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(N tROUU( 1LON

It has been reet>gri i i ed sin c e the early days of simieonductor device development that an

ex tern a l electri c held can base a major e l te e t  on the hehas io r ot a des lee I his led to the

work id ( ia r r e t t  and (~ratt a i i l  I t ) .  Kingston and Ne ustadter  12) .  1111(1 ot hers in the lR5U ’ s t in

t he theo r~ of t he senl ieonduett lr sur fa c e .  -l he use ot a ‘s tO , pass isa t io t i  aver has signif icant l y

re duced these prohlents due i i i  the e l t ee t s  of ex te rna l  lields . I l ow es er . l ields due to eharge~.

ss t hin th is  aver has e become 111 1 1 ref i ; i h i l it ~ eoneern in  modern Si t i es  ice technology .

\ 1( )‘s I - I  A are par t ie t i la r l  se ns i t i se  s in c e eharges w i th in  the (Inn ‘s iR layer used (5 ( 1( 1 —

(iRD -\ I h.is~ a f i r st  order e f f e c t  ii the t ies ice c ha r ae l er i s t i es  Vol tage applied Iii a I~ s

j unct ion tha t  i n t L ’ r s e c l s  the ‘ s i — S i R , inter lace resul ts in an e le c t r ic  1111 ( 1 in the ‘s iR , (‘ barges ul

the ‘siR , c hance th is  f ie ld  and c h a n g e  the unc t i o n  e l i a r a e t e r i s t i c s . I’Ia nar i n t e g r a t e d  c i rcu i t

tec hnology results iii ilisur Slu i letR Vi ls ot (h is t \p e - In t he case u I  bipolar t ilunsiste rs this Cli ii

at c u t  t h e  Current cain . t he f unet io n breakdown voltage and t h e  J unc t io n  leak age In the c isc

‘s it i ’s I I  I ‘s . c harges in the insulator a f fe c t  the thresho ld so t t a g e  ,nmd the t r a i ise i ind uctanee

is ss e li as the j u net ion eha rac ter is t  es ment ioiied above.

soL R (  FS FOR ( ‘ ( lAR GE IN (I F Sift , A R E  AS FOLl OWS:

I . \~, 
- hm.~

In 11R 5 Snow . Gro~e. Deal and Sab I3~ showed that Na ions moving through S it ) , w ere

a major cause of instabil i ty in devices wi th Sit) , passivating las er s  At the present time thi is

largeR under control h~ the use of ultra clean processing facil itie s to eliminate Na contamina-

t l i )fl.

_ _ _ _ _
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2. Positive ( ‘harge Reu,Iting From Radiation

It has hcct i known I i  sonic time that  radiation oh art l i us kinds iesu lts in the buildup of

pos i t i xe  c ha rge in the ‘siU, I hits sI is shii iw ii by /.a ininger (4)  ‘or e lectrons , h~ ( uhf ui is  and ‘ s i b

f o r  5 — i a - s  t 5 f , and h~ S i t u i s s , (;r~ x c -’ and l- it ,gerald for x — r , i x s  (6 )  Ii is generlil l’ understood

t hat r , u c - f i i l i ’ n  e t c - t i c s  e lec t ron—ho le  po rs  I lie e lectron s niose rcadil~ t hrough the ox ide s s i th  a

loss trappin~ pi ,ub, i h ih i t s  ‘s large percentage ot the holes oii the other filold are t rapped 55 Inch

resu lts ni .i net po s i t i se  c - ba rge I his p~~s i t i vc -’ c i i l i r g c-’ e ffect \5 ,is o r ig ina l  iii ci’ncerit in the

c- - ,ise l i t  dcx ices for  use in sp i ce  ens ironnients I loss - exe r  it r e n l l n n s  an important c o t i s i c - l e t , i i o n

in modern tee h t io l iugx  s ince  ‘. i r ions ty pes ol r,idiii i n  are used or the construct ion of c - he x icc - -s .

I )ne important cons ideration hi~is i ll do sx i th the annealing out of t his charge w i th  su bsequent

c- hex c - u ’ ~u iocess i t1 g steps Resul ts  will he g is en in  subsequent sec iu t in is  it t hus ru - p u r l  s f iosx nig

t hat sonic of th is  charge cli ii he readil~ e liminated by at i nc - a l in i g w t te rc -’as iit hc-’r c - f  f e e l s  res u l t i ng

t ro m radiat i on are persistent and are not readi ly reniovc-’d by annea lo ir’ -\ i t ii her mnipo r i l int

ci’ i isi de raii t ,r i  him is t t l  do x x i i  Ii the e f f e c t  of the des i c - c - ’ processing condit ions. St ud ies arc-

iui i c - le rssa~ concern ing the e f f e c t  i f  proces s—treatments  (in hole trapping. I he work of I) i’s1,ut m u

discussed in late r  sect ions of this report m i i d i e a tc -’s p o s i t s  c- c-’bim irgc -’ is located near t h u  in ter faces

and not in the hulk of the SiR ,. -\not her in terest ing result conc-’ern~ t he annihi lat ion of the

trappe d pos i t ive charge by electron current f 5 , R) Uho. s hi~~ s that the cros s sec t i on hor

c-’ leetr ( It t  capture hs holes depends on the nature of the inter face.  In additioti . i t h i s  been

obsers c - i l  in work that  w i l t  he described later that radiation also generates neutral traj is t hat

can bc- i i l l e c - I  by electron current .  I hese net t t r a l  t raps are c- lift cult to c-’ h ini inate by annealing

t ie , it me n i’.

— 7 —
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3. Positive ( ‘harge Generated by High Electric Fiehts

‘ s c - s  c- - c - a l authors base discussed the generation of pos i t ive charge in SiR as a result  oh the

llFiphic-’litiOIi t i f  high electric fields. ( I O V  cm) including DiStcfano inc-h Shatz kes ( I I ) . 22) .

Klein lund ‘solomon ( 1 2 ) .  aiid Shat ,kes and \s —Ron I 13) .  Ib is  e f f e c t  is important since

posit i S  c- c harge pill vs a major ru le in t lie e lec -’t n e  hreakdow ii process

)n c-’ i nterc -’st to g as pect co iic-’ert l x t he foc -’at ion of t he chili rg c -’ - Sh ut / kc-’s a nc- I -‘s 5 —  R iii I I 2 I

i i i tc rprct  t heir resul ts  based oii \1( ) ‘ s — (  ‘—V inc-- asure ilients linc -h high I tel c - l ( I  —V ) measurements .

as indicat i ng th a t  the p o s i t i s e  charge is loc-’a tec - h in the hulk oh the SiR , I)iM,iii,i has f i i t i r i c - f

us ing the photo l — \ tc c -’t ini qtie t hai the charge is not in the hulk i f  the SiO ,. I he rc- ’ m s ii i liii

t h e  di s c -  i c - p a n i c s  in resul t s  is pr imhah h~ c- hue to thc - f a c t  t h a t  S h lu t / kes h Oc - h - ‘s .  - Ron s s u i k  at I l t iCu -

c-’ h c c t r i c -’ f ield s t r en g ths  and l ) m ’ s l , u r i i  sx orks  at low h ic - ’ hc - I  s t rc -’ngt hs h i g h f ie k f  ii t c -’ as u ic -’n ic-’ ilt ’. ,urc--

pa r t i cu larl~ sc -’ i i s i t i s e  to  t h i c -’ hc - ’hi , is ior ( i f  IOc - hl l  hi gh s t r e s s  points . hut I)i\i ,irili ’s tec -’liiiiquc-

dc - pc - ti c- Is miii iii u Ic  ra mm c -’ bc- lihis or hi nc- I is not Sc -’ ns u t t v c  t i I these lugim stress e l f  c -

- \ m m o i f i c -’r intc- ’ res t ing  rc -’su l t  is the work of Solomon anc- h A i tk e n  for  nega t i s u - c . i t s  su i l t , i~ c - s

i nc - h ich i t i t i g tha t  the threshold un ite u o t t a g e  requirec - l to produce ;i C— ’s s ! i i b i  dec -’ rc - ’as es s t imth t l~

w ith c - I c - c r c - using ic - ’T Ii I )c -’rlitlire w hereas , the thresho ld s o I t , i m~e fo r  cu r r e n t  ru in .i s ~. .t~ dc cc e a s c - - s

rapidl~ for mh ec r e , i s i t i m ’  temperatures . l’his result is most l ikely c- lu c-’ to t he fact t hat the high

field I — \ c l i ar t c t  e r i s t  ic f or flc -’ghi t i x  c-’ gate sol tage is largely detc- ’rnitned h~ e ffc - ’ c t s hissH c -’ i ,i t c -’ c - t

s x i i f i  the A l—Si l t , in te r face 1111(1 the ( -V  sh i f t s  are hus s t ic iatec - l  w i th  thc - S ‘s i t ) , inter lace. I bc - sc -’

(uhservhitionls are inconsistent w ith  the model of Shat ,kes •snc-I .‘\x —R on I 13) s ince a spa ce

c-’h.i rgc -- 1°c- t ie d  in the hulk i f the insulator would he c-’x pected to have a comparable (althoug h

not identical )  e l f  c c l  on the electr ic f ields a t both int er faces

- ‘3- 
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f urther sx-ork is required to c - I h l r i lv  our uiidc-’ rsthirldiiig of the posit ive c-’ h . ircc -’ ge nerated h~-

high ele c t r ic -’ t ie l c - ls huh1 s5c -’ wi ll cont inue to place a major c-’illI)hlhisis ~in t his work due to the

im portance ( it ‘s iR hrc-’a kc- Iuw n iii the rel iabi l i ty of c - h e s ic -’c-’ s

4. Flecrronms and IIoIe.s I;.j ecf ed From the Si and l’rapped in the SiO ,

1- le c -’t rons .iiic- l holes c~iii g lt i i i  suf h ic -’ ient c-’ne igx his hi r es u l t u t  t h i c -’ c-’ lc - ’ c- ’ t r i c -  t i c - hIs IIIII)Iied iii

seniucon c-huu c -’tor des ices to sunt il(iunt the Si ‘s iR , ba rr ic -’r hi i i c - t flos s throu g h the u ix i c - I c -’ II .i pi rt i i in

of t hc-’se c- ’ hcctroi i s are trh ipped iii t hi c -’ t ix ic -le tt i c -’ii hi .phic-’e c-’ hih irgc- ’ is c-hex c- ’hi i pe c - l thi. it Ipp lIc - -s i i i

c-’ leetr ic f i e ld  to the semiconductor anc - h c-’ haiiges t t ic -’ c- Ic- -s ice e h, irhuc -- t e r i s i i c -’s . l hic -’ rc -’ hirc-’ tsx o

a s pe cts  to t his priubleni ; a study of the Si to SiR , c-’niisstuHi eurrc -’ nt for  s ,in ious c - he s ice s t r ue t t i t e s

aiid ton s hinti ) t ls operat ing v ol ta g c -’s , 110(1 a sitnf~ ui f t hic -~ c-’ lec tr ui i i  h Oc- I hole I ihuI)piiic c hhu rhic -’ l c - - i  s O c - s

i f  ‘s iR

Nic-’iihlilin . ( h et iherger . and Rerg lunc- l ( 14 )  tills c- misc - c- I ~un as •u Iluil c-’ lic-’ plasma iii ‘s i to i i ijc c-’t

e lec t rons  a nc-I holes into SiR , and his a result  has e uihserx cc- h t rapping e f f e c t s  iii the S i t ) , . I lie

main ac- Is hintage of their techni que is thc -’ re la t i s c -’I~ simp lc-’ s t ru c -’ turc -’ ( ‘ sit )‘s c-’ l i[ ) hi c -’ i t o r )  t tiat is

requirc c- h. Another advantage is the utiifuirni uric-I kiiuiwii c-’ur rc -’nt dc-’ns it~ that  f losx s thinuiugh thc -’

‘si t )  
- I hey suggest the importance of the water co ntent in thic-’ S i ) ) , iii c- lc -’ tc -’riiiiiiing t h e  trappii ig

c harac te r i s t i cs . l’his work has been further extended its disc -’usse d in hi paper by N icolh ian hind

Rerglund ( I S ) .  More recently Gdula ( l o )  has used the same techni que to stu ds the c-’f feei of

pr ( ic c -’ss ing cond itions on the electron trapping character ist ics of SiR ,.

c-os c - v  ( 17) .  Ning anc-h ‘m u ( I S ) .  and Young ( l~~) havc-’ used ~sl~~S I- I l structures to study

e lectron inbeet ion unto SiR , as a result of electrons acce lerated h’~ t he fuelc- 1 of a surface

depletion la ’se r  in p- ty pe Si, t hese results can he c- lescrihed using a Sehnttkv-e miss ioi i model

as s ugge sted h~ Ntng ( IS ) .  tI eorree uins ice flihic -IC for oxide sc hutte r ing (1 Ri Ibis indichites hi

\ laxwcl l - t tn l t iman like ener gy distrihtuion fur the hot electrons in thc-’ c- ’ ilc-’ii!\ rhlnge 2 n— 3 -

- -

~

--

~ 
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eV I’hc-’ .ic - hs . i i i i hugc -’s ( i f  us ing this s t r u c t u r e  hi re (t ic -’ known SiR , currc - ’ i it dens it s  and also the

known ‘si surface potent ia l .  Ning. Ushurn . and Yu 12 )  have used this structure to stuc - ly

e lectron t rh ipp illg of pos i t i x e  c-’ ti hi rgec-t ce nters in SiR , introc- luced by s a r iot is hiiinealing t rea t—

iitc -’ nts •ttic -h they ohserxe hi capt u rc-’ cross scc t tot i  of 3 x 10 1eni~.

hi, s s c - i i i  ( 2 1  1 l t i i c - t  I’c-’l’ipc-’r ( 2 2 )  hh is c -’ siu c -Iiec - I injection into SiR , from res ers e hihused PN

tuilctiuiils 101(1 t i , is c -’ obsc-’i s c - c -h tr .ippiiio Ic-s a result I rapping c- h uc -’ i c - i  c - I c - c - I r o n  iii j c -’cti uin t rum t he

c-’t ihiiiiic-’l region i i i  N c-’ lihiiiiic-’l Mi )‘s I I I ‘ s t i l l s  hc-’c-’n i ibs c - - rs  c - c -I by -\ hhhis hind I)oc-’ kc - ’ r t v  1 2 3 )  hi iic- h

h~ \o ic  ( 2 4 )  I hc-’sc -’ papc -’rs c-hiscu ss i l ic - - c- - f  fc -’ c-’t o f  t his t r app ing uti t h i c - ’ uip c - ’ r h i t i t ig c-’h hi i , i c - ’ i c -’ r i s t i c -- s

of I hic -’se c- hex icc --s

I bc- P,ipc-’rs c i te d c-’ Ic - ’ hi rt \ de il ions irhite thic -’ p r a c - t i c - , i l  iiii~ it i i t hu i iC c -’ mit c -’ lc -’etruiii lun d hiuul c -’

ni ject i ii i i  ant i trapping ,inc -h shto sy t l ic -’ iiiil) i ir tanc -’c-’ ol c-’o i is ic- Ic -’ r i i ig t hic - ’sc - ’ c-’l I c - c - i s  in c - I c - S i c - c - ’  dc-’s ig i is

I hic - ’ mhon c-’mp hhisi s oh oc-n progrhini is c-’ot ic -’ c-- rnc -’c- h w i th  ~t tut l i c -’s o h rht pp ii i~ ii) hu i l c -’s 1001

c-’ lc-’ctr o ns iti S i t )  t~ c- usc - ’ thc -’ Si 1i5 ,ilhoic -’ hc-’ tec hnique of Nic-’utt ihi i i , ( oc- ’t i hc-’rgc-’r , anc -I Rc- ’rg l h ui i c - h

14 )  hi nc - t  7 i ppar u iu s  si Inc -h i bills hiec -’n c-h ex c - - lope c- h that  c-’na hlcs us (Ii t h i k c -’ t hc-’ data h l iu tmin iat tc h i l l \

1111( 1 ,in,il~ ic- ’ t hc-’ rc-’sii lts L isn i i  c- ’ iunpti ie r pru g r i m s  to g t s c -’ trh ip c- Ie nsi t ic -’ s 101( 1 c - ross  sc - cOons . \~~c- ’

hu re using t w o  gc-’ nc - ’ ta l ipp r i ’ iehi c-’s f o r  t his sso rk

-\ St u c - Iies i c - f  ii ippuic ni - is a lunc -’t ton of proc-’c-’Ssi i ig eo itc-h i t i i i n s

I, sc-’ o h ion implantatiut i to 010 diis c- iil ipuit itic-’s hind studs the trhipping ihihit res u lts .

