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ABSTRACT 

The h i g h l y  s t a b l e ,  a c c u r a t e  n a v i g a t i o n  s i g n a l s  p r o v i d e d  
by t h e  GPS s a t e l l i t e  n a v i g a t i o n  system a r e  u t i l i z e d  i n  
a new t i m e  and f requency  source p r e s e n t l y  i n  t h e  f i n a l  
s tages o f  development.  I n t e g r a t i o n  o f  t h e  l a t e s t  
t echno logy  i n  component q u a r t z  o s c i l l a t o r s  and d i g i t a l  
e l e c t r o n i c s  w i t h  a  low c o s t ,  C/A r e c e i v e r  p r o v i d e s  
f requency and t i m i n g  s i g n a l s  w i t h  e x c e p t i o n a l  s t a b i l i t y  
and accuracy  a t  a  v e r y  c o s t  e f f e c t i v e  l e v e l .  A 
d e s c r i p t i o n  o f  t h e  p r o d u c t  and r e s u l t s  o f  key 
per formance measurements w i l l  be p resen ted  i n  t h i s  
paper.  

INTRODUCTION 

The T r i rnb le  5000A GPS Time and Frequency Source i s  des igned t o  s a t i s f y  a 
broad s e t  o f  requ i remen ts  f o r  system t i m e  and f requency  a p p l i c a t i o n s  as  
w e l l  as c a l i b r a t i o n  l a b  and s c i e n t i f i c  research  a p p l i c a t i o n s .  I t  i s  a 
f u l l y  a u t o m a t i c  u n i t  w i t h  s e l f - t e s t  f e a t u r e s  t o  ensure  p r o p e r  o p e r a t i o n  
on a c o n t i n u o u s  b a s i s .  

Au tomat i c  a c q u i s i t i o n  and t r a c k i n g  o f  t h e  optimum s a t e l l i t e  p r o v i d e s  
c o n t i n u o u s  updates t o  t h e  f requency and t i m i n g  o u t p u t s  w i t h a u t  t h e  need 
f o r  o p e r a t o r  i n t e r a c t i o n .  When no s a t e l l i t e s  a r e  above t h e  h o r i z o n ,  t h e  
i n t e r n a l  o s c i l l a t o r  o r  e x t e r n a l l y  p r o v i d e d  r e f e r e n c e  w i l l  de te rm ine  t h e  
f requency  and t i m e  based on t h e  l a s t  update  f rom t h e  s a t e l l i t e .  

The p r e s e n t  c o n s t e l l a t i o n  o f  s a t e l l i t e s  p r o v i d e  1 4  t o  18  hours  pe r  day 
o f  s i n g l e  s a t e l l i t e  coverage.  F i g u r e s  1 - 3  show t h e  hours  o f  coverage 
a v a i l a b l e  a t  l o c a t i o n s  around t h e  w o r l d .  As a d d i t i o n a l  s a t e l l i t e s  a r e  
added, t h e  coverage w i l l  approach 2 4  hours .  

I n  a d d i t i o n  t o  p r o v i d i n g  a  w ide  v a r i e t y  o f  f requency  and t i m i n g  s i g n a l s ,  
f requency  and t i m e  i n t e r v a l  compar isons o f  o t h e r  sources a r e  p r o v i d e d  t o  
automate c a l i b r a t i o n .  

A c c u r a t e  p o s i t i o n  d e t e r m i n a t i o n  c a p a b i l i t y  i n  WGS-72 c o o r d i n a t e s  i s  
p r o v i d e d  t o  e l i m i n a t e  any need f o r  p r e c i s e  s i t e  su rvey .  



PRODUCT DESCRIPTION 

The Tr imb le  5OOOA Time and Frequency Source c o n s i s t s  o f  an omni- 
d i r e c t i o n a l  antenna/preamp assembly, coax ia l  cab le  up t o  7 5  meters i n  
leng th ,  and a 7" h i g h  rack  mountable main u n i t .  

