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sonian I n s t i t u ? i o n  Astrqilysic,31. Observatory i~ydrocjen lmser is s h w n  
I 7 .  2. The a r r m  . p i n t s  tn a d.-xrk brown discolored area. Xe have 
charac ter  izcd such E i l m ;  by usirly Auger u l e e t r o ~ l  spectrnrjcopy (,\EL;) 
w i t h  in-depth spu t t e r  i313 prof il in.3. This  paper will descr i k  our 
rcxent inec2surcxents ?ncl suin~nar izr? those obtained m r l  ic r  [ l ]  . 

EXP~:JZIP~P;J'TAI; 'TECIdN\TT:J~JES AND iESIJ:,'r!; 

Auger r?lcci.rol? spectroscopy is a :rxztho:l o f  sur fact-: ciieri~ical ana lys i s  
w h  ich is acco:u~pl ishwl i ~ y  energy analys is of the  e l ec t rons  e j e c t d  f,r~~~n, 
a saiq)le \uh i lu  it is l-xmk~arded with a n  e l ec t ron  beam [2] . The gencr(11 
cjrratlye~%?nk 3 E  the a p p a r a t l ~ s  (Pilys i c a l  z l e c t r o n i c s  T ndustr it?.;) is :;:?wn 
i n  Fig. 3 .  Samples ar:? ;~ laccd on il c a r r o ~ l s e l  t a r g e t  i ~ o l d e r  a r ~ l  bomil- 
3r3e3 r~ it11 ~ n o n o ~ ~ - i ~ r g e  t i.c (31ectrorls (3-5 k ~ )  from e i t h e r  of t he  ~ 3 1 e ~ t  r:3n 
guns. The  sa~q?'lc cinit.3 "Auycr t?lectr-orl-;" v~liosc energies  arc charac=tc?r- 
i s t i c  o f  the  atoins Eco;n which L'~ey idere e jec ted .  The 9uycr e l ec t rons  
a r e  de tcc ted  l>>7 th(2 elr2ct roil i n u l t  i p l  ier in the s inylc pass pyl indr ic;ll 
rflirror analyzpr and, a f t e r  ~I(?::tr:3rlic= proctrssiny, an Auger spectri~in i s  
displayc3:j f i r 1  ~3r1 X-Y rez;)r(3cr. Since the  Auyer e l r x t r o n s  which a re  
.5ictecte:^l coim? Cro(n tiie t(7p few 1ay::r:; (i. C. , depths o.f 19-20 Angstrr~mns) , 
YES is pr i:mr i l y  a c;urEace ar la ly t ica l  tschnique. TrlEormtion alm~.lt tl-le 
c:oiq~(~s it ion of the sa~nple a t  gr~a'cc-.r depths can 1% o'otaitled hy ion- 
n i l 1  in3 t he  surface  w i t 1 1  4ryon ion.; f ro~n the spi l t t f r  im gun a1:;o 
s\Icxvn in  F ig. 3. 

r)ur At:S :n?asurc?rnt?nts were ri~dd:? ,wit_!l a Physiccll Slectro~?ic:;  Tndustrit?.; 
c y l i l ~ d r i c a l  :nirr3r analyzer (:lode1 111-155) operatc-.3 a t  15 Yq in the  
der i.vative mjcle. r . , a ~ q ~ l . ~  ;;1:11:.3er w3; 31- i~3ntc.d so tile I x a n  f r;-I n tiie 
coax i a l  elect rorl j l ln  ~;tt-il::k tile d issoc  i a to r  glas,; <?t graz ing in(: iderlce 
t o  rninirnise z h a r ~ j  in.3 ~Elects,  The ult-.r.2l1 igh L T ~ C I I U I K I  s y ~ ; t e ~ n  ,war; ;juinpe,.3 
down t.3 ~ i ' i x l 0  -10 'Tor r- w ith:xlt: :hke:~u t Ix Eore 'k i:lg hack f i l  L I ? ~  w it11 
\ r  for  profili1-q di i3l  3 PHI mdel i14-161 sputter- ion gun oper?t:-.d a t  
2 KJ. An approx iln,~k,:? CAI i l3y 2t ii)n r - ) l l  t i l t ?  .;;)l~t tt?r-,? tc11 ra te  gas c>i>!;.ai:lc?d 
by prof i l  in3 T i f i l m s  of ic11;wn t'? icknzsr; depoa it cd Or1 g l a s s  : ;~~bs t r~~ tec ; .  

