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by P. V. Gray UUd D. M. BrO~l 

Abstract of Talk to be given at the 
Silicon Interface Specialists Conference 

November 14 and 15, 1965 
Las Vegas 

The properties of thermally grown Si02 on 5i substrutes have 

[.ce:n sl:udied. Oxidation was performed in an oxygen atmosphere 

c untaining varying concentrations of vlater vapor. It w.;:s found 

that the chnracteristic stored positive charge in the oxide, the 

r.U!'1lber of interface states and the oxide growth rate vary system­

atically with water vapor' content. In particular, there exists a 

critical water vapor c"ontent in the oxygen above which the growth :­

l".:lte s teadL~y increases. Below this value, the grO\vth rate is 

I~early independent of water vapor content:, and the characteristics 

uf the Si-S~02 interface are markedly changed. Mose striking is 

Lne large number of interface states characteristic of "dry" oxides. 

r~:he ioplica::ions of these characteristics in terms of oxide growth 

Linetics will be discussed. All of tbis information was obtained 

from interp~ctation of the capacitance vs. bias characteristics 

of Si-Si02 (l1D5) capacitors gro~ on (111), (110) and (100) orien­

Lated subst~ates. 
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J.1easurementa of "true" surfa.ce recombination velocities, ~;, indepr-r. 

of the method of carrier generation, become frustrati~ ane.. thc results iDQccw:a 

\ihell s?ace-charges are involved. EvidenCe is given that sui'ficient barrier hci£)". 

exi~;t in p-ty:pc silicon after the following surface tre:l.tmcn::o: (a) or.:.e minute 

c;::';chin3 in CF4, (b) four minutes bolling in 10 % KOn solution, (c) ten minutes 

'~"cl..in.~ r~:. rOO:.l ~cmperature.: in l:iF, (d) five minutes et.chil~ a.t 40°C in one p£1' 

cent K:2Cr20~( solution, to affect sel':i.ously such common photQelectric methods fer 

determining S an the steady state pho:;oco:lductivity method, the photoelectric 

decay method, and the ~/pc ratio me~hod. Both the photoconductivity and the 

photoIIllJ.gnetoelcctric (Bm) open circuit vo1.tage have been measured at room tempe 

ratcre for thin p-type silicon calJples sUbjected to the above surface treatments 

'l'he ei';:'ects were ro~nd to increase linearly with the magnetic field up to 20 kG, 

1ut fo:' c::.ll surface treatments ahowcd sublinear behaVior with photon flux even 31 

relati"ely low light intensities. The hit¢est PME and PC effects were obtained fl 

::;~fa.c(~s etched "Yith CF4; the other curfo.ce treatments produced qualitatively 

~~cntic~ dependence of thc effect w1th ?~oton flux: A fairly linear increase 

cf the effects occur at 'Wavelengths near ' .. he absorption edge, but towrd sbalio-.n. 

[~:u~orp1..ion the curves become cituatcd inc.:.:'easingly above th0 longer 'Wvelength 

curve (.nd a.ssume a more and more cublinea:..· shape. This effect could be attribute~ 

to an t~ccum:ulation layer 1n the opa.ce-cha.:;.·ge region of the crystal. In the regivl 

0i' linc!ar dependencies near the absor:)tio~ edge I our nm an:!. PC d.a.ta could be Ul( 

-:or ca:.culating an "cmect1ve" curfo.ce rec Jmb1nation veloc1tJr, s*, at the border 

oe:t",-eel1 the space-charge regio:;} and tile 'l:.ralk crystal. 
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I has h(::C~l cenerally r:.cccpte6. tL~ .. t, i'"l alkrJ.l silL:c.·;.~' ar.d 

..••• ~ 11 )1'~ a r:;"'I)le t' r1'}lCl,4US +~.n~ •. C ... "TIl"'_·,,· ... ·'1.l.·on, f'S m.;i"'1.1~· ;,;:> .... ~t ... ;:.,':CL1"\;J.vj~ ':"0 __ .. ', I'l~ _~,.".l 1'<1. .&...J. "" ............ o*t-l:' _ _ _ .", - u .... 

~ .•• ; •. (! .... : :.;.iX!1 :l c~r.::1E; ::pecie:.> of currcl.t. c::..rrier. HO\-!Gvur, ~jK' uc-

the Ijncc in thc:ce roport~; fro:n :.~bo'!.lt. 

15 .·.·.11::: J 0:;.' :(..::!t. {.:.ll::.:.ll (;.:dde "to ;;'tiJ0ut 35 rno:.e percen.t, "'~.th 33 mole 

.," 
•••• J r :::l'Jl ti.'1[ fl'Or.-\ compoum::' i'or.na t ion ~'1d phu:3 e so 1.:aro. t iO:1 ill 

... ... . . 
[01 ..;._~~ ... _ .. __ :J J.i _ '.!uL'=.: .-, ~ .... -,.. l' "0'" I" a "ill '::'_~1..,.~I..:." ..... • ... ;a -0 2 
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An.:.:: .. :J.Ci!G Sf :t..,;t. ::-.f VoltaGe ;':'cl:::"n~ u.l 'uc Iuvarsic.n .~:.:r(!r 
CCii~i.ctl.vity of 1-~(j:5 Dovices' 

M. Ono: Musashi \'!orko 0:': liitachi, Ltd., ',;,'okyc, Jnpan 

Abstl'act: Effect of voltace boking on ·uhe inversion layer 
conductivity of silicon coated '\lith thermally erow'"l1 oxide has 
been studied. N channel depletion I'JuS capacitors fnor-ientcd in 
p-type oilicon nre used as invostisutio~l tools. Tho InveroioD 
loyer cllnductivity is measured by the source to drain cor":::'uct­
i vi t~' Gc at zero gat.e bias. 

Effect of baldng at 35UoC uith positive gate bia~ is that 
in s;·itc of mor-otonic increase \1i th beldng time of the total 
surr~~ce charge density Nt, corrcsl;onding conductivity doe~ not 
vary proportionally, but ratber decraast3s after initial increase 
which tends to a marimum. 

