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ABSTRACT 

Over the past 20 years, the U.S. Government has been the 
largest sing1 e customer for hyperfine frequency standards 
and clocks. In this same period the government directly 
and indirectly has provided financial support of extensive 
research, devel opment and manufacturing met hod01 ogy efforts 
in industrial and government laboratories. 

The GPSINAVSTAR Program requirements for a spaceborne clock 
has provided new impetus and development monies to generate 
multiple sources of reliable frequency standards and clocks 
with life expectancies of 5 to 7 years. These multiple 
sources will produce significant economies and performance 
improvements to PTTI users in the U.S. 

The GPSINAVSTAR designs should result in units with improved 
stability and environmental tolerance that will provide U.S. 
systems planners with strategic advantages in the PTTI field. 

I would like to address the subject of innovation and reliability in 
hyperfine frequency standards and clock systems. Hyperfine standards 
are defined as those precision frequency sources and clocks which use 
a hyperfine atomic transition for frequency control and which have 
realized significant commercial production and acceptance, I refer to 
the cesium, hydrogen, and rubidium atoms and exclude references to 
other systems such as thallium and ammonia since these atomic standards 
have not been commercially exploited in this country. 



In the,late 50's and e a r l y  60's several companies pioneered i n  the 
development and production o f  atomic standards. I n  the mid 60's 
s t a t i s t i c a l l y  s i gn i f i can t  quan t i t i es  of cesium and rub id iuq  standards 
were produced, sold, and put  i n t o  serv ice by PTTI user agencies. The 
r e l i a b l e  performance establ ished by the Hewlett Packard hyperf ine 
standards i n  the 1960's st imulated government i n t e res t  i n  add i t iona l  
system appl i ca t ions  and fur ther  development o f  the hyperf ine family 
o f  standards. 

I n  the ea r l y  70's the Department o f  Defense issued m i l i t a r y  speci- 
f i ca t i ons  (MIL F 28734 & Elex F 105) which defined four  types o f  
cesium standards. Our indust ry  saw the issuance o f  these MIL 
spec i f ica t ions as a c l ea r  s ignal  by the government t ha t  there was 
a growing opportuni ty i n  cesium and hyperf ine clocks f o r  system 
appl icat ions.  

U n t i l  the 1970's government support o f  hyperf ine standards was 
focused on research and technology development. I n  the 70's the 
emphasis s h i f t e d  and i n tens i f i ed  toward the development o f  spec i f i c  
hardware w i t h  d i r e c t  app l ica t ion t o  major systems concerned w i th  
navigation, communications, Very Long Baseline Inter ferometry (VLBI) 
and space experiments. The GPSINAVSTAR need f o r  development of a 
spaceborne c lock provided great  impetus f o r  innovative a c t i v i t i e s  i n  
a1 1 three hyperf ine clocks. New companies and new concepts advanced 
rap id l y  i n  t h i s  per iod producing new miniature rubidium standards, 
small long 1 Sved cesium standards, and prototype passive H masers. 
The stong l eve l s  o f  government funding matured these new designs 
and spawned a broad ser ies o f  comnercial l y  ava i lab le  products. 

I n  the l a t e  70's and now i n t o  the ea r l y  801s ,  our indust ry  con- 
t inues t o  bene f i t  and mature from both cont inuing government support 
and an ac t i ve  comnercial marketplace f o r  qua l i t y  hyperf ine standards. 
Contractual funding from the Department o f  Defense i s  d i rec ted 
toward higher system performance and mu l t i p l e  sources o f  cesium, 
rubidium, and hydrogen clocks. 

To summarize t h i s  development a c t i v i t y  the fo l lowing tab le  describes 
the companies who have been rec ip ients  o f  government funding and a 
parenthet ical  estimate o f  t h i s  funding ( t o  date) i n  m i l l i ons  o f  
do1 1 ars . 
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*No l o n g e r  a c t i v e  i n  t h i s  bus iness 

The f i g u r e s  suppor t  p u b l i c  statements made t h a t  t h e r e  i s  more suppor t  
and more work a v a i l a b l e  than t h e  h y p e r f i n e  companies can i n g e s t .  Many 
companies i n  t h i s  f i e l d  have doubled over  t h e  pas t  two yea rs .  Perhaps 
t h i s  p reoccupa t ion  w i t h  growth i n  t h i s  p e r i o d  o f  p r o s p e r i t y  has caused 
a d i v e r s i o n  o f  i n d u s t r y  a t t e n t i o n  f rom the  i ssues  o f  performance and 
r e l i a b i l i t y .  

The U.S.  Government, as a  customer, has had a vested i n t e r e s t  t o  de- 
ve lop  bo th  improved c l ocks  and compe t i t i ve  sources f o r  them. The 
h y p e r f i n e  techno log ies  have en joyed s t r ong  l e v e l s  o f  d i r e c t  and i n -  
d i r e c t  customer suppor t  these pas t  t e n  years  and must now address 
t h e  ques t i on  o f  customer payback. Cur ren t  programs t o  q u a l i f y  
severa l  s u p p l i e r s  f o r  GPSINAVSTAR c l ocks  should  f a v o r a b l y  impact 
bo th  t h e  economics and t h e  s t a b i l i t y  o f  t h e  source(s )  o f  supp ly .  



