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ABSTRACT 

F E I  designs, develops  and manufactures  h igh  p r e c i s i o n  
q u a r t z  crystal o s c i l l a t o r s ,  cesium beam atomic reson- 
ators, and cesium beam atomic standards f o r  t i m e  and 
f requency  g e n e r a t i o n  equipment f o r  ground, a i r b o r n e ,  
and space use. In  o r d e r  t o  u t i l i z e  our r e s o u r c e s  more 
e f f i c i e n t l y ,  t h e  problem t h a t  we f a c e  i s  l a c k  of long 
term v i s i b i l i t y  of DOD and NASA needs ,  and t h e  enormous 
v a r i e t y  of hardware t h a t  we have t o  custom des ign  f o r  
e a c h  i n d i v i d u a l  program. 

I t  is  also becoming q u i t e  apparen t  t h a t  wi th  t h e  l a c k  
o f  s i g n i f i c a n t  R & D funds  a v a i l a b l e  from Government, 
advances  i n  technology a r e  slow, and i n  F E I t s  op in ion ,  
w i l l  no t  be a b l e  t o  meet near - fu tu re  requirements  such 
a s  GPS u s e r  equipment,  S e e k t a l k ,  and o t h e r  programs. 
Because of t h e  high r i s k  f a c t o r s  invo lved ,  and t h e  com- 
mercial a p p l i c a t i o n s  of t h i s  product  being too fa r  o f f  
i n  t h e  f u t u r e ,  p r i v a t e  c a p i t a l  f o r  r e s e a r c h  and devel-  
opment is  d i f f i c u l t  i f  no t  imposs ib le  to  o b t a i n .  More 
s p e c i f i c  a n a l y s i s  and F E I  ' s recommendation t o  overcome 
t h e s e  d i f f i c u l t i e s  w i l l  be o b j e c t i v e l y  p resen ted  
h e r e i n .  

INTKODUCTION 

FEI i s  a  v e r t i c a l l y  i n t e g r a t e d  c o r p o r a t i o n ,  supplying f requency and t ime 
c o n t r o l  components, sub-systems and systems f o r  t h e  m i l i t a r y  and 
a e r o s p a c e  u s e r s  from t h e  raw q u a r t z  t o  a  f i n i s h e d  t iming system, and 
from t h e  f a b r i c a t i o n  technology of t h e  cesium r e s o n a t o r s  t o  t h e  f i n i s h e d  
cesium atomic c lock.  It has been the  Company's exper ience  and h i s t o r y  
o v e r  t h e  pas t  e i g h t e e n  y e a r s  of i t s  e x i s t e n c e  t h a t  t h e  m a j o r i t y  of i t s  
e n g i n e e r i n g  t a l e n t  has been a p p l i e d  t o  making m o d i f i c a t i o n s  f o r  each 
p a r t i c u l a r  system of e x i s t i n g  t e c h n o l o g i e s  r a t h e r  t h a n  t o  f u r t h e r  t h e  
state of the a r t  and c o n c e n t r a t e  i t s  t a len t s  on f u t u r e  needs and c o s t  
r e d u c t i o n .  The Company has  produced over  twenty d i f f e r e n t  types  of 
d i s t r i b u t i o n  a m p l i f i e r s ;  f o u r t e e n  types  of q u a r t z  s t a n d a r d s ;  e i g h t e e n  
d i f f e r e n t  oven c o n t r o l l e d  o s c i l l a t o r s  f o r  t h e  ae rospace  i n d u s t r y ;  and 
t h i r t y - f i v e  d i f f e r e n t  t empera tu re  compensated c r y s t a l  o s c i l l a t o r s ,  f o r  
t h e  m i s s i l e  and space i n d u s t r y .  



INSTRUMENTS AND SYSTEMS 

The large v a r i e t y  of  ins t ruments  and systems as exemplif ied by the 
equipment shown i n  Figures  1 t h r u  34, i n d i c a t e  the  enormous amount of 
man hours t h a t  have been expended to  hand-tai lor  s i m i l a r  func t ions  f o r  
each  p a r t i c u l a r  u se r  on p r e t t y  much of a  c r a sh  bas i s .  A c a r e f u l  
a n a l y s i s  i n d i c a t e s  t h a t  b e t t e r  planning and coord ina t ion  between 
v a r i o u s  WD and NASA u s e r s ,  and the  d i s c i p l i n e  t o  des ign  and plan 
f u n c t i o n a l  equipments that can be used over and over aga in  i n  systems 
w i l l  reduce lead  time c o s t s  enormously and a t  t h e  same time make 
a v a i l a b l e  t he  necessary  engineer ing  t a l e n t  f o r  use i n  t he  f u r t h e r  
development and the  des ign  of high r e l i a b i l i t y  equipment a t  lower c a s t .  