It is also investigated vl~lCti:cr th'l following b::ldnE with 
ne~<ltive gate bias can eliminato tr.lJ ef.rect caused b:r the previous 
'ba~ir.g Hith fjositive gate bins. For th;} ~"1it heat tl'aate.:i with 
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positive bias for a ahort two, rovcrsi'~le cbange is observed :w 

an1 ('onductivity tends to tho orie.:.innl. 'valuo monoton::..cally. 
It'or t he unit r~ceived a prolonced heat .. rp.atment witil positive 
cote bios, anomalou~ mode of recove~J of conductivity as well as 
of l;t. i:3 obsp.rved, i.e. conductivity decreases towards zero 
OVJ!'!:hroting the or1.ginal value \-lith succe~sive heat t.reatment 
... ,it.h necative gat'e bias, and further treatment cnus'as the 
condt:.ct.ivity tend to incroas(? aGain to\Olards the oricinal value. 

In accordance .lith the nno:nalou3 conductivity change, the 
to tal mlrface charGo density also nhows the anomalous cha'lce , 
1.1). while for the unit heat. trcOltcd \'1i-,~h positive g~te bias for 
.:: .3hc rt time, the effect cauaed c~n be .)liminated revorsibly 
oy fcllO\·ri.ng heat treatment Hith nC[Olti-,re gate bias, for a unit 
:"E'::e!ved a prolonged heat tre::tmcrlr. l-nt:l positive gate bi~9, 
!h .. ri~ crr:ases, overshoots the oricinc.l v llua, changes the sign 
ar.:1 then 'oegins to increse tov;al'ds the original value. \'t'r:en 
th9 \,;nit has the opposite 5iDl of IlL, its performanci..! as }:OS 
traneistor is that of induced channel type. 
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Alan Fowler 

IBM Watson Research Center 
Yorktown Heights, New York 

In addition to extended measurements of electron mobllity 

/ 

variations on (Ill) surfaces of sUicon l'cport<!d earHer. measurcments 

h~\'(.: been made on (100) surfaces. At room temperature the varia-

liv" of :nobUity with gate voltage and carrier density is similar to 

that on (ll~) ourfaccfl. but the (100) surfaces exhibit somewhat 

(1O-2?%) higher mobilities .. The Hall ratio is also higher. At 77
0

K 

and '.tOoK ~nobnities as high as 5000 cm
2

JV tlec have been obs:::rved 

{r. l0G ohrr em silicon and as high as 300,) cm
2

/V sec in 12 ohm-em 

silicon, All samples studied at 77
0

K cxJ.lib:i.ed minima in the mobil-

Hics in a :nanncr similar to those report.ed ~y Fang in gallium doped-

oxide samplea at room temperature on (:"11) :Iurfaces The hiGh £leld 

maxima g":,ow as the temperature iu 1011 creel. The low fkId maxima 
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in::r<la5C as t.he temperature is lowcn"eel to 90 oK but then 

decrease At 4. ZOR there is no evidence of the low field 

maxima.. Neither conventional surface scattering theories 

nor the models proposed for gallium doped oxides explain 

thiu phenomenon. 

I 
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~ .. HU·I.C:':; CH.!:.l<.GE.: OF THI::IL'vl1.L:" 'A' 0.(IDIZED SLLlCOI' 

P. Balk 

IB}'1 Watson Reoeal'ch Genter 
Yorktown Height!:), New York 

The rate of thermal oxidation of silicon is a function 

(;f the orientation of the exposed cryatal face, and can be e)::pressed 

ill termf-, of a mixed linear-parc.uolic rate law. The fact th~t it is 

tb.! linec..r part of t~e rcaction (which io probably surfacc litllited) 

.. i1~t exh:.bits the orientation depcmlencc, r.lakes it likely that the 

,-
d<..:t::t.rlCcll interfacial propcrtieD also show such depcndence. We 

':uund from MOS measurements with evaporated Al electrodes that 

~r.dced both ior dry O
2 

and for steam oxidation the surface charge 

c.:(;r~~r.d.s on orientation and decreaseo in the order (111), (110), 

( ~ (;0). This relationship is maintained upon P 205 doping of the 

vx.iuc. Considerable further reduction of ·.;he built-in charge is ob-

t.~incd upon annealing of the Al cov<.:rt;d ~urface. This e£fc.ct is 

dependcnt em temperature and d\uatiol'l of ' .. he procedure. In addition, 

it :0 r.la;.·kedly affected by expo[;ul"C of tile surface to water "apor 

before evaporation of the Al £ilul. S,:,m~ typical low valueo of 

i.ailt-in charge £01' the (111), (110) aacJ. (1(;0) surfaces are 2 x 10", 
- -.. ..;::::--=:""~, - ...... 
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1 ~: 10" .3.nd O. 5 X 1011 electron. chal·ge~ err.. respectively. In the 

annealing process , field effect mobility values as high as the bulk 

rnobility value were obtained both. on (111) and .on (100) surfaces. 

The staLility of tile. oxide was £o\u'ld to be independent of orientation. 
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Surface potential as a function of surface state den~ity car. be 
:::':!:.: ·.~~rf.;cl ·iuring device fabrication on properly designed ,test putter!lS 
ir.;.~::::;P(:!'::>;ci '.lith ri€;viC!es to be fabricutel. ' 

\~'':';!1 ',.;ork h.as led towards u better knowledge of :.oe st:.rfaci? 
va:'J.r.c~J..(.r. d~~ 1.0 the various process steps necessary in device i'abl'i~at ior. 
a.nd some: of the factors responsible for oxide "charging!!. 

Gold was found to produce large p-type shifts, exhibiting drast!c 
instability with temperature biaa treatments. 

'..ie have attempted to relate p-n-p device parameters ..... ith shii'ts 
in 1he base surface potential for !-.tIl epitaxial base transistor. Such 
pfl1'Hn:etel's as lEBO and ICBO show strong dependencies as would i.e expected. 
The lurgo '/ariatiofls in current gain attained with certejn heat treatments, 
howeYer, 9_'e more difficult to explain in terms of a shift in the base 
surface pO'~ential alone. 

f. 



lkpartmellt lJl' CI.~·lni~1 ry 
Pol ytechnic I.nstitut(! of J..)rouldYl\ 

ABSTHACT 

/ 
I 

T!~ .. kiw.:tics uf ;~r()wth of siii<':OII oiox_ul.! films in l ... ixturl'~ 01 wall'!" 