A t y ~ i c a l  AiGsspectrclin for d i s soc ia to r  'jlds:; i:; s h m n  i n  Fig. 4.  The 
de r iva t ive  of the  number of e l ec t rons  detectecl it7 each Auger pc?aic L I ~  
t he  analyzer is p l o t t e d  as a Functi.vn OF t i l l ?  Auger clcctr-on enet-yy. 
Ti112 vtirii)~~.s peaks have 'mon 1 a : ~ l c i l  .~ccor-tliny t o  their ci>rrr:spondin.j 
e l e ~ n ~ n t s .  A quarit i hi :  i vc  c:llernic;31 ; l : l a l y ~ i ~  1 n - 1 ~  tSlr?:~ !X oi~kainetd f:roln 
thesf? c.34 : x a k  he i.cjiltr; 13;7 a:3!31y itI'd d;)pr~l;>r idte e o r r f x t  ions. The 
elclwnta't. S P ~ S  itivif:y f x to r : ;  (3:  Palmbqrcj crt d l .  [ .3 ]  qbtai nt3d ;.vit : l  t'.ll-t 

c?lcctron ka:n ;.3t. 3 kl7 ( .ere (;c?1:.?:1 tc7 5 Id7 1.15 ing c(~rr . :c t  ion f a(-tors 
.nt:,3:.;:1rc?.J. ill our ,aijp~rat; . ls for  c?lc:n:rlt m . 3  T; i32 . The  r?lw Au:J--.r 
:~)r?.qi< i1~i:jh tq wCrp ~coc~:c-;,;::;~ LJ i t:ll Shese ::;:.n:; i t  i , ~ i k y  Er~c tc~rs  ,211d <_;u;n!,r? 1 
:)v(?r ,111 k : ~  2 plf?c113qtc; i ; ~  t'-i(r c ; ; j i ~ ~ p l , : ?  k::~ >L>i:d i 11 ::.'I,? ,3t:11nic E r+:L ioll VIE 
each clelwnl;. -:';I? 3 i :;,;,I:.: i.?ir.or ,jia:;s L J ; ~ : ;  Py r . 2 ~  VJ it;:) .2 nolniml ,:.)lq:.>s i- 
;: ian (<n01%) 13f 8 12 (; i.72 13% ? 2 ' ) 3 r  4:s / \ l? i21 an.3 2?, Til.7'13. 'J? was 
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oberved by Grant  and ?a?.; [ G I  . -letail:; of o.lr A~ryer .=,ix:ci,ra Eor t i le  
a1noc,7'r1c1us a113 : j r a : ~ i ~ i t  ir: Eorlns OF C: a r e  shoyn i.n ~ i g .  8 a l o q  w i t 5 1  t.he 
"carbid(: 'type" peak. NP dcrc th: ls  ablr? k~ 3isti[1;~,3uisll h ? t ~ p p n  t!l:? 
~~inarpllous 3rd c a r b i d e  farins QE ? 4s t i le Film-, ~ c r c  sputter e t c h e l .  

The atolnic Eract ion.; o f  C i n  t h e  c l e a r  ai~J dark:?rll? 3 :>or t i ~ n s  (3f i\lA?A- 
Goddard sa:nples  1 s d  2 are , ) lo t t ed  it1 7 ig. '3. 'T'he c a r b i d p  peaks ar:? 
:3es igrlateil by 501 iid t r ianyle:;. F i g u r ~  9 !r;ngges t:l; t h t  i1111. .;ur f acc?s oE 
the d i s s o c i a t o r  EaZ1 ink'? several c;3t@gor it?:;. The c l e a r  o u t s  itle 511 r- 
-fact? o f  salnple 2 incorpc~rake:: .very l i t t l 2  r: and no deti?ci:aSIe 7. T h i s  
surf  dce is r?.l:; i l y  ::131!1'2d 13E 2 by spuk t e r  ~?i:dl in(] ? r - d  ; x i l aves  i n  a ~ 3 1 7  

