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tifece o Growih Conditions on the prooerties of lierm.: Oxidos ‘/9 /

by P. V. Gray and b, . Brown

Abstract of Talk to be given at the
Silicon Interface Specilalists Conference
November 14 and 15, 1965

Las Vegas N

'he properties of thermally grown Si02 on Si substrates have
ccen sctudied. Oxidation was performed in an oxygen atmosphere
containing varying concentrations of water vapor. It wes found
that the characteristic stored positive charge in the oxide, the
rumber of interface states and the oxide growth rate vary system-
aticaily with water vapor content. In particular, there exists a
critical water vapof content in the oxygen above which the growth =
rate steadily increases. Below this value, the growth rate is
r.early independent of water vapor content, and the characteristics
vi the Si-SLO2 interface are markedly changed. Most striking is
Lihe large number of interface states characteristic of "dry" oxides.
“he implicactions of these characteristics in terms of oxide growth
i:inetics will be discussed. All of this information was obtained
irom interpretation of the capacitance vs. bias characteristics
of 5i-$i0. (MOS) capacitors grown on (1l1l), (110) and (100) orien-
Lated substrates.
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uPiteeate of Sur.ace Sarricrs on e ondg AC-nllesun arher vootious Sutliee
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- Trewemenbs ik p~Typse Oilicon, (//

by Herbart Moette

UeSs Argy Ziectronics-Comzond, Foro Mommoulh, hew Jcrsey)

Measurements of "true" surface recombinetion velocities, H, irndeprt
oi‘lthc method of carrier generation, beccme frustrating and the resulis imaccwre
vhen space-charges are involved. Evidence is given that sulficient barrier heigk
exist in p-type silicon after the following surface treatments: (e) ore minute
¢iching in CP, (b) four minutes boiling in 10 % KOH solution, (c¢) ten minutes
ruehin: v roon vemperature.: in HF, (d) five minutes ctching at 409C in one per
cent KoCrpO7 solution, to affect seriously such common photoelectric methods Ier
deternining S ap the steady state phosocoaductivity method, the photoelectric
decoy method, and the PMI‘./PC ratio mechod. Both the photoconductivity and the
photomagnetoelectric (PME) open circuit voltege have been measured at room tempe
rature for thin p-type silicon camples subjected to the above surface treatments
The el ects were fo¥nd to increase linearly with the magnetic field up to 20 kC,
but forr 2li surface treatments showed sublincar behavior with photon flux even ai
relatively low light intensities. The higaest FME and PC effects were obtalned f:
curfcces etched with CPY; the other surface treatments produced qualitatively
iuenticzl dependence of the effect with pacton flux: A fairly linear increase
cf the effects occur at wavelengths ncar -he absorption edge, but toward shallow
wboorpiicn the curves become situated increasingly above the longer wavelength
curve end assume 2 more and morc sublinear shape. This effect could be attributa:
t0 an uccumlation layer in the space-charge reglon of the crystal., In the regia
of lincar deperdcncies near the absorjtioa edge, our PME anl PC data could be uic
“or cal.culating an'efBective" curface recombination velocity, S*, at the border

between the space-charge regioca and itne bvulk crystal.
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I has beea generally zeeepted thut, in alkali silicoue and

o lasies, cleetrical current is corried by the alkall ions. The

o mneblivity Tollows a simple Arrhenius type expression, as might ve

ogted with onoclincle species of currai carrier. However, e de-

(ARSI SRR o

T L ke coavinetion mechanish are aob unders tood.

Scavtered reports in the publisheu literuture Ludicate {at,

wiin toir Li0-Si0, and Nay0-5i0, pglacscs, whe conducticn. activaiion

gnermy veristlon wiin alkall content cw. be expressced as two straight

Tires. ffae juaeiion of the lines verico in thoece roports from about

-,

£l jerant olinli cdde to avout 35 mole percent, wiih 33 mole
sereent 6 poriddar fipare. Thege resulis have been variously inter-
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Peed o resuadlting from compounc formation and

tnoeeminisecut of Lhe so-calleu woror oxlde avomaly in aliali borate
sLinnies, Lhe charess in voron-oxy:ue coswsiinetion responsiile oy the
Frooaer b overy antinely bto have danowonno e dn sillende lasscos.