V~trJlI'1 (Jxyg"n, d.Ild .lrgon have UCell titlldied ~n the h!lnpl!l"ltur(~ range from 

• • (.J C I' 1;1 ft' h.,:) t'J 121.' ;.1l1C 1n 'le range 0 wa . I.! l' vCipor pr(!ssurcs ll'l)lTI Zl'ro to 

:;5;; turr. ,"ncl uf o:·:ygt!l1 partial prl.!ssul'l.!::J from zero to 200 torr. The 

p~j,r'llJulic lCiw is \"cll adhered to in the la~l.!r stage·s of growth &'- < ... 11 tenlper­

:.;U1'C::; inv(!stigated <.t.lthough the usual non-parabolic region is iound [or 

'lh,; ~ct.ivi.t.tiuJ1 e!H:rgy for LIlt! thl!l':na.l growth rl~al'tion :r: the preS­

,,£ \iJCd(:l' done is 1.41 eV in the l'l:glOn nelow 10300 C and 0.77 cV 

;.!I.JV;,' ~his ll!ll1perlitl!l'L'. A transition in ilctivation energy to .. \ lower value 

at I'; :iWT iC111peratHrl:s is an unusu~.tl occurr,!llce. In the prl!s·~nt instanc~' 

:t , . "L'IlL:.tt~vely attributed to a ch~,ngc i:1. the: local structure of the glassy 

.' 

,\i.. the low(! r water vapor pl·l!t,;!:iUr,~s. in the absence of ;'l(idcd oXy~:Cl1, 

til(' lJ ~r,_.bolic growth Cl)l1stant has fil'sL (H"der depe>ndencc on thc water vapor 

f1n~ .... \'Lrc hut saturation (,Hects are I.!vith;.lCetl by :-;trong negativ.: deviations 

irr~;:, t!"(~ Lrst ordc:r law at the hi{:,her water vapor pressures. The tendency 

. ' .. ,':.,;!' (jrrl·;.- ki:-.i..:tics Cit the higher W:U:':l' "apor pressures is explained 

i 

I 

;;.: :, .. ' (:~;'.li,~li;'il.lrh :JctW(;en the water Vi.:.pur <.l.nd ad~orb~'u \"LtCJ' un the sUl·i,\.o.~c 

(;:;' :.i1l.: i;irr_e Ti-Ie cicvi<.:.tion in the kinetic:; of growth is in 1.1uan~i.tativc agrt'v­

!r'H :1~ w:th tl1<' predictions of the L<.:.ngn.u~r ~:.clsorption iso·.:herr;... The data 

l.!n<~)lt: the ca.lculatlon of the adsorp1.ieJl) cquii ~briurn cons1;.nt t <J.':; it functiOll 

The latte:: accounts for an 
f. 

;qJ!J.,l't:lIt c bLln;~e in thc' enthalpy oj l.I". d.i.llu:';lon controlhHi growth procc"s:i 

'Ii C !~i(lctil.s oi growth ill UIt: i'l'l:..;cr.cc oi bolh wat,,·!" v .... por and 

(,xyg(;n arc qllitp. (;omplicated. Tnt: (:[f(!~:; of addl!J oxyg"') dccrl~ascs with 

incr£!~siTL:; water vapor pressure and n-l<...kes zero contrihl.1tior. to growth at 
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Wal.~·r va.pu: prl~:';SUl'I..!S Olbovl..' 50 tOl'r. in UlU ~al'lgc: of OXY1!-.!1l ?-·l.:~SUTcU ir.\'\ .;_ 

ligated.. T:u! l'e~ults arc intu!"pret('d ill t~:l'lT;.; of the disPLiJ,C:l:!lr.·:nc ()f ad5Qri.~d 

O:.;:y:!ull by .:.dsvrbcd water on the sudi.l.c~ of the iilm. 



C:::NERilL ru:LAT: O!:~i!:":} I·i. ... '~.:E THEm·tAL 

O:~IDAi ro~\ 0.,' S:: ... ICJN 

Bruce E. Dc<!l 

Fairchild Semicvuductor 
Research and Development Laboratory 

4001 Junipcro Serra t1vd. 
Palo Alto, Caiiioruia 

ABSTRACT 

The r.:h.;!rrnal oxidation kinetics of silicon are examined in cetaE. 

Bos(!J on a simple model of oxidation which tekes into account the 

n'Bcl.i.oO(; o::curring at the t,wo boundaries of the oxide layer as well 

a::; ::.he d:'ffJsion process, the general relatior<ship x 2 + A.x = ll(t + .,.) a 0 

_'"' derived. This re lationship is sho~m to be in excellent agreerr:ent with 

v .. d.dation data obtained over a wide range of temperature (700o-1300°C») 
° pcrtic..l I'rescurE: (0.1-1.0 atmosphere) and oxic:e thickness (300-::0,000 A) 

fvr bu~h o:<fg~n and water oxidants. The par&nleters A, Band T LlrC 

:,;llv;.m to be related to the physico-chemical cvnstants of the oxidation 

,,'(!action in the predicted manner. Such detailed analysis also ~.~ads to 

iurlhl.:r :i.n~,)rmation regarding the nature of the transported species as 

well as spa:c charge effects on the initial phase of oxidation. 

","-
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Photoemission of Electrons From Silicon and 

Gold into Silicon Dioxide 

Alvin M. GooJQan 
RCA LnLoratorics 
Princeton, N. J. 

Photocmission of electrons from both silicon a~d gold into 

th~r"1nlly gl.'OY1tl silicon dioxide layers has been observed. In each 

case the energy threshold for pilo{;oemillsion is found to "-ary wit; 

tile C!l.ectric field in the oxide. t-Jithin experimental ert·or this 

-,;~,:ci;:.:.i.on ifi consistent with tile theoretical Schottky effect 

;1!;~\J:ai:-ig an e:[fective value of imagC! force relative dielectric 

consL.:!:)!: of about 2.15. The extrapolated zero field threshold 

~ne;qi~s for silicon and gohl arc .. bout 4.2eV and 3.6eV 

~ 
l-"::;;L!cLl.vcly. From mcasurcrr.cnlS of the phoLocurrellt vetfus electric 

i~c~ 1 L. the uxide it is inferret.! that the product of thl! electron 

:I.e-Dill Ly in the o.cide and tLc mean tilI"IC before trapping is of 

-13 2 
the ~rder of 10 m IV. 
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:. !ll ·I'Ll.r:!iJhonD kiccr'.I.l.orics 
.. ;;r"l".ij lilll, Nt!"."" Jcr:;o:r. 