r; igiliidr k:-) t h a t  I,? a c l e a n  s~nclot!~ ~nic:rt,).;cope .;I iik. The l i q i l t l y  dr3r2- 
wed p o r t i o n  oE saiy?L(? l 11l:~-, 3 t h i n  d ~ n j r p i ~ o t l s  '2 l l a ~ e r  OII t i l t? !;11r face 
and a ger:;ir;tt?rlt high m ~ n c ~ ~ t r l l : r ~ ~ t i o n  OE c a r h i ~ k  ~un:lr?rn?atil i t .  A 
s ~ n a l l . e r  ..:jrlcentrat ion of T\l is ~ 1 ~ ~ 3  ~7t-(?+;r:rlt. The clear por t  ion c->E 
s a~y l ( ?  l unfler t h e  e l c c t r : x l s  h.:m %.i l a p r  of a r m r p i l c ~ ~ ~ s  (: arl:j U hi(:'-i 

cdn pt::'letl : j E E  f a i r  llr r83,uidly. TI?? very t h i c k  cy~ajutl? E i l ~ n  ;~rlaly2ed 
i n  t h ~  dr3ricen:d p o r t  i o n  of sanplt? 2 h - 3 ~  .1;n;7r~3hocls T: as it:; pr illc i:ml 
i .~n~>ur-i ty ? l o n ~  ,dit11 s,x~l?llr?r .3n3unts o S  i d .  It- d ~ e s  rlt3t. P~:C;I o f t  as 

t3a:; i l y  , and ha:; :;1.1:3s t a n t  i d 1  . 1 : n 3 1 ~ n t ~  of  ;: rem3 in ing  .ni: dr:p ths whert? 
k i l e  cle.3r p3r  i; io!ls srl: :JIJ i te c l e a n .  

A X 5  was alt;:-, ;>er ?c-)r;ned on t h e  dis:;n:: iai:i?r Eroin a .';init'.lsoniall Tl l ; t ? i l :~ l -  

t ion A ~ k r i ) ~ ~ ; l y s  ici~l ? l x ~ : r ~ t 3 k 0 r y  hydrogen ; ius?r dh icll lqa:3 :~pi?ra.tc?d 
i F,>r 3 ye,3rr; dt : l a r y l m d  Poi.nt. r h i s  d i s f j o c i t 3 t > r  pre~enk:?d 
,I var ieiy D? dpai11.1~ t3i:;:::>L~)r~:~ti~1~1'~ wllic!~ , ~ ~ i q h k  b:: d(?scr ikx?;j ,,IS k i :~ . ]  
~ n i  l k y ,  L icjh t brown, an.3 >.3ar:c !3r .wn. FZ f l i l : < . , 7  :~3r t ion of khe in:: ide  of 
k i l e  d i s ~ i o c i e i i s ~ ~ r  was ;3rl83l.lrze,-l .iryd :l~3111p,3rt:d i-:3 4 51rIrt iorl r3E tile il1.1tc; id(?,, 
Thc  ~!ws t o u t s t a n 3 i  rllj If~3i3:1r;? the andly:; is Na:; hr?,;~vy T O S ~  illy I ~ E  
a ~ n c ~ r p i ~ o ~ l s  i: 011 t h e  i l l , ;  idc. The r e s u l t , ;  c;?lown irl ? ij. 19 and 
.jene r c j l l j  ;?3r311r31 ll!-~ose OF ? ig. '3  . Wte t h a t  k l ~ e  f ilin ha'-; i ~ t ~ : l  
sp~ltr:;.? i--,? tc11~,11 i-i) a tnuc::~ g r  e-li::zr dep t'rl ar~rl appe.3 ri; ta 5;2 1.0i)0- 2900 
?rigs tr o:ns ki.1 ic:k . 