S IM ILAR FUNCTIONAL MODULES 

S i m i l a r  f u n c t i o n a l  modules t h a t  r e q u i r e  s i g n i f i c a n t  redes ign  and 
repackaging i n  order  t o  meet t he  p a r t i c u l a r  s p e c i f i c a t i o n  requirements 
of s p e c i f i c  systems a r e  very expensive and t i m e  consuming to  produce. 
There has  been minimal s t a n d a r d i z a t i o n  of p roducts ,  which FEI feels is 
needed i n  s p i t e  of t h e  pas t  p i t f a l l s  of such s t anda rd i za t i on  a t tempts  
which were buried i n  red tape and over-complications,  Frequency and 
t i m e  genera t ion  and d i s t r i b u t i o n  equipment and systems need d i r e c t i o n ,  
s t a n d a r d i z a t i o n  and long range planning i n  order  t o  more e f f e c t i v e l y  
accomplish r e l i a b i l i t y ,  lower c o s t ,  and make a v a i l a b l e  the despe ra t e ly  
needed manpower t o  do the  des igns  t h a t  will be requi red  f i v e  t o  t e n  
y e a r s  hence. 

OVEN CONTROLLED PRECIS ION OSC ILLATORS 

Oven c o n t r o l l e d  p rec i s ion  o s c i l l a t o r s  p r imar i l y  f o r  missile and 
s a t e l l i t e  a p p l i c a t i o n s  have been designed i n  hundreds of phys ica l  
con f igu ra t i ons  as shown i n  Figures  5 t h r u  19, The bas i c  func t ions  of 
t h e  o s c i l l a t o r s ,  i s  t o  ach ieve  low power (1 wat t  a t  room temperature) ,  
provide h igh  s t a b i l i t y  (1 -5x l0 -~  l / day )  and su rv ive  launch 
v i b r a t i o n s .  The enormous q u a n t i t y  of types of o s c i l l a t o r s  could be 
reduced by poss ib ly  two t o  t h r ee  t imes by s t a n d a r d i z a t i o n  and 
coo rd ina t ion  between var ious  users .  F E I  has found t h a t  out  of a one 
hundred man engineer ing  team, approximately seventy a r e  expended on 
custom redesign f o r  a s p e c i f i c  system app l i ca t i on .  The exac t  frequency 
i s  not  a  l i m i t a t i o n  on a manufacturer such as F E I  because we bu i ld  our 
own resona tors .  However, t he  need f o r  accommodating the var ious  types 
o f  input and output  c o n t r o l  s i g n a l s  and physical  con f igu ra t i ons  and the  
l a r g e  v a r i a t i o n  i n  su r f ace  f i n i s h e s  a l l  impose s i g n i f i c a n t  cos t  and r i s k  
f a c t o r s  i n  meeting a t imely d e l i v e r y  schedule.  As  was t he  case f o r  
ins t ruments  and systems, FEI would welcome c l o s e r  coord ina t ion  between 
a l l  aerospace u se r s  so t h a t  we can b e t t e r  s e r v i c e  the i ndus t ry  and not 
expend a11 of our engineer ing t a l e n t s  f o r  the l a r g e  v a r i e t y  of des igns  
t h a t  we are p re sen t ly  f u l f i l l i n g .  