Yuu:' O~tobcr 11 deadJ.ir:c (;::m~c:n:':!g an c.:.b5tr;.lCc. on ";':":"Ginal 
:' l.!l,:En" s in 'i:.h0 l·bs :ll'ea. putc U~ in Cl 31i~;ht cmnarracsing p..,:;i t.ion. 
:_'~:!' "'·W!·:'.: ha.s nor. proi~res:3Cd as r:li;.~dl~f <l~ \oie 1'1;.:.1 cxp~t:~I..:d. O:!e !'aa~on 
_'0:' :..hl;3 :!.s ~~h:H. ;')J.1' unole Rr.:D ::.-= i, i'J 1 L~/ l:L:.S been in thc pre ¥C~:J 0:: 

·::;.!yS:lC~ 1 l'elocJ. cion und a.bout. vllO Z.lDllt,;' of E:.:-:;,or1manta.!. wor • ..: i!:-~s been 
~vst. 'rhus, a.:.. ::'his time, eve!! t.hOL:~L \>/c ha\"c accumul.:.ted c("!l"t.ain 
:i.!:i~i-:"::.., they a!'c st.ill no:" sUfi'i;,:ic:lt.1] conclusive n.nl.. '\';0 iiC:,;::..tti,te 
:~" t:li: 1~i.:::·Z: tv Gom::tit.. oursl:lvC:!J \~0 <l i'c.r:;1al present.c.t:.oll. 'du hope 
'.:.J.".:. L:: r:;,id :k,,:c:;1:::,er \,'e m.iGh~ L1.: in <.l ?of;_tion ::'0 speck: inf ..... l'~:.ill.y :-
: ..... Cju:, (. u.:. .... findi:;G:J • 

.. :,.1 ',:ould like to lTukc :_ I..,i',icl' ':;Cfol.lent. about OU1' \0101'.. on Nos 
' ... l {; :::..~. ' .. ic he. ~l(! cor:Gtru,:t.cd a 3(;;,.U-':l.lH .. C,::L:. tic, probrruIli::.J.ble .. !~5 trument 
_ ':,::::::: :;.:1;·x1:...10. of collectini~ Ll'Q.lI~l(':!li.. ckUl u..rlder ter.1po.::-al.ur0-bias 
._-'::l:";.":;:'i:. (':'3':' I. The follol·lint.; Cl.\~l!;'; can be readily plott.::d in rapid 

:..' 1._'; c':: ~~: 1011. 

(c.) (C\i )'J.'( t) 

(L) ( C'l'j ~ ( t- ) 

(c) (C' \ ~/V '.' 
!/-

~~_.;~ • ..Lt.~;. !':_(..I~S '..:.~"! t.c [.::.!.Uc \':hCl·~.; G ::.~ :"~:)lt~ccd by I 0:' .. ;~ .1. i:,f!e 
{ -", ' ... ·~·· ... c.. -'. ~.,. ~. ot- ,..n1-· ... ··· _ .... , .. ·i '"I.~- '- ... "f ..... .;. '''r' -!.. ...... ' •. ;. 'II ..... ,!. " .... .. '''1 f.'; \".: '.\,; ... \',,," l~iF'-'. ;j ... ~ • • \,;", <,,!.~ .. u,._._,)~ ... ell ....... '." ..... ~..J ... .:.1.;5Jr •. 1.or ... w~",c.'.J:; 

.~:; :;·,..:!L lc.-::cu c:.·~~~iie~ .. _ in;:;~i'fi·::i.clf., (:l' .... k~~ b;';~:l a.CCUl!~I~Q,t(. r.t this 
·:'.:.::;e i..,_ ~~O:,( l.v;lcLl~;_ve in~C!·l-ll·(·'";.!.·~::.<--·l,. ;'io tl'IlSr. l..!lat or~r ".l1.2bility 
;:.:; !;..lVi . .iL em o.:.'lCiI'.tll abGtract. tv: .. tll::. .... t.ii.le docs not Pl·CCl\.Lt:: our 
.:..:' -;:,c;·ld.c.ncc: at t.i·11':: mee:'in3. 

(;0:11.. '2 d on ra~:C 2 ••••• 
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.d~;) .. r'(.;~C: •• ~, developments Ci..~i:i.:: _.l. i·.ighl~i prob.:!.b]',; th:.:. ! 
(. ,~m H) t. : ~ ... t<.;nti the ):~(}etinb. In my D ~C~(.i I 'r."iJuld like one of L:J' 5t.lr!ior 

r.c~~pl(;1 .1 ri.li... Clayton, who is actually conducting the ld>:3 iLvosti­
g~Li.lon:;, to attend the meetine. 

..... 
" ;J 

J 

> \ .... { :-~ 

vi ~A. PicczonkaS/ Proj0ct D:..rcctoI' 
Holecular Electronics. 
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Dr .• J. T. I\elson 
... 'n';li::m;lTl, l'Gcl1nical Progral,l Conuni t lee 
S. 1. f;. C. 
n,~ll rl'(~l('i?honc Laboratories 
:,Wrr;lY Hill, ~iL'W Jersey 

Dc.'ar Dr. Nelson: 

1 could contribute new da~a on the following 
subjects for the S.l.S.C. Confercnc~: 

1. Surface Leakage on Si02 

The work presented by nle at Princeton has been 
~xcen~Qd since then in the following respects: 

(a) 

(b) 

(c) 

( d) 

( e) 

Prove that the sU~£Qce leakage resistance 
(R ) does not d~oen6 on voltage. s -- 1: • 

More detailed d8pend<.mce of R on h ..lr.lidi ty. s 

Dependence of j{ on oxide preparation. s 

Analysis of charI.fJ.n(~' nnd (~ischal-gins; curves 
to include LuI]\. loak...tgG resistallce. 

l\. discrepancy bLL\"/eC!d theorctic.tl m:-rdcl and 
observations, c(Jr...:;;i~. ~:ing in an Zlddi ~ional 
disch;:trge CU1T(;i1(. wiu.ch depends on .)olari ty, 
on t_he (p 0: n) c .• uracter of t.hl~ su:,strate 
and on the clectr"d0. material. (Thi~, work wa3 
carried out in coupu::ation ,,,i th P. ao and 
L. Fedotows:~y.) 

2. char<.:c Motio.1 i ", J .. l::;11 Lators 

f. 

I would like t.o :)':('::;(:11"(, a). analysis 0f c!lurge motion 
l.r. i:I::;:llu.tors which I fOllnu fru:!.1.:flli on 'ra

2
0 and i.1

2 0
J l.~sula·:ors. Bric.:fly the result::> oi this anaiysis are consistent 

,. 

'/ .'j 
. J 



S P R ~j G U EEL E C TR ICC \.. rn P R n y 
." i.. ..'ilUVt:l' 

-, --- I' b . 