The product  p rov ides  i s o l a t e d  f r o n t  and r e a r  panel s tandard frequency 
ou tpu t s  a t  10 M H z ,  5 MHz, 1 M H z  and 100 KHz. Timing s i g n a l s  a t  1000 PPS, 
100 PPS, 10 PPS, 1  PPS and 1 PPM a r e  a v a i l a b l e  t o  meet most system 
requirements.  Table 1 l i s t s  the  s p e c i f i c a t i o n s  f o r  these s i gna l s .  

The main u n i t  can be powered by 110/220 v o l t  AC o r  e x t e r n a l  DC from 20-35 
v o l t s .  An i n t e r n a l  standby b a t t e r y  p rov ides  one hour o f  opera t ion .  The 
antenna/preamp power i s  p rov ided  from the  main u n i t  v i a  the  coax ia l  cab le.  

The u n i t  con ta ins  a  b u i l t - i n  d i s p l a y  and keyboard w i t h  G P l B  (IEEE 488) 
and RS 422 d i g i t a l  i n t e r f a c e s  f o r  system i n t e g r a t i o n .  

For those a p p l i c a t i o n s  t h a t  r e q u i r e  h i ghe r  performance du r i ng  non- 
t r a c k i n g  i n t e r v a l s ,  an o p t i o n a l  i n t e r n a l  rub id ium o s c i l l a t o r  i s  
a v a i l a b l e .  A lso,  e x t e r n a l  sources o f  f requency and t ime may be u t i l i z e d  
as t he  re ference.  Frequency c o n t r o l  o f  t h e  ex te rna l  o s c i l l a t o r  i s  a l s o  
prov ided.  

C a l i b r a t i o n  o f  o t h e r  f requency and t ime  sources can be accomplished w i t h  
the  t ime i n t e r v a l  coun te r  and frequency comparator b u i l t  i n t o  t h i s  u n i t .  

SYSTEM DESCRIPTION 

F i g u r e  4 shows the b l o c k  diagram f o r  t h e  i n t e g r a t i o n  o f  a frequency and 
t ime source w i t h  a s imp le  C/A s a t e l l i t e  r ece i ve r .  A s i n g l e  channel i s  
dedicated t o  t r a c k i n g  one s a t e l l i t e  f a r  t ime  and frequency t r a n s f e r .  
Frequency c o r r e c t i o n s  and t ime c o r r e c t i o n s  a r e  a p p l i e d  t o  t h e  component 
qua r t z  o s c i l l a t o r  and d i g i t a l  c l o c k  based on range and range r a t e  
measurements o f  t he  s a t e l l i t e .  Frequency c o n t r o l  r e s o l u t i o n  i s  1.5 
p a r t s  i n  ten  t o  t h e  t w e l f t h  and t ime  c o q t r o l  r e s o l u t i o n  i s  4 nanoseconds. 

C a l i b r a t i o n  o f  an ex te rna l  source o f  t ime and frequency can be 
automated w i t h  t h e  t i m e  i n t e r v a l  counter  and frequency comparator b u i l t  
i n t o  t h i s  product .  S i n g l e  shot ,  1 nanosecond t ime d i f f e r e n c e  measure- 
ments can be made aga ins t  t h e  i n t e r n a l l y  generated t i m i n g  s i g n a l s .  The 
frequency comparator can reso l ve  two p a r t s  i n  t en  t o  the  e leven th  i n  one 
second o f  measurement t ime. 

Sequent ia l  measurements o f  four  s a t e l l i t e s  w i l l  a l l o w  p r e c i s i o n  p o s i t i o n  
de te rm ina t i on  necessary f o r  accura te  t i m e  and frequency t r a n s f e r  when 
t r a c k i n g  one s a t e l l i t e .  P o s i t i o n  can be determined w i t h i n  50 meters 
a f t e r  a  few hours of averaging when f o u r  s a t e l l i t e s  a r e  a v a i l a b l e .  