We hhu x c- ’ studied c- ’ lee tr i in t ripping in SiR , hit  room temperature 1111(1 a t  77 °K fur sh irious

processing eo nc-hiti uins Vs c- [inc-I less t rhippinum in ultra dry SiR ,. anc-h we f inc- I thc -’ puist IiXic - lhit ion

heat I reat mc- ’nt to he crucial ;  hoss c--s c-’r , t he optimum heat tre hit ments sc - c- ills to he c- I i f f e re nt fur

minimi/ ing room tem perature trapping his compared to trapping h It 77 0 K. W c - ’  ,ulsu find a

c-Ii l lcrent thickness c- Iepcndenee fur room tcnipcrature 1111(1 for 7 7 K  I’his work is being

assesse d hind wi l l  he reported in detail in t i-ic next repoi I

—5- 

--.- ---~~~~~~~ ‘- - - - -  5- . ‘ - .  ~ - — -  ~~~~~~~ --



_ _  _ _ _ _ _ _ _ _ _ _  _

Our work on hole trapp ing is just beginning , However , prelim inary res ults indicate that

the heat treatment for minimum hole trai2ping at rooni temperature is similar to the heat

t r ea tmen t  to minimize 77 °K electron trapping. In both of these eases , our resu lts indicate that

the trapping is associated wit h the Si-SiR , inter ihice , We will he using the photo I-V techni que

of DiMaria to ins esti gate this further ,

The work with io i  implanted impurities has been largely cuneernec- I with Al. Al sx a s

selected for our initial emphasis due to the published work c-hese rihing the use of Al for

radiation hardening and c-lue to the extens ive use of Al metallurgy. Previous wor k on electron

trapping in Al implanted SiR, has been c-lone by Johnson . Johnson . and l ampert 2 5 )  Iheir

results indicated that the trapping was due to displacement damage remaining after the (iR(Y ( ‘

annehuhing temperature they used, In our work , we used an annealing temperature of IR5R ( ’

wi th the hope of eliminating this damage , and this temperature cc -’ rtain ly did rec- Iuee the

trapp ing significantl y h owever , the observation tb-at the trapping ‘caries -as the (miplamamiun

energy) 2 instead uf (implantation energy) i as expected on the basis of the chhlrge centruid

effect suggests ( hhlt damage is still involved. We hhux e also measured the ee nt roic - I of the

trapped charge hind found agreenie tit with the cent roid of the implhinted ‘st as measured by

‘s IMS . hind reaso iiahl~ good agreement with the profile 1 using I S S thc -’ i i r v .  Fhe aet uhi l

profiles are broader than the theory predicts , We lire nuw extending this work to  other

implanted species

5. Sinicture of Thin SiO, Films

1-lectri c breakdown theory indicates an increase in the breakdown field strc -’ ngt l i for thin

Silt , f i t ms The use of thinner films in the gate region of MOS I - I - i ’ s result in technological

improvements , this would reduce the operating voltages which would also make it possible to

a lso reduce the thickness (if the thick-f ie lc - I  oxide. l’he result uf this would he to increase the

resolution (if some (if the photo—lithography steps , impr oxc- ’ ec- l ge coverage on t hick to thin

_ _ _ _ _  ---— - -‘- . ~~~~~~~~~-
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s teps , an d decrchi.se the high temperature processing time, Shorter times would reduce

unw antec - l diffusions , etc.

‘Ihe m~iin limitation in reducing the thickness of the gate SiR , is due to defects . Our

resu lts indicate hi reductton in these def e c-’t c- lens ities if the thin oxide is grown in an environ-

ment containing trace amounts of 11 ,1)

6. The EI~~tro~,k S1rs~ gure of SiO ,. Si Ge~ 0,. and Ge0, f r om Phot~~mi~ ion Sp~~tr~~copy.

‘l’hc important electronic properties of SiR , lire contro llec-h by the blind structure.  One

mehins f i r  increasin g our unc-lerst iunding of th nature (if the blind structure of SiR , is iii stL idV

the s~ stem ‘s i ( c-’ 1 
I) , as t he germaniuni content is varied . J’he results of th u s work gis c added

insights concerning the importance of the 0-1) bond length in determining the nature (if the

d c - n ec  hanc-I . I his is also interest fur mu se in fiber optics .

~ L ~1\1AR ~ OF IMPORt A~ I us~(:i S

I I he ph oto I - \ technique has been usc - c - h  to determine the location of the Pos it ive

charge in SiR , t hat results I rum exposure to rhidiation or from the application of large

e lectric t ic -’lds This  ch ,urge has been found in he located hit the Si-SiR , or the Al-SiR ,

int c -’rfhIees hind riot in the hulk of the SiR ,.

II It has been ohserx c- - c - h that  n eutral traps hire generated in SiR, as a resu lt of x - ra y  or

e lectron heani irradiation.

III -‘~l implanted into SiR - resu lts in hroac-Ier prof iles than prec -hicte c - I using I 5 S. theo, \

I hc enhh incc-’d electron t rapping resul t ing front ‘s t inip lhi l itation 5 ar ies as the

implaim thst imm c- ’ ) le rg\ 1

1’s l i n e  anlounits of II )) c- luring S i ) )  g rowth  rec - luec-’ d c - f e e t  c - lc -’nsi t ’ t ( a s  mehlsure d )1~~

c - I ,  ri brc -’ ,ikc - hi ,s i n) in th in hul i i is

- 7 —
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V Stud ies of the Si Ge 1 0, system indicate t hat the electronic structure of the valence

hand is primarily determined by the 0-0 bond lengt h,

(‘I
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TRAPPED HOLE LOCATION AND A N N I H I L A T I O N
IN SiO , FILMS ON Si

D, J. DiMaria , J M. Aitken , and Z. A. Weinberg

Positive charge has been introduced into the dry grown SiR , layer of MOS strcutures using

either 20 keV x-rays . 16.85 eV light or a high negative gate voltage. We have used the photo

I-V technique (1 , 2) to determine the location of this charge. In all cases , our ohser xatuo ns

indicate that this charge is located at or near the interfaces (�50 A from the interface ) and

not in the hulk of the SiO ,. This ohsc rvat ion is in direct conflict with models (if SiR , break-

down which rely ofl a sfationari’ trapped hole distribution in the hulk of the oxide Ihiver (3.  4) .

The location of the trapped charge in the oxide layer is determined by the change in the

phuitocurrent voltage characterist ics of both interfaces after irradiatic- in or high field stressing

I or charge located near just one interface (as is the case here), t he photo I-V characterist ic for

t he charged interface is distorted as compared to that fur the uncharged sample. I’he I)h(it0

I-\ character ist ic fur the other interface shows only a sli ght parallel shift with respect to that

fo r  t he uncharged sample, These measurements are discussed in detail in recent puhlteh itions

( I .  2 ) .

Trapped holes are predominantly distributed near the interface towards which they are

driven by t he field during irradiation . although sonic may he trapped near t he tither inte rface.

Most of the holes trapped nehir the Si-SiR , interface can he ann ihilated x er y easil y by electrons

injected from either the Si or the Al by internal photoemiss ion or by avalanche injection froni

t he Si ihis electron capture process has a coulomhic capture cross section (10 i 2 _ It) i c- cni2 ) a t

loss average fields ( < I MV ~ cm) which decreases rapidly at higher huserage fields (~~ 10 5cm 2

at ( MV cm).  Figure Ia shuws the effect on the photoeurrent fur posit ive gate bias (Si

Inj ect in g ),  before and af ter  irrac-hiation . and after hole annihilation with electrons. As sc-’ c-’ n in

this fi gure all the hules disirihuted near the Si-Sit ) , interface hire aninihilatcc- I except fur possihl~

some hi pprox imately hit the Si-SiR , inter face w hic -’h cannot he sc-’ nsc -’ c- h h~ the 1)11(1(11 I- V techni-

- in- 
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que (5) . Similarly. capac itance-voltage measurements show almost a comp lete recove rs of the

flat— hand voltage except for ~ —l V of surface states. However . most of the holes trapped

near the Al-Si R , interface are diff icult to remove under an ’ s type of electron injection. I’he

effect ive electron capture cross section for these trapped positiv e charge s dc-’ tm ’~mtned to lie less

than lO i4 cm 2 . assuming all detrapping mechanisms (photo , t hermal and field ) are negli gihle

during photocurrent injection. Figure lb shows the effect on the photocurrcnt for negative

gate bias (Al injecting) before and after irradiation, and after various attempts to annihilate

these trapped holes w ith photoinjected electrons from either interface with different field

conditions. As seen in this figure only a small fraction (~ 2 0 )  of the holes were annih ilated

hind the photo I-V c haracteristic never returned to its pre-irradiation state.
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FICU RE CAPTIONS

Figure !

Photo I-V character ist ic s fur 5-105 capacitors subjected to irradiation and then phutoinjec-

lion I lie upper Iigurc-’ ( a )  s l iu iws the change in characteri s t ic caused by charge induced t ieh i r

the ‘ sm-S iR , intcrf ;ucc -’ by irradiation under pos it is e bias ( 2 ( 1 KcV , 25 ma . I 3 miii . + ~i\.

l - lc -’ctr on is inje ctec - I hut a rate of — 6 s 10 1
~~.\~~c-~iti -‘ w hile the gate voltage was maintained ,u t t h e

fl it - hand volta ge (\ = ‘s~ ~
) hinr lihilatc this c ( t hu r g c -’ wi th in a pc-’ r ioc- l of 12 minutc -’ s In thc -’

loss er f igure ) h) the change in ehar ac tc -’ r t s i i c  c-’hhuuse c- l by charge inducec-l nehir the \I - SiR ,

i i i tc -’ r f , u c -’ c-’ by m rr hic - hih i t i or i  uric- her negative bias ( 2 ) )  Kc-’\ . 25 ma , 41) nu n , — IS \ )  I he rc -’ I . us ai i u in

i f  th i s  c-’Iuh uree t t nc - hc -’r sar i o us inj c -’c-- t i i in c-’onc -hit ioi is arc -’ c- lisplhivec - l .us fo l l ows

uipeni Irihing t e s - +2 ‘s s l ( (  ‘ s — c --ni 2 , 15 niinutcs

c - 1 i i s s c -’, +))\ - 
‘
~ + s i t )  \ -em , 2R minutes

-
~ 

05’ , 4- 3 ( i  s 1( 1 - ‘ s —c - n i  ‘
~, 2 ( 1 nl i i uutes

+ 55 , + 2 ii s I t )  \-cni , ‘s5 rninutc-’s

- (iS , — Ii It x I t )  ° -\ c - n i h , 554 i iu i nutc -’s
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(‘URRENT ANI) (‘ —V INSTABILITIES IN SlO , k I  IIICH FI ELD S

P. 5-1. Solomon and J. 51. Aitken

lBS TR~4 C T

Results have been obtained concerning the interrelation (if current and (‘ -V instabil i t ies in

5105 ca pacitors subjected to negative gate high fie lc- I pulsing. Rising current t ransients and

iiegat ise (‘ -S shifts both show thc- ’ formation of pos i t i se  c harge in the oxide . I Iowevcr , this

charge hippears to he situated c losc -’ to the electrodes rather than in the hulk of the oxide and

the teniperature dependence of the rate of charge accumulation near the electr o des is different

I i  ir the al umi nc-tm and silicon electrodes.

_ 1 11_ 
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In their s t c - i c - hi c -’s i i )  \ I- S0) ,-S i chiphue ilu irs sc - t hlc-’ c-’te d to high f ie l c - l  s t i c --ss i i ig i i i . i i u~ s s u i i k c -- r s ’

lihi’ic -’ ii hsc-’r’.e c - l s l i i lts t o  i ic - ’ g h u t , s c -  g a t c -’ s u i l t a g c -’s in t he c - a h i a c - i t . i i i c - c -  ss  s o lt h igc -’ ( ( ‘ - S  ) c - U r % e s

co rrc -’sp o nc-line to p u s t t i s e  char ge in the u i s i d c.  Rising cu r rc-’t l t  t rans ien ts  ba se  a lso hecit

obsc-’ r sc - ’c- h and gc-’ nc- ’rhullv f i h i s c -’ hc-’en interprete d i .i.S as an increase in I - u s c - I c - i  \ i i i u l l ic - in i  i i i p c - c- ion ’

duc-’ tu i  liiilc-’s rc-’nia initug h i t ter  itiip.ic-’t i( i l i i /hi t t o i i  iii tlic-’ ( ix ic - Ic-’ .

