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I n t  r o d u c t  i on 

The p r i m a r y  m i s s i o n  o f  t h e  Frequency C o n t r o l  and Timing Branch o f  t h e  
U.S. Army E l e c t r o n i c s  Technology and Devices Labora to ry  (ETDL) i s  t o  
advance t h e  s t a t e  o f  t h e  a r t  i n  q u a r t z  crys ta l  r e s o n a t o r s  and o s c i l l a t o r s  
j n  o r d e r  t o  meet t h e  requ i remen ts  o f  m i l i t a r y  use rs .  Secondary m i s s i o n s  
i n c l u d e  c o n s u l t a t i v e  s u p p o r t  t o  p r o j e c t  managers and systems des igne rs  and 
t h e  ma'ntenance o f  t h e  m i l i t a r y  s p e c i f i c a t i o n s  c r y s t a l  

for fyar:id MIL-()- and c r y s t a l  osci 11 a t o r s  (  MIL-C-~O~R( 
55310. 

These a c t i v i t i e s  r e q u i r e  an i n t i m a t e  and p r a c t i c a l  knowledge o f  t h e  
s t a t e - o f  - t h e - a r t .  

In t h e  cou rse  of f u l f i l l i n g  t h e  above m i s s i o n s  and a c t i v i t i e s ,  
comprehensive t e s t  f a c i  1 i t i e s  have been e s t a b l  i s h e d  a t  EmL f o r  q u a r t z  
c r y s t a l  r e s o n a t o r s  and o s c i l l a t o r s .  The purpose of  t h i s  paper  i s  t o  
o u t l i n e  t h e  c a p a b i l i t i e s  o f  t h e  l a b o r a t o r y ,  p r e s e n t  t h e  r e s u l t s  o f  some 
i n v e s t i g a t i o n s ,  and o f f e r  t o  DOD-sponsored users  ou r  a s s i s t a n c e  w i t h  t h e  
t e s t i n g ,  s e l e c t i o n ,  s p e c i f i c a t i o n  and development,  when necessary ,  o f  
c r y s t a l  o s c i  11 a t o r s .  

C r y s t a l  Resonator  Test F a c i l i t y  

Computer c o n t r o l  1  ed i n s t r u m e n t s  such as impedance i n s t r u m e n t s  and Pi  
n e t w o r k / v e c t o r  v o l t m e t e r  combi n a t i o n s  a r e  used t o  measure r e s o n a t o r s  ' 
f requency and e q u i v a l e n t  c i r c u i t  parameters ,  i .e.  , t he  m o t i o n a l  r e  ' s  a ce, 
m o t i o n a l  c a p a c i t a n c e ,  m o t i o n a l  i nduc tance ,  and shun t  capac i tance .  ?3J f 

For room tempera tu re  measurement o f  e q u i v a l e n t  c i  r c u i  t parameters ,  
t h e  impedance i n s t r u m e n t s  have been found t o  be conven ien t  and a c c u r a t e .  
A l l  parameters can be measured as a  f u n c t i o n  of d r i v e  c u r r e n t  and v a r i o u s  
env i ronmen ta l  s t i m u l i  such as r a d ' a t i o n ,  shock, e t c .  

Frequency versus tempera tu re  ( f - T )  and r e s i s t a n c e  versus tempera tu re  
(R-'T) measurements a r e  done w i t h  a m u l t i p o s i t i o n  p i  network  system. The 
p i  ne tworks  a r e  i n e x p e n s i v e  t h i c k  f i l m  r e s i s t o r s  d e p o s i t e d  on ceramic  
s u b s t r a t e s .  The i n p u t  and o u t p u t  are i s o l a t e d  by mare t h a n  1 0 0  dB by 
i n c o r p o r a t i n g  a p p r o p r i a t e  s h i e l  d i n g  between t h e  network  ha1 ves , then 
e n c l o s i n g  t h e  who le  assembly i n  an aluminum "m in ibox " ,  Shor t  c i r c u i t  
a m p l i t u d e  and phase d a t a  f o r  each network  a r e  s t o r e d  i n  t h e  computer. A 
b l o c k  d iagram o f  t h e  " tempera tu re  r u n "  system i s  shown i n  F i g u r e  1. 