P o s i t i o n  d e t e r m i n a t i o n  need o n l y  be done upon i n i t i a l  i n s t a l l a t i o n  i n  
o r d e r  t o  a c h i e v e  h i g h  accu racy  t i m e  and f requency  t r a n s f e r .  

PERFORMANCE DATA 

S t a b i l i t y ,  accu racy  and r e l i a b i l i t y  a r e  t h e  key measures o f  per fo rmance 
f o r  a  t i m e  and f requency  source .  S t a b i l i t y  and accu racy  measurements 
have been made on t h e  p r e s e n t  p r o t o t y p e .  R e l i a b i l i t y  can be assu red  
w i t h  s i m p l i f i e d  d e s i g n  t h a t  m i n i m i z e s  t h e  number o f  components and i n t e r -  
c o n n e c t i o n s .  Component d e r a t i n g  i s  e s s e n t i a l  t o  h i g h  r e l i a b i l i t y .  

FREQUENCY STABILITY AND ACCURACY 

The f requency  s t a b i l i t y  o f  t h e  5 MHz and 10 MHz o u t p u t s  i s  de te rm ined  by 
t h e  component q u a r t z  o s c i l l a t o r  and o u t p u t  a m p l i f i e r s  f o r  a v e r a g i n g  
t i m e s  l e s s  t h a n  t h e  t i m e  c o n s t a n t  of t h e  f requency c o n t r o l  l oop .  The 
s t a b i l i t y  o f  t he  s a t e l l i t e  s i g n a l  p l u s  r e c e i v e r  n o i s e  exceeds t h e  
o s c i l l a t o r  s t a b i l i t y  f o r  a v e r a g i n g  t imes  g r e a t e r  t h a n  t e n  seconds. The 
c o n t r o l  l o o p  has been des igned  w i t h  a t i m e  c o n s t a n t  o f  10-15 seconds i n  
o r d e r  t o  n o t  degrade t h e  per fo rmance f o r  s h o r t e r  a v e r a g i n g  t i m e s ,  y e t  
s t i l l  remove any t h e r m a l  and l o n g  t e r m  d r i f t  o f  t h e  o s c i l l a t o r .  F i g u r e  5 
shows t h e  f requency  s t a b i l i t y  f o r  t e n  second a v e r a g i n g .  The " A l l a n  
Va r iance"  f o r  10 second t o  300 second a v e r a g i n g  t imes  i s  shown i n  T a b l e  2 

Frequency accu racy  m a i n t a i n e d  by t h e  G P S  system i s  b e t t e r  t han  1 p a r t  i n  
t e n  t o  t h e  t w e l f t h .  The q u a r t z  o s c i l l a t o r  i n  t h e  T r i m b l e  5000A i s  
l o c k e d  t o  t h e  c a r r i e r  f r equency  and c o r r e c t e d  t o  a few p a r t s  i n  t e n  t o  
t h e  t w e l f t h .  D u r i n g  n o n - t r a c k i n g  i n t e r v a l s ,  t he rma l  and l o n g  t e r m  d r i f t  
i n  t h e  component o s c i l l a t o r  may reduce accu racy  t o  one p a r t  i n  t e n  t o  t h e  
t e n t h  i n  reasonab ly  c o n t r o l l e d  env i ronmen ts .  F o r  t h o s e  a p p l i c a t i o n s  
where h i g h e r  accu racy  i s  r e q u i r e d ,  t h e  o p t i o n a l  component r u b i d i u m  w i l l  
m a i n t a i n  b e t t e r  t han  one p a r t  i n  t e n  t o  t h e  e l e v e n t h  d u r i n g  n o n - t r a c k i n g  
i n t e r v a l s .  

