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~~~~ ~~~luminum. The specimen was then  g round  in success ive  planes perpendicu lar
to the length of the si l icon gage.  Ten such specimen c r o s s - s e c t i o n s  were
pho tographed at 500X m agni f ica t ion .  These  photographs w e r e  analyzed  fo r
the magni tude and var ia t ion of epoxy th i ckness , gage th ickness  and gage
width .  The  a v e r a g e  values  fo r  t hese  p a r a m e t e r s  w e r e  found  to be as fo l lows:

1. Epoxy layer th ickness  = 0. 000498 ± 0 . 000067

2 . Gage th ickness  = 0. 000449 -f 0. 000053

3. Gage width = 0. 00471 ÷ 0. 00012 11
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1NTR OD~ CTION

In recen t  yea rs , sol id p rope l l an t  motor  dev el o p e r s  have  been u s i n g  e m b e d d l ’

s t r e s s  t r a n s d u c e r s  for  m o n i t o r i n g  p r o p e l l a n t/ c a s e  bondl ine  s t r e s s e s  in a n u m b e r

of ins t rum ented m o t o r s .  Whi le  u s e f u l  t r e n d s  may have been obta ined , the a c c u r a c y

of t he  m e a s u r e m e n t s  was unknown.  A major  cause  fo r  the u n c e r t a i n ty  was d u e  t i l

the g a g e / g r a i n  in te rac t ion  phenomenon.  When a r ig id t r a n s d u c e r  is ernbedci d i r

a solid propel lant  g r a in , its p re sence  locally changes  the  s t r e s s  and s t ra in  pat-

t e r n s  produced  in the  g r a i n  by both t h e r m a l  and mechanical  loads . Convers  clv ,

any change in propellant  mechanica l  p roper t i e s , such as the  l o a d - h i s t o r y  depen-

dent  m odulus var ia t ion  inherent  in pro~~elIant behavior , influences the  re lat ion-

shi p h v t \ v I en the respons e (output ) of the t r a n s d u c e r  and the ‘ s t r e s s  at the car e

loca t ion ” (actual l y,  the m e a s u r e m e n t  de s i r ed  is the  s t r e s s  which would exis t  it

the  g ag e  locat ion if the gage w e r e  not p r e s e n t) .  T h e r e f o r e , to i n t e rp re t  out put

data f r o m  embedded s t r e s s  t r a n s d u c e r s , one must  account  fo r  the g a g e/ g r a i n

i n t e r a c t i o n  e f f e c t s .  One m ethod fo r  accomp l i sh ing  this in t e rp re t a t ion  is to cal-

cu la t e  the  q u a n tit a t i ve  e l l e c t s  under  va r ious  load ing  c o n d i tio n s  t h roug h the app li-

c a t 0 o n  o f f i n i t e  e l e m e n t  anal y s i s .  To makl  an a c c u r a t e  ca lcula t ion , the ph y s i c a l

deta i l s  of the s t r e s s  t r a n s d u c e r s s e n s i t i v e  components  mus t  be modelled ~a i t ~~,-

fu l l y. .\ I o st  of the t r a n d u c e r  ph ys ica l  detai ls  can be r ead i l y ob ta ined  f r o m  app li-

cable  de s i gn d r aw i n g s  or by s imp le and d i r e c t  m e a s u r e men t s .  A n _ I aj l l r  cxc cp t i Of l

is t h e  t h i c k n e s s  of the  epoxy adhes ive  layer  b e t w een  the  s i l i con  s e n s i n g  e l t ’ u u e n t  and

and the  m e t a l  d iap h r a g m  ( I l l  b e a s t _ I ) .  C u r r e n t  s t a t e - o f — t h e - a r t  does not allow

s c i e n t i f i c  c o n t r o l  of d~e e p l i x y  t h i c k n e s s  in t r a n s d u c e r  m a n u f a c t u r i n g .  It is d~~pcn-

dent  on t }t e  a r t i s t i c  sk i l l  I I I  the  t e c h n i c i a n  and the type  of e p o x y  en~p i. l v c d .  F u r t h e r —

mo or . , t yp i ca l  epoxy t h i c k ne s s  v a l ue s  of c u r r e n t  s t r e s s  t r a n s d u c e r s  a re  n i t

av a i I a l ) I e  in t he  l i t e r a t u r e .