Each resonato r  t o  be measured i s  i n s e r t e d  i n t o  a  p i  network and t h e  
chamber i s  s e t  t o  t h e  lowes t  t e s t  temperature f o r  a  low temperature 
"soak". Temperature i s  then increased, stepwise, u n t i l  t h e  h i ghes t  t e s t  
temperature i s  reached. Frequency and p i -network i n p u t  and ou tpu t  
vo l tages  are measured, a f t e r  an app rop r i a te  s t a b i l i z a t i o n  t ime,  p r i o r  t o  
t h e  nex t  temperature s tep.  This i s  c a l l e d  a "quasi  s t a t i c "  temperature 
p r o f i l e .  

F igure 2 i s  a r ep resen ta t i on  o f  t h e  t ime- temperature p r o f i l e  used f o r  
these t e s t s .  For a s i n g l e  temperature run, on l y  t h e  f i r s t  h a l f  of t h e  
c y c l e  i s  used. For thermal repeatabi  1  i ty  and h y s t e r e s i s  measurements, 
reverse  cyc les  a r e  a l s o  used. The cyc les  a re  repeated when thorough 
h y s t e r e s i s  data i s  des i red.  

The data a re  s t o r e d  and a t  t h e  conc lus ion  of a  run t h e  f -T  and R-T 
data a re  p l o t t e d .  Th i rd-  and f ou r t h -o rde r  po lynomia ls  a re  f i t t e d  t o  t h e  
f - T  da ta  us ing  a l e a s t  squares technique. The t h i r d  o rde r  polynomial  i s  
used t o  c a l c u l a t e  upper and 1  ower t u r n i n g  p o i n t s  , i n f l e c t i o n  temperature,  
and t h e  frequency temperature s l ope  a t  i n f l e c t i o n .  The f o u r t h  o rde r  curve 
i s  i nc l uded  f o r  more accura te  rep resen ta t i on  o f  t h e  data,  i f  needed. A 
t y p i c a l  temperature run p l o t  i s  shown i n  Fig. 3. 

If thermal h y s t e r e s i s  o r  thermal repea tab i  1 i t y  measurements a r e  
des i red,  t h e  above process i s  mod i f ied .  To measure thermal hys te res i s ,  a  
techn ique  has been evolved which a l lows  s e l f  measurement o f  t h e  r ona to r  
temperature v i a  t h e  e x c i t a t i o n  o f  two modes i n  t h e  resonator .  This 
avo ids t h e  apparent hys te res i s  caused by thermal l a g  o r  thermal g rad ien t s  
between t h e  temperature sens ing probe and t h e  resonator .  

Thermal hys te res i s  as good as 5 X l om9  has been measured. Figure 4 
shows t h e  r e s u l t s  ob ta i nab le  us ing  t h e  hys te res i s  t e s t  se t .  In t h e  
f i g u r e ,  t h e  absc issa represents  temperature and t h e  o r d i n a t e  represents  
t h e  values o f  t h e  r e s i d u a l s  a f t e r  a  6 th  o rde r  polynomial  ( f i t t e d  t o  t h e  
f i r s t  f - T  run)  i s  sub t rac ted  from t h e  data o f  t h e  f i r s t  run and from t h r e e  
subsequent runs. The h y s t e r e s i s  man i fes ts  i t s e l f  as t he  spread o f  t he  
r e s i d u a l s  t o  a f i t t e d  polynomi a1 curve. nev i  a t i  on from t h e  h o r i z o n t a l  
a x i s  i s  i n d i c a t i v e  o f  t h e  qua1 i t y  o f  t h e  polynomial  f i t .  

A parameter o f  i n c r e a s i n g  i n t e r e s t  i s  t h e  s e n s i t i v i t y  o f  resonators  
t o  a c c e l e r a t i o n  o r  v i b r a t i o n .  The s e n s i t i v i t y  i s  represented by r and 
i s  determtprd by measuring t h e  "29 t i p o v e r "  o r  v i  b ra t ion- induced  
sidebands. 

The "29 t i  pover"  t e s t  3s accompl i shed by i n c o r p o r a t i n g  t h e  resonl j tor  
i n  a s t a b l e  OCXO and p l a c i n g  t h e  o s c i l l a t o r  i n t o  a  f i x t u r e  which has a 
h o r i z o n t a l  a x i s  o f  r o t a t i o n .  The opera to r  r o t a t e s  t h e  o s c i l  l a t o r ,  
s tepwise,  through 360 degrees. A t  each s t e p  t h e  frequency i s  measured and 
recorded. The frequency versus angle data i s  f i t t e d  t o  a s i n e  curve. 
Next,  t h e  o s c i l l a t o r  i s  r o t a t e d  90 degrees such t h a t  t h e  a x i s  which was 
i n i t i a l l y  h o r i z o n t a l  i s  made v e r t i c a l .  Frequency i s  recorded and t h e  
oscillator i s  t i p p e d  180 degrees. The frequency i s  again recorded. The 



t h r e e  components o f  t h e  a c c e l e r a t i o n  s e n s i t i v i t y  v e c t o r  can t h e n  be 
de te rm ined  and t h e  sens i t i  v i  t y  v e c t o r ,  7 , c a l  c u l  a ted.  