t l  3:3d i t  i:)!~ ti3 AX:? , .501ne : 3 ~ 4  i(:..ll, ,; t:.l,j i e ~  \~JS T:? 1&3:3$ D C  t i le  3is.;~>e iai-or 
f i lmy.  ~ p t  ic.31 :;pi:::il rd r:? :)l3tai!lr?d in  t!Ie .;(,-call Ze.3 " 4  int3cr~" reg ioo 

1 3 ; ) ~  gi;~';:; :;:1'3s i _~ ,3 t r?  i r l  t l ~  da7,7c??r:;qtll range Lxt_wee:? 300 :Inn ;~n;1 4 1-1. 
D p t  i c a l  st1.13 ies (-I? :\ll?A-l;03dar1:1 :l issoc i a t ~ r  s+-~vlr? 1 ill \risi511? 
r ' n  I 3 l TIU darlcz:l.:.d .j'la!;*j i:l :::lardcter i zed by a 
str;l::i:~lr~?l~?*;:; ,3:3:;:>rpti011 c3ilcjt? 1n:)rl:>i1:3nicdlly r i s i n g  from ;1 l(w :rilll~e 
i n  t',lp tle.lr i a f  rm3rt!c3 to a 'rl igil ~.311,1e i n  t he  u l  trauiolci;. The rt:!;:llt:; 
i n  tile vi:;i;.)lr3 c;i:ni'l.,3r 1:o t h e  ;1ro:3~3 i~.l::k!jt-;~~~nI c)Ssc?rv::d by ;lati:~-.r-,l 
, t  d l .  [Y] i n  tl?~. a)~lr-.;r: .I? :-If "- i~m;?lantai: i8.3ll exper  i:n:r~ti; ;I:, F ~ J S ~ L ~  
s 1 i 3 1 3  3 t L t- i 3 i 3 - 3 3  i t  E(3r iw'c ion (7E 4 cark111 € illn E r r ) ~ n  
( ) r , d a , ~ i c  4:0~ii:d!ni!l,3:1Ls. The >AS:; ig;~;lm?:~i: , ~ c  i:;~:? (d;2r?:?:-1im3 k(-) i2  (:drh)~I 
,3epos i t  is al.so ';I ~ p p c ~ r  i:r>;I t;le i)rc)Lot? i r r 3:j i dt i.0n wl~rk OF 7 rmzr .311d. 
ilapkp [ ! I ]  , :ph3 ;)r) ill;: ( 3 ~ 1 t  tiiat ?:I i . ~ ;  <-313-;:-1ri>t i o t ~  ikl\( 5$3 ;>.3rkl J ; % ~ t l  t:tj 

3 .  i :  i n  I : : i i I I . :doLJev(?r , tllz 
J o ~ a i ~ ~ ~ f i L  ~f Fe~i:. W~I~JILI set? 11 13- <:-f i l n  11s~ il.(It~:~. 

356 



;rn,-?rg.y t:-l;:ln t i 11 :  "-'I I;::[- ' 
' 

?,:.:.,I.II,.J ,;!.:I:~~:.IOII in ,.31\;,3"1,+,.; :):- ,iS!.;:?-~y<: (2:3:),J - 
3 0  3 1 .  i Y - I  i i 1 .  2 ' )  - 2 3 -  ) [lg] . 'Yhp band 
f a l l s  w i t h i n  t i l e  rsngc ~xpec t - cd  for hydrogen-Soildt(3 3-:I ;jrc,;lp-; S~.lt:: I c  

% 1 t m  s?iar;> in ~ : c > ~ ( l p ~ : i r . i ~ ; o 1  A I ~ ~ : . I  t.:.~e :;ro+lI ;3,<>~'?i\:.?':i. I(:  L ) ~ : ~ I I C ~  \)/!-,id) c!i?s~.ll!:,< 

r n  1 1  3 -  I i : I =  1 . 3 ;  I ; i3" 4 i. L IT; T:,i,o:.l 
: ~ < : C I I ~ ~ ~ I S  i i:. i 12 .>f ~JJ~:-?;I~I.; ,-:~i-<': .IT-(-?: : IF  3 L14 ,3;1~1 -\JiT3 ;!-l~b; 12,>(]:1 3t. 