Th e l i b j I d  t i  I’ of t he  ‘. v l lr k  d e s c r i b e d  in t h i s  r I p i rt wa s  t i  c o n u o n s t r a t e  t 1 . e

f eas i d  l i t  y ( I f  u s i n g  . ‘t a !  1~u r g i c a l  g r i n d i n g  and p o l i s h i n g  t c c hn i q u e s  t o  d e t e rm in e

t h e  ep~i xv  l a y e r  t h i c k n e s s  in a t vp i  cal  S em i co ndt i c tor  s tr  I S  s t r a n s d u c e r  h a n o i

s y - t e m , and t I  o b t a i n  51100 t~ ’p ica1 ep oxy  bond t h i c k n e s s  \ ‘ i t I i u I ’ S  f o r  t he  St ~~~e~~~s

t r a n c l u c f r  c ur r l : n t l v  ht iI’I I4 ( f t ’ I ’ I I ’ p t .d  b~ ( ‘ i t nu  u i  S\ ” I I ’ I 1 ~~S D i v i s i on  (CSD 1 of 



‘ ‘

~~“~“‘T’ ‘~~•‘ • “ “ — ‘ -~ -—.‘~nr-- ~ ” ~~~~~~~~~ ‘ “fl ‘~ -. ‘ ‘  —

H I d I t I  l i t - l I l i I l l Ig i I s l i l i d I r A U R P I .  C o n tr a c t  F046 1 i - 7 ~~- C -0 04 2 .  A t y p i c a l

spec imen was obtained f r o m  S e n s o - M e t r ic s , CSD1 s t r a n s d u c e r  s u b c o n t r a c to r ,

f o r  this  purpose .  It cons i s t ed  of t~vo silicon s t ra in  gages  bonded to a p iece of

17-4  s ta in less  steel with an epoxy (E poxy lite 6203) .

E X P E R I M E N T A L  PROCEDURES

The basic  method used fo r  d e t e r m i n i n g  the epoxy bond t h i c k n e s s  was to

sect ion and polish the spec imen at a convenient  number  of success ive  p lanes

perpendicular  to the length of the bonded si l icon gage  and pho tograph the c r o s s -

sec t ions .  Pr ior  to sec t ion ing ,  the specimen was s tudied u s ing  a Qwik Scanning

Elec t ron  M i c r o s c o p e  ( 1 0 0 -4  Coates ~ W e l t e r ) .  The spec imen was coated wi th  a

v e r y  li ght layer  of gold (not v i s ib l e)  in o rde r  to improve v is ib i l i t y by e l imina t ing

any cha rg ing e f fec t s  caused by the non-conduc t ing  epoxy . A var ie ty  of polaroid

ph o t o g r a phs w e r e  also taken with the KEVEX ( E n e r g y  d i spe r s ive  X - r a y  anal y z e r t

a t tachment  to the Scanning E lec t ron  M i c r o s c o p e  for  e lemental  anal ys i s  of t b ’

dust par t ic les  on the spec imen  su r face , the epoxy f i l le t  a round the  s i l i con  g a g e ,

and the gage  s u r f a c e .  The dust  part icles w e r e  later  r e m o v e d  v ith  a f r e on  j e t

p r i o r  to d i ssec t ing  the spec imen .

The spec imen  was f i r s t  s e c t i o n e d, us ing  a meta l lurg ical  cutt ing wheel , i f l t i

two halves with each conta in ing  a comp lete bonded s i l i con  gage with gold w i re  
—

leads as shown in Fi g u r e  1, which  was taken at lOX m a g n i f i c a t i o n .  One of the

two ha lves  was  used in this  i n v e s t i g a t i o n  wh i l e  the o ther  s e r ved  as a backup. ‘1

