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ABSTRACT 

This r e p o r t  p re sen t s  t h e  r e s u l t s  of s t u d i e s ,  on the u l t r a h i g h  vacuum adhe- 

s i o n a l  behavior of s i l i ca t e s ,  obtained during t h e  per iod  February 1 through 

A p r i l  30, 1968. Work cons is ted  of contac t ing  u l t r a h i g h  vacuum cleaved 

s i l icate  su r faces  wi th  argon ion  sput te red  metal s u r f a c e s ,  and i n v e s t i g a t i o n  

of t h e  mechanisms respons ib le  f o r  t h e  considerable  e l e c t r o s t a t i c  charging of 

s i l icates  produced by u l t r ah igh  vacuum cleavage. It was found t h a t  adhesion 

between t h e  spu t t e red  metal and cleaved s i l i ca t e s  d i d  occur ,  t h e  measured 

adhesion f o r c e  being about 10 dynes a f t e r  touch contac t .  I t  appears  t h a t  2 

the primary i f  not  s o l e  con t r ibu to r  t o  t h i s  adhesion i s  t h e  e l e c t r o s t a t i c  

charging of the s i l i ca te ,  b u t  much more work is  requ i r ed  t o  determine t h e  

p r e c i s e  e f f e c t  of metal s u r f a c e  s t a t e .  The e l e c t r o s t a t i c  charging s t u d i e s  

f u r t h e r  v e r i f i e d  t h e  h ighly  an i so t rop ic '  na ture  of t h e  charging. .They a l s o  

demonstrated t h a t  massive breakdown i n  t h e  charge an iso t ropy  occurs  as system 

p res su re  is  increased  and tnat: recovery can occur.  Photomicrographic study 

of  t h e  cleaved su r faces  (before  and a f t e r  d e f e c t  e tch ing)  and e l e c t r o n  micro- 

probe a n a l y s i s  r evea l  a c l o s e  co r re l a t ion  between t h e  charge and composition 

g rad ien t  p r o f i l e s .  This i n d i c a t e s  s t rong ly  t h a t  t h e  primary con t r ibu to r  ' t o  

the charging and charge an iso t ropy  i n  t h e  c r y s t a l s  s t u d i e d  t o  d a t e  is  t h e  

p o l a r i z a t i o n  f i e l d  a s soc ia t ed  wi th  the composition g rad ien t s .  

1 
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1.0 INTRODUCTION 

1.1 General 

This r e p o r t  p re sen t s  a summary of work accomplished during t h e  per iod  

February 1, 1968, through Apr i l  30, 1968, on t h e  s tudy  of the u l t r a h i g h  

vacuum adhesional  behavior  of s i l i c a t e s  as r e l a t e d  t o  the  l u n a r  surface.. 

This  work i s  being conducted f o r  the Of f i ce  of Advanced Research and Technology, 

Nat iona l  Aeronautics and Space Administration, under c o n t r a c t  NAS7-307. 

1.2 Purposes of Program 

The purposes of t h i s  program are (a) t o  ob ta in  q u a n t i t a t i v e  experimental  d a t a  

concerning t h e  u l t r a h i g h  vacuum adhesional behavior  of s i l icates  i n  contac t  . 

w i t h  o t h e r  s i l i ca t e s  and w i t h  var ious non- s i l i ca t e s  ( p r i n c i p a l l y  metals), 

(b) t o  achieve an understanding of the  mechanisms r e spons ib l e  f o r  t h e  observed 

adhesion,  and (c) t o  i n v e s t i g a t e  techniques f o r  reducing o r  e l imina t ing  t h e  

adhesion. 

. 

1.3 Approach ' 

The approach used during t h i s  repor t  per iod  has  been a )  t o  cleave s i l i c a t e s  a t  

u l t r a h i g h  vacuum and con tac t  t hese  with contaminated, spu t t e red ,  and mechanically 

abraded metal su r faces ,  (b) t o  measure t h e  s u r f a c e  d i s t r i b u t i o n  of e l e c t r o s t a t i c  

charge  produced by u l t r a h i g h  vacuum cleavage of s i l i ca tes ,  and (c) t o  ob ta in  

microchemical and microphysical p r o f i l e s  of vacuum-cleaved s i l i c a t e  su r faces .  

Approach (a) se rves  io provide information concerning t h e  adhesional  behavior 
\ 

of s i l ica tes  i n  contac t  wi th  metals wi th  the var ious  s u r f a c e  s ta tes  which may be  

p r e s e n t  during l u n a r  missions.  Approacks '(b) and (c) serve t o  provide information 

concerning t h e  mechanisms which may b e  respons ib le  f o r  t h e  observed s u r f a c e  

charging.  

