration 



QUESTIONS AND ANSWERS 

None f o r  Paper #15 