Thc s u r f a c e  of the s i l icon g a g e  was covered  wi th  red ink f r o m  a fel t  ti pped pen

p r i o r  to encas ing the  spec imen  in luci te  in o rde r  to p rec lude  poss ib le  d i f f i c u l t i e s

in d i s t i n g u i s h i n g  epoxy f r o m  lucite in subsequent  ph o t o g r a phic anal ys i s  of t I _ Ic  -
‘

epoxy bond c r o s s - s e c t i o n s .  One end of the encased  spec imen  was then  c a r e f u l l y

g r o u n d  in a p lane p e r pen d i c u lar  to the  leng th of t he  s i l i c o n  g a g e  wi th  120 g r i t

u n t i l  t h e  f i r s t  end of the  gage  w a s  o b s e r v e d .  T h e  g r i t  s i zes  w e r e  then d e c re a s e d

g r a d u a l l y un t i l  the  s p e c i m e n  was  f i n e l y po l i shed .  Gr i t  s i ze s  used w e r e  I Z O , ~4 O ,

320 , 400 , 600. 6 m i c r o n  diamond , and 1/4  mic ron  d iamond  powder . The h i g h l y

p’ u s  bed c r e s s — se c t i o n  of t he  5 p ec im e n  \k-as p hot o g r a p h ed at 500X u a g n l l  1 C a t t I ll

___________  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~



a B a u s c h  ~~
- Lomb ~‘Jeta 1lograp h and Polaroid  57 i~ Li ui .  T he se  ii r . n d i :~~~,

p o l :sh in g ,  and o h 1 i t o g r a p fu n g  p r u c ed ’ i es \‘. ~~~ r e p ( u I t c ’ (  n i l e : m i s ‘ u n t i l  t b .

r I c e  wa s  co mp letel y gr o w id  a w a y .  f b i ’  r e l a t i\  I ’  ~~o S i t i O 0 S  i t  t e s o e c u i i u  ii i-

s e c t i o n s  tha t  w e re  in v e s t i g a t e d  a re  shown  in F i gu r e  ~~~. i i t ’  gr ~ ml t u n e  t r o t : :  ( t i . ’

c r o s s - s e c t i o n  to a n o t h e r  wi th  120 g r i t  wa s  a p p r o x i m a t el y 2 0  t I  30 s e C I - I d ’ .

RESULTS AND DISCUSSIONS

In i t i a l l y ,  a compos i t e  p i c t u r e  of the  e p o x y  O O I _ I d e d  si l i con  g a g e  S pec im e n  at

160K m a g n i f i c a t i o n  was  ob t a ined  and is s h o w n  in Fi g u r e  3. It is I: ’ ;u c k -n t  f r . 1( :~

t h i s  f i g u r e  that  t h e r e  was  an e poxy  f i l l e t  on e a c h _ I  s i de  ol t he  ~~iIc  e as ex o c e t  i ’d .

It  i s  also ev iden t  and 5 I l i O ’V lii i t s u r p r i s i n g  that  n un i cr o u s  d u st  p a r t i c l e s  I~~ i t

sc a t t e r e d  on  and n e a r  the  gag . - . To i n v e s t iga t e  t h e s e  s t r a n g e  d u s t  ~~~~~~ 
ic’ s and

the  c ’; I xy  f i l l e t  c o n f i g u r a t io n f u r t h e r , h i g h e r  n _ I a g n i f i e a t i u n  p h o t o g r a phs ra n c i n g

1 ( 1 1 0  4 80 K  to 5 , 000X we ’r e  t a k e n  at ‘ a r i o u s  ang les and iI . ’ea lL t i , s oil the  S p e C i f l en

s h o w n  in F i r ur e s  4 t h r o u g h  1 3. F r o m  t h e s e  f i ~~:i r e ’s  , it  app l a i I’d t h a t  the

clu ’t t  p a r t i c l e s w e r e  loose and ‘. c r c  n i t  p a r t u a l l y imbedded in the  epo ” i\’  coa ted

s i _ I l t a l  s u r f a c e .  This  ap p e a r a n ce  was la ter  c o n f i r m e d  as t i e  p a s t i e  les  w e r e

r each ly r en l ov  ed b y u s i n g  a f r I  ‘( n  j et .  All  ( I t  t h e s e  p ho to  i’ap hs  show t h a t  th 1