OTHER CRYSTAL COMPONENTS 

Temperature  compensated c r y s t a l  o s c i l l a t o r s ,  c r y s t a l  f i l t e r s ,  and 
c r y s t a l  d i s c r i m i n a t o r s  f o r  t h e  m i s s i l e  and ae rospace  i n d u s t r y  i s  a n o t h e r  
example of t h e  enormous v a r i a t i o n  i n  shapes ,  form f a c t o r s ,  and i n p u t  
v o l t a g e s  t h a t  must be deslgned i n t o  t h e  equipment i n  o r d e r  t o  meet t h e  
p a r t i c u l a r  a p p l i c a t i o n  of each u s e r .  I n  s p i t e  of having over  one 
hundred d i f f e r e n t  d e s i g n s  a v a i l a b l e  f o r  u s e r s  t o  p i c k  from, we  f i n d  
o u r s e l v e s  c o n t i n u o u s l y  custom d e s i g n i n g  t o  f i t  each a p p l i c a t i o n .  
C o o r d i n a t i o n  between v a r i o u s  u s e r s  and the inves tment  i n  deve lop ing  a  
h a l f  dozen modules would most l i k e l y  meet 90% o f  t h e  needs of t h e  u s e r s  
i n  the m i s s i l e  and a e r o s p a c e  f i e l d .  

While F E I ,  and I am s u r e  many o t h e r s  i n  t h e  f requency  and t ime c o n t r o l  
f i e l d ,  a r e  working s i x t e e n  hour days  t o  f u l f i l l  v a r i o u s  d i f f e r e n t  
s y s t e m  a p p l i c a t i o n s ,  t h e  p lann ing  f o r  t h e  f u t u r e ,  and t h e  r e s e a r c h  
r e q u i r e d  f o r  t h e  advancement of t h e  a r t  is  g r e a t l y  l a c k i n g .  We a r e  so 
busy meeting our day t o  day  needs i n  terms of e n g i n e e r i n g  and p r o d u c t i o n  i n  
q u a r t z  r e s o n a t o r s  t h a t  t h e r e  i s  no t ime l e f t  f o r  r e s e a r c h  and 
development f o r  t h e  f u t u r e .  Quartz r e s o n a t o r s ,  I might add,  have 
made v e r y  l i t t l e  p rogress  from t h e  p r e c i s i o n  r e s o n a t o r s  f i r s t  developed 
a t  B e l l  L a b o r a t o r i e s  i n  t h e  e a r l y  1950 ' s .  Even t h e  v a r i o u s  a tomic  
s t a n d a r d s  have p rogressed  v e r y  s lowly  from t h e  mid-1960's. 

C O N C L U S I O N  

I t  i s  F E I ' s  recommendatiorl t h a t  t h e  fo l lowing  s t e p s  be t a k e n  
immediate1 y i n  o r d e r  t o  s e r v i c e  DOD, NASA, and even t r l a l ly  commercial 
u s e r s ,  i n  t h e  nex t  decade.  

1. E s t a b l i s h  a  w e l l  planned and coord ina ted  program t o  improve t h e  
b a s i c  raw m a t e r i a l .  

2 .  F inance r e s e a r c h  and development wi th  c o n t i n u i t y  of mul t i -year  
programs f o r  t h e  development of h i g h  performance,  h igh  r e l i a b i l i t y ,  
q u a r t z  r e s o n a t o r s .  

3 .  I n v e s t  i n  t h e  n e c e s s a r y  r e s e a r c h  and development f o r  economical ly  
manufac tu r ing  t h e  p r e c i s i o n  q u a r t z  r e s o n a t o r .  

4. Develop economical ,  h igh  r e l i a b l i t y ,  thermal c o n t r o l l e d  
e l e c t r o n i c s  and a s s o c i a t e d  e l e c t r o n i c  c i r c u i t r y  t o  make use of t h e  
improved r e s o n a t o r s ,  i n  o r d e r  t o  meet the s t r i n g e n t  f u t u r e  requ i rements  
of  f a s t  warmup, low g s e n s i t i v i t y ,  h i g h  s t a b i l i t y ,  and h igh  s p e c t r a l  
p u r i t y  s o u r c e s  of q u a r t z  o s c i l l a t o r s  and q u a r t z  s t a n d a r d s .  

5. Sponsor r e s e a r c h  i n  development a b a s i c  phys ics  package t o  
improve l i f e  and r e l i a b i l i t y ,  reduce manufactur ing c o s t s ,  and e s t a b l i s h  
t h e  c a p a b i l i t y  f o r  manufac tu r ing  t h e  q u a n t i t i e s  of a tomic  s t a n d a r d s  t h a t  
w i l l  be r e q u i r e d  i n  t h e  n e x t  decade.  

