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S e v e r a l  t h e o r e t i c a l  and experimental s t u d i e s  on t ho  f o r c e - f r e q u e n c y  

e f f e c t  have  shown t h a t  t h e  g s e n s i t i v i t y  o f  a  c r y s t a l  r e s o n a t o r  i s  

d i r e c t l y  r e l a t e d  t o  t h e  l o c a t i o n  and s t r u c t u r e  o f  t h e  mount ing  s u p p o r t .  

Our  work h a s  l e a d  t o  t h e  d e f i n i t i o n  o f  a  new d e s i g n  o f  c r y s t a l  r e s o -  

n a t o r  h a v i n q  low s e n s i t i v i t y .  The e f f e c t s  o f  b o t h  s u r f a c e  and body 

f o r c e s  a p p l i e d  t o  t h e  v i b r a t i n q  p a r t  o f  t h e  c r y s t a l  must be c o n s i -  

d e r e d .  

I n  t h i s  p a p e r ,  t h e  d e t a i l s  o f  t h i s  new d e s i g n  a r e  p r e s e n t e d .  

-1 1  
S t a t i s t i c a l  r e s u l t s  show t h a t  q s e n s i t i v i t y  between 3.10 /q and 

~ . ' l f l - ~ ' / g  on t h o  w o r s t  a x i s  a re  c u r r e n t l y  o b t a i n e d  un an  i n d u s t r i a l  

b a s i s .  

These v a l u e s  a re  measured  b y  a  2 g t i p  o v e r  t e s t  i n  a l l  d i r e c L i o n s  

ci.l:her: w i t h  Phase Modulated Kef l cc to rne t e r  ( w h i c h  a r e  a l s o  d e s c r i b c r l  a t  

5 and 1 0  MI-lz ) o r  i n  c l a s s i c a l  o s c i l l a t o r s .  

I n  numerous f i e l d s  o f  t h e  a e r o s p a c e  i n d u s t r y  For communica t ions ,  l o c a -  

l i z a t i o n  ... t h e  n e e d s  o f  h i q h l y  s - t a b l e  c r y s t a l  o s c i l l a t o r s  h a s  u u n t i -  

r i u a l l y  i n c r e n s c d  i n  q u a l i t y  a s  w e l l  a s  i n  pe r f a r rnances .  

I n  an h o s t i l e  ancl v i b r a t i u r l  e n v i r o n m e n t ,  tthc f - u l l  p o t e n t i a l  o f  many 



s y s t e m s  is s e v e r e l y  l i m i t e d  by 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  o f  t h e  

r e s o n a t o r .  

-1 0 The s e a r c h  o f  g s e n s i t i v i t y  l o w e r  t h a n  3.10 /g and a h i g h  s p e c t r a l  

p u r i t y  o f  o s c i l l a t o r  r e q u i r e d  by some modern a p p l i c a t i o n s  l e a d s  t o  

the deve lopmen t  o f  new manufac t l l r i ng  p r o c e s s e s  which i n v o l v e  h i g h  

t e c h n o l o g i e s  such  as  SC c u t ,  u l t r a s o n i c  mach in ing ,  u l t r a  h i g h  vaccuum,..  

The f i r s t  t h e o r e t i c a l  a p p r o a c h  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  was 

p r e s e n t e d  by Lee and Kuang Ming Wu i n  1976./  2 / 

A t  t h e  same time, t h i s  problem was i n v e s t i g a t e d  by V a l d o i s ,  J a n i a u d ,  

Gagnepain .  / 1 ,  5,  7 / 

The f o r c e  f r e q u e n c y  e f f ~ c t  i s  a l s o  o f  i n t e r e s t  when d e a l i n g  w i t h  g s e n -  

s i t i v i t y  of c r y s t a l s  r e s o n a t o r s .  

The f i r s t  t h e o r e t i c a l  e x p l a n a t i o n  o f  t h e  f o r c e  f r e q u e n c y  e f f e c t  was 

p r e s e n t e d  by PCY Lee Wang and Markenscof . They u s e  a n  i s o t r o p i c  

a s s u m p t i o n  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  p l a n e  stress d i s t r i b u t i o n  i n -  

duced  by t h e  mount ing  s u p p o r t  of  a  p l a t e  s u b m i t t e d  t o  i n - p l a n e  a c c e l e -  

r a t i o n .  T h e i r  r e s u l t s ,  g i v e n  f o r  AT c u t ,  were i n  good ag reemen t  w i t h  

t h e  e x p e r i m e n t a l  v a l u e s .  