‘i~~ht  of t I f : l  e p o x y  f i l l e t  a l ong  t i _ Ic  s i d e s  of t h e  gage’  v a r u e d  c o n s i d e rab ly .  T h i s

v a r :  i t t  i_I ap p ea r s  mo r e p r o nl  ( ( i n c  ~‘cll y at t h e  h ig h e r  m a r n i f i c a t il  l i _ I S  as sh ‘wn 1r 1

F i c  u r n s  I I and 1 3. k no x  f i l l l . r p a r t i c l e s  a rc  a l so  ( 11) 5 er v ab l e  in  t t o  h i g h e r

n u u c r n l f i c : lt i I n  ph o t o g r a ph s. In F i r u r c s  8 , 1 , and 10 . t h e  t t ’ ’ u t u i e  of the  m e t a l

1 7 - 4  s t a i n l e s s )  s u r f a c l ’  is c l e ar l y v u s ~ U l e .  In c om p a r i n g  t~ :t 0 t a l  t , ’ ”t ~~ i t  w i th

H i ’  S i Ze S  of t I ( I ’  ( ‘po r f i l l er  n , l t t i c l e s , t h e  me ta l  s u r f a c e ’  ap p ea red  t o  6 ’  re l a-

I . v~~lv s : . ’ t i : .

[ i i  l l e ( u a ’ n t a i  e ’ I n p ’ I S i t  fl of t \ \ o a r h i t r a r ;  ft s e l e c t e d  d u st  p a r t i c i . \ , ‘ l r e

t v a lu i t  ‘: b y ( i s i l _ I g  t b _ I l ’  l d _ I I ’ : g y  D i s p e r s i o n  1 1 1 1  l u l ’ n ~~Ol  A n al y s i s  t e c h n i q ue .  T h e

i’ I S u l t S  ar e  s i _ I I , \ \ ’ n  in 1”i gu r  14 am _ I d 13.  1 Ii , ’ l a r g e  sp i k e  r I  i’ I s ’ n t s  a l i n : L n : l : : i

a n d  t i~ s u - i i n d a r y  sp i~~e l i s t a b o v e  02 n ’ p I t ’s e 1 u t s  gold . In l i r i u r e  15 , a s l i r h i

i n S u l t ( I f  t I t u i l _ I i 1 : I _ I  is  ~~l. 5 I ’  i l u i & l t I d . I l e s e  r l - s u l t ~~ i n d i ca t e  t~~~i t t h e ’ L o , i s ’ C O i s t

a r t i c l e s  \t e i’ l ’  l i k ~ ’ l v  to  he  e l t l _ I e r  a l : t n ’ u n : i l , l  pm d ec  or  s I l i f l e  e’ I n u p l l u n d s  o~~~ah t -

r u i s t u n i  5(1( 11 as  u l l u s n h l i s .  l i i i ’  5 ( 11 11 i n  ( t O t  i f  g O l d  d ‘ t ’ 1 i , ’ I i  V ( IS  i ’ , I f l h  t ; o h~~;~



gold coa t ing  put on the  s p e c i m e n  as m e n t i o n e d  in  the  p r e v i o u s  sec t ion  of th us

r e p o r t .  The s o u r ce  of t i_ I c s l ig ht t r a c e of t i t an ium is unknown .

E l e m e n t a l  compos i t i on  of the  epoxy  f i l l e t  and of the  g a g e  s u r f a c e  were  also

ana lyzed , and the r e s u l t s  a re  shown in F i g u r e s  16 and 17 , r e sp e c t i ve ly.  In t I u e

c a s e  of the epoxy fi l let , s i l icon and gold gave  the  h i g h e s t  peaks , hut magnes  i~~ u ! ,

c h l o r i n e , calcium and i r o n  w e r e  also d e t e c t e d .  Since the  ep oxy  c o n ta i n s  t a lc  as

a f i l l e r , the  p r e s e n c e  of s i l i con  and m a g n e s i u m  should  be ’ e xr ,ec te d .  The  i ron

peak probably came f r o m  the s t e e l p late benea th  the  ep o xy .  The sou rce  f o r  t h e

gold has been m e n t i o n e d  wh i l e  t i _ I c  s o u r c e  (o r  s o u r c e s )  fu r  the  ch lo r ine  and

calcium is unknown .  In t h i s  p a r t i c u l a r  ana l y s i s , t he  sca le  was ampl i f i ed  in

o r d e r  to d e t e c t  the  e l e m e n t s  in toe er c o n c e n t r a t i o n s. For the  g a g e  s u r f a c e  as

shown in F i g u r e  17 , s i l i con  C i t  t he  hi g h e s t  peak  and t l :c  p r e s e n c e  of gold and

aluminum g a v e  the  r e d u c e d  peal ’  s.  1 h~ a l u m i n um  peak pr o b a b l y came  f r o m  t . ’

du st p a r t i c l e s .