. ~ \ > I I A ~ :  3 34:):::~- ' 25:; i : j w . j  t:.~,: i , i~ ;> '~ r  i t ;  'd-I 1 qLr-~i:::;~ i r ~ ~ j  vil-IT .j.t io~ [I L] 
5 LRC~?  k.+e (1 i r ; , x c :  idtt7r- f i11r1 (: jr)i:<q i :i :-I ig'81 2 ),1(:,:11i: 1- -3 :,: i:>11 :>f i)] , t : ~  L C ;  i,< 

ra ted   car::^.^^ - cL3i":~.)r.~ h ~ n d ?  L:) {-.'I? i:i'~,n, ,cb~ic:h lo,:i,j 'I;: ,.2(1 iiy1yr-i:(2r1t 

L Z ~ I I ~  r ~ L ~ I J  t io11 t') i k;-; ;3t10 to(:: .IIJ~: i: i v  i \:.q. 

UISClJSS I:.lN 

7 ' 1 ~  ~ 0 0 ~ ~ 1  i:*?~n;)~?r~:lL:~r~:? .I(: C ~ : ~ ~ I ~ - ~ I I C .  i vi 31; q 3  r i f ] : ~  1; <-?~)!) : - ; )~)r  i , j+  ~ 1 ~ , ~ ~ : ~ ~ -  i",3'L-: 
, - , . is q ivqn  i n  7 ~ ) 3 1 f l  I. I : t  i y  <.;(?:?,I !:,i3!. T . I ( >  A: ;:()r1tj1~(:t. i , 7 i k l  q~ : j r - ,3L j i l i k t?  -t %-I (.:lx1OL .I'?IJ -cin ) is ~n-l:;',,~ :.t:';; k ' l ~ : ~  i:',\.ji.. , ) F  :.:#A ( -(,yl,)-)) .l?gr;;.lr..?- 

k:hc? l z 3 t k ? r  ~ ~ 2 b 1 ( ? ~  om? : m y  c::~lc:~.~l;~{::~? !:'I!? cl,~.;; i::,17. ;:,; it) -]+;)[:;I i:.,> :Y+ 

p ,3t 103 ' J l i l ~ ,  ? i :~d  ,3 rr3t1-,,?r i?.iii:k f i l  n jqo,jl~j ix ~ - - J ~ . ~  iI-p;j ;:,:I 

3 . 1  f I i i r .  3ne ni,a]~t. -11.;:) q:,?,: t:l,2i: 

? large ir.y>ilr ii:y ~~;~otoc:onducl_ i v it_y ' , I .~L; Ir::?;l 3b:;qrv.p.j 3 i;: [ 141 , 
although no :; i n i  1 i 3 r  , - l q t k ~  art? I'J,I i 1,3:31f? COT iin;~(:rc ~:.3r1:~311, T ~ ~ I J S  ii: is 
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Lnoss iblc t h a t  t!l(? c~r ld l~c t  i v i  ty of the co~npos itclt E i l r n  on t h e  dissociator 
walls ii; higher t?mn i n d i c a t ~ d  in Table 1 under actual operating con- 
d i t ions  when i l luninateJ  hy the hydrr~gr:r~ glow c3isch3rge. Sn gencr,ll, 
however, it would appear that  very th ick f iZms would b~ requirf4  to 
effect ively exclude the  rE Eield. 