A more p r e c i s e  s o l u t i o n  making a l l o w a n c e  f o r  t h e  a n i s o t r o p y  of c r y s t a l  

was g i v e n  by B a l l a t a  E e r N i s s e  and Lukasek .  T h i s  s t u d y  was a p p l i e d  t o  

d o u b l y  r o t a t e d  q u a r t z  r e s o n a t o r . /  4 / 

N e v e r t h e l e s s ,  e v e n  i f  some o f  the  phenomenon i m p l i c a t e d  i n  g s e n s i t i -  

v i t y  have  been  e x t e n s i v e l y  d e s c r i b e d ,  t h e r e  a r e  n o t  y e t  many crystal 

r e s o n a t o r s  which have  been  d e m o n s t r a t e d  w i t h  a low g s e n s i t i v i t y  i n  

a 1 1  d i r e c t i o n s  of s p a c e . /  3, 11 / 

However, some i n t e r e s t i n g  r e s u l t s  have  been  o b t a i n e d  w i t h  t h e  B V A 

d e s i g n  q u a r t z  c r y s t a l  r e s o n a t o r s .  I t  is assumed t h a t  t h e  q u a r t z  b r i d g e s  

s u p p o r t  of t h e  r e s o n a t o r  i n  t h e  B V A d e s i g n  a l l o w r e d u c t i o n  of most of 

t h e  s t r e s s e s ,  a p p l i e d  on  t h e  v i b r a t i n g  a r c a  i n v o l v e d  i n  g s e n s i t i v i t y .  

The g o a l  o f  t h i s  s t u d y  was t o  a c h i e v e  a g s e n s i t i v i t y  b e t t e r  t h a n  



3 . 1 0 - ~ ~ / ~  w i t h  a  HQ SC c u t  r e s o n a t o r  e n c a p s u l a t e d  i n  HC 40 c a n  ( t o  be 

e a s i l y  u s e d  i n  c l a s s i c a l  o s c i l l a t o r s  ) i n  o r d e r  t o  r e a c h  a  good compro- 

m i se  be tween  p e r f o r m a n c e s  ( a g e i n g ,  g  s e n s i t i v i t y ,  r e t r a c e  ) ,  volume,  

warm up  time and p r i c e .  

T h i s  p a p e r  d e s c r i b e s  t h e  d e s i g n  o f  s u c h  a resonator and the reproduci- 

b i l i t y  of g s e n s i t i v i t y  results from batch  to batch. 

The g  s e n s i t i v i t y  measu remen t s  a re  perFormed w i t h  a p h a s e  modu la t ed  

r e f l e c t o m e t e r  l o c k e d  on t h e  c r y s t a l  mounted i n  a s e p a r a t e d  oven  a l l o w i n g  

a 1 1  2 g  t i p  o v e r  " t e s t .  Two d i f f c r c n t s  p h a s e  m o d u l a t i o n  s y s t e m s  a r e  

d e s c r i b e d  a t  5 MHz and  10 MHz. ( F i q .  7 - F i g .  R )  

The 2 q  t e s t  r e s u l t s  a r p  c o n f i r m e d  by 2 g t e s t  on  o s c i l l a t o r s  and  

a l s o  by i n d u c e d  FM s i d e  b a n d s  u n d e r  v i b r a t i o n s .  

. I ) THE PASSIVE REFERENCE SYSTEM 
* 

The p r i n c i p l e  o f  t h i s  s y s t e m  was p r e s e n t e d  by S.R. S t e i n  i n  1978 ( r e f . 9 )  

( F i g .  7 ) .  I t  c o n s i s t s  i n  l o c k i n g  a n  o s c i l l a t o r  o f  medium s t a b i l i t y  on 

a  X t a l  resonator  d r i v e n  i n  r e f l e c t i o n .  The o u t p u t  s i g n a l  of' t h e  o s c i l -  

l a t o r  is p h a w  modu la t ed  a t  an fm frequency. The output  of this phase 

m o d u l a t o r  i s  a p p l l c d  on t h e  x t a l  r e s o n a t o r  w i t h  t h e  h e l p  o f  a s t r u c t u r a l  

c o u p l e r .  The r e f l e c t e d  s i g n a l  i s  a m p l i f i e d  t h e n  d e t e c t e d .  The o s c i l l a t o r  

i s  l o c k e d  by u s i n g  a  synchronous detector working a t  the frn frequency. 

I n  t h i s  system t h e  most  i m p o r t a n t  p a r t  i s  t h e  p h a s e  m o d u l a t o r  which  

mus t  be r e a l i z e d  w i t h  c a r e  : t h i s  p h a s e  m o d u l a t o r  must  n o t  e x h i b i t  

a m p l l t u d e  m o d u l a t i o n  a t  i t s  o u t p u t .  As a  m a t t e r  o f  f a c t  t h e  p h a s e  modu- 

l a t e d  s l u n a l  a f t e r  r e f l e c t i o n  on t h e  X t a l  r e s o n a t o r  qives an  a m p l l t u d e  

modu la t ed  s i g n a l  which  p r e s e n t s  a  m o d u l a t i o n  i n d o x  p r o p o r t i o n a l  t o  t h e  

f r e q u e n c y  s h i f t  be tween  t h e  f r e q u e n c y  o f  t h e  a s c i l l a t o r  and  t h o  r e s o n a n c e  

f r e q u e n c y  o f  t h e  X t a l .  I n  t h l s  c a s e  a l l  ampl lkude m o d u l a t i o n s  a t  t h e  

p h a s e  m o d u l a t o r  o u t p u t  h a v e  t h e  same e f f e c t s  a s  f r e q u e n c y  s h i f t  o f  t h e  

X t a l .  