P h o t o g r a phs of the  t en  g ag e  c r o s s - s e c t i o n s  i n v e s t i g at e d  a re  sh own  in F i g u r e

18 t h r o u g h 27. The loca t ion  of each c r o s s - s e c t i o n  can be :‘c a U i iy i d e n t i f i e d  f r o m

1’i ru i ’e 2 . The d i men s i o n s  of t hese  ph o t o gr a p hs w e r e  c a l i b r a t e d  by ph o t o g r a p h i n g

a g r i d  w i th  0. 001 i n c h e s  s p a c i n g  as shoe in F i g u r e  2a .  In h ’ i r l .i r es  18 and 1~~,

the  metal  base , t i _ Ic  epoxy  a d h e s i v e  l aye r , the  s i l i con  gage ’ , t h e  gold l eadwi re  and

the  epoxy w i r e  c o ver  a r e  all c l ea r l y v i s ib l e . It is i n te r e i t l n r  t i , no te  that  the

gold w i re  was not in good Cen t  u t  w i th  the  g a g e  itt c r o s s  — s e ct O ’n  1; good  con tac t

‘ as e v i d e nt  in c r o s s — s  u c t i o n  2 , h o w e v e r . In F igu re s  20 t h r o u gh  25 , on ly  t h e

n- _ I e t a l  base , the  gage ’ and the  ep o x y  a d h e s i v e  layer a re  sil i w : . In Fi g u r e  26 , t h e

gold i c a d w i r e  at the  o t h e r  en d  of t i l e  gage  is also s h o w n .  Fi~~ u’c 27 shows tha t

onl y s o n _ I n  epoxy anti t he  n _ I e l t a l  base  r e m a i n e d  a f t e r  t he  g a g ’ and the  gold l e a d —

w i r e ’  had i t ’ l l  i’ uur id  ne av . I i’ ‘ M l  t t i ’  g a g e  c r o s s  — sec t i ona l  D i l l  t o g  i’aphs , t i l e ’

epo xy ad h e s i v e  l a y e r  t h i c k n e s s , t h e  g a g e  t h i c k n e s s , and H~ g aL a  w i d t h  \\ ‘ei’ e ’

s _ I I e i a s u r I ’ d .  The  m n u i su r e ’n i e n t s o b t a i ne d  u i r e ’ t a b u l a t e d  a n d  is  p r e se~i_ It ed in

Table  I .  flie ( ‘p l Ixy  ui nd t h e  g a L l ’  t b i c 1 ’ : n e s ~~ w ir e  r _ I l e a s u r l ’ L  I t  t i _ I 1 e &  pol o_ I t s  in

eac h e s’ I l H s — s ( e t i l l n — l e f t  s ide , e- , ’n t e r , and r i g h t  s ide .  The ’ g a g e  wid th  was

~

..---

~
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o b t a i n e d at the  mid  a lan e ’  of the  g a g e  c r o s s —  s e c t i o n  onl y.  i h e  epoxy  and ~~~~~

th i c k n e s s  d a t a  ‘s I r e  a l so  p lo t t e d  as a f u n c t i o n  oi gag s l e n g t h  as 5h v r in Ft t ,,’~,