2 



2.0 EXPERIMENTAL RESULTS * 

2.1 S i l i ca t e -Meta l  Adhesion as a Function of Metal Sur face  S t a t e  

Various experimental  d i f f i c u l t i e s  were encountered during t h i s  q u a r t e r  which 
1 

l i m i t e d  t h e  amount of s i l i c a t e - m e t a l  adhesional  d a t a  obtained. F i r s t  a 

success ion  of  l e a k s  developed i n  the vacuum system. 

of approximately one week experimental  time. 

found w i t h  t h e  s p u t t e r i n g  technique. 

in t h a t  a r c i n g  occurred from the  high v o l t a g e  lead.  

improving t h e  i n s u l a t i o n  and sepa ra t ing  t h e  l e a d  f u r t h e r  from areas a t  ground 

p o t e n t i a l .  

coated w i t h  s p u t t e r e d  material. Once t h i s  occurred s u f f i c i e n t  c u r r e n t  would 

Each l e a k  caused t h e  loss 

Skcond, va r ious  problems were 

One w a s  r e l a t e d  t o  t h e  system geometry 

This w a s  e l iminated by 

Another problem w a s  t h a t  t h e  s i l i ca t e  sample tended t o  become 
I 

f low through t h e  sample hangdown wire t o  cause i t  t o  melt (and hence f a i l ) .  

This problem was resolved by s h i e l d i n g  t h e  sample completely from t h e  discharge.  

Three runs were made during t h e  q u a r t e r ,  a l l  f o r  mic roc l ine  (001) con tac t ing  

corrmercial aluminum 2024, 

Runs if1 and 2 

- 10 The system was evacuated t o  3 x 10 
microns w i t h  p u r i f i e d  argon. 
r'or about 10 minutes a t  400 ma cu r ren t .  The mic roc l ine  was then 
cleaved and contacted with t h e  s p u t t e r e d  aluminum (a t  a system 
p r e s s u r e  of 15 microns argon) 15 minutes a f t e r  s p u t t e r i n g  and about 
5 minutes a f t e r  cleaving. No adhesion w a s  detected.  

t o r r ,  then b a c k f i l l e d  t o  15 
The metal sample was then  s p u t t e r e d  

Run 83 

-10 The system was evacuated t o  2 x 10 
w i t h  argon. The metal sample was s p u t t e r e d  f o r  15 minutes a t  400 ma.  
Following s p u t t e r i n g ,  t h e  i o n  pump w a s  turned on. The mic roc l ine  w a s  

torr. 

decreased w i t h i n  t h r e e  minutes to 1 x lo2  dynes and t h e  f o r c e  remained 
a t  t h i s  l e v e l  f o r  3 1 /2  hours a t  which t i m e  t h e  run was terminated. No 
long  range f o r c e  w a s  detected.  
on t h e  viewport making i t  d i f f i c u l t  t o  see t h e  sample so i t  is  not c e r t a i n  
whether o r  not  some long range a t t r a c t i o n  might have been present .  

t o r r  then b a c k f i l l e d  t o  15 microns 

c l eaved  f i v e  minutes a f t e r  s p u t t e r i n g  a t  a system p res su re  of 5 x 10' 8 

f o r c e  of about 3 x 10 2 dynes was measured af ter  touch con tac t .  
F i r s t  con tac t  w a s  made four minutes a f t e r  cleavage. An adhesion 

This  

However, s p u t t e r e d  m a t e r i a l  was deposi ted 



2.2 E l e c t r o s t a t i c  Charging 

During t h i s  q u a r t e r ,  t h e  e lec t rometer  probe has  been redesigned so t h a t  t he  

e l e c t r o s t a t i c  charge d i s t r i b u t i o n  can be measured more accu ra t e ly  and wi th  

-. 

less ambiguity than a t  present .  

guard plane c o n s i s t i n g  of a p a r t i a l l y  transp.arent e l e c t r o d e  deposi ted on a 

The new e l ec t rome te r  probe w i l l  p e n e t r a t e  a 

g l a s s  f l a t .  This  e l e c t r o d e  w i l l  have n e g l i g i b l e  r e s i s t a n c e  f o r  t he  e l e c t r o -  

meter c i rcui t  y e t  provide a window f o r  pos i t i on ing  t h e  probe r e l a t i v e  t o  the  

c r y s t a l  su r f ace .  Since the  e f f e c t i v e  probe a r e a  i s  hence decreased r e l a t i v e  

t o  t h e  one be ing  used now, t h e  Kei thley Model 610B e lec t rometer  w i l l  be 

rep laced  by a Kei thley Model 640 Electrometer because i t  has  t h r e e  o rde r s  of 

magnitude g r e a t e r  s e n s i t i v i t y .  

The e l ec t rome te r  arm is being shortened s e v e r a l  cen t imeters  by rear ranging  

one of t he  c rosses  i n  the  assembly. This  should reduce mechanical v a r i a t i o n s  , 

i n  t h e  probe-crys ta l  d i s t ance  which seem t o  be one f a c t o r  i n  an observed 

apparent  random f l u c t u a t i o n  of charge wi th  time. 

Two runs  were completed during t h i s  q u a r t e r  (#2 and 13) and a t h i r d  ( f 4 )  i s  

i n  progress .  These r u n s  were performed us ing  a s i n g l e  o r t h o c l a s e  cy l inde r  

having t h r e e  cleavage notches or ien ted  so t h a t  t h e  e f f e c t  of cleavage 

d i r e c t i o n  could be  s tud ied .  I n  add i t ion ,  f u r t h e r  out-of-chamber work was 

done on t h e  sample u t i l i z e d  i n  Run #l. 