Either d i rec t  or catalyzed rcaction O F  the atomic hydrogen a t  tile film 
wm~ld result i n  decreased output from t i l e  dissociator as tile f i l m  is 
depos ited. The pr inc ipal  react ion proclue-t of d i  rect  react ion of ato.nic: 
hydrr>.j~r~ w i t h  car'IX,n is known t o  lx ?;d4 and it.; ra te  of react ion with 
nolccular H 2  is negligibly m a l l  below ~ O O @ C  [151. However, Xing and 
Wise [161 have found t h a t  the d i rec t  r e y t  ion i s  a minor yrocess i n  t71e 
cnrlmn-atoinic I~~rdroijen syste:n St:low 290 C and accounts for no I W K ~  t;mn 
0.5% of the  hydroj~rl  a ton  reinoval. A t  higher t e~pe rabme ,  the di rec t  
rrxtct ion incrl?ase:; bit ir, t;t ill inuch sinallerr than ca ta ly t ic  rea>lni3 i.11- 
? t  ix1 of t h e  hydrogen atow at  t h c t  cnr'mrl E i l r n .  I t  siio1.1ld iw pointed 
out t;~ai: i::~i-? 1 1 1 ~  p-(?ssurw under which tne ilis:r;ociators operatc ;?rlsarr? 
t h a t  rel3~~~inb i n a t  i.(m 3t the  all:; i; :n:~ch I.ilr33r tilan in the \rc>lrl~ne a?  tile 
gas it:$elf. 

'There is a great  var ia t ion in l i t e r a t u r e  values of tile hel:er1>~::rlc;.urls:3 
rr2c.si~bil1.3t i m  c-35: E it: i e n  t , d ~ f  i n d  a:; t t ie  Erract ion O F  atom:; :; t r  i'v, irllg 
t?lp SLIT C x : ?  tihat r?i=o.~ni~i t~e. The di:;c-,r,?~~anc i e:; i1:n:~ny vall~i?? Ear the 
s,.lfnc: ;mt_(-.r i , 2 l  r : ? s ~ ~ l . t  Frorn i3i f fererlce:; 111 tllerinal and ?rlsiait:3l ilistory 
I i I . r P a :  I 5 3 .  ~ i i  I t o . s~I.nm3 ry 13f value:; 

id) haw ixerr ohha iili":j iy var i . 3 ~ ~  dorl<rrs ir;-  g i ~ ? l  i n  Tah1.6. 7 1. 
1 r y : r i .  O E  m58U x 10 .€or Pyrex an:] ,>f 
~51000 x l(1-' for an ev,lporat:ed ? t il!n ;lave i r c n  ~bl:ained 'Iv li4:3 9,1:-1 

co\~orkcr:; [ l G j  [ I 7 1  . :lore rcici-ntly, va lues  o t  ~d'j-'jil) x lo-' have 
been ;-w,j:;:lr;?A E.)r clean Pyrex dn:3 rusp,3 !; i l  i(:a, :dh i1.e t; t:jd ie; 13f 

pyrogragi~ii:- ,an.:l e l~c t r ;x le  yraphitt? ',~,?,\tc: y i e l ~ j s d  va l~~e , - ,  fro:n 530~)- 
131)110 w Ill-' [ l ~ ]  . ~Chus,  a conl:.,ninai:irq ,3 2 f i n  lncin i~ ~.n; l i : i : i : :>l  t o  
increa:;r thr? r:F E it: ic:;~,:y of ~eco~nbin?i:i(~tl v i a  at:)n-wall ;:,>ll ision by 
3 t  lm:;t .I  ?.;li; .t:~r- (IF 3, and per':i+)s :by as ;nu?!? as ;I :?;:tor c>E 10-100. 

SQIW ~x)~:<;ii~.Le <,II.I~c:(.:~< oE t?f:+ whi(:h ;1~.1il~,1!~ ,jp or1 \:il~? h17dr0g(2t1 dis- 
<ac i"ator wc3l13< 2r? k:~<:  it?!; i ~ l l ~ e  1~ f t  hy ir1;3,1equ3tv i 11i k i a l  cleaning :>I! 
the g1;3:;.;, plnp o i l ,  173, COl or 11114 out.ga:t;sr?J fr3:n the walls ..lad 
0-r i r ~ : ~ ;  ar1:3 tht? bceaktlovn of e;)oxy ~::.iilr?rl'C it:,3 ;arlcji:itllsefllll-3. 
St~tpt; to mi!~i.lni:,:rrl \:he inFl~ellcc? of these sourc+-; w:~:lld ';t?i3in t3 LK? .I 