L:l·" ~J. T. Nelsor~ 

\d th c!l.:1rQe mcn:.ion being due to ~h<3 saI!10 ions .. .;hic~1 pa:: tL~i?;:";e 
i:: t:'10 \'/(:11 k)Jwn anodic gro\'lth uf ·.:hese ox ide:~. The 
uyplicution of such an analysis ~o Si02 -films will be discu~sed 
;;!:-j soue resul t.s or: one type of ()xLle preparation ·,·:hi..:h ::;1:0'.\'5 

:;;:-~rt i C'l.l rll:1y large effects \·Jj,ll be qi VEnl. (Mu.::t 0 [ the 
(:;·:~)e:. i;.l0ni:al rE·;.;ults used were s..ipplicd by Dr. Dre:.r.l.::!r.) 

3. Analysis of MOS Imnedanc~ 

Ear ly analysis h;;lS Clss\:..med only char':Jes i.r~ su.cr';ce 
::;, ..It·:.!~; W.l .•. Jl 1:0 charge in the u;.::ide. Since then pr~5cncc~ of 
(:;.ilr.~c:> in the oxide has been fm::nd by many au(.hors. I hl~E: 
I .. ) C.Jmncnt on the analysis of lYlOS I:71pedance curves to distir.guish 
betW •. K'n charges in surface states u!1d charges in toe o::idc. 
1:: i->;lrticular I I like to discuss tI-.e analysis of a distribu-..:..ccl 
l.!1,,:;r'JY slJcctrum of surface state~. 

Sincerely yours, 

KuJ:'t Lehovec 
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ao~~otiO::l of the' Lino~:.· c.::~ Pc.rc.bol!c: 
l"OI'DlD in th:J Thoa-mal O~udcn of SWCOD 

... by 
W.·A. Pl.iclJ.n 

IBM Sy8tolna Dovolopm"ut Divioicm 

-.-._---- ......... -----.-

I . " .I 
/ '- / 

Ul;;lng Ilccu .. ~e fUm thlcknoDD n:O.:l.ouremonto. it v.;aa i(H10d poaoiblo 
tn cc~)n1'atCi llnoa.Z' a..:ld paraboUc to:nno it. t!\C thot'mn! oxiclo.t1o:1 oi "lUcan, 
~-..2 -:'Li.!D obtcln much mora prociDo C:i:p::ooa1vDo for tho th.}rmcl oxidation 
~C:~:" dific%()t1a C:O:!ditiODC. Tho com~iI:cd lllA~ - pnznbollc raln.tiol1 waD 
foc:.1 to be c.ppl1cnblo to var10uD CL"yct:~ll"jGraphic oriontaiiona. Tho puro ~ 
1,?3:':l.bolie conota.nt ohtnlnod lrom th10 rol:.tioZl wac tho eOL1S fe:.- d!££erant 
c:,yo~~ orlac.tntiono., but tho liDOll:: tOI:'Z".'l in tho rclatlo:l VlllD (e;und to bo 
VOI1 curl'o.:o ecnc!t!ve. By thODO to;.:h..~C' .. uet,. more e.ccu~a.to p:\rnboUc 
r;:f;·.} ccne~n!o can bo obtAined nnd th~ llCDlU::l.ty or tho log k VOl. liT plo~ 
co.n uO oxt~:c.dcd to Cluch lower tcrnparo.turoo. Tha b.cUvc.t1on ,moray of 
the p.:u·cbo:.ic: Corm lo~ otoun OJdcbtion W'lB found to bo tdcnilicantly lower;-. 
t~, pl"lDvic:ucly pubUohcc1 vAluoa. Tho oUoct of noglcct1'cg tho UnGar torm­
in vc.~lcuo mcthodo cd ,CCClput4.Da tho p~~&l';,)ollc :ret. wW bo dlccuGaed. 

'. 

...--.-. 

" . 

• -.. - , 
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::F::·-i;C1" OF TEMPERATURE ON TR.At~~_··E:~ CHARACTl! RIS'.:lCS O~· 
IN·.i.~EGH.ATED ~'Z1' 1,,0R C. lRCUlTS 

by 

:!: J. Walke r 

IBM Watson Re[;earch Center 
Yorktown Heighta. New Yorlt 

ADSTf{ACT: Measurements of the voltage tranoier function were 

o 
rr.aclc in the tempcratur~ range 20 -200 C G:-l several n-channel 

intcgr.~te:1 .i:'ET NOR circuits, 'TIle change \n the transfer function 

o 
wi~~l tcm:)e:-ature is small up to auout 1::)0 C. The main effect observed 

iu ... lowering of the output voltage in the "off" otate. There is a large 

~Cl..:·CC or compensa.lion of the tcmpCl"ature effects in 10:ld ar~d active 

cic.:· .. iccB ".:1 t.:'le "onl! Htate. 00 that the "on" state voltage is v:l'tually 

\r.~c.:p(;rHlcht oi temperature. The dreJp in the "off" state vOlt41gc with 

iilcreaoing rr is ohown not to be a reGult of \ncreased rc::verL>C junction 

le<:.ka3c ill the output junction, but is ClGcribcd primarUy to tho ahift 

"'lith te:o:nperatura of the active devico '..nrcshold vOltage. 

.. ..... 



R. p. DullOV.:! .• 

Research Triangle Institute 

Electron irradiation of capaci tor lii<e s truc Cures cOI;sis ting of 

pu lyv Lhyl{ml! t I.: rl!ph Lhalate ("Mylar") fi ims \v i. til thin alurr.illUtl llc~ trou~' s 

l"'!~1I1L:; ill;1 trapped dwrge distribution in the dielectri..:. 1;1~ d.:!c.:l:· 

tr..lp;; that is uniiorm with l·espet.:t to eu..:rgy measured fro::l th~ conduction 

ound. 

Irradiation of this capacitor lilw ~tructure \-.1ith a llcta source 

(Pl"Olill: thium L47) resul ts in a spontaneous discharge. The breakdc~.;on is ~ 

attribute(! Lo the electric field associated with trapped irradiation 

c 1 d.: trons ano occurs at defects in the polye chylene terephathalate film. 

SimL<.lr capacitor like strucLUres in which the dielel.:tric i.s either 

(.) '_'JLlporotc:d [ro:n a commercial silicon monoxide source or (2) thermally 

gl"O\·/il on it polished silicon substrate ,Ire..: cucrently being examined under 

~.il:1ii.lr iI-radiations. Preliminary results i.1dicate t.:hLlt Lite trap density 

of LoLli t~'jJCf; of 51] icon oxide films i!i ;;rea!:cr than those found in poly-

,- :::y1\;1)0 I.ercphthalate. 