20 and 30. It is e v iden t  that  ne i the r  the ’ epoxy l ay e r  nor  the g u i L t -  h a s  a c o n s t an t

th i c k n e s s  along e i th e ~r t he  leng th or the  width of the  g a g e .  i t  is u i l s o  ev i d e n t  tha t

the  epoxy lay er at the  l e f t  s ide  of the g a g e  c r o ss - se c t i on  was  t h i c k e r  t h a n  tha t

at the  r i ght s ide .  T h i s  i n d i c a t es  tha t  the  g a g e  was s l a n t e d  dov n v : ar d  to the  r i g ht ,

wh i c h  is also detectable  in the  c r o s s - s e c t i o n a l  pho tog rap hs . f rom F i g u r e  30 , i t

appears  that the gage was th inne r  in the middle and t h i c k e r  at both ends . l. h i e

a v e r a g e  e po xy  th i ck ness  was  found  to he 0 . 0 0 0 4 9 8 +.  00006 7  inches , w hi l e  the

a v e r a g e  g ag e  t h i c k n e s s ’  v i t5  f o u nd  to  be 0. 00044 0  + 0. 000053  it ches .  The  L O f t -

p o s i t e  t h i c k n e s s  of e p o x y  and gage ’  is shown in Figure  31. It can be S t i l l  :r e ’I n

t h i s f i ~~u r e  tha t  t i _ I l ’ l ef t  s ide  was t h i c k e r  t h a n  th ri g ht s ide;  thus  f u r t h  r in d l c a te s

t h _ Ia t  th~ r age ’  was s l an ted  d o w n w a r d  to t h e  r i c ht .  F i g u re  31 also i n d i c a t e -  t e a t  t h e

g ar e  was s lanted downward  l eng thwi se  t o w a r d  c r o s s -  s e c t io n  0. The ti :~~c e n I ’ s s  of

th e c o m p o s i t e  was  also u n e v e n  w h i c h  may be in p a r t  due t i t n e ’  ‘ u n e v e n n e s s  ol I h I e

m e t a l  base  s u r f a ce .

The g ag e  w i d t h  Lo s the  c ro s s  - sect ~u n s  i n v e s t i gated a re  pl ’ e s l ’n t i ’(t  g r ap i _ I i c a l~~

in k i gu r e  32. It is seen  tha t  the  L i t r e  (( is n a r r o w e r  at t h e  m i d d l e  t h a n  at e l t u i e r

end. T h e  a v e r a g e  g a g c ’ ’v idth was found  to he 0. 00471 0 0 . 00012 i n c h e s , or  H : ’

w i d t i _ I  of th e  g a L e’ was  a l i t t l e  m o r e  t i _ Ian t en  t i n _ I e s  i t s  t h i c k n e s s .

T h e r e  w a s  a p o s s i b i l i t y  t i _ I n t  t he  v a r i a t i o n s  of ’ g a g e  t h i c i - ’ O C S S , gage  ~‘, i d t h :  anc

e p o x y  t h i c k n e s s  f r o m  c r o s s — s e c t i o n  to c r o s s —  S e e  t o n  \\ ‘ e r n  doe t i  uni n t en t i o n a l

n ( a g n i fi c a t i l l s :  c h a ng e s  in th in  p I l ’ t l l L r a p h ic  i n v e s t i g a t io n .  To st u dy  th is  p o s s ih~ 1: tv .

th e r a t i o  of gage’  w id th  to c a ge  t h i c k s_ I e s s  t o n  ( i t e  1 c r o s s  — s e c t i o n  \eas  c a l c u i at i ’~

and ti _ Ic ’  r e s u l t s  cc’ r e  t abu l at  c d  in ‘1’ ab le  2 and p l I I t t  ed in  F i  g u m  e 3 .~~. It is  o b v i o u s

f r o y i i  t h i s  fi g u r e  that  t h i s  r a t io  is nut  a c o n s t a n t  f r o m  c r e s s — s e c t i o n  to c r o s s —

sec t ion .  Th i s  c l e a r l y i n d i c a t e s  t h a t  ni i g i i i t i c a t i o f l  c h a n g e s , if an y ,  w e r e ’  not an

j n l l I ( l ’ n ( : u i I r  f a c t o r  in t i _ I l ’  p h l t L i u l ~ J i ic  r e su l t s .