Run 81: 

F igure  1 is a composite photograph showing t h e  cleavage behavior  of t h e  ortho- 

clase c r y s t a l  [along t h e  (001) plane]. The cleavage starts at t he  midpoint of 

t h e  cleavage notch ( top  of photograph), r a d i a t e s  r ap id ly  towards the  sample 

edge followed by t h e  main cleavage along t h e  b-axis.  F igure  2a is  an 



. . . . .  , 
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Figure 1. Composite photomicrograph of the (001) cleavage surface of 
orthoclase, Run Ill. 
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enlargement n e a r  t h e  upper edge showing how the  cleavage d i r e c t i o n  r o t a t e s  

towards t h e  d i r e c t i o n  of the  b-axis. The mic rope r th i t e  s t r u c t u r e  of t h e  

o r t h o c l a s e  is c l e a r l y  v i s i b l e  as a r e f r a c t i v e  index change. 

same area a f t e r  a c i d  e t ch ing  and Figures  3a and 3b a r e  e l e c t r o n  photomicro- 

Figure 2b i s  t h e  

graphic  r e p l i c a s  of aluminized su r faces  a f t e r  e t ch ing  which show t h e  p e r t h i t e  
i 

s t r u c t u r e  i n  s l i g h t l y  g r e a t e r  d e t a i l .  E lec t ron  

e lementa l  d i s t r i b u t i o n  i n  t h e  o r thoc la se  sample 

was c a r r i e d  o u t .  Two techniques were u t i l i z e d .  

microprobe a n a l y s i s  of t h e  

(along t h e  cleavage su r face )  

F i r s t ,  us ing  a 2 micron beam 

diameter  (nominally s m a l l e r ) ,  s t e p  traces a t  1 micron i n t e r v a l s  were taken 

of var ious  combinations of t h r e e  elements s imultaneously.  

i n  Figure 4 through 7. 

These are shown 

Second, using a 50 micron beam diameter ,  an a r r a y  of 

p o i n t s ,  500 microns a p a r t ,  covering t h e  e n t i r e  s u r f a c e  of t h e  c r y s t a l  

t o  map the  composition d i s t r i b u t i o n .  D i s t r i b u t i o n s  f o r  potassium and 

are shown i n  Figures  8 and 9 respec t ive ly .  

was used ,  

s i l i c o n  

The m i c r o p e r t h i t e  ana lyses ,  Figures  4 t o  7, show t h a t  t h e  e tched  reg ions  i n  

t h e  F igu re  3 e l e c t r o n  photomicrographs, a r e  a l b i t e  (Na, C a  r i c h )  exso lu t ion  

r eg ions  i n  an o r t h o c l a s e  (K, .Ba r ich)  hos t  c r y s t a l .  F igu re  4 shows t h a t  t h e  

VP afid 2a compositioiis vary ariticoificidefitlji,  "beteas Figure 5 SF~GVS that  the 

K and Ba concent ra t ions  vary co inc ident ly .  

t h e  same d i r e c t i o n  a s  Ca but  oppos i te ly  t o  Ba. Figure 7 completes t h e  series 

F igure  6 shows t h a t  Na varys  i n  

showing potassium and sodium vary  i n  oppos i t e  d i r e c t i o n s .  The sha rp  phase 

boundaries  i n  t h e  e l e c t r o n  photomicrographs where t h e  t r a n s i t i o n  zone i s  less 

than 0.3 microns sugges t  t h a t  t h e  e l e c t r o n  microprobe beam i s  averaging the  

sample bo th  l a t e r a l l y  a s  w e l l  as by t h e  depth of pene t r a t ion .  

The l a r g e  a r e a  array, Figures  8 and 9 ,  g ives  t h e  average composition s i n c e  t h e  

50 micron beam diameter i s  a reasonably good average over  t h e  m i c r o s t r u c t u r a l  

7 



i 

I 

i 

b '  

f. 

, 

i 
'i 

r ( W U  
w o o )  

8 



I 

150 

130 

110 

90 

70 

el 
I 
0 
4 

X 
10 

2 

5 4 

54 

.. 

Ca 

A 1  

. .  

I I I I I I 1 I 
10 20 30 40 0 

Distance - Microns . 

Figure 4 .  S t e p  scan e l ec tron  microprobe ana lys i s  of the  orthoclase 
microperthite structure i n  Run #1 f o r  potassium, calcium 
and aluminum 
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S t e p  scan electron microprobe ana lys i s  of the orthoclase  
microperthite structure i n  Run 81 f o r  potassium, barium and 
aluminum. 
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Figure 8 .  Distr ibut ion of potassium on or thoclase  (001) surface ,  
Run #1, using 50 micron beam diameter. 
500 microns apart. 

Points  are spaced 
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Figure 9 . '  Distribution of s i l i c o n  on or thoclase  (001) surface,  
Run #l, using 50 micron beam diameter. 
spaced 500 microns apart.  