A r e p r e s e n t a t i v e  c u r v e  and c a l c u l a t e d  a c c e l e r a t i o n  s e n s i t i v i t y  a r e  
shown i n  F i g u r e  5. 

To de te rm ine  whether  t h e r e  a r e  v i b r a t i o n  resonances i n  t h e  r e s o n a t o r  
s t r u c t u r e ,  t h e  v i b r a t i o n - ;  nduced s jdebands a r e  measured as a f u n c t i o n  o f  
v i b r a t i o n  f requency ,  as f o l l o w s .  A t e s t  o s c i l  l a t o r ,  c o n t a i n i n g  t h e  
r e s o n a t o r  under  t e s t ,  i s  c o m p l e t e l y  f i l l e d  w i t h  wax ( p o t t e d ) ,  r i g i d l y  
f a s t e n e d  t o  t h e  shake t a b l e  s u r f a c e ,  and s u b j e c t e d  t o  s i n e  wave e x c i t a t i o n  
o v e r  a range o f  50 M t o  2000 . O s c i l l a t o r  o u t p u t  i s  mixed down t o  
a u d i o  f requency and d j s p l  ayed on a spect rum a n a l y z e r .  V i b r a t i o n  s ideband 
amp1 i t u d e s  a r e  measured and t h e  components o f  r a r e  c a l c u l a t e d  f rom t h e  
r e l a t i o n :  

where Fvi i s  v i b r a t i o n  f requency  i n  t h e  i d i r e c t i o n ,  a i s  a c c e l e r a t i o n ,  f o  
i s  t h e  o s c i l l a t o r  f requency ,  and L i s  t h e  s ideband a m p l i t u d e  i n  dBc. A 
r e p r e s e n t a t i v e  L versus F,, c u r v e  i s  shown ;n F igu re  6, 

Aging, A l l a n  Var iance,  and phase n o i s e  s t s  a r e  g e n e r a l l y  pe r fo rmed  
w i t h  a s p e c i a l l y  des igned t e s t  o s c i l  l a t o r . ( f e  The t e s t  o s c i l l a t o r  oven 
t e m p e r a t u r e  i s  e x t e r n a l l y  a d j u s t a b l e  t o  f a c i l i t a t e  s e t t i n g  t o  t h e  t u r n o v e r  
tempera tu re .  Resonator  d r i v e  c u r r e n t  i s  a l s o  e x t e r n a l l y  a d j u s t a b l e .  Some 
models o f  t h e  t e s t  o s c i l l a t o r  have ovens s e t t a b l e  t o  below -60°C f o r  low 
tempera tu re  a g i n g  and s t a b ' l  i t y  s t u d j e s .  The a g i n g  measurements a r e  
s t r a i g h t f o r w a r d ,  d a t a  b e i n g  au tomat i  c a l  l y  t a k e n  e v e r y  workday. 
P e r i o d i c a l l y ,  t h e  a g i n g  d a t a  a r e  p l o t t e d  and f i t t e d  t o  l o g a r i t h m i c ,  
e x p o n e n t i a l ,  o r  combined l o g - e x p o n e n t i a l  f u n c t i o n s .  

A1 1 an Var iance  and phase n o i  measurements genera l  l y  f o l l  ow t h e  
procedures  o f  NBS Monograph 140. 7%)  The o s c i l l a t o r  under  t e s t  i s  
q u a d r a t u r e  phase l o c k e d  t o  a r e f e r e n c e  o s c i l l a t o r  t o  suppress t h e  
c a r r i e r .  M ixe r  o u t p u t  i s  d i s p l a y e d  on a  baseband spect rum a n a l y z e r  w h i c h  
can be under computer c o n t r o l .  