: ; ~ i l ~  i.hl~-: ?rrcd;li: i:m i rl 3rly i+iydrc>gen d i:;:;o,: i ,.ti:,>,- '1 3 :x ~uscd E:jr long 
per icxls oF t i w .  
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The au tho r s  thank 13. Peters a ~ : 3  9. :/c;sot. fur providing sanp le s  of used 
d i:;soc i a to  I- c h d ~ , ~ j f ?  rL ; ? r t ~  r, .~X;,~-',;:I::I:'~~.I r: d ';;>d(:v 71 i(3'1 'L <;t?qt.(? r ,:i;l\:j 7i:li 11' ) -  

soniali T :I? t i k . ,~k  ioo L-,trophys i c a l  (3b:;crvator-y hydrogen rrnsers, t:(?~;;?(.?t:- 

t ively.  i1.L. Gr iscoln ;ji-ovid~_.d t.he tiraw i :y  xsii(:i ;I . ;  2 i.j.1r': 1. 

2U9G ( l i d  7 7 )  . 
121 b'nr ti r:r-.vi,?a y i : i  :':.::. :L~,2rl:~, i ?  - : ? I - la r2~ter iza t io r l  . - . - . - - .. - . .. . of Soli.3 

Sur Eaces, (P1erl:l;n r)r .s.;, ';::rq ', '!jri, ! '3 741 , >: - - -- - .- .- - - - 
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L1.C. C(INDUC~'I'1 VIrI'Y OF 
VAKI CIlJS MA'llEltIALS 
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Material t r  in ohm- '  cm--I 1 

r=- --i 

Coppcra 6 x 10" I 

I 1 Silicon NitrideC i 2 x 1 0 - "  1 
I 

A m o r p h o u s  SiC ~ilrn" 1 ~ ~ ~ '  to lo-' 1 
1 SIC with 0.50: Nitrogen' 
Lp.. . . -. .. 

a "IInndbook of Chemistry and Physics - 64th Ed." 
(C. It. (:. P r ~ s s ,  C:lcvclnnd, 19731, p. F-155 

1). M. Morgan, Thin Solid Filrns 7 ,  313  ( 1971) 

c. A. V. Gritsenko pt. al., Microelectronics 5, 170 
(1 976) 

d. G. V. Runton, J. l'hys. 13 3,  2 3 2  ( 1970) 

r .  G. A. Slack and H. 1. Scace, 3. Chem. Phys. 42, 805 
(1965)  
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l'yrographite' 
Electrotie (.:raphiteF ' Silicun ('wt.t,idec 

- -- 

t i .  H. , I .  L\-oocl : ~ n d  H. Wise,. J .  Fhys. ('Iirm. (3;. I 0 1 9  
( I ! t t i ? )  

c.. A. B. I < i n ~  nni l  I T .  \t i\?, , I  I ' hy .  C'hrm. 67 ,  I  I {i:j 
[19(;;3) 