I here h is  heetu hi te n i t l c - ’ nc - \  in  tlic -’ I i t c - ’ r .utu re ’ to  c-’uiu plc-’ t lic- ’ iSt o pIic-’noiiieii~i t u i e c - t lic-’r and

postulate that a hulk pusit ise ch hu rgc -’ es is is which nit I c - t i - t i c - c - s  hiitli c - mi s s i i i i u  cm rc - - i t t s  f r u i n i  Ilic--

i luniitiuiii hiiic- l ( - S s h i f t s  iii pnuiporti uii 10 the c - h i s t a i i c -’c-’ o f  t h e  c-’ lihirt.h c- Ironi thc -’ rc--s pc - ’ e t isc - -

in ter )  .i~~e I hers ’ wu rc -- - Iiuissescr . some I .uc ts ss hielu rc-’f iute d this sinup lc - p i c t u r e . nuit ;ub l~

I S I - m o i i ~ t ic - inc -h th i n uiuc- Ier sui t huhi c -’ c- ’ u i i u c - I i t m u i n s  the posit s c- c - I t , u igc -’ . i L i s I t l c- t l ic -  euu rrc -’ni

i n c - i c -  usc -  c-’ ic - i ld r c - ’ sc -’rsihl~ bc- ,.‘ rc -’ ,Uc-’c - h i i  ic - ’ I ; u i , c - u I ic - i t  of t h ic -’ i i isu t h ui ( i r  si, h ic - ’ i c -’his iii t hc-’ santu.’

e\p c -’ri i i ic-’iu t t hic -’ ( - S sh i f t  c-’uuiu t inuhuIl~ incrc -’husc-’ d

2 I ) i s t , i i  i i ’ t is itl ,,h i i i t c - r nh l l  phiui t i i c -’ i i i t ssi uin , Ii.i~ s hii iss it t h u  t h c -’ c-’ I i , i r g c - c-’ ; u l j s i t t g  t i t i  ( ‘ - ‘s

s hi f t  is  eu i n i f i i ic -’u i i c - , u i  bc -’ si  - S i ) )  i i i tc - ’rfh icc -’ sc- t i c - re  i t  c- a i inot  u i i f l ucn c - i  t h e  c- ’c - ur rc -’nt

i n t u ’ c tc -’c - l f r i  nit t hic -’ C , i t c -’

I lie ,uhose f. i~~ts  pi umpte d tI le’ Prc-’sc-’ilt Invc -’st i i ,h.u ti ( in ,u tic - I in th is  co t i t ni c - n i t c -- u t i o i u  s c - c -’ sh i l l

sb iss t h u  t w o  independent nuechhouisnis c ’ c- is t f o r  proc - toeing ehhurgc-’ in the u~ ide hut h igh f ie lds ,

one producing ch,ir c-~e v. It ~Ii is t rhuppcd hit t h e  Si-SiR , in t c r f  h iec -’ t c -lc t ect c c - I  h\ ( ‘ - S shif i s )  anti t hc-’

uR hier at the -SI - S i ) )  t i i c - ’ r t , i c -~

I hc-’ s.ui i i pk- s ~i i i s i s t e u I  ii 3( 1 mil c- hiani t er 5RRR A t hi i c -’ k -S I c - hots c - sh ip u r a t c -’d from hi i c - ’ s i s i —

,urii c- heated tun c- .’ s t c - -n hoat on a 7 15 5 thick ‘s~t ) , film grow n oh hi <11)0> ( 1 .2 U — c - i n  I ) — t ~ Pc-’

s i licon substrate.  I lie’ ii~ idc-’ was griiwii a t 1 ( 1mb ) C in hillS i u X ~ Cc - it ,iniihic-’nt aiid a post-

t iic-’ t , u l t i i , i t i u i i t  ,ut unea l f 71 ) miii in lurnuuing g u s  ut 4 ((( ( ( c - c - c rc -’ usec - I. Mobi lt’ 5 ( ic - I t t iht i  i i i i i c - i, i i i r h i —

t o i ls  illc-’hisi ired uusu i ig t c - ’ ni h ier atur e hi ,us flic -’ ihlo ih c-s i c -  less t f t , i i i  ‘~ ‘, I( ( 
~ 

2
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‘5 double pulse technique c-c- as used (see ’ ic- I, S luir niore deth ui ls I ss -h ic rc-’h~ t he shinip le sc- his

pr est ressed hit a rc la t i sel ~ low field ui f Ii 5 MS c -n i  I -SI negat is ’e)  hind the ii  a hig h I ie ’kh

S 515 c iii ) pulsc-’ of the same polarity c-c- his hipp lied a f te r  which the saniple w~us rc-’ t c - i rn c -’c - I lii t lie

low f ie ld.  Currents s c - c -’re nionito red hit both f ic -’lc- Is hilts1 (‘~ ‘s c - t i ! 5 c -’s sc - c -- i c - - thikc - ’ i i he’hui rc-’ hind h u h i c -’r

eac h pulse sequence . I hic -’ e x p e r i m e n t  c-c- h is repe hite c - I at room uc - - m pe rat  urc - - (0 5  l~ ant I 77 lx

5’. c-’ ’ spc -’c-’ tet l. both i i c g , u t ms c- (
‘

- V sh ih ts ait c - I r ising c urrc - ’ nt ii i i is ic -’ i i is c-c- c i  e o hsc-’ rs cc - h at hii~ It

Iic -’ lc- Is . I lie re lh i t i s c -’ ratc -’s ot c-’ t i r rc -’O t nic-’ re, isC ,ii ic - h m f l c - ic- ’ .ise 01 ( ‘ ‘S s h i m h t  s c - u t h i  i i r imc - ’ inc-’rc -’ , is ec - I

c ’ s t r e’iiic-’I~ ra pid ly sc - i t lu  app l ied f ie l d  01 hi c - (c - ih is i—C\ p iiic-’nti ,i I inaniuer I hic - c-’urrc-’ iii c- he ns i t ~ is ,i lsui

stru ing func -’ t i u in i  uif f i c -’ l c - I huc -’e i i r&IOtg to ilic-’ I u s c -  let \ rslh ie in i rc - ’ ) . I t i i i i i .  I h oc - s i ‘ c - I , t hc-’ , i h i i s c -

ts c- o e f f e c t s  Ii ,ise c - S c - i l  s t r o ngc -’ r f iel d c - le pe nc - Ie i t e i c -’s . I li t’ .  resu l t , (or  t h i c -’ ec- i rrc- ’ t i t ,  is ni i g t e c - - nic- ’ni

ss itli ic-’1 5 -5 ’. is s huisc - iu iii the ii lsc -’ rt  uif I i i .  2 . t he’ c- c - i i rc -’nt c - hoc - s l i t  c-’u i n t niuc-’ t i I i t c - i c - . i s c -  ,it

lu nger times . inst e h ic - l it s ,iu urh u i ec -  hu ts1 e s c - n t c - u . i I i s  dc c re , is c - s  s lu i s c - lv  s t i t h i  t inic -’ I his bc- hi ts our

cu i c - u lc - h  hi,’ c- Ic - ic -’ to t h e ’ c-’unihi nc-’c-I e l i c i t s  ot recuini hmi ua iuii n ot t !  c-’ Ic-’c-’ t ron t rh i pp tn e  - l i t  c o nt r , u sm

to t lu is . is ‘.c-’ c- ’n in I- ic I , tilt’ (‘ —V s h i f t  increase ’s nionoto iu i i , i lh~ sc - i t ti t ime ’ .

I able’ I s c - ur nn ma r i /es t h e ’ tc -’m pc- ’ rhiture ’ c- hc -’ pc-’ f lc -hc -’ ncc -- oh t l ic -’ s o l t a g e  ,ui sc- b ii~ h thc -  ( ‘ - S s h i f t s  ii

current  m m i e i c - . i ’ . c - ’ .  b c - c - a n t e’ , ipphuic- ’i it . I lie’ thres ho ld s o l t age ’ f o r  c u r ren t  o iers - , isc - ’s c - hi ps ra pic - h lv

as t he temperature is Iosc - c- rec - I I hie’ th u res luulc - I su i l tage ’ or t I u c -’ t. . 5  s hif t  is clef nec-f is th ue

\ o l i h i g c -’ hit sc - hie h i 75 sluR is ohserve ’c - h in the Iirst ten s c - con c h s t i c -’ s s t ng pulse I f u is s oh i , u g c -  c -h ic -’c-

ru ui t c- Ic - pc - nd  s t r one ( \  on tc -’ nip c -’ rhut c - t r e’ . It sc- ms impo”.~ thlc -’ to niehis urc-’ t Ile’ t h resh uik h or (‘ - S s h i f t s

,u t  liqu id n i t rogen  t c -’ i i uper ; i t c - u rc -’ hc’chuuse ’ t he c-’u rrc -’nt rc - t i ih usc - ’ ,u\ c-c- us s t rong c-’ noc- igh to cau se ’

brea kd own  in hill the samp les t h a t  wc-’ rc mc-’asure c -l, hc-’ f i i rc -’ .umrv t r , u ec -’ of posit i se ch arging at the’

si licon i i ier ( i c - c -  sc - his observed . Ihe rh ute of ( ‘— S s hill wi th  t me’ is sc-’c-’fl to he t c -’m per a t t I rc -’

indc’penc-lent whereas the current i i ier ea sc -’ plue’iiiimena is s ir  int’ l’, c-’nhhunecd at the lower

t c -’m perhit ores . I lie di f ference s hire c-’ry stri king w hen I- igs I hind 2 ~ire c-’(iiit phired. l’he

iLh rec - me nt iii I i c  I . in the r ,u tc -’s of ( - S s hui ft  t i t  300 lx and I i)S °K is re’mhir ka hhc -’ e’onsi dc-’riiig

t he s i c - c - p  c - i  i l t ;ug c - ’ dc-’pc-’ndc-’ncc-’ of t hic - ’ c- I f  c-’et ( )n t h e  u t  he’r lianc - l , in hugrc-’ c-’nlc-’hit c - s i t li rc- ’ f .  S . t hc-’re

— i i --



are orders c- i f ni,ugiuitude ehuf lerenee in the rates of current increase ( I  (iS :5501) froni I- ig 2)

w hen going I roni room through eIr~ ice to liquid nitrogen temperature s

I bc- abc- is c- results ho w  c- l u hering teu iiperat ure and tinie dependetucue ’s hurlc -l ~ii fer strong

proof t h a t  the (‘ — 5 shi f ts hunch current ii lc -’ ic - ’ ,uscs arc t he result c-if tnde’pen dent iu i iec -’ssc -’s I ndee’ c - l

under sui ta ble e u inc - h i t i u i i is it is possible to gc-’ t (‘— 5 sh ih ts  w i thout  c-’ur reru t inerc - a s c - ’s (at room

teni perat ure ( or c - i c e - s  c - isa (at liquid uiitrogc-’ n te ’niiperhiture I - 1 h i s  su pports the statements in

the f i rst  paragrap h where the charge causing the i s c - t i  e f f e c t s  is c- - u i i i fi uiec- ! to t h e  in te r face

regions . In the c - asc -’ of radiation unduc-’e’d chihurge’, phiu it ui e ’ inission c - c - u i k by  .-Sit ke ’n et hu h ’ ~unc -l

hole trh unsport ilicasurcmc-’nts h~ h u g hes ’2 s imi lar ly Icc - h lii the ’ coiue l us mnu t  that  c i m , ur g e is t rapped

near t he in te r face ’s w ith little ren lhuu ii u iig in thii,’ hulk. It is poss ihtc -’ t h a t  c-’u rr c-’ iit ii lc - rc-’hisc-’s c iiutd

hi,’ ohthiuned without accomp a iuving (‘ — 5 c - h i l t s  ii t he c’ur rc -’ i i t  sc - , us lutg hl~ Ii i c -’a hiied in ur i c - - n t

f i laments . Ihc -’ re proc- Iueihihitv c - if  the current inere ’hus c -’s I m m  shum plc- ’ t o  saiiip le , u r g c - ie - ’~ ,ug hu inst

t his. Ihi is c - c-’ s c -’r . exper ime nu ts  arc plhunned to rc-’s iu l s c -’ t his puu ir i t .  It is important t c - i  note that

c harge hoca h i iat  tori nch(r the e lc -’ctr u ic - Ies oiu l~ gis c - c -  tr ic -lepc -’ ndenec bet c -s een  (‘ S slu t I ts  ,ii is l

current increas es f u r  unj eetu ui n froru i the gaic - - c le’ c tr c - ide. 1 iii thc -’ gat c -’ posit i c - c -’ hi chose corre la-

t i u s n  hetwc-’ei i  ox ide  current inC reas es hind (‘ - S shi f ts  should he obsers cc - b Such co rre lat i on bias

been observed in the past a n d  further ex pe ’ r mn ients hire underway to coni irni this

I hc-’ e x i s t ence  o f lw-u unic - Ie’ pc uic - len t ilieehhunisnis for the formation (If pos it is u. c-’hhirge at the

A l - S , ( t  ,inic -h S m -Si R , ii i ic -’r I .uee ’s unc- t er high fi elc - h negative gate pulsing bias hec-’n c-Iemonstrh uted.

Ibis opens a f ru i t fu l  hu rea of s ic - ic - hy as to thc-’ origin of these two  ef fec ts  hi fl c-l may enhhunce our

unc- lc rst. u i ic - I ing il the M( )S s y s tem and 1uissihl~ lead to inupros- c-’menits in field c h i c - - c t  t rh u his is iu i r

tec h n i Ii ic-h v

1 7 —
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ANNEAI .INC OF NEUTRAL. EI.E(’TRON TRAPS
IN IRRADIATED OXIDES

J . M. Ai tk cn , K. Pan, and 1) . R Young

,4 BS TRACT

Ihe generation c-if neutral trapping centers w i th  cr u is s- s c -’c im i i i i c -  in t he 10 c- ili~ — 1( 1 °en1~

ihuti gc-’ in aluminum hunch pol’i - s i l i e i imm gaic -’ chu phucut ors is shi iss ii to result front electron beam

irrhu di hut uu in of thc -’c- e chupacit o rs . I - nl ikc -’ pos i t ive ly  charged ce i i t c - - rs  atid sur f hu ec -’ S t h u t c -’s tuitruduced

hc- s u ch a t reatment , t hese cenute rs are not red uced t ( m their p r e — t r r a h i h m n  miii cc - c - I c -  h~ annc-’ hu ls at

41 ((( (‘ in fornuing gas In fact , little change in the pos t—urrac - h iat io n trhupp ing e’ f f ic ie iucv is rioted

for forming gas anneals up to 5R0 °(’ for extended times.