6. Coord ina te  and c l e a r l y  o u t l i n e  t h e  long range needs of ground, 
a i r b o r n e ,  and s p a c e  a p p l i c a t i o n s  f o r  f r equency  and t ime  c o n t r o l l e d  com- 
ponents  and sys tems i n  o r d e r  t o  minimize t h e  t i m e  ar.d money expended by 
e l i m i n a t i n g  a  m u l t i t u d e  of d i f f e r e n t  d e s i g n s  t o  accomplish  t h e  same 
f u n c t i o n .  



It is q u i t e  apparent ,  i n  FEI's view, t h a t  with the unce r t a in ty  i n  the  
product ion p o t e n t i a l  f o r  DOD and NASA needs, p r i v a t e  i ndus t ry  does not  
have the  resources  and the  r i s k  c a p i t a l  t o  do the  basic research  and 
development necessary t o  meet f u t u r e  needs. Therefore,  i t  is  imperat ive 
that t h e  f u t u r e  s p e c i f i c a t i o n  requirements and the  q u a n t i t i e s  needed be 
determined, and t h a t  t h e  government sponsor basic and appl ied  multi-year 
r e sea rch  programs i f  t h e  i ndus t ry  is t o  meet t h e  needs of t h e  use r  i n  
t h e  next  decade. 





F i g u r e  2. Frequency and T i m e  Measuring Sys tem 
Model FE-5070A 
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F i g u r e  3. RF S w i t c h i n g  Group 
Model EE-7728A 

HF Surveillance System 
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F i g u r e  4. Common Time and Frequency Standard (CTFS) 
Model FE-5054A 

TDRSS Ground S t a t i o n  
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I F i g u r e  28. Distribution Amplifier (30 Channel) 
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QUESTIONS AND ANSWERS 

CHAIRMAN STOVER: 

Are there any questions? 

MR. JOSEPH MURPHY, Westinghouse 

Could you give us some explanation as to why the quality of the 
synthetic quartz has declined over the years? 

MR. BLOCH: 

What has happened has been an inbreeding process. You see, most of 
the early synthetic quartz has been grown on natural seeds that were 
gathered from very large pieces of quality quartz which were avail- 
able in abundance. As time progressed, the seeds for the new gen- 
eration of quartz material has been grown on synthetic seeds, and 
there has been an inbreeding process. 

The inbreeding process has really destroyed the manufactur- 
ability of the crystals. We throw out one out o f  four bars o f  pre- 
mium material, and then we throw out 40 percent of the resonators 
due to imperfections in the materials due to softness or radiation. 

But it is due to inbreeding processes. I think John Vig might 
be able to comment on this. He has been studying it for the Army 
and Nick Yannoni of the Air Force. 

MR. VIG: 

I think you are right. The manufacturers don't have an incentive 
to grow this quartz because 99.999 percent of all applications are 
met by the currently available quartz. 

For every ultra precision resonator sold, there are probably 
a million low quality resonators sold. For very low cost units, 
there are probably 10,000,000 parts sold, so they don't have the 
incentive to grow quartz. 

MR. BLOCH : 

Total needs of DOD of this precision quartz, I think, i s  4,000 
pounds a year and that i s  a very small bucket compared to about a 
million pounds of quartz that are now manufactured worldwide each 
year. 



MR. MURPHY: 

One more question. How many resonators would you say you have made 
over t h e  past  18 years? 

MR. BLOCH: 

We have been manufacturing resonators since 1968 so t h a t  i t  i s  12 
years. I would est imate about 30,000. 

MR. MURPHY: 

Is t h a t  synthet ic  quartz? 

MR. BLOCH: 

We are  p r i m a r i l y  se rv i c ing  the  aerospace indus t ry  so most o f  our 
u n i t s  have been premium Q swept-synthetic quartz because we are 
look ing fo r  r a d i a t i o n  hardness whenever we launch i n t o  space. I 
would say 80 percent o f  t he  resonators t h a t  we have made are made o f  
premium Q. For your programs under 616 A, you abso lu te ly  i n s i s t  
t h a t  i t  be premium Q-swept ma te r ia l  f o r  Westinghouse. 

DR. WINKLER: 

Mr.  Bloch has been t a c t f u l  enough t o  be s i l e n t  about the  r e a l  reason 
why the  synthet ic  quar tz  degraded over the  years. I t  i s  t h a t  the  
government has become l e s s  competent. B u t  ser iously,  I t h i n k  t h a t  
we owe you thanks f o r  p o i n t i n g  out  a  r e a l  ser ious problem. I n  fac t ,  
t h i s  i s  p r e c i s e l y  t h e  k ind  of problem which caused us t o  make a  
major e f f o r t  a couple of years ago t o  get  a requirements ana lys is  
funded. 