PHASE MODULATORS - 

Two types  a f  phase modulators  have been used i n  t h e  p resen t  work. 

The f i r s t  one is  a d i g i t a l  modulator which e x h i b i t s  a  phase modulat ion 

index  p r o p o r t i o n a l  t o  t h e  frequency t o  be modulated : consequent ly 

t h i s  system is l i m i t e d  when t h e  modu la t ion  index  becomes t o o  l a r g e ,  b u t  

s i nce  t h i s  modulator  i s  a d i g i t a l  one, an e x a c t l y  s i g n a l r / 2  ou t  o f  

phase w i t h  r espec t  t o  t h e  modulat ing s i g n a l  can be obta ined.  This s i g n a l  

i s  used as re fe rence  s i g n a l  i n  t h e  synchroneous de tec to r .  

The second one i s  an h y b r i d  modulator ( analog and d i g i t a l  ) ,  i t s  u p p ~ s  

work ing  f requencv depends o n l y  on t h e  elements which a re  used t o  cons- 

t r u c t  i t .  I t  needs a t r a d i t i o n a l  phase s h i f t e r  t o  o b t a i n  a quadrature 

s i g n a l  f o r  t h e  re fe rence  channel of  t h e  synchronous detector. 

D i g i t a l  phase modulator ....................... 

The phase modu la t ion  i s  ob ta ined  by u s i n g  the  t ime  de lay  e x i s t i n g  be t -  

ween t h e  inpu t /oupu t  s i g n a l s  o f  l o g i c  gates. A t i m e  d c l a y  !% T produces 

a phase s h i f t  cor responding t o  

h $ 2- ! r  -- J 

where T i s  t h e  HF s i g n a l  p e r i o d  

T 

By a s s o c i a t i n g  N gates i n  series ,  a phase s h i r t  can be ob ta ined  i n  t h e  

range 0 t o  (\lh.,b w i t h  A $ steps.  

A Pour b i t s  m u l t i p l e x e r  ( F i q .  2 ) g i ves  t h e  p o s s i b i l i t y  by u s i n g  e i g h t  

gates and onc 4193 d iv ide r  t o  o b t a i n  a t r i a n g u l a r  phase modu la t ion  by 

connec t ing  t oge the r  t h e  1-15, 2-14, 3-13, 4-12 m u l t i p l e x e r  i n p u t  p i ns .  

The r e s u l t i n g  phase modu la t ion  i s  q i ven  on Fig.3. This modulator works 

c o r r e c t l y  below 7 MHz w i t h  an ampl i tude modu la t ion  r e j e c t i o n  of about 

80 dB. 

- 2) Analoq and d i q i t a l  phase rnodulatar 

Th is  system ( F'iq. 4 ) provides the  addi t ion  of the  modulating s i g n a l  

and the  high frequency s i g n a l  and the  appl ica t ion  of the  r e s u l t i n g  s igna l  

t o  a Schmitt t r i g g e r .  The output  pulse of the  Smhmitt t r i g g e r  i s  phase 



modulated with pulse width modulation. A monostable circuit sets this pulse 

t o  a  c o n s t a n t  v a l u e  d e t e r m i n a t c d  by  t h e  t l m e  c o n s t a n t  oF t h e  monostable.  

A s i n u s o i d a l  modula ted p h w e  s i g n a l  is o b t a i n c d  w i t h  t h i s  system. 

. I1 ) MOUNTING CONFIGURATIONS 

Numerous s t u d i e s  have beer1 devoted t o  Force f requency e f f e c t  and accel- 

eration sensitivity of quartz resonators 

To p r e v e n t  f requency v a r i a t i o n s  due t o  i n i t i a l  s t a t i c  s t r e s s e s  a p p l i e d  

on a r e s o n a t o r  by  t h e  mount inq  suppor t s ,  l t  has t~eer l  shuwri t h a t  i t  does 

e x i s t  a n g l e s  +) f o r  wh ich  t h e  t 'o rce- f requency c o e r f - i o i e n t  / 4 / 

becomes e q u a l  t o  ze ro .  

These p o i n t s  a r e  g i v e n  as = 6OU and 120° f o r  an A T  c u t  and PC,: Rh 

and 179" f o r  an SC c u t .  A n i s o t r o l ~ y  was shown t o  have l i t t l e  e f f e c t  on t he  

f o r c e  f requency  e f f e c t .  

I n - p l a n e  a c c e l e r a t i o n  s e n s i t i v i t y  has a l s o  been s t u d i e d .  