Osci 11 a t o r  Test Faci 1 i t v  

Frequency versus tempera tu re  t e s t s  f o r  comple te  o s c i  1  l a t o r s  a r e  
pe r fo rmed  i n  a manner s i m i l a r  t o  t h e  c o r r e s p o n d i n g  r e s o n a t o r  t e s t ,  
a c c o r d i n g  t o  t h e  b l o c k  diagrarn i n  F igu re  7. 

The appara tus  can accomodate 150 o s c i  1  l a t o r s .  The power supp ly  l e a d s  
a r e  i s o l a t e d  and f i l t e r e d  a t  each o s c i l l a t o r  p o s i t i o n  t o  a v o i d  c r o s s t a l k  
v i a  t h e  power supp ly  l eads .  Each o s c i l l a t o r  i s  te rm'nated accord 'ng t o  
i t s  s p e c i f i c a t i o n ,  t hen  matched t o  50 ohms f o r  a  c o a x i a l  c a b l e  feed t o  t h e  
RF s e l e c t o r  s w i t c h .  



A temperature run s t a r t s  w i t h  a two hour s t a b i l i z a t i o n  a t  30°C. A t  
t h i s  p o i n t ,  any requ i  r ed  frequency adjustments a re  made. For example, 
TCXO may be ad jus ted  t o  t h e i r  marked c a l i b r a t i o n  o f f se t  f requency, o r  
o f f s e t  by a predetermined amount t o  observe t h e  t r i m  e f f e c t .  (The t r i m  
e f f e c t  i s  t h e  r o t a t i o n  of t h e  resonato r  f - T  c h a r a c t e r i s t i c  caused by 
va ry i ng  t h e  l oad  c a p a c i t o r ) .  A f t e r  t h i s  i n i t i a l  i n t e r v a l ,  a  temperature 
p r o f i l e  s i m i l a r  t o  Fig. 2 i s  fo l lowed,  except  t h a t  l onge r  s t a b i l i z a t i o n  
t imes a r e  used t o  accomodate t h e  thermal t ime  constants  o f  o s c i l l a t o r s .  
Frequency i s  recorded every degree du r i ng  t h e  up- and down-cycles. 

Upon complet ion o f  t h e  temperature run, t he  chamber i s  again s e t  t o  
30°C and a f i n a l  f requency measurement i s  made a f t e r  two hours. Figure 8 
i s  a r e p r e s e n t a t i v e  p l o t  a TCXO f - T  curve. 

The two p l o t t e d  curves d e p i c t  t h e  frequency versus temperature 
behav io r  i n  t h e  tempera tu re - inc reas ing  and temperature-decreasing 
d i  r ec t i ons .  The l e f t  hand column o f  f i g u r e s  g ives t h e  maximum frequency 
and t h e  m i  nimum frequency measured du r i ng  t h e  temperature i n c r e a s i n g  ha1 f 
o f  t h e  run. A lso i n  the f i r s t  column i s  t h e  frequency a t  30°C, taken "on 
the  f l y " ,  and t h e  s lope  o f  t h e  f - T  curve a t  30°C. The cen te r  column g'ves 
s i m i l a r  f i g u r e s  f o r  t h e  temperature-decreasing ha1 f o f  t h e  cyc le .  The r i g h t  
hand column g ives  t h e  maximum and minimum f requencies recorded f o r  t h e  
f u l l  cyc le .  These a re  used t o  compute s t a b i l i t y  accord ing t o  t h e  formula : 

The "de l  F o f f s e t "  f i g u r e  i s  t h e  frequency o f f s e t  t o  which t h e  
o s c i l l a t o r  must be ad jus ted  ( a t  30°C) t o  cen te r  t h e  maximum and minimum 
f requencies about the  h o r i z o n t a l  (nominal f requency)  ax i s .  

Thermal h y s t e r e s i s  can a l s o  be determined from t h e  p l o t t e d  data.  
This de te rm ina t i on  i s  made by measuring t h e  separa t ion  o f  t h e  two curves 
a t  each temperature. The maximum d e v i a t i o n  i s  assigned as t h e  hys te res i s  
f o r  t h e  o s c i l l a t o r .  

The t r i m  e f f e c t  i s  observed by o f f s e t t i n g  t h e  o s c i l l a t o r  by means of 
t h e  frequency a d j u s t  c o n t r o l  as would be requ i red  t o  compensate f o r  ag jng  
o r  o t h e r  environmental  e f f e c t s .  A f t e r  each frequency adjustment t he  f - T  
run i s  repeated. F igure 9 i s  a p l o t  o f  t h e  t r i m  e f f e c t  f o r  a  TCXO. 