Points  are 
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elements which a r e  less than 8 microns  wide. From t h e s e  a r r a y s ,  t h e  composition 

is  found t o  very  over  t h e  s u r f a c e  of the c r y s t a l  wi th  t h e  l i n e s  of cons t an t  

composition o r i e n t e d  almost a long the b d i r e c t i o n  ( see  F igure  1 ) .  

Run #2 

I n  t h e  last  q u a r t e r l y  r e p o r t ,  t h e  behavior of t he  charge d i s t r i b u t i o n  f o r  t h i s  

run w a s  presented  from t h e  t i m e  o f  cleavage on 3 January 1968 through t h e  end 

of t he  r e p o r t i n g  per iod (30 January).  On 6 February 1968, t h e  system was 

b a c k f i l l e d  wi th  dry N2 and t h e  pressure  i n  the  system was r a i s e d  t o  0.35 t o r r .  . 

'J$ro d i scha rge  pu l ses  were observed, t h e  f i r s t  a t  0.16 t o r r  and the  second a t  

0.33 t o r r .  The charge d i s t r i b u t i o n s  are shown superimposed i n  Figure 10 ,  and 

t h e  l o c a t i o n  of t h e  probe when d ischarge  occurred is  also i n d i c a t e d .  An orde r  

of magnitude decrease i n  t h e  charge a s  we l l  as a major modi f ica t ion  i n  t h e  

d i s t r i b u t i o n  a r e  observed. The f i r s t  d i scharge  reduced the  pezks almost 

uniformly whereas t h e  second discharge produced a d i s t i n c t  d i p  a t  t he  po in t  

of d i scha rge  on t h e  c r y s t a l  face .  

t h e  edge of t h e  notch,  F igure  11. 

This i s  probably due t o  d ischarge  near  

m- A t t c  - - - -L--  vyvLeiu ---- w a a  &I.-- c 1 L G A I  --.--....-..-t..a Ls-svacuaccU crr cv IO-' tcrr. A r e d i s t r i b u t i c f i  gf charge !*!as 

then  observed as w e l l  a s  some recov.ery i n  t h e  o v e r a l l  d i f f e r e n c e  between the  

maximum peak and v a l l e y  i n  the charge d i s t r i b u t i o n .  This recovery,  a twofold 

i n c r e a s e  over t h a t  remaining' a t  0.35 t o r r ,  is shown i n  Figure 12 .  

r e d i s t r i b u t e d  charge is  compared to t h e  o r i g i n a l  charge d i s t r i b u t i o n  i n  

The 

Figure  13. 

both  i n  Figure 10 and 13. 

The e f f e c t  of t h e  second d ischarge  a't 0.33 t o r r  p e r s i s t s  as seen  

On 7 February 1968, t h e  sample was again discharged by admi t t ing  dry N t o  

t h e  vacuum system. Table 1 summarizes t h e  d ischarge  h i s t o r y  on both days. 

2 
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. .  .. Rela t ive  Angle 

Charge d i s t r i b u t i o n  
a f t e r  
2nd discharge 
(Scale  ,003) 

--2nd discharge 
0.330 torr  

-- 1s t discharge 
0.150 torr  

Originai  
wave € o m  
(Scale  .03j  

. .  
Charge d i s t r i b u t i o n  
a f t e r  
1st discharge 
(Scale  .03) 

Figure 10. Comparison of charge d i s t r ibut ions  before and a f t e r  I 

f i r s t  two d ischarges ,  Run # 2 ,  6 Feb.  1968. 
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of probe 

.'. , 

Discharge 
#1 

< 

, 

Figure 11. Schematic drawing of discharge configuration and the resu l t ing  
charge d i s t r ibut ion  lobe pattern,  Run #2. 
or ienta t ion  of the c r y s t a l  axis is shown. These w i l l  b e  
determined accurately when removed from the vacuum system 
a t  the end of Run 4. 

The approximate 
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Figure 13. Comparison of charge d i s t r ibut ion  
before discharge and a f t e r  recovery, 
Run 62. Relat ive  or i enta t ion  of notch 
is shown together with discharge pulse 
a t  290'. Note s c a l e  change. Amplitude 
before discharge over 5x greater than 
afterwards . 
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Date 

6 Feb 68 

i 

7 Feb 68 
4 

TABLE I 

Pressure a t  Which Discharge Occurred and Relat ive  

Magnitude of Discharge: Run 82 

Pressure at  Discharge 
( torr)  

0.16 

0.33 

0.43 

0.58 

0.84 

1.30 

1.61 

2.55 

1 atmos 

* Too s e n s i t i v e  a s c a l e ,  o f f - sca le .  

A Q  of Probe 
(Con lomb s ) 

. > + 10-12 * 
-12 * > + 10 

+ 21.5 x 10'l2~ , .  