These phenomenon a l l o w  t o  expec t ,  f o r  a f o u r  p o i n t s  moun t ing  ( X X  , %Z ) 

c o n f i g u r a t i o n ,  a  s m a l l  v a r i a t i o n  o f  f requency f o r  the  A T  c u t .  I t  tr~ust  be 

p o i n t e d  o u t  t h a t  t h e  locations u i ' t t1c :mount inq  s u p p o r t s  o f  an AT c u t  r e s o -  

n a t o r ,  wh ich  minimizes t h e  n c c e l e r a t l o n  e f f ' e o t s  on t h e  f requency,  a r e  n o t  

t h e  same as t h o s e  g i v i n r ~  a  n u l l  di.arnetr>al f o r c e  frerluenc.:! e f f e c t ,  

Up t o  now, a s t u d y  o f  a c c o l r - > r a t i o n  s e r l s i t i v i t y  f o r  t h e  ST: c u t  has n o t  y e t  

been p u b l i s h e d .  

To s o l v e  t h e  q s e n s i t i v i t y  problerr i  o f  a c r y s t a l  r e s o n a t o r ,  we rrlust c o n s i -  

d e r  a l l  t h e  fo rces  ( s t a t i c  and dynamic ) a p p l i e d  on t h e  v i b r a t i n g  aroa 

f o r  a l l  p o s s i b l e  d i r e c t i o n s  o f  a c c e l e r a t i o n  i n  t h e  f u l l  space. 

Then we have considered a11 f o r c e s  ( s u r f a c e  and body f 'orcus,  dynamic 

f o r c e s ,  i n i t i a l  s t r e s s e s  ... ) wh ich  can be due t o  t h c  mounting s u p p o r t  

o r  i n d u c e d  b y  an a c c e l e r a t i o n  v e c t o r  a p p l i e d  i n  a q i v c n  d i r e c t i o n .  



F o r c e  f r e q u e n c y  e f f e c t  and  i n  p l a n e  a c c e l e r a t i o n  s e n s i t i v i t y  must  be  

b o t h  t a k e n  i n t o  a c c o u n t  f o r  t h e  l o c a t i o n  OF mount ing  s u p p o r t s ,  e v e n  

i f  t h e y  do n o t  g i v e  a F u l l  e x p l a n a t i o n  o f  g  s e n s i t i v i t y .  

A more a d e q u a t e  model h a s  been  proposed t o  c x p l a i n  g s e n s i t i v i t y  / 10 / 
( F i g .  5 ) ,  i n v o l v i n g  t h e  b l a n k  r e s o n a t o r  and t h e  mount ing  s u p p o r t  

t a k e n  i n  ,;1.1. d i r e c t i o n s .  I n  t h i s  model ,  v a r i o u s  f o r c e s  arc t a k e n  i n t o  

a c c o u n t  : 

. s u r f a c e  and body f o r c e s  

. t o r q u e s  comrning from g e o m e t r i c a l  v a r i a t i o n  o f  t h e  mount ing  

r i b b o n  

. i n d u c e d  c o m p r e s s i v e  f o r c e s  

With t h e  qeornetry d e s c r i b e d  i n  t h i s  r e f e r e n c e  ( which assumes  no i n i t i a l  

d i a m e t r a l  s t r e s s e s  ) ,  one  c a n  s e e  t h a t  t h e  d i s t r i b u t i o n  o f  volume f o r c e s  

is  n o t  e q u a l  t o  z e r o  i n  t h e  c e n t e r  of  t h e  p l a t e ,  which i s  t h e  a r e a  of 

i n t e r e s t .  

On t h e  o t h e r  hand ,  a l l  t h e  s t a t i c  stresses T j  a r e  e q u a l  t o  zero  i n  t h e  

c e n t e r  of t h e  c r y s t a l  . 
From t h e  c l a s s i c a l  e q u i l i b r i u m  r e l a t i o n  : 

2 ' ~ ;  d i v  T j  + F i  9 2~ 
where u .  : a r e  t h e  d i s p l a c e m e n t  v e c t o r  

1 

T j  : s t r a i n s  

F i  : body f o r c e s ,  

we c a n  see t h a t  any  change  i n  t h e  d i s t r i b u t i o n  o f  body f o r c e s  i n  t h e  

v i b r a t i n g  p a r t  o f  t h e  c r y s t a l  may i n d u c e  a  v a r i a t i o n  o f  r e s o n a n t  f r e -  

quency .  
r\ 

A q u a r t z  r e s o n a t o r  s u b m i t t e d  t o  i n  p l a n e  a c c e l e r a t i o n  ( , I  ) r e a c h e s  
-1 ) t h e  e q u i l i b r i u m  from t h e  b a l a n c e  between body f a r c e s  ( , m ,  and r e a c -  

t i o n  f o r c e s  due t o  mount ing  support ,  i n d u c i n g  a g i v e n  stress d i s t r i b u -  

t i o n  i n  t h e  p l a t e .  