Frequency ag ing measurements f o r  oven c o n t r o l  1  ed c r y s t a l  osc i  11 a t o r s  
(OCXO) a r e  accompl i shed  a t  l a b o r a t o r y  room temperature,  ( o s c i  11 a t o r  (oven 
energized, s e t  t o  resonato r  upper t u r n i n g  p o i n t )  and present  no p a r t i c u l a r  
problem. 

For TCXO's, t h e  d e f i n i t i o n  o f  ag ing i s  somewhat c louded: The e f f e c t  
o f  temperature on ag ing  has n o t  y e t  been determined; A "s tandard"  TCXO 
aging temperature has no t  been de f ined ,  t h e r e  i s  a l s o  t h e  ques t ion  of 



whether  a g i n g  d a t a  t a k e n  a t  a  c o n s t a n t  t e m p e r a t u r e  can be used t o  p r e d i c t  
how an o s c i l l a t o r  w i l l  age when i t  i s  s u b j e c t e d  t o  v a r i a t i o n s  i n  
tempera tu re .  

Notw ' ths tand ing t h e s c  i ssues ,  a g i n g  measurements a r e  now made a t  60°C 
f o r  a t  l e a s t  30 days. The tempera tu re  chamber used f o r  t h i s  t e s t  has been 
observed t o  be s t a b l e  t o  1 0 . 0 5 O C  over  a  30 day p e r i o d .  

Several  a d d i t i o n a l  t e s t s  wh ich  a r e  soon t o  be implemented a r e :  
o b s e r v a t i o n  o f  h y s t e r e s i s  d u r i  ng r e p e a t i n g  tempera tu re  c y c l  i ng ( t w e n t y  O C  

and one hundred " C  s w i n g s ) ;  t r j m  e f f e c t  a f t e r  repea ted  the rma l  c y c l i n g ,  
h o t  soak, and c o l d  soak;  and a g i n g  a t  v a r i o u s  temperatures and a f t e r  
repea ted  the rma l  c y c l  i ng. 

A l l a n  Var iance and phase n o i s e  t e s t i n g  a r e  done as e x p l a i n e d  above 
f o r  r e s o n a t o r s .  

V i b r a t i o n  t e s t i n g ,  1  i kewise,  i s  s i m i l a r l y  per formed excep t  t h a t  no 
p o t t ' n g  i s  used. Peaks i n  t h e  a c c e l e r a t i o n  s e n s i t i v i t y  cu rve ,  caused by 
r e s o n a t i n g  1 oose components, w i  r e s  , o r  f l e x i n g  c i  r c u i  t boards can, 
t h e r e f o r e ,  be seen. An example o f  an o s c i l l a t o r  s u f f e r i n g  t h i s  t y p e  o f  
d e f e c t  i s  seen i n  F igu re  10. 

Test Program R e s u l t s  

The r e s u l t s  o f  a  c o n t i n  (!pfb) o s c i l l a t o r  t e s t i n g  program have been 
r e p o r t e d  i n  d e t a i l  el sewhere. 

Table I i s  a summary o f  t h e  r e s u l t s  t o  d a t e  o f  t h a t  TCXO t e s t i n g  
program. From t h e  t a b l e ,  i t  can be seen t h a t  t h e  l i k e l i h o o d  o f  f i n d i n g  
T C X O  t h a t  meet s p e c i f i c a t i o n s  di rn in 'shes as t h e  s p e c i f i e d  s t a b i  1  i t y  
improves.  

Not i n c l u d e d  i n  t h e  t a b l e  a r e  t h e  l a t e s t  measurements o f  t h e  t r i m  
e f f e c t .  The d a t a  a r e  d i s a p p o i n t ' n g ,  show'ng t h a t  t h e r e  a r e  no TCXO i n  t h e  
0.5 ppm s t a b i l i t y  c l a s s  t h a t  can s a f e l y  be des igned i n t o  systems t h a t  have 
as l i t t l e  as f i v e  years  expec ted  l i f e .  

Concl u s i  on 

The Frequency C o n t r o l  and Timing Branch of t h e  U.S. Army E l e c t r o n i c s  
Technology and Devices Labora to ry  ( F o r t  Monmouth, NJ) has e s t a b l  i s h e d  a  
comprehensive f a c i l i t y  f o r  t h e  t e s t i n g  and c h a r a c t e r i z a t i o n  o f  q u a r t z  
c r y s t a l  r e s o n a t o r s  and o s c i  1 1  a t o r s .  