TIMING STABILITY AND ACCURACY 

The s t a b i l i t y  o f  t h e  t i m i n g  s i g n a l s  i s  de te rm ined  by  t h e  amount o f  
a v e r a g i n g  done on t h e  psuedo-random phase m o d u l a t i o n .  T a b l e  3 shows t h e  
s t a b i l i t y  o f  t h e  t i m i n g  s i g n a l s  f o r  a v e r a g i n g  t imes  o f  10 t o  300 seconds. 
Ave rag ing  f o r  100 seconds w i l l  improve t h e  s t a b i l i t y  t o  nea r  1 nano 
second (one s igma) .  F i g u r e  6 shows t h e  t i m i n g  s t a b i l i t y  f o r  10 second 
a v e r a g i n g  d u r i n g  p a r t  o f  a s a t e l l i t e  pass o f  s a t e l l i t e  t r a c k i n g .  

Time accu racy  o f  t h e  G P S  system i s  s p e c i f i e d  t o  be w i t h i n  100 nano- 
seconds (one s igma) w i t h  r e s p e c t  t o  U S N O  (UTC)  . Rece ive r  d e l a y  and 
p o s i t i o n  must  be a c c u r a t e l y  de te rm ined  t o  a c h i e v e  t h i s  l e v e l  o f  accu racy .  
The T r i rnb le  5000A a u t o m a t i c a l l y  c a l i b r a t e s  t h e  r e c e i v e r  d e l a y  and can 
d e t e r m i n e  a c c u r a t e  p o s i t i o n  w i t h  r e s p e c t  t o  W G S - 7 2  c o o r d i n a t e  system. 



Table 4 shows the  r e s u l t s  o f  t ime comparisons w i t h  Hewlett-Packard HP 
(UTC) v i a  t ime t r a n s f e r  and p o r t a b l e  c l o c k  t r i p s .  The u n c e r t a i n t y  i n  TV 
t ime t r a n s f e r  and p o r t a b l e  c l o c k  t r i p s  amounts t o  as much as 100nano- 
seconds p resen t l y .  HP (UTC) u n c e r t a i n t y  i s  200 nanoseconds. A v i s i t  t o  
the  GPS Master Clock i s  planned i n  the near f u t u r e  t o  e l i m i n a t e  these 
u n c e r t a i n t i e s .  The day t o  day v a r i a t i o n  o f  these t ime t r a n s f e r s  i s  l ess  
than 50 nanoseconds i n c l u d i n g  the  TV t ime t r a n s f e r  j i t t e r .  Dur ing non- 
t r a c k i n g  i n t e r v a l s ,  t he  e r r o r  may increase t o  one microsecond f o r  e i g h t  
hours of non- t rack ing,  Wi th  the  o p t i o n a l  rub id ium o s c i l l a t o r ,  t h i s  can 
be h e l d  t o  l ess  than  200 nanoseconds. U t i l i z i n g  an ex te rna l  cesium beam 
standard, l ess  than 100 nanoseconds can be assured on a cont inuous bas is .  

CONCLUSION 

The GPS s a t e l l i t e  n a v i g a t i o n  system prov ides  a very  h i g h  performance 
source o f  t ime and frequency f o r  14-18 hours per  day and w i l l  become 
cont inuous w i t h i n  the nex t  few years.  I t  w i l l  l i k e l y  become the most 
w ide l y  used system f o r  t ime and frequency d i s t r i b u t i o n  and comparison 
du r i ng  t he  nex t  decade. 

The Tr imb le  5000A prov ides  a complete t ime and frequency source 
re ferenced t o  UTC, The s t a b i l i t y  and accuracy p rov ided  by t h i s  product  
w i t h o u t  any need f o r  c a l i b r a t i o n  meets most system and c a l i b r a t i o n  l ab  
requirements.  W i t h i n  t h e  nex t  few months, t he  Tr imb le  5000A Time and 
Frequency Source w i l l  become a v a i l a b l e  a t  a p r i c e  w e l l  below the  cos t  o f  
Cesium beam frequency sources. The e l i m i n a t i o n  o f  r e c a l i b r a t i o n  and 
synchron iza t ion  c o s t s  w i l l  make t h i s  source an a t t r a c t i v e  inst rument  f o r  
a l l  p r e c i s i o n  t ime and frequency a p p l i c a t i o n s .  
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T l M l  NG ACCURACY: 