meeseyt cureivl studics In Wi Lebhoratory huve chow.. tha

- -

Go. e aliinnl 3iilusle glasues, from LI,0-810, Lo Co,0-010,, have diw

Coiee cumpesitlon dependence of melivallon eanermy Jor coniuctin:. In

e eusc, wne plot of aetlivation cueryy vz, mole percent alk.li oxide

TR o
TULLWBLL 6

Wio siraishi lines of 47 iTerent sloves meelirng ail about

v% noli percent alkall oxide and wu netllvat_on energy of abeut

. Alunough e break in o proporty in this compesition range
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fnaiodeovs Bicect of Voltage alking ua tae Invaersicn uyer ;o
Ccndictavity oi 103 Davices-

M. Ono: Musashi Works o Hitachi, Ltd., Tokyc, Japan

Abstract: Effect of voltage baking on the inversion layer
conductivity of silicon coated with thermally grown oxide has
been studied. N channel depletion lOS capacitors facricated in
p-type silicon are used as investisutioa tools. The Inversion
layer conductivity is measured by the source to drain coniuct-
ivity Ge at zero gate bias.

Effect of baking at 350°C with positive gate bias is that
in spite of nmorotonic increase with baldng time of the total
surfuce charge density Nt, corresponding conductivity does not
vary proportionally, but rather decrzases after initial increase
snich tends to a maxdimum.

t is also investigated wieti:er the following baldng with
ne;ative gate vias can eliminate the elfect caused by the previous
nakirgz with positive gate bias. Ior tha unit heat treateld with
positive bias for a short time, roversivle change is observed ~
and conductivity tends to the original valuec monoton.cally.
For the unit recelved a prolonged heat ureatment witi: positive '
gate bias, anomalous mode of recovery of conductivity as well as
of ht i3 observed, i.e. conductivity decreases towards gero
ovarcnroting the original value with successive heat treatment
with negative gate bias, and further trcatment causes the
conductivity tend to increase again towards the original value,

In accordance with the anomalous conductivity change, the

total surface charge density also shows the anomalous change,
i,a. while for the unit heat treated wivh positive gite bias for
2 shert time, the eifect caused can be oliminated reversibly
vy fcllowing heat treatment with ncpatise gate bias, for a unit
rezeived a prolonged heat treatment with positive gate bizs,
Nu decreases, overshoots the origincl value, changes the sign
arvl thnen oegine to increse towards the original value. Wren
ths tnit has the opposite sign of Hi, its performancce as ¥OS
trancistor is that of induced channcl t:rpe.
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RLECGETIRON MOBILITY Oy JILIZON HURIFAC L5

by

Alan Fowler

*

IBM Watson Rescarch Center
Yorktown Heights, New York

In addition to extended measuremecnats of electron mobllity
variations on (111) surfaces of silicon reported earlier, measurcments
have been made on (100) surfaces. At room temperature the varia-
tion of moblility with gate voltage and carrier density is simlilar to
that on (112) surfaces. but the (100) surfaces exhibit somewhat
(16-25%) higher maobilities.. The Hall ratio is also higher. At 77°K
and 90°K inobilities as high a8 5000 cm”/V sec have been obszrved

ohrr crn silicon and as high as 3009 cmZ/V sec in 12 ohm-cm

<O

in. 10
silicon. All samples studied at 77°K exaibiied minima in the mobil-
{ties in a :nmanner similar to those reporicd by Fang in gailiun doped-
oxide samples at room temperaturc on (:il) surfaces The high field

maxima g:row as the temperature is lowered., The low ficld maxima

f
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increase as the temperature is lowered to 90°i{ but then
decrease At 4. 2°K there is no evidence of the low field
maxima. Neither conventional surface scattering theories
nor the models proposed for galliurn doped oxides explain

this phenomenon,

4
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Tin SpPRCTS OF ORIENTATIOIN A0 A NNOALING Gwi
CURFY.CL CHARGE QOF THERM/LLY UAIDIZED SILiCOr