-I

---

~

-—-- ~~~~~~~~~~~~~ 
- ---~~- --~~~~~~~

, --~~ 



-~~~~~~~~~~~~~~~~~~~~~~~
--

~~~-~-~~~~~~~~~

I)hunt ,ugc-’ c hic - ic -cc -I by ioulm/uu ig rhic-liat ion Se’ S c - r e l y  limits tile rc - I i h u h ih i t \  i l  51( )S iie lc - l—s - f Ic - - ct

dc’s i ces ‘ s i c - t a 1  - ( ) s uc - I e — Seni m u,’sinductor d c - s  ‘,‘ c-’s e’x po’ ,c-’c - h to r h uc - huhut in i n uif t h is t ’ , pc -’ c - xbu ih i t

u i i~ i~ .isc-’c-l Ic c - c -’) ’. ~ p~ s i t i s c -’ c- - hhurgc-’ in t he oxide and au u ne rc - - h u s ec - h s urfaec -’ s ta te ’ densi t y . 1 In

hic- ldit ioul tui t b ie ’sc-’ c-’ f f ects . w huc-’h are uhs’uous f rom a simple ( ‘ — 5 - measurc -’niient ( t h u hi caphueiniir ii

from a c-’m i nc - Iue’ t ,uncc -’ niehu sure ’nieiit in an I I I s t ruc tu re , a si gri u l ic - hunt number tub ne’ut rhu l tm hupptn lg

c c - l i t e r s  hurc -’ nu utr o dc- iec-’d by uuuuinuig rac - hi .i t i ( i u i m lii nb c -’ mu xtdc-’ las t - i 2 A lt l iuuc - t ghi it buhus hec-’ iu show uu

t l t ,ut  the posit s e c-’harge inc - h the sar I  ac - c -’ s thu te s  ut i t ro ducc-’d into alc - tnii niu nt gate c- Ic -- s  icc ’s by

u i un i u/ t ng ra di hutu ol l anneal s lut ii t c -’niper hut um .~-s hc - i i ic - c -  4 (( ( ) C nun work h-ac- been pc’ r tt i r i uec l to

stu d y t he hu ilnlc-’hi ht llg he buhu s ior of dh u nu, i g c - - assucihu ned c-c- oh nd’utrh u l trhupping cen te rs . I i t s

questio n us , m c - f ci i  c- ’ ssc -’c -h buerc - ’ M( )S e. uphmc ito r s t ruc tu res  b iav e ’ been suih j c -’ c t c - ’ c -l tu i a rhunge of

c- lo’ .agc-’s of 25 keS c I te  oils , annehu lec - l hit ariu)uis t i m c -’s an d temperatures and then suhjec -’tc d to

a c-’urrenl i of buot electro ns tnj c -’ ctec - J from t hc-’ su hstratc -’ to Po PUlate ~ur u~ resi dual uuc -’ utra l trapping

s i lt ’s In c-- nera l. it c-s ,us fiiunc-h thhit tiu c rc- ’ su c - lual c- lanuhugc ,us s t i c - ia t e c - I  w i th  nc-’ ut ra l tr~m ps c-hoc- s not

u i l i i c -’h i l  si ut hit tc i i ipc- ’ ratures up tmi 5 ) (( I (’ and than the c-le’ nu su iy of t hese t raps  iflci’c-’ hm s c -’s wi th

t ncrc -’ hus i i t t’  dox ,igc -’

Rc-’ c hm use’ uieutra l trh Ips hurc-’ e ss c - ’niihu lly uulch hurgcc - h the y  hire e’xp ected to has c- a small

(< 10 i’c-.nl2 ) ca pture er i i ss- se c i , i i iu  I heir presenice iru the i,xicIc Ia~ e’r m u f un irrac - h iated 5105

c h up h ie utm ) rs  has been repu m nc-’c -l by v huru ous huuthors ‘\ t t ken and ~ iuunig 2 ha’ c- shown incrc - ’hu s c - - m b

de u i x mt r  i f  nc-’utrhi l trhup s iii ‘sIt >‘s ehupac -’ itors su hjc -’ cted to  \ — r h u y  i rrh id ihut i ( iu l

S Ic- initnunu gate capac i tors  used ri thus c - i uc - hy cc - insisted of hi circular alurninuni c’leet roc - Ie 3 ‘
mm lx in dthuni ctc -’ r anc- l 5 ( ( t ( ( I  ‘5 th ick es h upomated onto hi 500 -S th ick S mtI , film on a 0. lU —c - n i

p - i s  Pc- (1 )1 ) 1 )  s i l icon suhh st r hu t c -’ Ihue film was grown in c- iry ii , hit I 000 0 ( During the course of

irra diation , in iieh, Iiiug hiiic-h niue,usureriie nt . t his st ruet c- urc -’ c-s as l e f t  i u i thuet - ihe’ sam pie’s rc-’ce ivc -’d hi

4 ) mR °(’ pu ) s t — nie ’ t h u l hunnehil for ~t ) niintute ’c- . Ii hi fuirn iiiug g~us am bient ( ( ( ( ‘ I I  N,. 10’’ I I , ) h iRer

r.f a luni unuru~ es ,up i r ; mtu i i n  h’iil y — s i l m c - u u i m  g h i i c - - c - a pa c -- ,i t t s  we re  d iv—grown m inc - ler similar c-’unc- h i —

tio ns on sunii ltu r suhstrat c - ’  ri i ,u ic ru , u l  h oc-c -c ’ s s r . u f ter  oxide growth a 3500 -S kuy i,’i of p i u l s—si l ic o n

‘- “3-
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lADLE I

DOS A (j I A N NEA l .  (i~~(0))
( Coul-cm 2 IIIS ’ IORY

1 3  x lO t’

I x hO 4141) ‘ C, 30 mini I .7 ‘‘

2.5 ” 400c- - (’ 30 nnin 2 .3 ”

5.0’’ 400 c -c - (’ , 30 mm 2 X

7 5
c - c -  4t )O < (’ , 30 mm 3 2 ”

ho c - c - 400°C. 30 mm 3 l~”

ho c- I t)  4t)o c- c - (’ , 30 mm 3.1

500 °C. II) m m

7.5 x II) 400 ( . 30 nun 3 I ’’

500 °(’. 30 mini

T A B L E  II

Gate I)osage
Material I (‘oc-u l—cm -

Al  1 . 3  x 10 ”

Al 3. M x I t ) ’

I’ui ly -s i  .2 x It ) c- c-

Pm t hy -s i  1)) ‘~ 3 _ S  c- 10

_ c- 7 f l _
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I x I O 4 cou I/cm 2
I ‘,<

~
‘ — — 7 .5x IO 5 cou l/c m2

~ — - — S x I O 5cou I/c m 2
~
— O.?5 —f -- --2 .5xI O 5 couI /c m2

I I x IO 5 couI/ c m2
r 0x 10 5 co ul/c m 2

0 __ I ~~~~~~~~~~~~~ i I
0 4000 8000 12000

TIME (sec )
I u gc - u rc -- I Shuul t  in the’ t I ,u t  —bh i nd sut l t , u c - : c - u I  c - uhc -miuiir iui nu c a t , ’ c - . i p . u e n n c - m i  5 as hi fun ie t ron i  of t ime

c- luu ni nii ,n c - us , i b , un i c - - hc- ’ i npc -’c’ imo t l  mm m s ’ u urre ’ ui t  i c - I  2 c- I t )  -\ l hc - ’s c -- c- , iphid - t u c -  ins s c - c r c -’

stih jc-’c - ic -’c - b I c - i  ilic-’ n i c - I i c -  hl tc -’ th c-’ c - I uosul r c -’s c - i l  c-’ — he’ c - umt i i i  m , t c - h u , u u u c - c - m u  .u iic - b t hic-’ ri . iunr ic - ’ a I c - ’ c - h

bin c- li r t t u i i t m t c - ’s a t m l i i i ( ‘ ni a Ii m iming  thi s i ’l l) - N - l i t ’ ’ , ,  I I - I c- uu i i hm e’nt



1 .5 ANNEA L 400°C, 30m m , 90°/a N2 , 10% H2
IRRAD I0 4 cou I~ crn2 ; 25keV

- 
I~~2xI0 7 A

~‘1.0 —

- pOL~ ~~~~~~~~~

0.5 — 
~~~~~~