The payoff to  the government customer i s  rooted in the f ac t  that  for  
the f i r s t  time in our business qualified competition exis ts  in a l l  the 
hyperfine standards. I t  i s  no longer adequate for  the manufacturer to  
cer t i fy  his design, build, and verify by t e s t  that  the equipment 
i n i t i a l l y  meets a l l  applicable acceptance specifications.  In the 
future i t  should be necessary for  the manufacturers both to  guarantee 
and to  demonstrate that  the customer will actually realize the called 
for  lifetime expectations. Demonstration of the l ifetime cost para- 
meter must be an integral condition for  a manufacturer to  receive 
future business. 

Let me suggest a valid signal tha t  development i s  t ru ly  complete when 
a manufacturer releases a quantity of commercial products direct ly  
spawned from the government sponsored development e f for t  and assumes 
a significant commercial warranty obligations for  these commercial 
units.  I t  i s  then that  the government customer, a f t e r  paying for  the 
development, has a right to  expect a s table  price s t ructure,  con- 
tinuing product imnrovement and a purchase price that  i s  less  than ten 
times the price of the commercial unit. 

The specific point I wish to  make today concerns innovation and re-- 
l i a b i l i t y  in hyperfine physics packages. The intensive developments 
now underway would not be necessary i f  our industry had achieved the 
equipment which the government customer(s), some 90% of the market, 
funded to  bring into being. 

The technology base for  hyperfine physics packages had been estab- 
lished and remained locked away under a "proprietary information" 
label by a few companies. Government sc ien t i s t s  and engineers did 
not have the opportunity to  participate in and evaluate the under- 
lying design and processing philosophy of the physics packages. Nor 
have the manufacturers revealed the detai ls  of factory and f i e ld  
fa i lure  history of the design. Only by customer-supplier discussion 
and analysis of such data can specific problems be quantified and 
user insights applied to  yield simple environment compatible solutions 
to  engineering or processing weaknesses. 

This lack of physics package 'know-how' and the lack in the v i s ib i l i t y  
of data make i t  d i f f i cu l t  for  a user to  evaluate whether a given 
supplier can consistently meet his l ifetime and performance require- 
ments. Usually the customer can provide verification that  the 
electronic components are  procured, screened and assembled to  a speci- 
f ied practice. When i t  comes to  the physics package used in the 
equipment, the PTTI user must accept company assurance that  the 
'proprietary uni t '  was bui l t  according to  s t r i c t  process specifi-  



cations and in f a c i l i t i e s  unique t o  the system requirements. Then, 
screening and in-house unit  t e s t i na  will do the r e s t  o f  the r e l i a b i l i t y  
and performance job. 

Until recently the development sponsoring agency could not purchase 
cesium o r  rubidium physics packages without buying the whole standard 
or clock. In my opinion what remains t o  be done i s  f o r  the Department 
of Defense customer t o  conduct spec i f i c  in-house t es t ing  and make 
design appraisal s of the hyperfine physics package. By es tabl ishing 
end user data concerninp the r e l i a b i l i t y  and l i f e t ime  performance of 
a given design, in a government laboratory,  the customer could compare 
r e su l t s  with data provided by the manufacturer. 

The t e s t s  t o  be performed by the government laboratory can include 
several tes ts  usually conducted by the manufacturers and can be ex- 
panded t o  include t e s t s  which reveal the design l imi t s  of the device. 

PHYSICS PACKAGE TESTS 

FOR DESIGN CHARACTERIZATIOPI 

I o Accelerated Life Testing 

I o High/Low Ambient Temperature Runs 

o I r radia t ion 

1 o Over Vol tage Testing 

1 o Temperature Gradient Induction 

i o R . F .  Power Sh i f t  Stimulation 

o Spectral Sens i t iv i ty  

The appearance o f  multinle manufacturers in the GPS/NAVSTAR hyperfine 
marketplace wil l  provide economic and performance benefi ts  t o  the 
whole  of the PTTI community. I t  now remains fo r  the U.S. Government 
t o  es tab l i sh  an in-service capabi l i ty  fo r  the assessment, evaluation 
and l i f e t ime  tes t ing  of the  physics units  u t i l i zed  by these manu- 
fac tu re r s .  With data and the i n s t i t u t i on  of manufacturing controls  
and safeguards the government's support can f i n a l l y  produce an 
economic and performance return on investment. 



QUESTIONS AND ANSWERS 

DR. HELLWIG: 

Maybe j u s t  a comnent on the  a v a i l a b i l i t y  o f  physics packages for 
tes t i ng .  If I remember r i g h t ,  Varian was w i l l i n g  and ab le  t o  s e l l  
tubes i n  t h e  '60's. I t h i n k  Hewlett-Packard d i d  so i n  the  e a r l y  
days -- 1970's -- and FTS has sold tubes over the  past  years t o  t h e  
U.S. government. That i s  no t  a quest ion o f  l ack  o f  a v a i l a b i l i t y .  

I t  i s  a l a c k  o f  focus on t h i s  problem which I t o t a l l y  agree 
w i t h  you, Bob. I t h i n k  t h i s  i s  one o f  the major problems. 

CHAIRMAN STOVER: 

Well, t he re  seems t o  be a common thread through the  papers we have 
heard so f a r  o f  need f o r  more cooperat ion between indus t ry  and 
government. We w i l l  see if t h a t  cont inues w i t h  our o ther  two papers. 