P, Balk

IBM Watson Research Center
Yorktown Heights, New York

ARSTRACT: The rate of thermal oxidation of silicon is a function
of ihe oricntation of the exposed crystal face, and can be expressed
inn termes of a mixed linear-pareabolic rate law. The fact that it is
tize linezr part of the reaction (which is probably surface liniited)
inut exh:bits the orientation dependence, rmaakes it likely that the
clcetrical interfacial  properties also show such dc‘i)cndence. We
Jound from MOS measﬁremen-cs with evaporated Al electrodes that
indeed both for dry. O2 and for steam oxidation the surface charge
Ce¢nends on orientation and decrcascs in the order (1131), (110), .
(1%,9). This relationship is maintaincd upon PZOS doping of the
vzide., Considerable further reduction of the built-in charge is ob-

_tuined upon annecaling of the Al covcered surface. This effect is
dependent on temperature and daration of the procedure. In addition,
it iz raarkedly affected by expocurc of the surface to water ‘vapor

beforc evaporation of the Al filin., Som: typical low values of

vuilt~in charge for the (111), (110) ana (140) surfaces are 2 x fo",

-z -
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i 2 10" and 0.5 x {0" electron charges cm respectively, In the
annealirg process, field effect mobility values as high as the bulk
mobility value were obtained both on {111) and on (100) surfaces.

The stability of the oxide was found to be independent of orientation.
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AUD DIF®USICH PROCESSES AND JBEVICE PARAMEYERS
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surface potentlal as a funciion of surface staie density can te
cr.lnered Qurlng dsvice fabrication on properly designed test patieras
aLurzperzed with devices to be fabricated.

i

Zz2eh work has led towards a better knowledge of :he surface
varisiicn dus ie the various process steps necessary in device fabricaiion
and some of the factors responsible for oxide "charging".

Gold was found to produce large p~iype shifts, exhibiting drastic
instanility with temperaiure bias treatments.

Ae have atlempted to relaie p-n-p cCevice parameters with shifts
in 1he base surface potential for un epitaxial base transiztor. Such
parareters as IRy and Igpp show strong dependencies as would Le expectad. ..
The large variatlons in current gain obtained wiih certain heat ireatments,
however, a-e more Aifficult to explain in terms of a shift in the bsase
suorface posential alone.
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anci os of Thermeaer Growin o oo Dioxide Zoims o

Vaier Vioor ond in Water Vo or=-Oxyeen Mistores

anashi Nakayding el 22 Cotlins ;o
/
Department of Coemastry ‘
Polytechnic Institute of Brooklyn
ABSTRACT
The kinetics of growth of silicon dioxode {ilms in mixtures of water
Vap.er, OXygo, and argon have been studied in the temperature range from
599 Lu 121°C and in the range of water vapor pressures [rom »oero Lo
585 tuirre and of oxygen partial pressures from zero to 200 torr. The
parinolic Jaw is well adhered to in the later stages of growth & all temper-
wrures investigated although the usual non-parabolic region is found for
the [nitial stages at temperaturcs below 1000°C.
The cetivalion encergy for the thermas growth reaction :nn the pres-
cane of waler alone is le 4l eV in the region nelow 1030°C and 0. 77 eV -

above this temnperatures A transition in activation energy to a lower value
al f:oher iemperatures is an unusual occurrcnces In the proescnt instance
st ocentatively attributed to a chunge in the local structure of the glassy

Gxiae L1

At the lower water vapor pressures, in the absence of added oxygen,
the perebolic growth constant has first order dependence on the water vapor
proessure but saturation cifects are cvideaced by strong negative deviations

1

frc.:o the forst order law at the higher water vapor pressures.s The tendency
o ner ordes kinctics at the higher watzr vapor pressurcs is cxplained

S eoldusiam between the water vepor and adsorbed water on the surface
withe filme  The deviation in the kinetics of growth is in guanditative agrec-
mend with the predictions of the Langn.uir adsorption isciherri. The data
enebic the caiculation of the adsorptlion cquiitbrium constint,as o function

ot iemperature,and the enthalpy of adsorstions  The latter accounts for an

-

apparent change in the enthalpy ol the diriuson controlled growth proccsé
L1 nipghoer waler vapor pressurcs.