S u b m i t t e d  t o  o u t - o f - l ~ l a n e  a c c e l e r a t j  o n  ( Y V  ) t h e  r e s o n a t o r  can b e  

a P f e c t c d  hy  d i a r n e t r a l  c o m p r e s s i o r i  arid t o r q u u s .  t ~ r t ~ h e r r n o r e ,  i n  t h i s  

cnsu ,  there  i s  a l a c k  o t '  s y m e t r y  i n  t h e  plnrtr: ot' t h e  r e s o n a t u r ,  

w h i c h  c h a n q ~ s  t h e  d i a r n e t r n l  c o r n p r e s s i o r i  i n  s t a t i c  t h i c k n e s s  shear  

stress i n  t h e  v i b r a t i n q  [ . )ar t  o f  the  c r y s t a l ,  i n d u c i n q  a v a r i a t i o r ~  o f  

t ' r e q u e n c y  . 
The r r~e r :hnn ica l  e r l u i l i b r i u r n  o f  c.luartz r e so r l ; i t o r  s c ~ b r i i i t t c t l  t o  a n y  a c c c -  

l e r a t i r . ) r l  i s  m o d i f i e d  i n  terms r ~ l '  t:./ie r l ir i : i . I . .~ur-~ 111' this : d c c e l e r a t . i o n ,  

i n d u c i r i q  a  uhancle of '  t h e  stress d i s t r i b u t i o t i  ir-I t l i c  [ ) l a n e  whic t i  l e a d s  

t o  a  v a r i a t i o r i  o f  f r o q u c n u y .  

I n  summary ,  i t  c o m e s  f r o m  L h c s c  s t u d i e s  t h a t  t h e  ~ n - p l n n c  s e n s i t i v i t y  

i s  now inure o r  l e s s  c o m p l e t e l y  e ~ p l a ~ n e d  ari~l c x p c c t c d  t o  h e  s o l v e d  by 

a n  a c c u r a t e  p o s i t i o n i n g  of m o u n t l n g  s u p p o r t s .  

L e o m e t r i c a l  sy lnmet ry  of '  t h e  ~ h o 1 . t ~  d e v i c o  ( . i n c l u d i n i j  n iount in i ]  r i b b o n s  j 

arout-1c.1 k,, s2 iplarle o f  t h e  r e s o n n t . . n r ,  seems t o  p l a y  ari i m p o r t a n t  r o l e  i n  

t h e  o u t - o f - p l s n e  q s e r l s i t i v l t y  . 
R o u q h l y  s p e a k i n q ,  we h a v e  t20 s o l v e  n e a r l y  irldc.per~r1cnL:l.y i n  a n d  o u t  o f  

p l a n e  g s e n s i t i v i t i e s .  

Among t h o  s t c l c l i e s  d e d i c a t e d  t o  tt1i.s p r o b l c m ,  H1 'A  dex?.c.jn h a s  o f f e r e d  a n  

i n t e r e s t i n g  s o l u t i o n  t o  rninimiz? i .ensritivit>. 

The t w o  m a i n  c o n c e p t s  n i  t3VA d o s i c ~ n  Lirc nor1 pl,.iter_i e l e c t r o d e s  a n d  q u a r t z  

b r i c l q c s  a s  m o u n t i n g  s u p p o r t s .  It-iese i~r id i~c . . ;  a r c  sup l io i - t ed  by  a q u a r t z  

r i n g .  

U l t r a s o n i c  machir i i r ig  is u s ~ d  t o  [ ~ t - ~ l , n ~ n  ttie:;t> c l u a r t z  h r i d r j e s  by  r e m o v i n g  

q u a r t z  m a t u r l n l .  

The q u a r t z  b r i d g e  t e c h n i q u e  must c e i j u c e  r ~ r e a t l y  t h e  i f - 1 i t i a 1  

stresses d u e  t o  s u p p o r t s .  The mr~unt inc l  n n n f i i . ~ u r a t i o n  c a n  r;t~o\w a qood  

s y m m e t r y  i n  t h e  r i ~ a i n  direr- .  t i u n s  o f  t h c  rjci;lrirz p l a t e .  S h ~ ~ p e ,  1 o c a t i . o n  

a n d  o r i e n t a t i o n  o f  t h e s e  c j u a r t z  b r i d r j e s  car1 b e  e a s i l y  chosen t o  rn in i -  

mize m o s t  o f  t h e  e f f e c t s  i r l v o l v e d  i n  q s e r ~ s i t i v j t y .  i , l o u n t ~ n q  s u p p n r t s  



c a n  be  l o c a t e d  on t h c  q u a r t z  r i n g ,  a t  any  p l a c e  r e q a r d i n g  t h e  l o c a t i o n  

o f  q u a r t z  b r i d g e s  o r  o t h e r  p a r a m e t e r s ,  s u c h  a s  Younq modulus. . . .  

F u r t h e r m o r e  t h i s  r i n g  i s  a  qaod mechan ica l  f i l t e r ,  d i s s i p a t i n g  a par t  o f  

t h e  m e c h a n i c a l  e n e r g y  by i ts  own deformation. 

The whole s t r u c t u r e  ( v i b r a t i n g  a r e a ,  b r i d g e s , q u a r t z  r i n g ,  r i b b o n s  sup-  

p o r t  ) is e x p e c t e d  t o  s o l v e  o r  t o  m i n i m i z e  t h e  q s e n s i t i v i t y  by reauclnq 

some i n i t i a l  and dynamic stresses. 