TIMING STABILITY: 

TABLE 1 

TRIMBLE 5000A SPECIFICATIONS 

100 nanoseconds (one s igma) w i t h  r e s p e c t  t o  
USNO (UTC) d u r i n g  s a t e l  1 i t e  t r a c k i n g .  

fi 1 mic rosecond w i t h  r e s p e c t  t o  UTC ( U S N O )  
d u r i n g  n o n - t r a c k i n g  i n t e r v a l s  up t o  e i g h t  
hou rs  w i t h  c o n t r o l l e d  env i ronmen t .  

B e t t e r  t h a n  20 nanoseconds (one s igma) d u r i n g  
s a t e l l i t e  t r a c k i n g .  

FREQUENCY ACCURACY: 1 p a r t  i n  t e n  t o  t h e  e l e v e n t h  d u r i n g  s a t e l l i t e  
t r a c k i n g .  

" 1 p a r t  i n  t e n  t o  t h e  t e n t h  d u r i n g  non- 
t r a c k i n g  i n t e r v a l s  w i t h  c o n t r o l l e d  env i ronmen t .  

FREQUENCY STAB I L  I  TY: B e t t e r  t h a n  1 p a r t  i n  t e n  t:o t h e  e l e v e n t h  f o r  
1 second and g r e a t e r  a v e r a g i n g  t imes .  

S l GNAL OUTPUTS : 

+ O p t i o n a l  r u b i d i u m  o s c i l l a t o r  p r o v i d e s  b e t t e r  
t h a n  1 p a r t  i n  t e n  t o  t h e  e l e v e n t h  and l e s s  
than  200 nanoseconds d u r i n g  n o n - t r a c k i n g  
i n t e r v a l s  up t o  e i g h t  hou rs .  

5 and 10 MHz s i n e  wave o u t p u t s .  
Two channe ls  a t  each f requency .  
0-3 v o l t s  rms i n t o  50 ohms. 
Harmonic d i s t o r t i o n  -30  dB. 
Nonharmonic d i s t o r t i o n  -60 dB. 
Phase n o i s e  -140 dBc @ 1 KHz. 

1 MHz and 100 kHz s i n e  wave o u t p u t s .  
Two channe ls  a t  each f requency .  
1 v o l t  rms i n t o  50 ohms. 
Harmonic d i s o r t i o n  -25  dB. 

1 ,  10, 100 m i l l i s e c ,  1 PPS,  1 PPM p u l s e s .  
3 v o l t s  i n t o  50 ohms, 
P o s i t i v e  p u l s e ,  dc coup led .  



SiGNAL INPUTS: 

COMPARISONS: 

POWER SOURCES: 

DIMENSIONS: 

10 microsecond pu l se  w i d t h  minimum. 
10 nanosecond r i s e  t ime minimum. 
P rog rammab 1 e phase, 4 nanosecond s teps . 

10 MHz, 5 MHz, 1 MHz s i n e  waves. 
. 3 - 3  v o l t s  rms i n t o  50 ohms. 

1 PPS, 1 PPM pu lses .  
3 v o l t s  i n t o  50 ohms. 
P o s i t i v e  ~ u l s e ,  dc coupled. 
10  microseconds pu l se  w i d t h  minimum. 
10 nanosecond r i s e  t i m e  minimum. 

Frequency comparator - Two p a r t s  i n  t e n  t o  t he  
e l even th  i n  one second. 

Time i n t e r v a l  - 1  nanosecond, s i n g l e  shot.  

90/130, 180/280 v ac, 45-440 Hz, 150 va 

20-35 v dc, 60 wa t t s  

I n t e r n a l  b a t t e r y ,  1 hour standby 

Coaxial  Cable - 20 t o  200 f e e t  

Receiver/Source - 7" x 17" x 17" 
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OUESTIONS AND ANSWERS 