-12 * 
' > + l o  -12 * 

> + 10 

+ 7 . 7  x 10-l2 

+ 6 .0  x 

+ 1 .4  x 

None 
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Altogether ,  a series of e i g h t  discharge p u l s e s  were observed between 0.16 t o r r  

and 2.55 t o r r .  

success ive  pu l se .  

The t o t a l  charge co l l ec t ed  by t h e  probe decreased wi th  each 

Run #3 -- 
This  run represented  the  second cleavage of t he  o r t h o c l a s e  c r y s t a l  used i n  

Run 112. 

The cleavage notch w a s  o r i e n t e d  a t  45O t o  t h a t  i n  t h e  previous run,  as shown 

Cleavage w a s  done on 19 February 1968 a t  a p res su re  of 1.2 x 10 -9 t o r r .  

i n  Figure 14. 

The charge d i s t r i b u t i o n s  f o r  both runs were found t o  co inc ide  when co r rec t ed  

f o r  t h e  angular  p o s i t i o n  of t h e  probe (note  t h a t  t h e  notch p o s i t i o n  in Run #3 

is such t o  e l i m i n a t e  the  135' pos i t i ve  lobe  found i n  Run 112). 

A f t e r  cleavage, t he  d i f f e r e n c e  between t h e  maximum peak and v a l l e y  charge 

decayed r e l a t i v e l y  s lowly,  Figure 15. 

a t  one t e n t h  the p res su re ,  i t  is seen t h a t  t h e  i n i t i a l  r ap id  decay (of Run #2) 

Compared t o  Run #2, which was cleaved 

is absen t ,  s t r eng then ing  t h e  hypothesis  t h a t  gas  adso rp t ion  i s  re spons ib l e  

for t h e  f a s t  decay. The ex i s t ance  of an  in t e rmed ia t e  decay rate, found t o  

have a h a l f - l i f e  of 3.5 hours i n  Run #2, w a s  found aga in  i n  Run #3 with  a 

7.2 hour h a l f  l i f e .  The subsequent behavior  of t h e  charge decay rate was 

similar t o  Run #2. 

On 20 February 1968, i n  a t tempt ing  t o  move t h e  mechanical probe i n t o  p o s i t i o n  

t o  measure t h e  v e c t o r  f i e l d ,  t he  e lec t rometer  probe i n a d v e r t a n t l y  scraped the  

s u r f a c e  of t he  c r y s t a l .  This  caused a change i n  the  p a t t e r n  of t he  charge 

. (F igure  16). One i n t e r p r e t a t i o n  of th is  i s  t h a t  t he  p o s i t i v e  peak wa's d i s -  

charged by a t r a n s f e r  of e l e c t r o n s  from t h e  probe t o  t h e  c r y s t a l  su r f ace .  
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0 

180" 

90' 180' 270' 360' 

Figure 14. Comparison of charge dis tr ibut ions  from Run #2 and Run #3 where 
cleavages were from two direct ions  45' apart i n  the same orthoclase 
c r y s t a l  (001) plane. 
when the samples are removed from the vacuum chamber. 

The direc t ion  of the B a x i s  w i l l  be  determined 

22 



I 

I ,  

i 

I I I 

. L c  
Lc 
0 
U 

0 
4 
I 
0 
rl 

&I 
Lc 
0 
U 

cn 
I 
0 
d x 
tu 
d 
. 

rn 
c 
2 

. 
I 

I * 
m U m * \b 

m 
h 
Q a 
I 

2 “ 
H 

23 . 



Figure 16. 

- 0  360" 

Charge d i s t r ibut ion  
a f t e r  electrometer 
probe scraped the 
surf  ace 

hi --A charge 
jis tr ibut ion 

t e la t ive  angle  

Effect of electrometer probe scraping cleavage 
surface.  The main e f f e c t  i s  the decrease i n  
the more pos i t ive  peak. 
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I 
After  22 mote days the  charge asymmetry had been p a r t i a l l y  r e s t o r e d  as shown 

i n  Figure 1 7 .  The four  curves have been made co inc iden t  a t  the  base.  S ince  

the  sma l l e r  peak t o  v a l l e y  d i f fe rence  remains approximately cons t an t ,  t h e  

charge recovery appears  t o  be a l a t e r a l  t r a n s f e r  of charge from t h e  maximum 

peak t o  the  minimum va l l ey .  

On 1 4  March, t h e  system w a s  r a i s e d  to  atmospheric p re s su re  wi th  dry n i t rogen .  

A t  36 m i l l i t o r r ,  t he  e lec t rometer  probe began drawing a p o s i t i v e  c u r r e n t  which 

reached a s  high as 15 times t h e  electrometer  tube g r i d  cu r ren t  of amps. 

This  e f f e c t  may a l s o  be  i n t e r p r e t e d  as due to  small charge pulses  a t  s p e c i f i c  

c r y s t a l  o r i e n t a t i o n s  ( the  c r y s t a l  was being r o t a t e d  a t  a cons tan t  rate dur ing  

t h i s  period).. 

peal: becomes smaller, t he  p o s i t i v e  peak inc reases  a small amount and the  

The major e f f e c t  is shown i n  Figure 18. The l a r g e  nega t ive  

middle peaks remain unchanged. After t h e  first l a r g e  d ischarge  pulse  occurred ,  

a gene ra l  decrease i n  the  charge d i s t r i b u t i o n  w a s  observed, t he  p o s i t i v e  peak 

exper ienc ing  a smaller percentage decrease than the  nega t ive  peaks. 