. 111 ) EXPERIMENTAL RESULTS 

F o l l o w i n g  t h e  c o n c l u s i o n  d e s c r i b e d  a b o v e ,  we have  manufac tu red  and  tested 

various designs of QAS c r y s t a l  resonators. 

The p a r a m e t e r s  i n v o l v e d  i n  t h i s  s t u d y  were : 

. number 1 

. l o c a t i o n  ' o f  q u a r t z  b r i d g e s  1 

. c o n f i q u r a t i o n  1 

To o b t a i n  t h e  UAS d e s i q n  we have  used  t h e  u l t r a s o n i c  m a n u f a c t u r i n g .  With 

t h i s  p r o c e s s ,  t h e  p o s i t i o n s  o f  t h e  q u a r t z  b r i d g e s  c a n  be  a c c u r a t e l y  a d j u s -  

t e d  r e q a r d i n g  t o  t h e  o r i e n t a t i o n  a x i s  o f  t h e  c r y s t a l .  Thc p o s i t i o n i n g  is 

g i v e n  by a g o n i o n l e t r i c  t a b l e .  

I n  o r d e r  t o  a c h i e v e  a low q s e n s i t i v i t y ,  i t  has  been  shown t h a t  t h e  e f -  
7 3  

f e c t s  o f  7 T and l N must be s o l v e d  i n d e p e n d e n t l y .  

To p r e v e n t  g  s e n s i t i v i t y  cominq from d i a r n e t r a l  c o m p r e s s i o n  ( i n i t i d s t r e s -  
-7 

s e s , , ~ ) ,  t h c  l o c a t i o n  o f  b r i d g e s  were chooscn  a round  t h e  z e r o  o f  t h e  

4 g (k ) c u r v e  a p p l y i n g  t o  5 C  c u t .  ( F i q .  6 )  

1 " In -p l ane  " g  s e n s i t i v i t y  ( I T )  is  m o s t l y  due  t o  s t r e s s e s  a t  t h e  bon- 

d a r y  be tween v i b r a t i n g  a r e a  and q u a r t z  b r i d g e s .  

The f l e x i b i l i t y  o f  t h e  mount ing  and of t h c  b r i d g e s  h a s  an  e f f e c t  on ?N . 
L o c a t i o n ,  v a r i o u s  r a t i o s  o f  w i d t h s ,  l e n q t h s  and t h i c k n e s s e s  number o f  

b r i d g e s  be tween the v i b r a t i n q  a r e a  and t h e  s u r r o u n d i n g  a l l o w  solutions t o  



b o t h  s e n s i t i v i t i e s .  

Among t h e  v a r i o u s  d e s i g n s  we h a v e  t r k d , t h e  most s i q n i f i c a n t  a re  : 

. 2 b r i d g e s  ( a l o n g  Z L '  o r  X X '  ) 

. 4 b r i d g e s  ( X X '  a n d  ZZ' with d i m e n s i o n s  e v e n t u a l l y  
d i f f ' e r e n t o n  each a x i s  ) 

, 4 b r i d g e s  l o c a t e d  a t  minimuni o f  younq rnodulus  

. 4 b r i d g e s  l o c a t e d  a t  y' a n q l e s  g i v e n  by  k i  ! Y; ) = 0 ( F i q .  6 )  

, 4 b r i d g e s  s y m m e t r i c a l  v e r s u s  g i v c n  d i r e c t i o n  

I n  t h i s  l a t e r  c o n f i g u r a t i o n ,  i t  i s  e x p e c t e d  t h a t  t h e  s u p e r p o s i t i o n  

o b s e r v e d  by  L u k a s z e k  a n d  B a l l a t o  w i l l  a p p l y ,  meaning t h a t  t w o  d i a m e -  

t r a l  f o r c e s  g i v i n g  o p p o s i t e  e f f e c t s  w i l l  b a l a n c e  e a c h  o t h e r .  

I n  e a c h  c o n f i g u r a t i o n  o f  q u a r t z  b r i d q e s ,  wc h a v e  t r i c d  v a r i o u s  moun- 

t i n g  s u p p o r t  ( 2 o r  3 p o i n t s  !. 

Two b r i d g e s  a n d  t h r e e  p o i n t s  h a v e  a l l o w e d  v e r y  l o w  q s e n s i t i v i t y  re- 

s u l t s  b u t  w i t h  a w i d e  d i s p e r s i o n  i n s i d e  e a r t ~  b a t c h  o f  r e s o n a t o r s ,  
10 

from ~ . I o - ~ ' / c J  t o  6 .10-  /g 

Insofar  as our goal was to achieve 3.10-''/~, we have selected a 

c o n f i g u r a t i o n  Tor w h i c h  we o b t a i n  a good p e r c e n t a o e  o f  r e s o n a t o r s  

b e l o w  t h i s  l i m i t .  