Fig. 3 
Fig. 4 
Fig. 5 

Fig. 7 

Fig. 11 

'iy. 12 

Sc l~e~rn t  i c O F  hydrogen disso::iator for  product ion of atonic: 
'iydrogun. 
Discolored .Ired of used Smit'?sonian Astrophysical Observatory 
d i ssoc ia tor .  
Apparatus for  Auger e l ec t ron  spectroscopy, 
Typical AZ,3 spectrum f o r  d i s soc ia to r  glass. 
X S  elemental nnalys i ;  35 a function of inaterial  rmnved for 
tile clear and darkened por t ions  of sample 1 (NASA-Goddard) . 
4ES ele:nent.31 ana lys i s  as a Zunct ion of  mater ia l  removed for  
the  c l e a r  (outs ide) and darkened p o r t  ions of s a q ~ l  e 2 
(UAS4-Godda rd) . 
Chemical bonding s h i f t s  expected for S i  Auger ~ e a k s  in various 
C O J ~ ~ ~ I J  ndc; . 
~ u g e r  :leaks fo r  graphi te  (amw?hous) and "carbidc type" C. 
Atomic t r ac t ion  of C as a func t io r~  of ~naterial reinoved fo r  the  
clear and daritened por t ions  O E  il4$1--Goddard samples 1 and 2. 
The s o l i d  t r i a n g l e s  indica te  a "carbide-like" peak. The c l e a r  
por t  ion of sanple 2 was analyzed on the  ou t s ide  for compari:;on. 
Atomic f r a c t i o n  of C a s  a function of ma tc r i s l  removed From 
the  inside (milky) and ou t s ide  por t ions  of a 7.4.0. dis-  
socia tor .  
Opt ica l  absorption of t h e  clear and darkened por t ions  of NASA- 
Goddard d i s soc ia to r  sample 1. 
P ~ r c e n t  transmission of c l e a r  ( I ) ,  dark b r w n  ( 2 )  and scraped 
dark brown ( 3 )  p o r t  ions of NASA-Godclard l isso:: i a t o r  ~;amplr 1 . 



SCHEMATIC OF HYDROGEN DlSSOCl ATOR 

I - r.f. Power Source 

HO ~ t o m s d  --1'' GLOW -::-- - 

DEPOSITION I I 
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- DISCHARGE 

' IMPLANTATION 
' 1  1 \ >  ,\ 

' k- HP Gas 

F i g .  1 D i s s o c i a t o r  f o r  p Y o d ~ : l c t  i o n  o f  a tomic  hyclr-ogc?n. 

F i g .  2 D i s c o l o r b c d  p o r t i o n  of S .  h.0. d i s s o c i a  t o r .  
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P i g .  3 Appara tus  f o r  Auger E l e c t r o n  S p e c t r o s c o p y .  
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Fig. 4 Typical AES spect rum af d i s s o c i a t o r  g l a s s .  
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F i g .  5 AES elemental a n a l y s i s  as a I u n c t i o n  of  m a t e r i a l  
removed f o r  the C : ~ C _ Z S  a n d  dal-lrened p o r t i o n s  of 
sample 1 (NASA-Goddn~d) . 



DISSOCIATOR GLASS DlSSOClATOR GLASS 
CLEAR. SAMPLE 2 

DARKENED, SAMPLE 2 
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50 100 150 

MATERIAL REMOVED (IN ANGSTROMS) MATERIAL REMOVED (IN ANGSTROMS) 

F i g .  6 AES elemental a n a l y s i s  a s  a f u n c t i o n  of m a t e r i a l  
removed f o r  t h e  clear ( o u t s i d e )  a n d  darbkened 
p o r t i o n s  of s ample  2 (NASA-Goddarhd). 
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Fig. 7 C:hemic:al bon(:ling s h i r t s  t o l -  S i .  
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F i g .  8 C Augerq p c i ~ k s  in g r a p h i t ?  a n d  s i l i v o r l  
c n x a b i d o .  
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SAMPLE 1 

.2 

\ ,\ ; ICARBIDEI I 
Z 

P 
9 .1  \ 
k Lo\ CLEAR 
z -- -- g 0 F 

-- 
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F i g .  9 C content vs depth for NASA-Goddard samples 1 and 2. 
Solid triangles indicate a "carbide-like1' pcak.  
Clear portion of sample 2 analyzed on -- outside. 

I 

DISSOCIATOR GLASS 

"0 500 1000 1500 2000 
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Fig. 10 C content vs d e p t h  for a S.A.O. dissociator. 
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F i g .  11 0pt ic :a l  a b s o r p t i o n  of t h e  c l e u l -  a n d  dnlnkcnrd 
pol - t ions  o i  NASA-Gocldard r l i s soc ia  to l a  sample  1, 

F i g .  1 2  Perc:cnt t r a n s m i s s i o n  of c l e a r  ( I ) ,  d a r k  brown ( 2 )  
a n d  scraped d a r k  brown ( 3 )  portjons of NASA-" 
Gocldard d i s s o c i a t o r  sample 3 .  