I 
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f,::.) t;';:':ltC par':':::3tola 11:1 tl-:.o 3l""3J..O~ n~·cCer:l U~1r~J t!:13 r':03 CO::''' 
~ 

1 c. •. :.: ~DllC~J DtllcJ. - J\. b~1cf NVlc.iJ oi' tb10 tOCh0.:2.c;U3 c.r..:1 thQ 

\..~_~ qU::l .. tiCy of :!.co1:::ed it:l~UI'i(;10~ cue:,. ao 011:0::'1 c:;talG t;h1Cb. 

;::':I_~~ t.: ~::COOl1t in the cc:t;>lc:l 'c'"J Clltow1ng tbo ~·~1ao un~Gr bic!!}. 2 

11') () 
10· w c:'Jw, L:~.l 0 contirmu::.. ~.f .~;Jle cap.:. 
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SURFACE STATES A'; St, 'EAM-GROWN 
. SlLICON-SILIgON DIOXID]; INTERFACES 

by 

c. N. Berglund 
Bell ~l,phone Laboratories, Incorporated 

Murray Hill, New Jersey 

ABSTRACT 

A method of determining the energy distribution of 

surface states at silicon-silicon dioxide interfaces by using 

low-frequency differential capaCitance measurements of MOS 

structures is described. Low-frequency measurements make it 

possible to determine the silicon surface potential as a 

function of MOS voltage directly from the experimental data 

without requiring knowledge of the S1 doping profile. No 

graphical differentiations are required to determine the surface 

state density from the experimental curves, anc errors intro-

duced by uncertainties in the silicon doping dens1ty are re­

duced. In addition, it 1s shown that the measurements can be 

used to determine the relative lateral uniformity in the 

characteristics of the oxide and interface'under the MaS field 

plate. Nonuniformities result in lHrge errors in the surface-. 
state density derived from MOS capaCitance measurements. 

Measurements are presented and inte~reted for both n- and , 
p-type silicon samples prepared by bias-growing silicon d10xide 

on the silicon in steam. 

" 
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STUDIES OF SODIUr~ IN S:!-O. I :LrolS BY NhlJ'l'RON 
ACTIVATICN AND R~\DI()'rF:;.CE;{ TECHNIQUES 

by 

T. M. Buck, F. G. Alien, J. V. Dalton, J. D. Struthers 
Bell Telephone Laboratories, Incorporated 

Murray Hill, New Jersey 

AB:3TRACT 

Neutron activation analysis was used to detect 

sod.ium co~tamination on and in 3i02 films and silicon 

substrates. Tracer sodium was diffused or drifted into 

3i02 films. 

In the activation experiments oxidized silicon 

slices were irradiated with thermal ne~trons at a flux of 

1013/err? sec. for 2-3 days if! a WFl tar-cooled hole. The 

samples v/ere then analyzed by progressive washing and etching 

and counting on the 1.37 or 2.76 Mev gamma peaks of Na24 

( 15 hr. half-life). A weighed sample of Na2C0
3 

was included 

for calibration. 

The results of four of the activation runs may be 

summarized ao follows: 

Total Initial Na: 3 x 1012 - 4 x lol4/cm2 

Na inside films (6000A O tnick): < 3 x 1012/cm2 

< 5 x l016/cm3 

Na in s1.1icon Bubstrates: _. x 1014 _ 1.5 >: 1015/cm3 f 



- 2 -

M:>st of the initi~l' sodium e:.:c';..i..vity was r~mov~!d by 

washing or light etching,("" 200AO). The amount remaining 

inside the films was at or below the limit of detection in 

experiments to date. Experiments in progress may improve 

the accuracy of this determination. There was evidence that 

the total fodium concentration was sensitive to pre-oxidation 

cleaning" furnace cleanliness and subsequent handling of the 

slices. However, the silicon used in these experiments did 

not seem to be a significant source since sodium concentra-

tions we~e usually lower in unoxidized silicon slices than 

in oxidized substrates. 

Neutron activation evidence relating to phosphate 

glass is inconclusive as yet. In one experiment sodium 

diffused t~rough a phosphate glass laye~ during activation 

c.t elevate,j temperature, but tnis may h3.ve been du~ to 

bombardment damage effects on the glass. Tracer experiments 

(below) have shown definite segregation of Na 1n phosphate 

glass layers. 

Tracer experiments were carried out with Na22 

(~.58 year half-life). Uniform layers of NaCl were deposited 

by evaporation. Thermal diffusion into 6000Ao 8102 films at 

600°C for 22 hours produced distributions which were high 

near the outer surface ('" 1019/cm3), low in the middle region I 

(4 x 1017 -) 1 x 1017/cm3) and had a s~ight upturn at the 

silicon interface. 



." 
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Under the same diffuEion conditions but witt a 

phosphate glass layer on the 8i02 , penetration of sodium 

into the 8i02 layer was drastically reduced, about 95% 

being held in the glass layer, as defined by etching rate, 

and little if any detectable beyond l500Ao from this pOint. 

None of the initial sodium activity could be washed off the 

ou1;er surface of the phosphate glass wr.ereas about two-thirdi3 

of it could be removed from the untreated 8102 surface by 

washing. The deposited sodium had been absorbed and largely 

stopped in the phosphate glass during the 600°C heat 

treatment 0 

A few attempts at 400°C for 1 hour have not shown 

any detec';able thermal diffusion of solium into 8i02. 

Drifting under gold dots, hOllever, (1 min, 4V, 400°0) 

produced a sodium distribution tilted :ligh at the silicon 

In~erface (~lo20/cm3). In this experiment, M. Yamin charged 

~: o~t of 40 square dots in an irregular pattern. After 

'i/Ctshing a:1d removal of gold, a radioautograph showed sharp 

~~:.a.gE:S of the dots which haa been cha.r ~ed, and no other acti vi ty. 

?e~ percent of the activity was found IIi thin 2500Ao of the 

outer surface and 90% within 800Ao of the silicon interface. 

Total sodium corresponded to abou~ 25~ of the total charge 

introduced. 