- 

Massive d ischarges  were observed a t  0.148 t o r r ,  0.250 t o r r ,  0.360 t o r r ,  

0.432 t o r r  together vi th three smsller pclses bP_+_WPP?l n ; l ? o  and 1,n t o r r ;  

and one o r  two above 1.0 t o r r .  It is i n t e r e s t i n g  t o  note  (Figure 19) t h a t  

t h e  charge d i s t r i b u t i o n  a f t e r  t h e  second and t h i r d  d ischarges  was p r a c t i c a l l y  

i d e n t i c a l  (except f o r  t he  s c a l e  f a c t o r )  t o  t h e  o r i g i n a l  d i s t r i b u t i o n  j u s t  

a f t e r  cleavage and p r i o r  t o  the  itiadvertant s c rap ing  of t he  c r y s t a l  s u r f a c e  

wi th  t h e  e l ec t rome te r  probe. 

3.0 DISCUSSION 

3.1 Si l ica te -Meta l  Adhesion as a Function of Xetal Surface  S t a t e  

The f i r s t  two runs ,  f o r  which,no adhesion was de tec t ed ,  were made a t  a 
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3-1 4- 6 8 

3-6-68 

I 

2- 2 4-6 8 

2- 2 1- 68 

3- 14- 6 8 

3-6-68 

2- 14-68 

2-2 1.-6 8 

c’ 

J 

- 3-14-68 

3-6-68 - 

.- 2-24-68 

2-21-68 UI 

Figure  17. Recovery o f . cha rge  d i s t r i b u t i o n  assymetry a f t e r  s u r f a c e  was 
p a r t i a l l y  discharged when contacted wi th  t h e  e l ec t rome te r  
probe, Run 8 3 .  The curves were superimposed so t h a t  they 
were coinc ident  a t  t h e  base.  The sma l l e r  peak and v a l l e y  
t o  t h e  r i g h t  remains r e l a t i v e l y  cons tan t .  
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0.150 
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torr  

f i r s t  
1 large  discharl 

pu l se  
0.148 

3 ,  i2u torr  

a t  
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.r 

Figure 18. Run #3 charge d i s t r ibut ion  change with 
0.032 torr to 0.120 torr  i s  smooth. 
0.148 torr  discharge pulse  i s  a s t e p  increment. 

pressure increase  from 
Change i n  d i s t r i b u t i o n  a t  



I 

O 0  

. sc 
Pa 

le 
tor 

1 

/v 
V 

360' 

Relat ive  Angle 

Dis tr ibut ion a f t e r  
discharge No. 2 
(p  = .380 torr)  

Dis tr ibut ion after 
discharge No. 1 
(p  = .190 torr)  

Original  d i s t r i b u t i o n  
19 Feb. 1968 

Figure 19. Charge d i s t r ibut ion  waveforms a f t e r  discharge pulses  
compared with o r i g i n a l  d i s t r ibut ion  before touching 
surface  w i t h  electrometer probe, Run #3. 
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pres su re  of 1 5  microns argon. 

would have on t h e  adhesion and t o  make t h e  t ime.between s p u t t e r i n g  and con tac t  

This was done t o  s e e  what e f f e c t  such p res su re  

as s h o r t  as p o s s i b l e ,  hence reducing re-oxidat ion.  

d e t e c t a b l e  adhesion (adhesion less than 10 dynes) a r e  i n  accord wi th  expecta- 

t i o n s  from the  r e s u l t s  of t h e  su r face  charging s t u d i e s .  

d i scharg ing  of t h e  s u r f a c e s  could occur beginning a t  about 10-20 microns 

The f i n d i n g s  of no 

2 

These showed t h a t  
I 

pressure .  The f ind ings  a l s o  i n d i c a t e  t h a t  any atomic bonding between t h e  

c l ean  meta l  and s i l i c a t e ' s u r f a c e s  makes a much smaller c o n t r i b u t i o n  t o  adhesion 

f o r c e ,  a f t e r  touch c o n t a c t ,  than t h e  s u r f a c e  charging. S t u d i e s  w i l l  be  made 

of t h e  con tac t ing  s u r f a c e s  a f t e r  removal from the  vacuum sys tem t o  s e e  i f  

t h e r e  is any evidence of m a t e r i a l  t r a n s f e r .  

F o r , t h e  t h i r d  run ,  pumping was i n i t i a t e d  a f t e r  t h e  completion of s p u t t e r i n g .  