POLY AS-GROWN

~~~~~~~~~~~ 
I I  I i l i l

0 1000 3000 5000
t (sec )

Curs ’ 2 Cuniparisoni c - if the trapping hc ’hani or of piil~ - suh uc - tmn i t ’ m t c -’ .i i n c - i ,ul unn tnunii ni ,m u c - -

ca phu c-’ utu ) rs wiuic-’h w c-’r c-- sub jected i c - i  usi e ’ n t n c , mi  r n t , m c - t n , i u m c - i r r  ( i t )  c-
c - u u i i l c - i l i  ) c - inc - h

. mr mn nc - n ling I 10) 11 ( -

‘ Ic - i t  th in g gas . 3)) ti t iru ) tnc - - h utnuc - ’ n f s  I lie t I c - i t  - t ’ h uiic - h sb i r f  i us

t i c - c - t i c - t I  as ~i f u n c t i o n  iii tun ic ’ liii .ini rn~c -- c- t uoh i  e’urr c’nt u I  2 s I i
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FI.t” (” i ’RON ‘I’RAPPIN ; IN Si0 2 AS A R E S U L t OF AL IMPI. AN ’I A I’ION

I) . K. Younig. W . K. h unter , I), J. I)hMhurm a , (‘ . M. Seu’rhin o

I. IN’I’ROfl Ll(” I’ ION

Ihc c-’f f e c -’t c- i f A l ihilplhuntatioul (in thic -’ e lee’tron tra ppin g hc-’hhus’ nc- i r of Sit ) 2 has been studied

by Johnsc- ini, Johnson ansI I .hmnnpc’rt ( I )  usmng M( ).S structur es . t hey ut’c- c- ’d a f lue’nc-’c’ of 1 x I t ) ’4

hut cnuu 2 at 2(1 kc -’\ w i th  hi SiO , thickness (if 1 400 A th is  work iuidicatech that most oh the tra ils

sc - c r c  c- Ic- it’ to c- Iisplhueehiienit damage. Ihe nii~ux iui iu n n hu n ni c-’a I i rug tcnil’ucrh ut tire sc- his (tIlt ) ( ‘ In a

rece n t talk given by I) . R. ~
c- c- iung ( 2 )  ssinie’ data w ere prese’nted s howmu t g that auu nea linu g

ic-’uii lic-’ rhtt ures up to I OSt ) ( result in .u ‘c- u hsthunt ia l rc-’c huct ioni ni the trhipping rate. It c-c- his hopc-’c - l

t hhut these high len t perhut c - tre aniue’ c- u ls woul d cl mni lnhule the disp lhicd’nleuit ebama ge and enable us tui

s tc - i c -l~ t he trapping assuc ihitedt c-s ith the c-S I s i tes We hase also c- hunicdl the’ S i t) , thickness fnt inu

49)) to 14 1)0) .5 and the itllplanl t hm tm onu c-’ne’rgs fronui IS keS tc - i 4t) kc-’\ - i’he location of the

trh l pped charge h u c - us been studie d on the sample samp les by 1)iMhiria . Ymic - i uug. II uniter hiuldi

Serrhino usmn g t he phot um I -S techni que hunch these results are g isc n in a later seetmon.

II. FXPERI MFN I s

4. Sample Preparation

Silicon p-tYpe whu fers ir e used wit h ,u rc -’s u stu s i t y  of 0. I to 0.2 ohm—cm . 1 he SiO , us gruw - n

hut 11 ) 1 ) ) )  ( ‘ 
~it hi c - hrv u ic - v c - ne’ n ens irunrne’nt . the samples are ic- in imp lhmnted and then cleaned. c-S

heat treatment of I 05O °(’ fur 3t ) minutes is used. As soc - m it his possible’ af tc -’r t hc-’ heat t r e a t—

n ient , -S I n ie th ull ur gv is applied in t he form of dots , O~O cm , in d iameter, by ec- - apc - irat i un

Im u b bow - ed bc- hi puis l methi lli/hituon anneh mli ng trc - ’atment (11 lOt) c- ’ (’ for 30 niinute s in N2 .

8. ~~~~~~~~~ Te~~nique

I ti c-’ c-’lectm on current us induced in the Smo , using ava lhunche inject ioni from the Si (3 . 4 ) -  .5

feec - bhaek circuit us stse s i be tween the output c- if the e leetrometc -’r ansi the 500 khi square sc- h m c - c-
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Introduciwn

The thermal oxidation of sing le’ crystal silicon at high temperatures (~ 00)- 11 )00°C) in pure

dry 0, has been found to he represented adequately by a linear-parabolic film growth model

(1) , with c-in accuracy better t han 10) percent , so long as the data f i t ted includes film thickness -

es greater than a minimum value (d
~1 ) of about 200A. hi However , for oxidations in Il l)

containing ambients ( ‘t ,4), the minimum thickness value , d11, Ic - u he’ included for a good f i t  to

the linear-parabolic model, decreases w ith i nc rch lsmng 11,0 content of the oxidii.ing ambient.

An examination c- i f the’ reg ime of th ick nie’ssc - ’s less than d0. c- b u sss Ihhmt this thin Sill , reg ion us

characteri ied hr a faster rate of oxidation than us c - mniti c ipa tesl tr c - inu the ’ rate ’ eu unus thu nts f c - ur the

linear “- uhiu l l c reginie (1 - 5 ) .  One report ( 5 )  describes thi s regoun by another hinear-parhm ln ulue

equat ion is huh ,’ other hmu t hc - )rs (6 ,7) assume it is the ’ linear part c - u t  the Iine’ hmr — p c - m rh i h i u l me rate ’ Ic-u w .

i’he former a n ia l y s i s  (S ) c-hoes not consider the ’ puu c -sn hhe er ic - mr u s c - c -  c -c m , m t c c - b  c-c- u t t u  assuniiunn g a

linear—parabolic initial regime hind the latter ,muthu i rs hav e i nu sc - u b f uc te ’nt d a n a  t u m  c- ina ly ic-’ Im ur t he’

determination of a best fit. I’he present study is cumneernc-’c-l with c - m i  ex . m n ulnih i t i u u r i  i c - f  the initial

regime c- if oxidation (Si0 , film t h i c k n e s s e s  <d iii c- Ic -’tc - ’ r rnlnc c-s hy th ,’ t n n t n c - u I  regime I i i  c- iry I)

oxidation displays a more rapid oxidation mechanism while ic- mr I I I)  oxidation c-b II . c- m el the

oxidation data follows the linear parabolic model throughout.

In the present study, it was found that there was a decided difference hetc-s e’en the

linearity of the data for dry 0, oxidation and oxidation in a 11,0 containing ambient for Sit ) ,

films up to 200 A thickness. The dry 0, data were more linear The Iinear - pc- mra hohuc model

(1 )  can he summarized by the integrated rate equation:

t -t  = (d-d )
c - c - A c - c - A 

PAR

where t and d are the time of oxidation and Si02 film t hickness respectivel y t and d rc-’prc-’sent

the upper hound of the initial oxidation regime wh uch does nc- it conform tuu luncc-a r-paraholue

kinetics and k
~ ~ 

and k I,AR are the linear and parabolic rate eonistc -mnt s re s pce t uc - e lv  In this

model, linear kinetics are the result of a surface control led reaction while parabolic kinetics



ele’ui imm nst ra te t i u c - u  the c-uxudh m ti on is difiusuo~m e’c-nitrolled . Ihis e ’xpc ruru ic -’ nta l linc - lj ng sc - mg gc -’ ste’ c- h

t l ic - it wet grs)sc- nn ‘ m u )) films c- ire’ nut ore p r o t e c t  us , ’ . I) ie ’le’e’ t r ne ’ breakdown iiist uugrai uus suppuur i tI ne ’

con te nt ic - un that I S( Ic - \ we’ t gru iss ut Sit) f i th i lc-c- hic-i~~ less s l ef cc ts thh mn filhiis grc- iwn in dry I) 
- - I hese

resu lts can t  he c-’x p lc - mun ed if mucr o pc - ures e \ m s t c -’d m i  the Si t )  - f i lms. I - i c - i  the purpc -use c - il uihse ’rv inui

niucrc -u pc- irc-’s m i  t ile’ films , ra ns n n uss uc - unu c lcetr uu, i numueru  u c - e m u t i c -, I I i ’  N-I ) studie s sc-c - c - i, ’ pc- rh s iruuuc - ’c - h

I: v~’~ Piiu ’it lull I’ruu m t’dm~ruc-u

.‘c-’iu / m sr r c - Iru Ic-ru ’pul rul(u(iir ulFi u I ()c-,c-Iuiiuum

I hue’ u m s u c - la t t u i n c-’xperin uc-’nu ns is- crc perf uurnie ’el using an huu t c - i nih mtu i c) c -’ lhips umnu c - ,’ ten ehc - pahlc-’ c- i f

mc-’c - ms u r inug the ‘ mul l , h ilnu thiic’kne’.’c-s r i—s itu ciur inut c - i ’c nsb , m uuun Ihe’ nnnstr unie ’nit usc - - il fuur this stu d y

bc- is he’,’nu c- hess ’ri hec-i in c - le tc - m u l  e l sewhere ’ I I I 1c - m c - n c -  , m I I c -  the ’ e i l ips c - un uc -’ t c -’r uisc - ’s c- u ic - user ligh t su ture ,’ ,

p uml c - ur ui e’r , s’i m uui pc -’n ishu t c - u r , and a ru ) ta t un u g ana I~’,e’ r — ,’ nu e c - i c -Ic’r Ihe ’ I u mi l ut  un lt cnsi ty nue’c-usurcnient afte ’ r

t hc-’ c - i u uc - u ly icr us a utuun uc - m tc d . I ic-’ e lh i psmi nuieu rc - n n ue ’ c - us c - ureme n uts hire’ niuas hc-’ wit h the ’ c-am ple con—

n c - m i n t ed iii , m lu c-c - ’ c - h  s ihn c -’ ,u r f —he ’atm i cl i c - c - i c - t i c - l u  tube ’ I be’re fc - c - re’ , 1 us uc - us s u bl e ’  to s u u h l e ’c - t c- inc- I a n a t y , c -’

e’ l l t psc - unuc -’ t nu c s l atc - m c- ic - the S i )) , f m hn u u g i i c - s c - s c-c- m t h c - m c - m t  i nt e n iupt ing the ’ c - c - c - u c - b h i t t o n i  run. I he c - uptu c -’c-m l

ec - u n isn amn ns c- - l uc - u r .m c - t c -’ r t s tue  c-if the’ Si surf c - is’,’ c - ms c - u fu nie’ tuc - in i  c- il tc - ’nip e rc - lturc - ’  c-s c - r e’ pre’ c- iously nnI,’,ms—

c - mr e el IS )

-511 \u hc - t r .u tc -’’c- w e’re < 100> oriented c lien i— uiiee’ha uu icc - u It y Pc-dished sn l ie’ouu c- x a ls’ rs mec-usc- iring

3 .2 e ni c - i n  eliannict ,’r c - m id 1 1 0)25 cnn in thue ’knuc ss. c-c - I l  the c- c -a l e c - i s sc-c-re’ p-type with a nominal

rc -’ s t s t m c -  i t s  u mb 2 c-)hnu-eu’ll . It c-c- c - us reported t~ic- ’ s m c - u c - m s 1 y Il) th at the rc-’s ts tus it c -  type or vc -u luc in the ’

range 0,5-1 ( 1  ohm—cm had nc-i influence’ on the oxu c- hc - it ion process . l’he is- c- miens c - c - c - re cleaned ,us

repsurted c Isc - sc- l uc re  ( 3 1  c- it ieh an initial oxide Ihuckness c - i f  3 Ic- u i c - S  Si0 , is- c - u s mc- ’asureei at roc -uhuu

tcm perhstsmi e

Ihe ct ;u c- c -’s u s c - t b  in this si c - i c - i c -  included Ar , N , and 0,, Both N, and 0, w e’rs ’ supplied from

boil—off of liquid sc - uu j rces As previously reportu ’sl (2 ,3 ) the 0, ,‘onthiineei trace himolm nts of

met hc-ine 117 ppm ) which hit the experimental oxidati on tenuperh iture combusts to ic - c - m u 11:11

t h is  tr c - mc ,’ II ,)) substantiall y increase ’s the rate’ uu i u m x n c - h c - u t i c - i n  I 3 . 4 I For dry oxidati onis , the

- 53—
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uiiet h,iuie c-s ,is ren u i c - c - s c -’c I bc- c- - prc-’h ie ’ c - uluuu g t he ’ u c - s y g c ’uu t uu  c - m hc - u c - m n I )) () l) ( ‘, iii c - c - i c I e r  t uu  c - c - u m n m ) u s m s t  i l ic -’

nuiet hic- uni,’ to 11 ,11 c - i n c- b ( ‘(3 ,, .uu ic h t luc ’ui c - i c -Ic- i t i c - m p~u uu i s ’  c - u t  - 5 1 1  ( iii ic ’sb im c - ,’ t h e’ 1 1 ) 1  c - m u m n c c - u n i i , mt iuuu i i i i

he’s’. t h uc - un lppnu Ill)  ru the’ 0,. li i  c-u c ls l 11 ,1) I c - u N , tin, ’ N is  I l c - uc - c -s’,I t h u n c - c - i u n ’ i u  c - u t b u , - n u u m u c - ’ l n l c -

c-’ hc -’ c - uuuc -’c - h I c - usc - sb s i l u c , m  s c - sc - c l c - c - h u c’bi c - c - c - u u t , u u h u s  c - I e ’ m u u u u i , e ’c - h  I I I)  Ils c-’u u i u t m c - c -I l i n u c - ’ ulu, ’ II II ue - m m u t u c - - u m i L l i e ’

c - s i t u  ,u c- , u iu . u hc - l c -’ te ’niu pe’ rc - u turc -’ u s - b rlUe ’ n , i t iuu tu  c - un i t  t hus ’ e’c - um ne ’e’ n u l n , u t ic-n i c - c - I  I I ,) )  s i m m  he’ c - m s h j c - i s u u , c - b t i c -  c - ins

c - b e’ s m r e ’ s h lc -’ c - c -’ l f m c - u n u u  less tha t u  I Ic- P u t  u I u c - c - a r d h s  I lie’ Sr sc-c- u’, p c - m n c - ’h ~ ,ic-e- sh ni u u s -c - ’-c - i m n  i ‘ c - c - I  e’ c - l u t i c hc-’ ic-

c - inte l c- c- c - us u lu c -  l uugbie c - t  P r l t c -  c - u s  , ir l c - mhl c -’ . I lls ’ nm u mms is mr c ’ c - i u m u t ,’nl c-c- c- is fe ’s’. t lu c - um i  II “ 111)1 1 ms inc- i c - m i n e - c - b

,uL the ’ Ism ru ic - m e’ c-’ e x i t  c - h c - m r m i u g  t h e  c- u c -’ t mm c - m l uiumie ’ c - iIui u~’ c-’xpu ~’ iiuuu c -c - rut s to bc- c - hc -’se ’ i ih ,’ c- l

In c - u r c - I e’ r Ic - u ch ic - c - k  i c - u i  lb, ~ Ii,u i n. c-’ I c c - c - I ’, ui tb, “c - i ) )  - I ih m ui gic-c-ssn , s’ c - m pc - ue’itc - unuc e’ - c- c - c - lI, m~ s (( S I

huue ’ c- us c - m n eniu eu uts c - c - s i c -  nuu , uc - hc -’ c - c - r n  sc - uni te ’ u i \ i c - hc -’ c- I - c - , u j u c - u t c - u t e’ c- h ,u h m m n m u u n i u m i m m  e’ c - u c - i t m t c -- i — c - ’ Is ’c-’ t i c - u c - t c -’s is enc - ’ mm c - c -’ c - h