-

E. Y~,!l, '". i~. KG, ull.; 

A. B. _KlIp .. ~ 

Case Insti tut~ v1 TecLr,ulog., 

Cleveland. Ohio 4-%100 

R · . N Z4. 'b' 1 . , d 1 d aaioactlve 'a dlstn utlon lat.; been mcasurcn an corre ate 
o 

with MOS el~ctrical data in over 40 samples of 6000 A oi SiO") grown by 

C(Jnvcntional wet and dry oxidation of 10 ohr.1.-Cnl phosphorus (~oped 

siLcOll. Nelltron activation by a high flux o.f thern1al ne~tron::i at SOue 
maximun, showed that Na was present in tlcleanfl oxide ill concentration 

1 G 17 -3 
10 -10 cm Other impuritic::; detected were Au and Ph()sphorus. 

Sect.iuning was done by etching. Planarity of sectioning was 

Vt'r .iicd l: y llruformity of int.erfcTclIce culors. Gamlua-ray sl)cctro-

1 b h d · N 24 d ,. d ITlC~ry anI ut ra lotracer a an neutron actlvabon were l:.se • 
o ~ 

St,ctivns ,.1;; thin as 250 A could be countod. 

Neu~ron activation after drift show~d residual Na piled up \\.J.thin a 
t. 

i(;\': 100 A of the Si/8i0
2 

interface. This interface concentration correlllt.('d 

'J.: i.:: M0S flat band voltage shift.~ V. High surface Na concentration resulted 

;,. (.;, l'u-lg}lly V-shaped concentration pr0:ile. 

Dr:libt:rate contamination with Na 2·:1, chloride, hydroxide, and bro­

nud" \\ias used to obtain greater lH:nsitivity. The U -shaped pi'ofile was 

;3L'l~a aite]· drift at 140 and ZOOoC and diIfusion at 300 to 1000oC. Again 
() 

~ '; con' .. : _i.1.l ,~d wilh Na piled up within a few 100 A oi Si/SiO
Z

' Kinetic 

sttHl;e:; sl.0wI;d th<Lt the profile w<.ts c!3la.Jlisl1t:d within Unt: luinute. with 

CGllccn;;ratiun subsequently building up li10l"(; slowly. giving r.;,~)e to the 

observed 6. V (t). Time dependence was observed in diffusion c:!t 500 and 

Boaue. \\':.'lich is not expected frorn the reported fast difil;slon oi Na. The 
I 

ar.lUn was 51.:en to have ... 5ignific~lll cffect in determining concentration 

j.;!'tJllle ar.d kinetics. 

S..!rjacc P20S • Si0
2 

formed 4J.l 950
u

C was shown tv acC'.ullulate Na 

fTl)n. the: SiOZ and suppress the pilc"Ui) at the 81/8i02 interfa~c. 
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j"i,l : l"!j,;1ts till;;g"til t}''-'l N;i ·IS r':·l":, ·.11 ;n ,,:-:llIC· gr •• w .. wlln 
• f' : • f... ..'" t 

L·l..·.tll tl:dUlIqucS and call accuunl fur vbscr'v,~d\ill:;tabi:ity. Thl.:!"l' 

appl' .. ll":> 10 be:! a rat ... ' lil'nitatiol1 at the ubo/SiO
Z 

interface, "pipes" 
+ 

t"hl"c.Jugh tile oxidt:, appreciable neutralized Na in the o:xi(k, Nc: at the 

Si i -SIO
Z 

1.11.1..' d:act:, and enhanced solubility for Na at thi$ int('.!-face. 

W7ZEl? _"ft • 

I 
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V.C.Y... ,{eddi 

ABSTRACT 

H<Jjuri.ty carrier l!ffective and fielu-(;!iil!ct mobilities in bc;Lh n 

:,::.(1 p t.vpl.:' !~ ,.1 L.:on have been invcstigatl~d u;3 ing a novel techniqul". It 

'.':~,: .• ~ .Il.::.cl Li:.;: ::iobil ity is a cont inuously decreas ing func t iull of !;urfac.:e 
-l: 

,:,..·nt !:J':' in C(/<ltl:asL to the cons lant mobility observed by Lc istik() ct. aI, 

:")r !..[:.~·!'ier~ in the inversion regions over a considerable range or surface 

!.:~ .:ccL~ du(; to dwrgeable surf ace states have been cons idercd and it 

',W5 flJund tiu;c they do not t:ontribut(· significantly to the change:; in 

churgl' nt cl,( interface. 

am: Hule Y.ubilities in Inv(·'r.sion Layers on Thermally Oxidized 

~; .~.·.",l S'.Jnacl..:s - O. Leistiko, Jl'., A. S. Grove and C. T. Sah; lEEE Trans 

v!: Lc.:..;, Ji:\. P 248 Vul. ED-12, Nu. 5. l~65 



A !1UiJE l. Hil{ iU): .\1' 10;;. 1) AHf,( .i: M.(.;i ST i< L;CT UIU:S 

A. S. GU)\'(; I E. 11. !;:lO'vI, A. llallullo.(f 

I:::·:perim.!nts dealing with the effect uf ionizing 'radiation 

I:, MUS ·;8;.a .... i!:Ot":i alld Lrans istors an~ dc:,:;;,;c ibcd. It is 5ho'-In tl11~:' if 

p,)siLi.vc biu; 15 appli(;d to the gate during irradiation, very 

~.::or ;t· shift::. in the ;,;huracteristics arc ubscrvcd. corresponding tv up 

~u +!;)!3 el~;tronic charges built up in the oxide/cm
2

• 

A mede I i:.; developed to account for these observat ions I and is 

v~;"p<i!:(:d wit.1 Lhl' expcriment.a.l results. It is shown that the 

.. .',<1;:; •. ;,!."edic t.s Lhe time and voltage dependence of the dama$." in 

..:-.'_£:!.lc!1t agL'ccment with thc experiments, In addition, it yields 

.. i st!'li<.. t:ual parameter which is expected to facilitate comparison 

'.n' expl'r inentai observat ions made with different MOO struc tures. 
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Westinghouse H & iJ :::enter 
Pitt;3Lul'.)l, ?cnn;.;ylVo.:liu 

It l1aS Ll!e;~ !·~p()rJ.;ed i..!.u.t. 10<1 energy electron ~Y'ra.c~nti0n of 
~.l'.) .~t.r"':~<'::::·l!"; ild:.r()J.ue~s p()~;i:..ive C'UC1.l'::l! 1:1 .. he oxide \o,:'lich ,:;1:1 be .:i.e-
i..; ·t~~l ~.:. ilii;ll f!'c·:;ue!l\':/ capa.cit~!lC~ :;:e~Lju:·;!ment~. Con-.::n·..lul.L,):l of :'!::It 