I n  o r d e r  to  reduce p o s s i b l e  re-oxidat ion of t he  metal  sample w e  pumpted f o r  

only f i v e  minutes be fo re  cleavage of t h e  s i l i c a t e .  A t  t h a t  time t h e  system 

. p r e s s u r e  was down t o  5 x 10 t o r r .  Ileasureable adhesion was p r e s e n t .  Due -8 

t o  obse rva t ion  problems i t  was not  poss ib l e  t o  determine whether a long range 

a t t r a c t i v e  f o r c e  was present .  However, on t h e  b a s i s  of t h e  prev ious  two runs ,  

and the s u r f a c e  charging experiments,  i t  is r'eit t h a t  surface ci.argiiig was 

probably t h e  prime con t r ibu to r .  Fur ther  s t u d i e s  are requi red  t o  prove this ' .  

There are not s u f f i c i e n t  d a t a  as y e t  t o  reach any conclusions concerning the  

e f f e c t  of t h e  metal  s u r f a c e  s ta te  upon m e t a l - s i l i c a t e  adhesion. 

does appear  as a d i s t i n c t  p o s s i b i l i t y  t h a t  t h e  only times when l a r g e  adhesion 

w i l l  be p r e s e n t  is when t h e  s i l i c a t e  s u r f a c e  is c lean  and charged, t h e  

i m p l i c a t i o n  be ing  t h a t  t h e  charging produced by f r a c t u r e  (or c leavage)  i n  

u l t r a h i g h  vacuum may b e  the  dominant adhesion producing mechanism. 

However, i t  
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3.2 E l e c t r o s t a t i c  Charging 

Addi t iona l  evidence was found i n  Run f 3  (Figure 12) t h a t  gas adsorp t ion  is  

re spons ib l e  f o r  t he  i n i t i a l  r ap id  decrease i n  the  charge an iso t ropy .  

t h e  f a c t o r  of ten  h igher  system pressure  a t  c leavage f o r  Run 53 over Run #2 ,  

That is, 

wi th  a corresponding inc rease  i n  the  rate of adso rp t ion ,  shortened t h e  t i m e  

of decrease  s u f f i c i e n t l y  t o  prevent  observa t ion .  

Previous ly ,  t he  b a s i c  t rend  observed f o r  t h e  nonuniform charge d i s t r i b u t i o n  

was a decrease wi th  inc reas ing  t i m e  and pressure .  However, a f t e r  t h e  i n i t i a l  

decrease ,  when the  probe contac ted  the  s u r f a c e ,  t he  charge d i f f e r e n c e  increased  

dur ing  t h e  next  22 days, F igure  17 .  

upon reevacuat ing  the  sample of Run $2, Figure 2 ,  are new observa t ions .  

This  i n c r e a s e  (Run #3) and t h e  recovery 

Observat ion of t h e  p e r s i s t a n c e  of the angular  r e l a t i o n s h i p  i n  the  charge 

d i s t r i b u t i o n  when the  cleavage d i r e c t i o n  was changed i n  t h e  same c r y s t a l ,  

F igure  14, s t r o n g l y  sugges ts  t h a t  cleavage involv ing  b r i t t l e  f r a c t u r e  

produces a s u r f a c e  e l e c t r i c  charge d i s t r i b u t i o n  which depends mainly on bulk 

c r y s t a l l i n e  p r o p e r t i e s  r a t h e r  thar! the cleavage d i r e c t i o n .  Volume e l e c t r i c a l  

r e s i s t i v i t y  i s  t h e  main f a c t o r  i n  t h e  long t e r m  p e r s i s t a n c e  of t he  charge 

d i s t r i b u t i o n  i n  these  experiments.  

charge is s t r o n g l y  suggested by: 

cussed above (thought to  be s u r f a c e  phenomena) which reexpose volume charges 

t o  t h e  probe ( r e l e a s i n g  e l e c t r i c  f i e l d  l i n e s  i n t o  the  vacuum); and second, 

a f t e r  d i scharg ing  the 'secondary su r face  e f f e c t s  introduced by scrap ing  the  

s u r f a c e  of t he  c r y s t a l  wi th  the  probe (Figure 1 6 ) ,  t he  o r i g i n a l  charge 

c 

An immobile, volume d i s t r i b u t i o n  of 

f i r s t ,  t he  charge recovery e f f e c t s  d i s -  

d i s t r i b u t i o n  i s  recovered (Figure 19). 

In previous  r epor t s  t he  o r i g i n  of t h e  apparent  s u r f a c e  charge was a t t r i b u t e d  

# t o  complex e l e c t r i c a l  i n t e r a c t i o n s  between composition g r a d i e n t s ,  p o i n t  d e f e c t s ,  
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and d i s l o c a t i o n s .  

was found t h a t  p e r t h i t e  s t r u c t u r e s  were p r e s e n t ,  Figures  2,  3 and 4. 