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~ lt uc - i s - te ’ m u u t c - c - r c - m u i m n e  s t i c - ’ss u uug ( I I I ’ S c - m u  in .7uIlc-c- ( I c - c - i  I~~

m uunu ,untI ‘.Uhss’ c - ) L me’nu i  c-,’~c - c - c - I u m u c -  m u s I c - i l c - u , m s I ie ’ c - ,’ c - m l,’sI . m nu is c - i c - m e ,. mmuu u h u l , ’ c - c - i c - i l l s  c- c- I n c - m i  utc -  I c - c - c -’l c - i l

IO~c - c - c- h i , ur e c s  c- inn I lue ’ c-e s c - u lc - m c -’s c - i n c  e hi ,mn , mc ’ t e r u s t i e - c- ’ I S1( )S q i u , i l i t c -  c - u ’ . i c - I e’

!)lc- ’li’ i ‘ u c - / c - c - c- c - ,  c - ic - c - d c -  t % ,  tlc- ’,l c-i l  rc- - ‘ c -n c- l i / i
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c - using ,m e u c - n u s t c - i r u t  c L in ic - hit c - ’ c - ’ nue ’ rc - i t c - c - r, t he’ nc - mini ) n uts ’  c - c -h i s  Ihe’ti e’ uu n u rm u l le c - i  by , u c - I l m is t inu g the’ u ui utput

cc - mrre ’ nt I ic - c -r im t he gc- ’nic -’ rh u iu i r .  I nigger imu g us c - m htc - u t nu, ’ s l  by c- i c-’ ire’u it vc- fu ie ’h sc-,’ mmsc - s c - u vc - i I i ,u n .! e .mc - ’nu ic - c -c- c -i

re’ snstc - ur  in sc - rue ’ s s c - u t li tb, \1( )S d c - c - n e c -’ I lie’ sc - r i s c- ic- ’ c -c - t s t c - i r  mnic - m si he’ kc ’pi ~tt  c- i r,’ , msc - i nu c - uhIs  i c-c-

s c - u l c - i ,’ ( I ( ) — I ( ) ( H )  uub iu i is ) lii prese ’nt c- u l , mrut e ’ c-’ r rmur mu t he rc - ’ c - uc - hu mu g i c - I  tin,’ lmuu c - u I  hnc - ’ ,m k u hu u s c - m u c - u i l t , u m _’c -’
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1) ~c- ‘ miS emit-c - cc-

I his ’ hr e’ c - u kc - Ic - u c - c - ii ruu e’c - u ss m r,’iu u, ’nits c - c - e m s  c -h c - u uu e ’ c-c -. u t lu  tI le ’ ‘c-c - b h i c- us,’c-i nu c -’~ , muu s els , I c- , is m iii this
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(he ’ f i e l d  ,uc - n c - uss ulu,’ N10’m dle’ s n s ’ c- - c- m ud ~c - t c - s s u I’iIy ic- ic - h t u u  e’ nnuu n, ’ c - u c - ms e’ umni c -’ Iu s uc - i n t s  e ’ u u m u e ’ e ’ r n u i n i c -’

Iu ns t i c - s’i c - m n i u s ic - f ( hue h ismuuihe ’ r u I  hre - c - i k , h u c -sc- mu c - c - s m u t s  sc - ’ rs s ms c - u i u i ul i c - ’ s h I ie ’ l c - l .  I i c - u  the ’ I u m i i t c - c - m ’ . c -. c - c - b

ele ’ t c -’ r n t i nuu i ug 1 t h e r e ’ us s c - m f f u s ’ ie ’ n t t  t r :up p i m m e  c - ut mum n c - c - u  ti n,’ -S I—S i l l , ( i iu je’ c-’( i nec - I i t ut c -’ i l c - i s e  c-u i c c - s  ntIs

cie’sc-’ iuh’ uc-’c- l 1 Ill) uc -’ c-, ic - ic - n d l u ic -’ c- m ’c - m u ug I ,,‘sc- lc r —Ni c - rd iu ,’it iu Ii N I c’ u mi r e ’ui t is c - usc - s b .  l Ine  I N ts ’ c- I i uui c - uu c - ’

c- - c - u r i c- c - I c - Is c - c - I c - u nu nc -’ , mc - c - m nc -’ ruue ’nt c - i t e’c -u rre ’ n it c-c- I u u l c - ’ c- up p bc - u i i g  c- i c - uuh i c - mn , ne ’ nhm ui up I hue ’ I N c - c - u r i c -hu t i c - m : u m t n c -  us

m c - I,’ m u t u f  u s c - I hc- the ’ Iiu ue ’ c - i n i t y  iii ( hue ’ plu ut  u u f log I s c rsc - i c -. I- I lie’ h ie lc - hs c - mt c-c- h ie lu the ’ I N e’oti c - I c - ms ’ t m ,u nn

uu uc - ’ s tn , ummusn u u c - h uu inuu t u , i t es  i c - c- c - us s tc - ul l y - gre ’ c - u uc -’n uluc - u n u I c -  515 c- rum b c - c - i  Sil l ,. If Inc-upp i n g  uue ’,’ um ns , t his , I N

e’ u m r c - c -- c - c - uuc - ilc - I lie’ s bu l t , ’c i t i c -  h i g h e r  t ms - Ic - is c - hue ’ to t ic - m p pe’ c - I m l c - ’ / c - m t i s c - e hc - un ee 1 r.ip lc -c ’c - h c - I n c - u n  c - c ’ c- c - I c - u sc -’’.

I i c - Ic - I ic-’c - lc - i cu ic - ui t, I , c - mt t he’ e’c - ut huum, l,’ c- ic -’e’uu rc - hu r u g t ic -  the ’ e’ q ( ic - m u ic - um u I 11 ) 1
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c-c-- b c - n c -’ q us t ine’ c l cet r u u n ic -’ c hc - ur ic -’ , N, us t hc-’ tu utc - i I Ir c - up s’ u u ,uee ’n i ( r c - u ( u m un u , c - uric -b u~~ is the ’ c - h ic -’ I s c - ’ t r i c

c-- u c - r m s u a n t liii Sill ,, N us t i le ’ c - hi ’c - i c - mne’c c - c - f t h e ’ s’, ’ ntr uc - i c -I c - i f  the’ char gc -’ frc - ini the’ c - muu c - uc hc -’ c - u t u c - I  I) is Ui,’

ti c - ic - ic -’ i bie ’knue ’ss 1 luis ruicauls that  the c-’ I I c - ’ c- ’I c - i f  Ilue’ c iuumrge ’ ic - ni the ’ f ie lc- i i t  the ’ ec - it l iuuel ,’ u n ue ’ m c - ’ , i c - e - ’ .

us lIt,’ c - l t s t , m nice’ lii h u e  e’c - ut h c-uc-h, ’ c- Ie e re’~m s c-’s I ‘c-p c-’r n uu uc - ’ n i (c - ullc - the’ ec -mrrc - ’nt t hruc- ug hi the 5105 c- he’s Ic - - c--

us nuec - is turec -l uu stn g a tuu g c - unuU i n iu ie pu cc - u hmuiunuc t e ’ r while the I mel d 5 increased by means c - u i c - m I i ui cc - ur

rc- unu p. I lie’ I N reg ime ’ is se’ c - un iruc ’,l ui I i c - Id irc- im about (c- — 10 MS emi t and 111cc - ui helel at II)

‘miS c-~~~iii f u u r  c - u I c - c - is second s tu u uuusur c Ic- urge current fIc - uw through he device~ t hc-’n the field us

re’m u u c - ec- c - I c - u i u c - l  (he’ c- -c - pc ’ runienit re’ p c -’ c - mt e’el . If t n c - u p p u n g  c - c -ee’ured the FN character is t ic  c c - m i s c -’ would

he’ ‘, I u u l  n c - c - h  (ii hugiue ’ r t n e ’lcIs . Res u lts c - i l  t his c- - c -c - ps ’ rnnie ’ mni  is- ill he’ sh c- is n hc-’Ic-isc-
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I , m c - .uc - ic - i nns ’s’ — c- c - i l tc - ug e ’  uuis ’ ,ust m n , ’ n u ue ’nts I I N- I l l / I  c- m t nc - ic - mill .uuc - c l  I N , t c -’ h iu p er c -u t c - m r c - ’s  i c - c - F ,’ iuu c - i che ’

( c - u  c- Ie’ ne ’ r uu uu u u , ’ c-s huc -’ t h ie ’r s’Iu , u m n , ’ c- ’ c- c-c- c- i,’ i i ,m ~c-pc’ ch , c - c -h ush i c - n c - u r I c - u s’ s ’ s tc - l ( c -’ s I I I . 1 21 c-’ne ’c - ute ’c-h , c - it c - ur ic - - c - m r

(Ii,’ ‘c - u - Sill uiite ’ u b , m c - s - c- I c - ic -’ t i c -  ihi,- b c - m i t e - ,‘ u u m u c - t u t s  sc- ht i ~’ h u c ’\ i s i  p r u t c - r  ts i  e hi e ’ l c - ’ e’ l n i c  I c - m c - , u k s h u c - c - c -uu

/ !, c -’ Pt ’ i l~~i c - i c -  / I c - c -  c- ’ c - ’ , n ‘it uc -  i c - c - ,  uc -, c - u I / / t !)

‘m I ’c- c- n u u i c - t i s  c - c - )  I SI )  \ ‘ .u ) l  t i h u u u s  s c - c u e ’ c-rc -’p,in e’ c -h )‘uc - c’lu e’ nuu ic -’ c - uIl c - e’te’ l uuu u c - y ,m sc- ,uc - Un e’ ‘mm fru c - u n u  t h e ’

‘c - u c-c - i l l  s’c - u u n i l u u c - ’ . n i c - c- I Inc- shs ’ t ,u u i s c - u i  t hus  u n m u c - e’ c - b i mre ’ b c - u s e ’ bc- c - c - m m  t u rd ’s  i c - i c - i c - l i  s l c -’se’ u u b c - ’ c- h I I. )) I I c-

I m nc - . t u ,m i , i t i o iu  sc- c - i c -  c - Ic - ti m,’ mu I c - i c - i n  c - I i l I s ’ m c u u l  c-c- c- i c - c - , iii t u m c - i c - m t u u  c- ’ l u u u u u n m , i t c -  p i c - s s ih i t c -- , u u i n t , i c -’ t s  c - hue  tc - c -

b c - c - u i t l c -’ u i l , u r  , I c - t l , u i u i  , , m t i c - h t i c -  c-I,’ c - c - c - u , ut c -’ Ie ’c - i t c - in c -’s c - c - b  m i t t e n s  c- I I c - h u e I s , m u nu h c - l c -’c - c - c - c - m s  c - u s  I c - c - u s c -b b c - s

suuc - p b c - c - t c - bn n i i c - c- , msc - , mc -  Si c-c- t b  ,u tu i l’ .t u i i c -’ c - il h u h  c - m ush Il\ ( 3 u I h i s  et c - h u . m n u t  .m lscc -  s u g u c - m u i c - u s l y  c - utt,ueks

‘c - mi t  .miis l l Ime ’ s tme ’ c-’ c-’ss h c - m I  prc-’ Ic - , m m . m u u u u mm i c - I  c- . u m u m t n l e - c -  c-c- oh thui s e t c - I n c - m i n i  us c - l inus -c - c - bc - mt b u m n t c - t u t i c - u i c -  ~ lie u

u hn c - ’ “c - i — Sill , o m t e ’i l . ue - c- ’ is ,m t u c - n t u .ish,’ c- h , the ’ e’tc -’hu.ou i mimi c -c - Ic - lie ’ is c h i m e s  c - b n c - c -  ~u s u u l u i u u u m u  u u i u c - i c -- c - hu lc - m i e’ ni

I l l  , in c - mic - I e’r ( i t  ic - c - Ic - use ’ t I ne ’ s peesh c - i l  , m i t , m s ’k i c - i t  t i l e ‘c - I l l  I i l t u t  I c- Ic - c-’ II s m n u m l c - l c ’ c- c - c - c - n c -- p ie ’p c - u re ’ c- I

‘ . u uu m i h , i i l y  t i c -  I c - p c ’ I e’’c - c -’e’ pI Ihu , m t  sc - I ue ’ t u  c - n b c - c - c -- c - I  c-’c - ) i  ic - - n c - - c - n i i t t  111,’ Si sc- i’. r c - ’ un u c - c - s ,’c- I s s u t h m ,u Ill II~~. u i

c- ’ t c - l u c - u m u u , t I me ’ e t c - In c - u n i t  s c - c - m s  c’Iu imi g e ’ c - I t i c -  .1 u u n n \ l u m n c - - c - - b  Iin c - c - uc - , u u c c -  t n c - c - l — c -’ t i u c - l c - u u e - c - l u , m m m u u u n c - — I I  I )  I I— ) I

I In us tun i c -c - t u n e ’ , m i t c - u s ’ ks 5, c - c -- n c -  n e c - c - u - c -  s i c - i c -  I .7 iIc - c - b u n ml 111) 1 ( ‘ 1 (i c - mt  ‘s i l l  c - s - i s  s I c - i c - c - I c -  I 2 I t ) I S  Inn I

I c - b c -s III h u m s  c - c - c -  u s  Iuic-’ p c- u i e’sI c- c- c-c- i c i l y  us I ‘b c -  II I n c - h  c-c- iuc- - m m c- t c - hn iu , t  c - c - c - i s  f c - u m m s b m e c - I  sc - c  i s  , u m u n i c - , u I , ’ c- i

ri c - I n s  N c - u t  l) t) iI l (‘ liii .7 bs I l uus l m , - , uuum uc ’i ut sc - ,is usc - el m u ’  su m m u u u l , i u s - , mu u c - c - b c - c - n c - c - c - I  i ls c- ’ n , m c - l , u m i c - c - u i  un

c h i c - I c c - l u  uc - rc-’ h m , u b c - i l u u y  n c - -  be nc-’ p u c - n t e’c I l c - u te ’i I c - I c - c -  IS c- ,unm p lc’s c - c - c - ic-’ I c -mc -- c - ,mrc -’ c -b .ms I c - p c -- I I  s lnu )c -h e’s

him hc- - I u u i c - - c- ’ t e ’ iu i hm g luc y c - c - c -’!,- c - m i l i e u  c - c - c - l i e’s 1 c - c - n U n h I l lS  i c - I  -Sum h y  c- - s , m c - u c - r c - u ( t c - muu c - u n  c - hu h c -p s’ c - l ui c-u

c - u c - h o h u m u u u  c - c - f  N , m ( ‘I c - m ush , mnnc - ’ , u I c - - u l I Ims S c - u s, iuuip lc-,’s c - c - c --i,’ ,i um uu , ’ ,ml,’eI t i n  I 2 Iun ui ,5 ) I ) i ’( inc - I t h u,

N i l  ‘I s m c - m m t c - i mu unu ic - u tc - ’ s I  s , uuum l c - lc ’S c - c - e m s’ b u c- ’ , u te ’ c- i  l i i i  I (in c - mI SO)) ( ‘ Iii s u nmuu c -’ c- use ’s t h e ’ -S c- i e’ c - u , itc -’c I

c- , im u ! t c - l c - ’ .  c - c - s- i c - , t i c - c - i  m i m ic - m Is c - b  c - u r i c - I n i t  c - c - I h i e’r c- c- u se ’s t ine ’ ‘c-c - u i  sc - c - us u’ e’ nu u uc - c ’ s h , u l t c - - r  c - mn u u u c -’ c - u h u nig c-c- th u

, i d h l i .i i c - c - n c - u  Ii c-c- c- u ’ . iuu i t c -e’ c - b n h u t  t i le ’ ‘Sc - i s c - c - c - u u l c - I  s he ’ c-,’uu r ,ule’  Pnc-’ be ’ rrc -’c-I c- h m I I c - us i c - u i u  t c - ,uui us c - u ric- I t h e ’ N ,u( ‘I

s c - c - c -uuld c - I c - c - ’ c - i , i i c’ V.5 - c - i t ’, c - inc - us hc- n e c - u s  m m m l
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I shuosc - s (lu, e’s t c - s’n i h uud ’ h it c - iI c- l c - i c -m h u m  (bus ’ u c - c -c - ic - hh uiuc - unm c - ni < 1)11 1 ‘ Si Ih u c h ic -  0, c - ui uc - I II II N -

, u u uubu e ’ m u t s  liii ‘ m u l l , f i lu mu t bm i e ’ k muc - ’ssc -’s c - c - f .7 11 — I S) l .’\ S us s uc - u l h y  t i me ’s, ’ c- i c - u t , u  c - u t u l c - e’ ,u i I c - u bc - c -- l u m u c - un
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= L ci + Ic- ,
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s, ul c - i s’s c - m I  ‘c -n il I c - t u r n  i l u u c - k n c - c - s  1 4 1  c-c- n i le ’ liii c - I t s  )i _ ,u Ic-sc- st ml is mu iuu u c - h l c - mm mme ’el c-c- lien ilium t hu us ’ knuc - c-s-
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I) uu ’iec tr,c Rrc-’c-,/.c-c/i u Wii and !‘rulpp :n u,’ .%fc - c- ui c- md rc -’F?u c- ’,u (5