Ot h e r  s’ ( S i l t S  of ~it ’ m ’ s 1 a r ’  I l i u t  t i i  C C I ’  cr s s — s I ’ s 1 :1) 11 t as f ou n u  I I I  h t  I f

0 s l i g h t  t r a p eio i c i a l  sh a p ’ c t h  1 ; , e 6 I t t I _ I l  s u r fa c e  s l i c h u t l v  c u rv . c i  U~~W l  i ( bee ’

s h i ~~n d ) .  ‘1 b e st  ca n  be r ea d i ly  ( l . l e C t l ’ C i  f r I e s  1 ’ i g u ir c s  iO I h i r o u g h u  2(1 . i~ c a n  a k ’



-
~~~~~~~~~~~~~~~~~~~~~~ - -~~~~~~~ -- _ _ _ _ _ _

be s t i l l  f r I l s i l  t h e s e  l’i ge i r cs  t ha t, t h e  b e t - , It of t h e  epoxy  f i L l e t s  a long  the  two s u d s

i t i l t  g L g t ’  ‘n er e  I 1 t ) i ’ V I  1 . I I  us v e r y  t1 J ) p u i  N o t  t h a t  t i u c  f i l l e t  on t h e  r i g ht  S i d l e \\ iI S

much  hig h e r .  T h _ I i s  v a r i a t i o n , a long with t h e  r e s u l t s p r e s e n t e d  e a r l i e r  that  H e

ca g e  was  s lan t ed  downward  to the  r i g ht , t e n d  to i n f e r  t h a t the  g a g e  was  p laced

O fl t i _ I C  e u ’ V  l a y e r  w i t h _ I  h ig h e r  p r e s s u r e  app lied to the  r ig h t  s i d e .

CONCLU SION S A ND  RECOMMENDATIOI ’ S

1.  ‘fi le f ea s ib i l i t y  of us ing  meta l lurgical g r i n d i n g  and p o l i s h i ng  t echn iques  for

d e ’t e r n _ I i n i n g  the  t h i c kn e s s  of the epoxy adhes ive ’  in a s i l i con  g ag e  b o n d i n g  sys tem

was  den_ Ions t r a t ed .

2. I- cu r  t i _ Ic  s p e c i m en  i n v es t i g a t e d , th e fo l lowing q ua n t i t i e s  we’re  d e t e r m i n e d :

( 1 )  A v e r a g e  e poxy  l aye r  t h i c k n e ss  = 0. 000498 ‘ + 0. 000067” .

( 1)  A v e r a g e  gage ’  t h i c k n e ss  0. 1)0 1)44 0 ‘ + 0. 000053 ’

( 3 A v e ’r a c e  g ag e  w i d t h  = 0. 0 0 4 7 1”  0 . 0 0 0 1 2 .

3. The g a g e  did not h a v e  a s hap e  of a r e s p e c t ab l e  r e c t a n g u l a r  bar and its sur-

f a c e ’s w e r e ’  i r r er u l a r . l ’h is  q u a l i t v  of cages  wou ld  not  be s u i t a b l e ’  for mo l e c u l a r

( e l e c t r o s t a t i c  Ii elch  a s is t d ) b l I n d i  O )~

4 . C u r r e n t  g a g i n g  t ’ ’ e  ; : : : i q ( u t ’ d ,u c s  :00 p r o v i d e  b r  good c i ’n t l ’ ’j l of epoxy a d h e s i v e

t h i c k n e s s  and epoxy  H111 t s u z ’ .- u t I ’ 5i~~ t h e  s ides  of t h e  c a g e . I m p r o v e m en t  11_ I ti’i is

t e c h n i que is r ’ ’c o n o ( _ I e n d e ( i .

5 . The e x per i n_ I e ’f l t a l  t t - c h n i q ue  d e : ’  ( s t r u t  cd in t h i s  e f f o r t  is  a lso u se fu l  f o r

in v e s t i g a tin g  5 0 f l_ I  I ’  ft 0 I n t  i u t l  st i ’ c S  ~s t l’ , I l _ I~ ’ do e  er m a n u f a c t ur  u ng pr  u l ) , t n n : S  r c lot  ‘ -0

to diaph ragm s u r f ac e  te x t u r e ’ , e p o x y  f i l l e r  p a r t i c l e ’  s i z e  and  s il i c o n/ le a dw i rc

con t act .

‘The dus t  pa r t i c l e s  found  (In t h e  s p e c i m e n  v e i l  l ; i r c e  in e I l n _ I p a r i s o n  t o  t he

t h i c k n e s s  of the  ep o xy a d h e s i v e  l a y e r .  T hI ’l ’ e b ol’ e , gag ing  should  a l w ay s  be d l i l t ’

i n  a dus t  f r e e ’  e n v ir o n me n t .
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Table’  I .  Sun i n i ar y  of M e a s u r e d  Spe n t  i i o ’n  Data

C r o s s -  Epoxy T h i c k n e s s , Gage’ I i b i C k l b t ’ S S , -
S e c t i o n  I s_ I.  x i~~

-
~ In .  x i o-~~ w~ it ,

N i l . L e f t  Cente r R i C h _ I t  I c i t  C e n te r  R i g h t  ‘In .  X i o-~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0. 440 0 .4 80  0. 4 4. 88
_ _ _ _ _ _ _  _ _

2 0 . 520 0 .480  0. 4~~tl 0. 481) 0. 560 0. ~80 4 . 80
— - - -~~~ ‘- - - - — - - ———~~~~ - ‘- — ‘ ‘— - .~~~~~~~~~~ -—- ‘  — - - — 5- - - - — - — — —  — - — - — - — - 

3 0. 500 0 . 480 0. 400 0. 480 0. 520 0. 520 4. 80 

4 0. ~ .it ) 0 . 4 80  0 .440  0. 4 4 ) )  0 . 4 4 0  0 . 4 2 0  4. 7~
- - - -~~~~~~~~~~~ ‘ - - -~~~~~~ - -‘- --- “ ---. . . -+

5 0. 580 0. 540 0. 520 0. 400 0. 440 0 .4 0 0  ,~ 4 . 6e
- - -~~~~ - - - - - - -  - -‘.-- “ .-~~~~~ --- - ‘- ~~~- - - - ---—