For t h e  o r thoc la se  c r y s t a l s  used i n  Runs #l, #2 and f 3 ,  it  . 
These 

are small compared t o  t h e  expected c h a r a c t e r i s t i c  l eng th  f o r  space charge i n  

d i ' e l e c t r i c  c r y s t a l s .  

t h i s  case, would b e  expected t o  be  the r e s u l t  of g r a d i e n t s  i n  t h e  average 

Therefore t h e  i n t e r n a l  p o l a r i z a t i o n  f i e l d s  produced i n  

composition, Figure 5, 6 and 7. This h a s  been t o  a l a r g e  degree v e r i f i e d  by 

n o t i n g  t h a t  t h e  average d i s t r i b u t i o n  g r a d i e n t s  of t h e  potassium and s i l i c o n ,  

Figures  8 and 9 ,  i n  Run #l are al igned wi th  t h e  observed lobe  p a t t e r n  f o r  t h e  

charge. 

c r y s t a l l o g r a p h i c  axes. 

It should be  noted t h a t  both are o r i e n t e d  r e l a t i v e l y  c l o s e l y  t o  t h e  

This is bel ieved t o  be f o r t u i t o u s  i n  t h a t  t he  composi- 

t i o n  gradient-axes o r i e n t a t i o n  is a func t ion  s o l e l y  of c r y s t a l  growth whereas 

t h e  charge o r i e n t a t i o n  r e s u l t s  from t h e  i n t e r a c t i o n  between t h e  concen t r a t ion  

g r a d i e n t  charge d i s t r i b u t i o n  and the  d i e c t r i c  c o e f f i c i e n t  e l l i p s o i d  of low 

symmetry c r y s t a l s #  

The discharge process is  i n t e r e s t i n g  i n  t h a t  t h e  probe i n v a r i a b l y  goes p o s i t i v e .  

Th i s  would occur i f  t h e  probe t i p  c o l l e c t s  p o s i t i v e  i o n s  t o  n e u t r a l i z e  a 

nega t ive  image cha rge . a t  t h e  probe t i p .  Another p o s s i b i l i t y  is  t h a t  t h e  

obse rva t ion  t h a t  discharge,  when i t  can be  d i s t i n g u i s h e d ,  seems t o  occur 

p r e f e r e n t i a l l y  when t h e  probe i s \ i n  a region i n  which t h e  charge d e n s i t y  is 

changing r a p i d l y  with t h e  c r y s t a l  angle). 

4.0 FUTURE WORK 

4.1 Si l i ca t e -Meta l  Adhesion 

Work during t h e  next q u a r t e r  w i l l  c o n s i s t  of completing t h e  series of runs on 

aluminum 2024,  and proceeding to  other  metals. 

w i l l  c o n s i s t  of (1) mechanically abrading t h e  s u r f a c e  and con tac t ing  i t  w i t h  

The f i n a l  runs on t h e  aluminum 
- 
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a contaminated s i l i c a t e  s u r f a c e ,  and (2) mechanically abrading t h e  s u r f a c e  

and con tac t ing  i t  wi th  a f r e s h l y  cleaved s i l i ca te  su r face .  

4.2 E l e c t r o s t a t i c  Chargin; 

Upon t h e  terminat ion of Run 114 t h e  cleavage f a c e s  from Runs P2, 3 and 4 w i l l  

be  examined photomicrographically (before and a f t e r  d e f e c t  e t ch ing )  and w i t h  

t h e  e l e c t r o n  microprobe, t o  o b t a i n  t h e  d i s l o c a t i o n  and composition p r o f i l e s .  

These w i l l  be  compared to  t h e  charge d i s t r i b u t i o n s  as was done f o r  Run 81. 

Add i t iona l ly ,  o t h e r  s i l i ca t e  crystals w i l l  b e  s t u d i e d  i n  t h e  sane manner 

and inc reased  emphasis w i l l  be  placed upon determining t h e  p r e c f s e  mechanisms 

r e spons ib l e  f o r  t h e  charge discharge and charge recovery. 

Instrumentation-wise,  t h e  vacuum system w i l l  b e  rearranged t o  accommodate t h e  

new e lec t rome te r  probe which is  c u r r e n t l y  being f a b r i c a t e d .  Also, t he  p r e s e n t l y  

used Kei thley 610B electrometer  w i l l  b e  replaced by t h e  much more s e n s i t i v e  

640, arid a P h i l l i p s  capaci tance manometer w i l l  be  u t i l i z e d  so Lhar system 

p r e s s u r e  can be monitored up t o  atmospheric. 

4.3 E f f e c t s  of  Various Gases 

It has  been found t h a t  t h e  adhesion between f r e s h l y  formed s i l i c a t e  s u r f a c e s  

( a f t e r  touch con tac t )  is  due pr imari ly  i f  no t  e n t i r e l y  t o  e l e c t r o s t a t i c  

charging. S tud ie s  w i l l  begin s h o r t l y  t o  determine t h e  e f f e c t s  of va r ious  

gases  (such as H20, 02, and CO ) upon t h e  adhesion. Since t h e  adhesion f o r c e  2 

is a d i r e c t  func t ion  of s u r f a c e  charging t h e  e f f e c t s  of t h e  v a r i o u s  gases  upon 

it w i l l  be determined by monitoring t h e  e l e c t r o s t a t i c  charge. These s t u d i e s  

w i l l  provide information as < t o  which gas has t h e  g r e a t e s t  e f f e c t  i n  reducing 

adhesion,  as w e l l  as t h e  amount required.  
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