rhc shape of the histogram c- ui the nunuihen c- u i dme lcct nuc breakdown c-c-sent ’, serseus the field

at sshich hn’eakdc-iwn occurs viels t s information relat uv e to the defects in the SiO , films (c - ) , Ih) .

l - i g 2 c-htuis s a comparison ml the hi stc -c-grc-ini s Ic -un I SOA ‘mull , it hms grown in 11 ,0—N , ( 2a ) c - m d

c-fry c - i , (2 h I  It i s readily seen that the niaximuni breakdown fuchd for hc - c - ( h isc -’ u anel dry Si0 ,

,mrc n c - c - m u e q ui v c - ml e nt c- it c-u s c-ulue ic- f  1-4 MS cumi y e t  the shapes c- if the dist ributions c- ire decidedl y

d i f ferent.  t hec - c - ret i c’aIIv , t he histc -c -gram fc - c - r c - c - defect Ire’,’ SiO , film wuu uid he a delta i unic luc -un at

t he nuic-ixiniuni hre c- ukdc -c- sc -’ n field. Fhiekncss f l ue tua t us c - n ms c -ms we ’ ll as random measuring cqtmipnient

uu mu per fe c ’ t i u u r u c -  c -s c - c - c-d c- i  hrc -c-c -uden the c- ic-c - f t c - i  fu nctu c-in slightly, hut Sill , I Inn dc’fe’e s wui ulcl cc - ic - i c -c - c -’ c- i

I ,mi ie c-.’ r c - iml l u c -c - c -  c - i n c - b  the ’ Ic - c - ic - c r  I ie ’ lc - ls l’htc- type c- c-f tc - c - u h ung is uuhse ’ic - c - ’c - h t un t he h i s t o grc- mimu s t i m  huu h

is et c - in t l dry gncu c- s ru 511),. ilsm wes cn , the hrc- iadeni rug ms nuuore’ sec - c - c -r e fu u r the dry tuxmui e ’s c-c- ’iienc -’ (lie’

peak in the’ cli’c- t r ihutic-un is c-c - h i f t c-c- eI c-c - ic - ru le ’ 2 - 3 MV cm I unther toss c- Inc h hic -w fu,’Ic-Is t han l c - c - r wet

e nc - msc - mu mu x id e ’s c- in ch results mm c - u distnnhu uon i with c- u nec - m r lv (ic- i c - usc - man shc- ipc. ‘I he’ wc-’( grc- iw r i Sill ,

Inl n u us bc - i c - c ’ 5) 1 percent c - c - f  the ’ breakdowns c- in f id el � I ))M’c- eni is- lithe uun l y 30 percent fo r  chic-

c - c - i c - c -sc- m u I ulms l’herefc -c-re, iru view iii these dielectric hr e’c-ikd uc -wn results the p nm evtc - c -u c -c- c- uc - ’c - ec - ti c-c-n

hc-iseeh c- c - n the’ film c ’ rmc - c - s - t h k ine t i cs  t hc - u t we gnc -c-ss -n ti c - ic - be’s ,une ’ uuu u urc prc -c -teetuc -e sc- c- nuns jus t m fue ’d.

ic- re’s iuuu c - I y , it c-c- u’ . nc - pc - urtes l thc - m t the c - f  i c - c - i  ic - h II I) c- in th ,’ Si ll , tulnu c - c - x i c - ic - m t i c - inm kun c -’Iu e’s is

re’s c- rsuhle (4), u c-c- .. the tc - xi c - ha t uuun u km ne t ie c-c- c- c- I c-mn c- xuele grossIng in c-mn 11 ,1) cli n ic -u i nung arui brenit

nc - ’c - cr 1’ Iii c- Irs c - u c - c - c - nc - bc - i ( i uu n  k i ne ’ ( uc -’s c - c - i mc - n  a lte’ r the ’ c-c - s e t  amhic- ’nt is c- c -c - m( s’hec-i to c- u cliv c - mhuu hienm t , It is

is- u c - r t h c - u c - hul c -’ t i c -  ins c- ’ st ime c - u t , ’ whether the en hc-c - neeel clu e Ic - - ch in , .  nc-’ I ic - uh t lu ts  c - n i the c-ic- c - h  m enu uc - c -  ii ttui un Sib ) ,

lilnis Is ec - uup le c - h se ith the rc - mt Iu ,’r hc - ihi tc -’ Oil in which c - c -use’ the’ ,‘n hc - unc -’ec -I c h tetc -’c ( ru e in tegr i t y  mc-

c - c - i s u l s  Ic - c - st c - ur whether the enhanecc- I retic - ih ’u i h i v us c - ic - me’ t i m c- u lu re slc-m hle’ ic - inhi l uu l  ( I l l  c - iu t l i c-’ ~nll c-

tic - n c - c - c - i rk l i st ~,c- c-bc - c- is - c - thc -m( (he’ hi stuu grc - in m f u r  c - i c - s c - i  grc-isc- nu uux i c - I,’ resents (c-c - thc - u t I m u c - u c- Inc -

c - n c - c - s c -un c - i c -c - Ic -he’ c - i b n c -’n I ~2 hr  1111 ) 11 ( ‘ c- unin e ’ c - i I  mum ciii ‘“c- ,. llu uc - c -e ’c -cr , l u g 3h . cc- , c-inc -I ci shc- c-c- (In c - ut

e’c- unuip c - i re’d c-c- ut l u (lie s’ untr u c - I (3 h)  , i iuuie c- , mhin u g c - mi IOU) ) ( in dii -S r Ic - u n um p t c - c - IS hi s cause -sI um un l s c-m

sm c-uII , inn iuc - c - m n il u c - I she’e ic - m c - l c - u t uc - uuu m u  fac t , the ’ smuuc - i Il c - unu c - uui m ni t c - c - I  c - te ’ u t rc - uc -l , m t i c - c - nm ,‘c - uu hel s in m u p l v  he clue ’ hum

— i s’ —
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c-c -uu iip le Ic-i c-s imple ‘c - c - I r ic - c - tu ( u n s. Iuu c - m m i c- c - c - ic - c -’, tim e’ cl c-’sc - i , m c - hc - c - ti u mui iii c - I n N us u m n i c - m n u u h i c - c - m m i u m u ’ . I c -  Ic - urge - n

l’hcrefore, c - unue ’e’ the’ films c - c - er ,’ s Ic-uh ic’ Ru (Ii,’ 1 ( 11 )1) 1 ’ ‘c - n  c - u u i uuc - ’c - u i , l Ine ’ c - u u i u , c - u i e’ e’c - h u c ’ l u . uh u i i u c -  c - i l  c - c - c - i

g rmuc - s n th uu i c - u c - i s b c -’ c - c - up pec - u rs to he’ re lc - t tc -’c- l tc - u c - u s tc - m h le’ h uurr uu i c - h  ( 311 mu t l uc -’ ‘m I l l , I lie - I c - i c - u I hu c - m i

there ex i s t s  se’s -cral fc- irms c - if 011 having diffenenm t Ic - uhi hi t i  nm Ic - use d si hue c - u huc - us bc- c- ri rcpc - u nu es l  I I 7 I

.-\ l suu the reactus tv tu f N, in the SiO ,— Si systeni in a umc - uu u —uix ic - h i iu n u ie  c - i t n u uuu s p he’rc -’ bu m ’ . i c - c - c -mu  u c t c - u c - n t c -’cI

1 I c - S I  c - is well ,us the’ e le tm nn uic ntc - u I affee ’t that (he r e c - i etm o nu c- il N , hc -c-s c - m u  the ’ c- h uc - ’ lcs ’ t n me re ’ I i c - ih ih u l  c-c-

( I f l, 2 1)) . ‘I’hsis , (lie’ degrae hatic - nn c- if the I I,() gnc-)Wn thin fi lmc- is c - i c - c -c-’e’Ie’ r c - u t e’eb by N , m c - ’ c - ue’i iui nu , uu i c - h

nc - it by the’ cc - Li t du f fu s uc - mn c - c - f Ic -uhi le OIl,

/ / c - c -  i n c - c - i n  Trapping and .S’ur / ui c - - c- ’ Siate.v

Re.t n icse n tc - c - t uv c  results f s c - r the c lcctr um n nc-uppnn g nicasurenie muts by the prec - u c - u c - ms hc -  dese r ihesh

i’ c - c - w h er— Ntu n ,hbuc -’m um i ( i- N ) techni que c-inc s hc -uw n in I me ’ 4 . l’he sc-uniphe’ s is-crc rampe’d up Ri II) S

515’ cni c - c - n d held there Ic - mn II) c - c - c  ( i i ,  I heum the’ cc -irs e c-c- c - ms retraced (ret ) The init ial c - m u d

re’ t rc - u ce’c-I c - c - u ses f t c - n  c - u Wc -’( g rc- i wn uuxj , le ’ ( Vi, 1(14 ) c-hif f ,’ r c - mt nuic- ist by 0.5 MS /cm sh ift in the

h rec - mkc - i i c - sc - ii hi s t u c -m e nc - mi n u pc-’ ,u kc - Sc- um p ies V~ 1( 14 amid 1)1 c- h I5~ c - h c - u ’. ed uu nc- ure I h .mui the’ c- use n.mgc

c- in li m c - uh i I c - c - f  t r c - ipp i  r u g I c - c - n  c - c - cm c-in c-I c- l u sc- I mim ic-Is’s c- xan iuuic -eel in this c-ut c- mcly the’ c- i c -c- c-’nc -mg c sh ift in the ’

I- N c hc - urc - m c i c -’ r i c -c - I i c c c - mrs  c- c-s c - ms Iuuun ic - h 1 mm he 0 2  - 11 .3 c-c - I S  cnn ic - in bc - c - thu  s e c t  and c- In’, saum ip les c-s ’ it h

s c - s t  gm c - mse n  h u m s  u uc - u u,m lic - e’’c-c - hu ih i turi g Imi uc - ne trc -uppun g II is ,m s sc - urmi e’ t t n iec -, ch i l f m s ’u lt t c - n fuu iel c- Ic- il ’ . c- in

c h i c -, c - e r i c - s c - nm Sn ) ) , sc -unup he c - c-s bm ue h cc -mulch c-c- i tb stc - m ni e h (he’ hi gh fie’ lc-h fu r thus experiumien l . ( )t her thc - un

t h u s  p mu uh l e ’r nu , t i c - s c - c - c - c - i, t hu, urc - m p l c - n uuie h,’h c - u c - m m c - r  c - ut u n  n ec -un the ec - i t hc - uc - h c ’ se- c- ic - c - c - hsc’rvccI c - u he s ini ii c-c - r

I c c - i c-s et c-inc -I e l ms films c- inc - i in nuc - sc - Ic - c  c-s m ’ . the tra pping suf f ic ient  t c - u  cc - c - c - ms,  the degree ’ c - c - f e t cctr tc -’

fue’hel ehc - unu ge’ neec’ssc-m rv c- i ex p l c -mun (bc- biis tu u g rc - inui s c- c- f I - m u ~ 2

‘c- m I c - c - c - e i ( c - mnlcc ’ ‘ m u l l  ,m~ e’ I ( ‘ V ) m c as c - mne ’mc -’ ntc - , mt  r oom c-’n ipe’ rat une c-i rish li quid nit rc-igcn

tenm ic - er soune tm c - ive ’ shc - iwn thc - u ( c - m hc - c - c - u t 7 .5 x I 0 pc - us i ( ivc charges per enm 1 c-ire created c-il c - un nec- in

h u e ’ Si - SuO , int erface c- inc - h c - ih uc - ut the same number c - i f  stunt c- icc c- Ic - l Ies c-c- re e’ rc c- u(cel by s ur uue c - c - f the

c - i hc - uc - e’  s hc -’sc rih e’el I N curren ts , Ihese results were the sc-unie fc - c - r both d ry  and wet grown c- ixi c- ies

,m nc l c - l i ,  i hi q t m c - u i m I ~m t i c - c -’ c - un e r c c m c - ’ n (  with pie ’s lot us st u eli es (sc - c-’ . liii exanm ple . Rcfs , 2 I hru 24 ) .
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/ c - , u i : c - c - c -.’ , c - 5 J c - c - , i  / c - c -  i c - c - i t t / c - c - p c -c - c - , c- c - , c -u  I / /  i / i

I me “. ‘ . t c - c - c - s c - s u ,’ t c - r s s c - u l h , m t u s s ’ u e - c - c - m b i ’ .  I n u m u n i  I c - p c’ I , mn c - b II s c - u m u u l c - l s- s I h ue ’ r e s u l t s  h iuc - nu  I c - I c - c -  I

I I .  e l m s  m i t c h  sc - c - I  s c - ul n I c - I c ’s c - s c - n c -  ‘c - c - ih c - c - l,uin t i ,u hhc - Ib ic -  sc - h uts ’ Ii us c - c c - i l  h u u u m u u  I i c - c- S tb u .ut Ibis ’ t nuuu c - l c -’ l i i i

t h us c - I m c - s u u l u t m u u n  i c - b  u l u c - - f l h u mm s mc-  c- u , m l t , m c -  K b c -c -  t in ,’ e’ l e ’ iu c - m um t c - mu  s ,’ Is ’ c - t e c - i  s umu c - u hl , i t c - , i ’ .  I c - u i  tIn ,’ I m l n u u

sonIc - ic e’ I hue ’ c - i c - I l , .  i c - i n c - c - ’ .  s c - c - lu be’tc - c - e’c’n u S c - u c - t u s h  Ic- us t c - l c - u b c -,m h hc - c - ic - me’ i c - c -  t i l e ’ i llume ’ i c - i c-’ c-c -t c - iuc - m m rc - iii I l u s

h u h mu I c - c -  c- - u s  Inc - u mu i l ine ’ Inline ’ c - I c - I ic- i t mini m mu c-c- hi Is ’ In thus ’ sc - c - I l l  I c - Ic -- c-c- m c -  c c - I c - i  usc - c -b to s c - I  c-’in , c- nit c - c - mimi hub

c - b ,’ i c - ’ r imuuun s ’ t h e ’ c - u c -’c-’ i,’ h , u t u c - m m n s b m u l c -  bc- -nc - c - c- c- - mn t ine ’ h iuu , u l c - m / s - c - c - b  t b, i muc - I c-’ c - inc - c - h III,’ c - c - c -  emnn c - m i c - I c - f e c - i  I hum ’-

t m i n t s  c-s ,m’ . ic - c - I  c c - c - i m u n c - u I I c’ c - h mu t h us c - I im sic - I ius - ul ,u l sm ie ’ c - c - b  t I ne ’ c - I c - I c - s t. i , ’ , c-c- hic - ’i~ is ’r  c - u 5 c - i l u i , m i l e  i c - c -

i c - c - m m,- , mmii c - i m l i I c -  c- ’h mm ’ l e ’m . s’ n c - c - t . i l l i t e’ . c - n c -, c - t c ’~~s i i c i ’ .  c - c - u n  tI le’ m’ ,’ l , u u m c - s  i c - c - i , .  1 1 5  I ti  c - c - I  t h e ’ e’ t e b I , m u i t  I m u  l I ne ’s,’

l c -~~’c- - c - i  b c - c - c - ’ . ’m i c - I c -  ic- Is’I,’ c Ic-  It us c I s c - u i  c - I n c - n  c - i  c - m i n d  c - c - i  liii,. u c - u ~c - c - c - m c  ,.c - c - m m l c - i  c - i s I s t  l Ine ’ I u m n c - m l  m c - b ’m s c - ’ i s , i I u c - u n l ,

h u t  , m t h i s r c - I c - I c - c  u”  c - . i n n u m u c - t  bc - c ’ i u l c -’ c-l c - c - l i t  I hue - l i u . m \ c - i n i c - m m ui s i / c ’ c - i l m t u i u u m i i t c - c - c - s u n e’ u t c -  l u t I s t I c - s - ms c - m m n c - m l l

c - u n  c - m n n c - i l I c -’ u t h u , m n  t ine ’ b u c - u le ’ f u c - t o i c l  , m t l c - ’i e ts ’ hu u uu c-c- I b c - m i s - c-, cc- Iums ’ h m muuc - ’ c - m c - u u n c -  c- I Is ’s’. t i n , u n n  I I ) ) 1 \ c - s c -  ic -

c- c - b c - c - s i c - c - - c - b  c - munch  l h n s u c f c - ’ u s ’ . suumic - ic - he’ r m i m c-c - l I m e - c - I c - e e c - h  c - i l  l I nc -  c - i c - b c - n u t s, l Ine ’ n m t i i , c - m n ’ c - ’,.’ c- mnc - - m t m c - - ’ .  c - c - n c - d c - h  i c- c-

“ 1 ) 5  ic - i  less i ii chi c - mit u e ’ t c - i  N - c -  c b m I I s u c - m u e’e’’. c - s c - n c -’ c - c - - s - mu c - u J c - c - u m n  , m n u u n c - ’ c - u l n n m g I ~ t c - c - I . , u n c - !  I I  c- , im um j c - l e-s