That i s  p r e c i s e l y  the  d i r e c t i o n  which I t h i n k  we must take i n  
order  t o  st reaml ine our e f fo r ts .  Government today i s  fragmented 
because o f  a jung le  o f  c o n f l  i c t i n g  organizat ions,  processes, laws, 
regulat ions,  what have you. 

I t h i n k  Dr .  Yannoni has pointed t o  some o f  the  d i f f i c u l t y  t h a t  
the best  thought-out p lans i n e v i t a b l y  a f t e r  two years become modi - 
f i ed .  

Also many o f  t h e  people who w r i t e  spec i f i ca t i ons  and requ i re-  
ments, have never done designing o r  developing themselves. So, they 
do no t  appreciate the  f a c t  t h a t  even the  s l i g h t e s t  change can cause 
un to ld  d isas ters .  Now, you cannot blame people f o r  adding speci- 
f i c a t i o n s  because they simply do no t  have enough qua1 i f i e d  people 
a t  hand today. I t h i n k  we are coming t o  some r e a l  l i m i t a t i o n s :  



how do you organize, what can we do about p lann ing  and procurement 
and development, a b e t t e r  s t anda rd i za t i on  of b u i l d i n g  blocks; t h a t ,  
I t h i n k ,  i s  r e a l l y  a b i g  problem. 

Why d o n ' t  you as a b idder ,  when he i s  faced w i t h  unreasonable 
t r i v i a l  requi rements 1 i k e  " I  want t o  have f i v e  more l i , g h t s  and 
seven more screws and a connector a t  t he  bottom." Why d o n ' t  you 
say, "Look, t h i s  i s  my s tandard equipment. You can have t h a t  f o r  
$2,499.95. Your spec ia l  requi rements wi 11 make t h e  p r i c e  $6,000 
pe r  u n i t .  Take i t  o r  l eave  it." 

MR. BLOCH: 

We do i t  a l l  the  t ime, Dr. Winkler.  

DR. WINKLER: 

We1 1 , I t e l l  you, t h e  un fo r t una te  p a r t  o f  i t  i s  t h a t  t h e  small user  
doesn ' t  g i v e  a damn. He w i l l  have h i s  own design, independent o f  
cos t .  Yesterday I had t h e  occas ion t o  see a new aerospace app l i ca -  
t i o n  f o r  a c l a s s i f i e d  s a t e l l i t e .  An extended TCXO was a v a i l a b l e  
which w i l l  meet a l l  t h e  requi rements b u t  has a he igh t  of .8 inches; 
b u t  t h e  spacecra f t  des igner  decided t h a t  a1 1 t he  s l i c e s  a r e  go ing 
t o  be .55 inches high, so we a r e  go ing t o  spend another  100K r e -  
des ign ing  a TCXO. 

MR. BLOCH: 

There i s  another  p o i n t  t h a t  t h i s  i n d u s t r y  has faced over  and over  
again.  There was a meet ing a couple of years ago where i t  was said,  
"We, t h e  government, have t he  needs. Why doesn ' t  p r i v a t e  i n d u s t r y  
go ahead and develop r e l i a b l e  c l ocks  f o r  use t h a t  w i l l  be a v a i l a b l e ? "  
I have exp lo red  t h i s  approach i n  g r e a t  l eng th .  The f u t u r e  quan t i -  
t i e s  needs a r e  so small o r  so w i l d  t h a t  i t  i s  ve ry  d i f f i c u l t  t o  g e t  
p r i v a t e  c a p i t a l  t o  commit t o  r e a l l y  meet t h e  f u t u r e  needs. 

When you a r e  s t r i c t l y  a m i l i t a r y  s u p p l i e r  -- and we have t r i e d  
hundreds o f  t imes w i t h  t h e  d i s t r i b u t i o n  a m p l i f i e r s  -- saying, "Here 
i s  a standard product .  Use i t." No, we want t h e  b l ue  panel.  We 
want an e x t r a  two l i g h t s .  So, I t h i n k  we need t o  t a l k  w i t h  each 
o t h e r  more t o  coo rd ina te  f u t u r e  needs. 