I n  t h e  f i r s t  b a t c h  r r ~ a n u f a c t u r e d  by u s i n g  t h i s  d e s i g n ,  t h e  r e s u l t s  i n  

q s e n s i t i v i t y  c a n  b e  sumrrlarized by t he  f o l l o w i n g  t a b l e  : 

To t e s t  t h o  r e p r o d u c i b i l i t y  o f  t h e  d e s ~ g n  and  o f  t h e  w o r k i n g  p r o c e -  

d u r e ,  we h a v e  m a n u f a c t u r e d  t h r e e  b a t c h e s  ( 50 p i e c e s  e a c h  1 u s i n g  

t h e  same  s t r u c t u r e .  

The s t a t i s t i c a l  r e s u l t s  are g i v e n  by f i g u r e  9 on  w h i c h  w e  c a n  



see, more o r  l e s s ,  t h e  same g s e n s i t i v i t y  d i s t r i b u t i o n .  

We v e r i f y  t h a t  35% of  r e s o n a t o r s ,  i n  e a c h  b a t c h ,  have  a  g s e n s i t i v i t y  

s m a l l e r  t h a n  3.1 o - " / ~ .  These  r e s o n a t o r s  b c i n g  d e v o t e d  t o  h i g h l y  s t a -  

b l e  o s c i l l a t o r s ,  g s e n s i t i v i t y  w i t h  good e l c c t r i c a l  p a r a m e t e r s ,  s h o r t  

term s t a b i l i t y ,  r e t r a c c a b i l i t y  ... a r e  o f  g r e a t  i n t e r e s t .  

The T a b l e  II g i v e s  s t a n d a r d  p a r a m e t e r s  and s h o r t  t e r m  s t a b i l i t y  mea- 

s u r e d  w i t h  t h e  p h a s c  modula ted  r e f l e c t n m e t e r  ( ~ i ~ 4 0 )  o r  o s c i l l a t o r .  

A d d i t i o n a l  r e s u l t s  r e a c h e d  by o s c i l l a t o r s  u s i n g  s u c h  r e s o n a t o r s  c a n  

be founded i n  t h e  paper q i v e n  by C. B E A U V Y  

F (MHz) L ( H )  R ( n )  Q ( l o 6 )  @ y  ( E )  ( PMR ) R e t r a c e  
10 s 1 0 0 s  2 5 O C 2 4 H  

10 MHz I 1 
o r  1 , 2  6 3 1 , 2  -13 5.10-13 

2 , 1 0 - ~ ~  
10.130 MHz 6.10 

TABLE I1 

From t a b l e  11, we see t h a t  t h e s e  r e s o n a t o r s  c o u l d  be s u c c e s s f u l l y  

u sed  i n  h i g h  q u a l i t y  o s c i l l a t o r s .  

These  r e s u l t s  show t h a t  t h e  OAS d e s i g n  h a s  al lowed great improvement t o  

some i n t e r e s t i n g  f e a t u r e s  s u c h  a s  s h o r t  term s t a b i l i t y  o r  r e t r a c e a b i -  

l i t y  . 
These  improvements  a r e  assumed t o  bc m o s t l y  due t o  homogenei ty  o f  

t h e  mount ing  o f  t h e  q u a r t z  on its b a s e  t h r o u g h  t h e  q u a r t z  b r i d g e s ,  

CONCLUSION 

Our work l e a d s  t o  t h e  d e f i n i t i o n  o f  a new d e s i g n  of HQ 10 MI-lz SC c u t  

r e s o n a t o r s  ( QAS ) .  

With t h i s  d e s i g n ,  we o b t a l n  for a l l  directions of space a l o w  g sensiti- 

v i t y  w i t h  a good r e p r o d u c i b i l i t y  from batch t o  batch. 



35 % r e s o n a t o r s  manufac tu red  have  q s e n s i t i v i t y  b e t t e r  t h e n  3.1 o - ' ~ / ~ .  
-1 1 

The b e s t  r e s o n a t o r  was measured down t o  3.10 / g  on t h e  w o r s t  a x i s .  

We a r e  s t i l l  working  on t h e  d e s i g n  o f  q u a r t z  b r i d g e  i n  o r d e r  t o  

i n c r e a s e  t h e  r a t i o  o f  low g s e n s i t i v i t y  r e s o n a t o r s  by b a t c h .  

These resonato rs  a r e  shown t o  have  v e r y  i n t ~ r a s t i n g  f a c t o r s  t o  be 

u sed  i n  h i g h  q u a l i t y  o s c i l l a t o r s  f o r  m i l i t a r y  o r  s p a c e  a p p l i c a t i o n s  

( low a g e i n g  r a t e ,  good r e t r a c e a b i l i t y ,  f a s t  warm up ) i n  a d d i t i o n  t o  

a l l  a d v a n t a g e s  o f  c l a s s i c a l  SC cut  ( s t a t i c  and dynamic t h e r m a l  beha- 

v i o u r ,  a n i s o c h r o n i s m  . . . ) . 
I t  must be p o i n t e d  o u t  t h a t  t h e  equipment  we have  d e s c r i b e d  ( PMR j 

a l l o w  sorting of t h e  c r y s t a l s  d u r i n g  f i n a l  p r o d u c t i o n  t e s t s  b c f o r e  t h e  

i m p l a n t a t i o n  i n  o s c i l l a t o r s  ( y s e n s i t i v i t y ,  s h o r t  t e r m  s t a b i l i t y  ) .  