~~~~~

----_ _

Q~~ cO O 0. 5 4 0  0 .  5 0 0  0 .  3 4 0  0 . 4 2 0  0.  380 4 . c O

7 0 . 540 Q . 4 ’ , H 0 . 4 ? 0  0 . 42 0  0 .440  W 4 ~~~~~ 4. 72
‘ - - - - ‘- ~~~~~~~~ - - - - - -- ~~

8~~~~~~~~O . 54 i 0. 4 1) 11 

- 

0. 4- -~~
) 0 .4 4 0  I i , 4. 72 

0. On O 0 . 4 0 0  0. 14 ( 1 0 . 4 0 0  0 . 4 0 0  0. 440 1. 84

10 ~~~~~
- - -  - - - - - -  

- 0 t ’t 0 0

A v e r a g e  0. 5c0± 0. 4 7 6 :  0. 460+ 0. 427 1- 0. 4 e2 +  0. -) 58~~ 4. 71

0 .055  051 0. 040 0. 044 0. 050 6 . 0c2 0 . 12

0 t ’r a l l
A v e r a g ’  11 • 4 ’ t ~~ ~ 11 . 0 c7  0 4 4 - 1  ± 0 . 0 5 3



Tabl e 2 . Ra t io s  ot Ga g e  W i d t h _ I  t i  Gage ‘1 h i e  ‘, n e s s

C r o s s -  W i d t h ,  t I  I }1~~e km  ss

Sec t ion
No.  L i t  C ’s iu’r  R i g ht

11 . t ) ~~ 1 0 . 1 7  10 . 17

2 10 . 13 8. 8 8. 38

3 10 . 00 14 ) 3  I I  23

4 10. 73 10. 73 1 1 . 24

5 1 1 . 5 10.~~ 1 4 11 . 1 0

13 . 53 i n . o5 12 . 11

7 11 . 24 1 0 . 7 3  10. 73

8 10 . 73 i t . 2 10 . 2 ,

12 . 1 0  12 . 1 0  1 1 . 0 0

A v e r a g e  r a t i e l  10. 72
Standard  d e v i a t i o n  I . 1 1

e l ’ ( e i _ I t  d e ’ \ ’ i l l t i l l f l  10. 4~~

- .  
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