.,;.; .... :~:.::,·a~ .. ~h[J.1.. '-I I'hosphoru;.; t-r,lass (pj) im,erlaye I" t.:et.-.:~en .~!!~ a1urr:im;J;" 
;;.: .. ~ ;:.tc ,,:f.~ '.C el .. lr!n;~e~\ 'the qua.ntity of :';ldu;:ed t:harce pr .. xiu:.!Ett t-y a ,":ivl.:::: 
~.:'~.:~~.ry clec·vror. flux L1 cOIr,pari;3011 witn the analogous Ci.!:.;e c.~~ no phc~­
~.:..:.ru~ ::.a.s:; (NPG). Tel:lperature-bias te~~t3 show that the bombard..'llent 
p!"c,iu<':c'i ch~l.::"ge l~ not !flobile and unuer:.;o03 no detectable interactio:: wi t.h 
: •. :. .. ::.:~ iOi"i:! spec-ies ,i:l the 31°2 ur Wit:l t~l~ dipolar specie~ of the 
1,:!(,.'r/~o~·lIs ,:;lass. Ai ter heati!1t; at moderat.e t.emperutul'es WHn the struc­
-: .l"'~ ~nol·t(;r~, the runOU!lt. 9f pOtJit.ive churge det.ectcd by 1..he C-V metho-i 
"'.1:. :...e (H.~crcased tu nea::-ly zero. Ai'tel' lar3e neeative mctal-t;ilicon bi<ls 
:l~~ !!iC~: 1.eu!!Jerature J the positive chart;.: is then detect,a~le. The effect 
~;';i:i:eBt!.; Lunneli!lC between deep oxiuc ::;h~es and the silicon r:urface. The 
~~n~vior of insulat.ors l)repared I'Y va.:l:ious oxidation tec:1niques (plasma, 
;'~l,u·i.ic (;.IIQ \.,.et or dry thermal oxldation l!Ud pyrolytic decomposition of 
:; 11:me) i',ave bee!1 examined. Meu.:jurernents have also been made on commer­
c : r~~ly t .... ailable stable M03 ~tructureG to determine the role of irrad.ia­
t:ou in that. case. 

I 
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by Hn M:i11or-Bo Sol:..i.lIC:1·~" Dalo 

.:JjlVffilia Elc~tri(t Productu 10.0. - Swiconductor D:'vici~a 

\'1hen p-KOS'l'1 s are subjected to streDs at olovated temperatures and 

poaitive gate bias one expects that the thre~h~ld Tolta&e b~l increase 

if thore aI'e nlobile positiTe charges in the oxido and remain constant 

if 'Chere are no such mobile chargeD. lio have obDerYed the reverse ef.teet, 
" 

i.e .. t! otoc,dy decrease in threshold voltage with stress time, in 3. 

nu.'ubcr of p-HJS'£ls o 

Gate voltage to obtain a specified drain current at VDS • lOV was measured 

at intervals during the test, cooling the uni-c, to room temperature with 

bias ~pplil!:d o.fter each stress interval 0 After. stress the transfer 

characterif:tic8 were normill.' exoept for the decrease in thro3hold voltage. 

~ae leakag~.rcsi8tance was found to be lmicr bT nevera! orders of 

I 

magnitude .lith the gate positive th:m with the gate negative. ~ 

TheDe resuJ.ts are consistent with a hypotilcsi3 which postulates the 

Cxi:Jt~ilce (It' .reak points in the oxide which are easUT penetrated bY' the 

.;.lur:iinum under the streas conditioD.3. Penetra.tion of the cl.uminum 

thrOUlth tho veak points reduces the effective oxide thicknoss" u.ccounting 

for tha grl~dual reduction in threshold voltage. The aluminum can form 

small local rectifyini metal-Bemiconducto~ contacts with the n-8i, 

accOlli&ting for the non-symmetrical leakage. 

Tne~e ob8el~ationG show that it is not oufficient merely to meaoure 

tra."1afer characteriotics in order to determine the degree of stability of 

~OS deTiceu under stress. The, transfer char~cteristic can char~e in 

either direction" so that the net re8ul~ ~a7 be the difference of the 

affects of two competing mechaniBlUB. Othor IT.easurementa, ouch as leaka~e 

and capaci'~ance) are needed to peparate out the poseible change mechaniamso 
I 

0 .. 16 also n'led3 to be careful in interpreting resul.ta o! trmste: charac-

teriotico rneasurements in terms of oxida-3ilicon interface sta~ parameterso 
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::::2.ymond 
L-"=:Jartmen t 

2:~),:3 r:\:::le~' ~\o.:.:.j 
j,Je1·:bu::.,,~! ?a.2}:, Ga:::Li'.J:-::la 

.: .. !i.)C::.~ •.. '...:d • A;, 0xac t clo 3ed :'·Ul, ... u l:xprc.: ::;;:,;.1.011 ~:vr the tur~l-un vol tuc;o 

..... ::;: .. :- a.~'_d de!.JIGtiofl eli.. lic.::!.;: :.;,r;, il:c=::"ease in posl t:: ve c:-~rbe 

~.;.. t.".iC: to c:.:'c;':"'''Cion 0,~ riKlU:: .Le pos1-cive ions, and "Chat t;;,e 

:':':~:02u~"e oi' aY'_ :'103 tr~~-.. 2. zto:;,-' to a Yl~lsed ioni~lnc; ::,'adla tiO:11 

.·;~,~·(_ .. , .. c!l-,t ~·.::.;"C.It:J 1.n a si;;:r.:fJ(;b. •• "c -,;X'ui..sien~c drain cu:,'rent. Ti:e 

·~.:-.=-;::'::.::_t fu'a~:'L cur-pent ::Ls t: ,e: :;'·(·::;.,.i1 t of the l"adla tion-::'nciuced 

.>_:. .. :rl. .. .;.!" lenora -..;ion in the b-.. .. J !.;: ::..u.!iconduc tOl" rna terl,~l a~~d c.har·ge 
;;'~~:; :'c:':"':'ng in or O"..4t of the mct'-I:i.c ge. to contact. :.n t~ ... e com:non-

.-,J·~::'CC: coni'lguratior., the trC:.nsient drain current will lnclude the 

"',1/ 
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,'-' ...... _ .... th0 analytical res~lts obta!ned 
...• z... _'.1. ::'" ... -0.:.··(J.~:':'~ ,:lodiflca. :~.i.on of 1;;,;."; ;;ili.:::.ll-signal trun::>i s tor r;:odel. 