CEPE i s  using B.V.A. techniques due t o  R .  J. Besson and h i s  group 

(P. - Maitre, J. P. Valen t in  and others...). Manufacturing i s  being 

developed with proper cooperation of the group. 

(Patents N o .  7601035 and No. 8315652-8315653-8315654) 
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QUESTIONS MI)-ANSWERS 

MR. V I G :  

l a r g e r  t h a n  t h e  c o n v e n t i o n a l  r e s o n a t o r .  Have you e v e r  made any r e sona ' t o r s  
w i t h o u t  t h e  b r i d g e s  t o  see what a l a r g e  d i a m e t e r  r e s o n a t o r  w i t h o u t  t h e  
b r i d g e s  would do ,  compared t o  cite one w i t i i  t!:?. b r idgc?s?  What I'm r e a l l y  
asking, i s  t h e  improved performance d e f i r ~ i - t e l y  d u e  to t h e  b r i d g e s  o r  cou ld  
i t  be due  t o  t h e  f a c t  that you are  u s i n g  a much l a r g e r  d i a m e t e r  b l ank?  

MR. DEBAISIEUX: 

The t e n  mehagertz  r e s o n a t o r s ,  t he  dimension of  t h e  b l a n k s  i s  15mm and t h e  
d imension  o f  t h e  r i n g  i s  v a r i a b l e .  For example, we have  two d e s i g n s  
where the d imension  o f  t h e  r i n g  i s  d i f f e r e n t .  The d imension  o f  t h e  r i n g  
i s  v e r y  impor t an t  f o r  t h e  s e n s i t i v i t y  t o  a c e e l l e r a t i o n .  And t h e  d imensions  
o f  t h e  q u a r t z  b r i d g e  i s  a l s o  v e r y  i m p o r t a n t .  

MR. CI,ARK: 

1 have  one  q u e s t i o n .  110 you t h i n k  i t ' s  t h e  d imensions  of  t h e  q u a r t z  b r i d g e  
t h a t  a c c o u n t s  f o r  the  r ange  o f  a f a c t o r  of tefi i n  g s e n s i t i v i t y ,  o f  t h r e e  
p a r t s  i n  t e n  t o  t h e  e l e v e n t h ?  S t ' s  mainly  the dimension o f  t h e  quar t s  
b r i d g e  t h a t  a c c o u n t s  f o r  t h a t ?  

MR. DEBAIS1EUX: 

Yes. A t  t h e  p r e s e n t  t ime we have r e s o n a t o r s  w i t h  g s e n s i t i v i t y  a s  low 
-11 

a s  5 p a r t s  i n  1 0  p e r  g .  M r .  l,:ig, I see  an o s c i i l a t o r  i n  your  l a b o r a t o r y  
-11 

where t h e  g s e n s i t j v i t y  of  r e s o n a t o r  i s  f i v e  times 1 0  I g .  

MR. XALLS: 

Fred Walls, N.B .S .  Have you had a chance  t i ]  l o o k  a t  t h e  d i f f e r e n c e s  w i t h  
d i f f e r e n t  q u a r t z  f o r  t h e  hlznk; s t iep t  q u a r t z ,  u a t u r a i  q u a r t z ,  e t c .  on the 
s e n s i t i v i t y ?  Does t he  g sensitivity o r  y o u r  r e s c ~ ~ a t o r s  depend upon t h e  
q u a r t z  from which i t  i s  made? Hrisre you l o o k e d  a t  t h e  d i f f e r e n c e s  i n  
per formance  f o r  n a t u r a l  q u a r t z ,  synthetic q u a r t z ,  swept q u a r t z ?  

MR. DEBAISIEUX : 

No. A t  t h e  p r e s e n t  t ime  we use  t w o  quartz: Sawye;- and ( ~ s s i s a n ' s )  q u a r t z  
and we canno t  s e e  the  d i f f e r e n c e  o f  the g s e n s i t i v i t : ~ -  o f  q u a r t z ,  caused by 
q u a r t z  . 



MR. WALLS: 

Do you have some speculation as to why the wide variance of the three- 

ten-eleven range, and yet many of them are still above 2xl0-'O? Why the 
wide dispersion in g sensitivity? 

DR. McCOUBREY: 

He is asking, 1 think, why differences in g sensitivity from the one 
batch of crystals to the other? I think you already mentioned that the 
dimensions of the quartz bridge connecting the oscillator plate to the 
framework makes a difference, but perhaps you can comment on reasons 
for the difference. 

MR. WALLS: 

The dimensions of the quartz bridge are very carefully controlled in 
thickness and so forth, so T don't understand why that would explain the 
wide dispersion. Do you have some idea as to why there is such a 
difference in one batch between one resonator and another on g sensivity? 

MR. DEBAISLEUX: 

The dimension and location of the bridges are important. The dimensions 
are more important than the location but it's not necessary to look at 
the quartz bridge with high precision. 