The Branch is happy t o  o f f e r  t o  m i l i t a r y  users  i t s  a s s i s t a n c e  w i t h  
t h e  t e s t i n g ,  s e l e c t i o n ,  s p e c i f i c a t i o n  and development of  c r y s t a l  
o s c i  '1 1  a t o r s  . 
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RESONATOR F-T SETUP 
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Fig.  1. Block diagram o f  resonator f - T  apparatus. 

I I 

T 1  T2 T3 

TIME - 
Fig .  2 .  Stepwise time/temperature profile. 
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temperature. The numbers i n  the columns labe l l ed  
"cubic" and "quart ic"  are  the coe f f i c ien ts  o f  thc 
polynomials. A l s o  shown are plots  o f  the residuals 

- o f  the polynomials compared t o  actual frequency data. 

RESONATOR THERMAL HYSTERESIS 

6th order f ~ t  
rafrruna- 

Fig. 4. Thermal hysteres is  o f  a prec is ion  
rescnator, showing a value o f  approximately 
5 x 10-9. 



Fig. 5 .  "Two g 
tipover" results. 
The x ,  y ,  and z values 
are the components 
o f  the s p s i  t ivi  ty  
vector, r .  

Fig. 6 .  Vibration-induced sidebands resultinq 
from g acceleration a t  100 Hz. The 
measured sensitivity o f  t h i s  resonator 
i s  4 X l 0 - 9 / ~  in the direction of 
vibration. 



OSCILLATOR F-T SETUP 

Fig, 7. Block diagram o f  oscillator f - T  apparatus. 

1~ 
T E M P E R A T U R E  R I  IN 

Centar Freq 5000000.00 Hz 
DATE: 12/12/89 
I n i t i a l  soak 120 min. 
run t ime 28.2 Hre 

F > 
max F - 5000002.17 
min F = 4939997.92 
F (30) - 4999999.90 
slope = 0.00 ppm/deg 
NEW SET POINT 
F 130) = 4999999.86 
del F - -0.14 

+ < 
max F = 5000002.62 max F = 5000002.62 
min F 4999999.62 rnin F - 19YYYY7.92 
F (30) - 5000002.43 stability 0.47ppm 
s l o p e  - 0.02 ppm/deg del F offset - 0.90 
NEW SET POINT 
F (30) = 5000001.31 
del F = 1.31 

Fig.  8. Representative TCXO f - T  curve. The thermal 
hysteresis of this oscillator is about 0.6 ppm. 



T R I M  EFFECT 

I Fig. 9. Rota t ion  o f  t he  o s c i l l a t o r  f - T  
a I curve due t o  adjustment o f  t he  t r i m  capac i to r .  

The o r i g i n a l  0.5 ppm s t a b i  1  i t y  can be degraded 
t o  1.5 ppm. 

ACCELERATION SENSITIVITY OF 

AN OSCILLATOR 

Fig. 10. Degradation o f  e f f e c t i v e  v i b r a t i o n  s e n s i t i v i t y  
due t o  mechanical resonance i n  the  o s c i l l a t o r .  

703 



S U M M A R Y  OF ALL OSCILLATORS 

E = ERRATIC 

Table I .  Sumnary o f  the results o f  test ing a 
group o f  90 TCXO. Details o f  the 
study can be found i n  references 
8 and 9. 



QUESTIONS AND ANSWERS 

A VOICE: 

That b l u e  s l i d e  on t h e  summary, I c a n ' t  unders tand t h a t  slide as saying 
t h a t  i f  you need s t a b i l i t y  o r  ageing of a half a p a r t  pe r  m i l l i o n  what you 
shou ld  do i s  o r d e r  the cheapest and d o n ' t  s p e c i f y .  

MR. ROSATI:  

I f  you d o n ' t  s p e c i f y  anything, I d o n ' t  know what you would g e t .  

DR. WINKLER: 

Well, the conclusion i s  t o  spend the least amount of money on procurement 
and most of  it on t e s t i n g ,  

MR. ROSATL: 

Abso lu te ly .  That i s  what w e  are t r y i n g  to get across,  that money spent 
up f r o n t  i n  testing and g u a r a n t e e i n g  that t he  o s c i l l a t o r  will be good, 
delivers a good payoff in the l o g i s t i c  costs later on. 