I his - nc - ’ It  c -nc- ’ , mmii I u iel m nc t c - c - u  I c - i c -c’ III c- c - u m n n l n l s ’s is c - bc -  c - c - c -  mi

h Is sc- ui c - u t  e’”,l c - I ,m u iu nnm m e tb n e ’sc - ’ n c - s t i l t s . c - i ’ .  t c - c- - nnuuc - ’ c - u l m c - u mn c - l m l s h u c - s  I .7’ I h t ,mc -  c- b c - c - h  10 Ibis ’ ic - sc - n i c - i l l

h,it pc- ire ’ . i c - n  ‘c - u ) )  iii I c - c - c -  t h . m n m  S I n  S c - Iu c - mmhm c’l c -’i sc - uu tm l c - h c c - p l c - m i m i  lie u uu e - ,us u un c -’c- h j c - c - ’ r~ u c - ’ c - n h u b u t i c - ’ c - h r

s b m b t e’r c-’nu t g ,usc -- ’ . , ,c-c - m n u c - t l u e’ n m un u mc - h ,’ l sec - us  b c - i c - c - I c - i c - c - c - c - i  I 2 1 , 1 iii c-c- Inc - l i  ,m m u c - u u m — m’ , m nuc - bmc - m ru  c- I i c - u n i b c - m t l u c - i m t  c - c - i

bc - c - nc - I c - unm g lcs in this ’ ‘m i l l  iu c - ’ t i s u u m k  h u ic - uc - n,’s u m lt  i ll s h i , i I h i — h i k c -  sl s ’ I s  c- - n ’  c-c- hu,’ie ’ c - i c -” - m~ u c -n I ’ c - i t , m b  i c - c - s- n  c- m b ’

he’ ( s e c -’ e’n ‘ m u c- mhuc - l  ~ is  gre - i n c - n  ( Inc-i n urn s c - urnu mc - mnm d n m t u.c -  t c  ~~~~~ S c - ms - h (i n c - c - I n c --n  s le ’ n i s i h c -  c - c -- c- n c - c - u n ’ .  u n u c - m y  bc,-

immune ’ s u u u l e n th y -  , u l I , u c - - kc - - cI  hc- c- ’ t c - ’bm c - mu mi I his I c - u t t e r  niuu mc - I, ’ I ( 2 ) ) pre’c - hu e’ ts  h n c - c - I i c - i  e’m m nc - i ue ’ t u c - n u u e ’s i c - c -n

filnis s-c- hut c h I n c - u sc -- (his s hc - u mru c - t r i me’t ur, ’ I I c - c - sc -c ’ s  c - i  the ’ s’ c - m n eh uc -’n ic - m u uuue ’ , uc - urc -’i n uc -’ n m l s  num .i ci c -’ m m l Ime

pnesc-’nt siud c - dim ic - ic - I c-hose miu c -, ss c- te ’nui. m t l c - s bmffc - ’ r e’nec-’ c- i c - c -- c - sc -  cc -- n sc - c t  c - m u s h  dry’ pr epc - u rec - h I 511 -S Sill

f i l ms c-c - I c - c - u, it us sl ul fucult t i c -  recc -m nneulc’ tIne ’ c - i c - i c - I c - ti i c - un kn uc - e’ t u e c -  resu l t s  bc- ic -cc - I on n nc - c - re’ d c - u s ,’

Ii c- c c- m tu ,, ’ c-h nc - e l i  inns

‘- (c-i n-





w ithin the present ‘stu d y doubtful, l’he nurnhen c- if these m n i l mc - u n mm c - ugc ” c- - - u ‘ ‘s . assum ing t l m c - u t they

are related w the etched holes in a c-c-ne to cc- ne ratio , c-s of the order ~ tU ’’.cm 2 wh ich ic-c -niorme

thc - c - n Il) i time’s c-m large compared with the’ number iii d e fec t s  smhta ined frc - mm dielectric

brec -uke lc - iwn s t c - I t I c - ( u c s , [his prsc-hc- ihly means that although the ui-pc c- if inhon uumg e ume ’ mt y  u hsc-’ rved

ns pc - c - nt m m 1  the ~)0 , t hin filni stnuctune , sc - rm lv c- u small fraction are c- su f f i c ien t l y  c’ tc - ’ e’ t n uec - u lh v c - I c - m I s  c Ic - n

e ,u tm c -c -’ cl ue hss ’ti ue fc -c - i lu rc Ihe shc - mpe’ c - if  eIc -’f c c t s  se- ac - not u u h t c - i u nie ’cI by c- Iee uc - r’c - u tm c - m um e’X per mnient s

bc- cc - m u se a n m nhu g u t t ie s c - m n u s c -’ f rc m n u the’ rec - ucti on c- if the ’ ehe’ cc - c - rc - m nt w i th  Sill , I hi c - se ’c ’ v e’n . t he nunmh,’r

c - u i nmuc lc i of ,-Stm and N:i( ‘ I  is  nc-c -ug hbi the sanle’ as t Ine’ nuuuu hc-_’r c - i f Inc -c- I, ’’. uuhserv, ’d f rc - u in m e t e hmmng

I his nic- iv n mnec - umn th mc - ut  the c- Ies’ c - u rc - un t s  c hic - h nudec-cd de’s’ c - c - rc - mte t he e h e f c - ’e Ic - bc- m t m hsc - u  s u mu l tc - m r me c - m u c - Ic-

c - c - hs c’ ture ,h t h e i r  shc -c - pc s by nc - c - Id it

S n u iu m pp n ,u r c -  and ! ) nv c -  i 4 i  t i c - c - F t  -

I he’ Ic-c - mn met i s  u c - x m c hc - i Puun c - I c - m tc - i sc-mgge’st that tb, V.e’t ~ n c - c - c c - n tI c - t Im ( “ 15 1)  S i  uc- c - c -u i eI ,c - s , mne - nu i mc - re’

pr c - u te’s’ t i c -e ’  thc- u ni tu l t rc - u  s I r s  I) , c - c - r c - c -s c -c - u u  f ml nus I luc- e’ s u c - i e’r is ’e’ I c - c - i  t h u s  is th e ’ c-’ ue ’ ,i t s ’l Iunic - ’ c - u r t t c -  I c - f  nbc ’

lb m c - , .  k nuc ’ s s — t m n uc c - b , u i . m  b c - m i  (he ’ chi c - c - c - i c - c - c - c -c - n m  ic -i c - n c -I c - s  c - ms c ’ c - c - n l m t c - , mi c -’ c- I s c - n I h  c - c - s n  c - i c - c - c c - ni h I m ’ ’ .  Ihe c- i u n n c - c - m n t n c -

‘c - u u c - c -i,’c-’ s t s  a ‘ .c-m r f , ue, ’ c - c - . , i s’ n l c - m f l  c c - c - n t r c - i I l e’c-I iunc-’ c h m c - i m ’ . i m ;  I c - m r  t u c - c - l c h c - i t m u i m n  t , m c - b u c -’r Ih uc - u nu dil l i m s n s c -  n rc - unu c - p mc -n t

c - c - I  - c - c - i c - b unt Ic- i c-’II c- ’ c- ’I, Ic - u n line- n e c - i c - n e  c - c - 1  , n b t n , i  chic - I , - - c - n - l , n t u c - c -nu , n h ’  c - c - n c - c - c - c -  i c - c - i , u  m m x t d c - c -  I u l uuu  s I c - i c - ”

ic - he’ c - i n  e fh ,’c- n n c - s ’ i c - c -r n  s n  t i c  - t Ine’ sh i f b i i c - m u u i n  i c - I  c - c - c - i c - I c - n i t  -5 c-,i c -m mi h u , u r n s c - c - nn i c - I  I b i s  s h i s ’ h c -’c int,’
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‘ l’hc vaicncc hc-m nc- h ‘ .c- ni ic iure c - c - I  the mixed s i l icate Si c- ( c- - 1 - c- 0~ was u r n s - c c - t m -

gatcc l f c - r  c- u rc - c - n mc -e of c mmnu n pm is i t i u uuuc -  by \ — i c - m c -c- and ( 5 ’  ph ut c - c - c niu c - c - mc - m n i c- ped ro ’s—
e t c - p c -c- St ruc-’turc in thc -’  vc - u lc nc c hand, which nc- derived frc - mnn the mc - xv g c - ’n non—

bc -c - nc - l u n g orh utc - uh c -c- c- inch Inc-c- ni tIne S i- I )  hc-c - nd ing c -c - rhit al , mc - seen ( c - c -  u il c - c -c -c - ,’ c c - u n t i n u—

sm tu c - lv in i un i t ic - m i eneie in gic- ing inc - m u Su( ) c -  lit (,e( )‘  ‘I’he’ w i d t h  c - i l  t he’ n c - i n —

honc-luni ue hc - inic - i c - c- it the Ic - c -p mul  the vc - ulene c bc-mind c-Icc - creas es In c-rn ahc- uut 3.3 c-’ S ’ ui
Su ( )~ tc - c - 2 II s’S inn ( c - e ’ ( ) - m u  c - c - ’ hms’h se c- pc - in c - mt , pe’ c - m ks c- ire no him nn g er res u c - hs ’ e c - i , 1 he

,hccreac -e in s c - ic - b um um l tine ns un—h uc - nch i mig bc - inc - I- mc - cc - unre lated wi th c- in m ere - c - ic - c n un

th e c - m s  c - i c - m U ,’ c - i c - c- t e e n - c - I c - c -  nec-’ mu c-c- epc - mic - u tu c - u m u inc- inn 2.62 -S c - c - i  2. ~4 5 -S I’hc’ resu l ts

indicate t hc - ut the c-c- us hth c - i l  the’ n c - c - m i — h c - c - n e h m n n m e  bc-inc- Ic- us ic - c - r ite - Ic - c-I c- ic-’ hut  i c - c - c- nec - mn

wc - uc - e’ lunc-’u ic - c - n i c - s e c - n b c - u p ,  t’hne c - c - c - hence ’  hc - m nue ic - m mn c - ’ c - m c- , m u r -.’ c - b bc-c-c-’ p h i u t c - ie’nu mc - s u c - un  inc- urn

the nm i c -,c-’ c-h c - i c - i s l e c - u rc  Inc - mu a c-upe’ rpc- msi t i m i n c - mi Su ( ) ,c- c - m nuc - b I ~c-’( ~ c - mte nucc - ’ hc - m u n c l c - ( )un

the c - c -ther hc - c -n c - h h c - mu u c - Igc-mp c-’x,’i t c - c - t i c - uns , c - ic -  c h ,’ te rnmitn cd by cmu c ’nie ’c - Iu u’c - c - ‘.,m i c - ’h hut e’’. mu m

the i n huc - m tc -u,’nu nc - c - mu u mi c - pc - c t  nc -i , c-c- c- - i c -- lc-c-un ci to he a su perp o c - utmc - m n c - c - f  those liii ‘ m i t )
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I. INI’I~ODtn(’1’ I0N

‘I’he general c - c - I c - usc -  cii c - uhmec - mtc’ mater ials , which has been studied c-’ n t c t n c - i s - c - ’ h c -c- bc- lb inn niature

auid iun several n ic -c - t er ia ls c- u i teehnc-ulogica l interest , us c - c - nm ly rc-’cc’nt h c -c- being invc- ’s t i gated from the

pc- c -uni t c - c - f  v iew c - c - f  t’lc-’etronuc c-trudtur c , ‘(‘he best und,’rshuod member c-ui the c - I c - c - c-c- c- c- ic -c - ‘mu( I,, Ic- un

which t heoretical eaie ulc-ttc -o nsi ~ of t he eleetronuc structure are based c - c - n X - n  c-ic - and ( ‘ V

photo ernu ss us c - n’.- c- s pectra. nn ec- inn hina tic -c - n wuth c- pt icah prc -c - pert ic -’s and Y- nc - iv emis s ic - un c-c-pc-’ c tnc - u,

c- c- nc - I e lect ron energy loss s pectra. [‘he picture whueh emerges for the electronic structure ’ u I

Si t  )~ is ,m c (c - I l ee’ t u ( c - n ml narrc - c -w, c- c -xv g en - l ik e hands at the top of the valence hand, w ith a hrc - uad

‘m m - (  ) bc- c - nc - lung hc-u nnc- l hi ing mc -c - re thc -mnm S c-’S’ hc ic - c -w the vc- m lenc ,’ bc -c - nd edge Ihe ch c - m nc - c - c t er t I  the

, m lcnms ’e hc-c- uud edge sc - f SuO- us dc-c- ni m niated bc-c- t he c - u x~ege n c-arhuta ls . c- unc l is um nk w c c - uk hc -  sensit i ve ’ tim

c r c -  c - t a l  s t ructure c - is mc - seen in the surn u la ru tc -  tub the c - up t i cc - ut pnc - Iper t i es iii a rn c - c - nphoius c-inch

c - n v st.uihun ie quant/ ’ . I3oth the cr c -c- s ic - i l  sL rud tt j rc -~ and s l e c - t n u u m n i c -’ s t rue tu re~ i c - I  ( i c - - O - c- mne - smmnn i lc - c -r tc - u

t hc - mt c - c - i S mO , , Nec - e rt hc’te c-s , t he phy s I c - c - m i  p rc - c - per tues s c - I these tw uu  mn uatc -’ n i c - u t s  c - m re s sunne w hat

drh ic r c nmt . c m e the c- mni c- urphous a n d  hexc - c - gs c - un a l hc-nnic-c- sc - f ( e’( ) c - ui, ’ w c -m ten — c - c -u luh l c-’ wi ui h c- ’ all fc-urnis

c - m b  S i( L are m ns c - c - I uh I ,’ , I’he hand~ ap u ub c - m nn c - ur phc- c- u c - S m I  ) ,- ic -c- c-i t) cc- S ic-c -  c-’c-unnpareci t i m c - mhc - c - ui 5 (c- c-’\

foi ~~~ 
n 

- Phoi c-c-e muss nc -c -n and di lferenuab phs ut c - uvucl c l  spec- inc- i su f S n ( ), and ( ,cI ) - puhI istm ec - h

rece n t ly by R ic - c - c-’’ , c- ure c - inu u i c - m n liii hc- nth u i x m c h c- nc - , c - m t t h c - c - u gh m hc -c-rc aie c- ic - flue ehiiiercne,’ c -. in the

e’ ni c- ’ i c-,tc- c- l e c - e l s  sc - f the s c - c - he n ce’ hc -c - nmdc - - Sinus ’,’ bc -n ih Su( 1. and ( ic - ’( 1. bia s- c the same c - t ru eu ure based

on etra h,’dra sc - I oXvmC c’n c - utc - u n m is - c - m r m c - unmd Si c - u i  ( k e’ c-’ nite’rc - (s e ’s’ Fig I ), c - c - n e cc - c - n prod uce c- i niuixed

c-i s te ’ nuu Sm (’re~ c-~ I , un w hich ec- ich s c - I the te t rahedrc - m mc- c-v he centered c - mhc - c - ut e i t h e r  Si c - c - n ( c -’ Bc-

c- t uc -h vmmuue c- c- c - mn u c - c -i, uc- umn c -c -in t he phc- utc - c-eniu ss inn spectra of the’ nm ix,’ci c - c - s I c - rums  c - c - f  c i ifhi c - rc-’nm t c-’ c - umun j c- c - c - c -j-

t i c - u ris , it is pmuc - s uh lc -’ t mc - ex c - m numn, ’ c- hc - ’ tc - ui Is c - c - f  time ’ m c - xc - mCe’ nu dc-’r ivcd hanuc hnc - .

In thuu s p c-mpc -’r c-c- c-’ s h t m c - h c- s vs t ,’nic- utu s’aI lv the t i c - t ic - Ic - m m t ue  Ic ’ c - m tc - u nec - c - ui  tIn e’ phc - c - tc - c - en i i c - s ic - c - um

c - pee t rc - m fuc - n thc nniuxcd c - vc - l c ’ n uu Sm c-(ic 1 c
-~ 

) with (1< x< I - Ihc -’ pc - u rc - uui mc -’ tc -’i w huc’h ehangc’ c- mc - uc - t

s l r c - m nuuc - m t mec - u l l s  un lInus c- c -,’ rmc c -  mc - ihe’ ( ) - ( )  c - hmc - t , mnmc ’e’ li um s occ’urc- hec’c- uusec- ( i c -c-U 1 t e’ t r c - c -h,’c -h ic-m c-c- i t h m ,u

c - c’ mn lnc -mI ( e ’  c - m tc - mn iu  b c - ms - c -’ m m  U— ()  s epc - mnc - mt lm uu m c-s ’ hmch us a hc - uut t ) ’ ’ ,,  grc’ c - mter t ham n that  mu Sm ( ~ c- te t rc - u hc-’ — 
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