‘Tie rinetivs of growth in tne prusence of both water vepor and
Gxygen are quite complicateds  Tnce effect of added oxygea decreases with

increseing water vapor pressurce and mickes zero contribution to growth at
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waler vapo s pressures above 50 torr, in e range of oxyion pressures inve -
tigniede The results are interpreted in terrs of the dispiacem. nt of adsoried

xyeen by cdsorbed water on the surface of the [ilm.

i
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GNERAL ROLAT. OLZiILD IL.. ©.E THERMAL
LIDALION O SCoLICON

Bruce E. Decl

Falrchild Semiccuductor
Research and Development Luboratory

4001 Junipero Serra bLlvd.
Palo Alto, Califorula

ABSTRACT

The thoermal oxidation kinetics of silicon are examined in detail.

Basced on a simple model of oxidation which tekes into account the
reections ocscurring at the two boundaries of the oxide layer as well

a5 -he diffasion process, the general relatiorship xo2 + Axo = B(t + 1)
:5 derived. This relationship is shown to be in excellent agreement with
uvsidation data obtained over a wide range of temperature (700°-~1300°C),
pertial pressure (0.1-1.0 atmosphere) and oxice thickness (300-20,000 Z)
for bLoth oxygen and water oxidants. The paremeters A, B and 7 are

siewn to be related to the physico-chemical constants of the oxidation
vcaction in the predicted manner. Such detaiied analysis also lcads to
further iniormation regarding the nature of the transported species as

well as space charge effects on the initial phase of oxidation.



Photoemission of Electrons From Silicon and

Gold into Silicon Dioxide

Alvin M. Goodman
RCA Laboratoriecs
Princeton, W, J.

Photoemission of electrons from both silicon arnd gold into
thermally grown silicon dioxide layers has been observed. In each
casc the energy threshold for photoemission is found to vary with
tie cicctric field in the oxide. Within experimental error this
variatlon is consistent with the theorctical Schottky effect
assuning an cfiective value of image force relative dielectric
coastant of about 2.15. The extrapolated zero field threshold

eneriics for silicon and gold arc about 4.2¢V and 3. 8eV
S
vuespectively., From measurements of the photocurrent veqbs electric

fiell in the oxide it is inferred that the product of the electron

zobility in the oitide and il mean time before trapping is of

the order of ].0"13 mz/V.

1
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it work has net progressed as rajudly as we hod cxpaCLe d. Cug reazon
Jos Lhis s that ouar whole RAD weniwily haes been in the pre.ess of
1ySLC

_ust, Thus, av this time, even

congerning an
35 in a 3light embarracsiag .

cteober 8, 1%y,
sbsLra

¢ on a;'_'i,_;"ml
ition,

. relocavion and about one nonth of experimental wora lizs besn
thousk we have accumaloved

ceyrbain
sueswbbL, they are still nol suj'ficicully conclusive anc we Liesitate
ao tii vime to comail oursclves to o formal presentat:on, e hope
Lav Ly omid Jovemder we might Le in a oosition Lo spea: infurinily
.Loul cur findings,

o would like to II"‘.{(.': . Leicl comaent avbout our wor. on bos
«ifezlo, vz have construced a sunil-auuvematic, programmable .nstrument
Soonan Ca;\i.b.l.b ol co.:_:_ec-.z.n;; trausiciy dewa under tempoeraturo-dias
LouaLLans (T3

{T37,. The following carves
LwcCicilon,

(2) (G¥),y)
(L) (CT)Q(L)
{c) (Uv/V

e be ade whero O nu sopluced by Lo, 1 i',‘r
: have ghsorvee auonalious c:.g.rn.c‘.:cri.,t.‘c 5

», insubficicin, Cie. boes beca accumis

i
our :.ILbJL-Lit‘

can be readily plotted in rapid

Y ol SR conclusave inLerpreailon,  vWe Lrast inab
vo cubidl an oripinal abotract we tulo viie does not piwelu.c our
wiuendinee at the meebing,

Cout?d on pagye 2
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alow, receast developments anbie .o highly probaple thos I

caitot notend the meeting. In my stcad I would iike one of vy serdor

people,; & i A, Clayton, who is actualty conducting the lMos iinvesti-

galiony, to attend the meeting,

“on s, .
\‘u%é'/{;‘::

Yours very truly,
"-') -
A ’-'/;I"/" i
N 3
W.A. Pileczonka, Projcct Director
Holecular Electronics,
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Pr. J. T. Nelson
Jnaloman, Technical Prograwm Commdttee
5. I. & C.
rall Telephone Laboratories
Murray Hill, New Jersey

Dear Di. Nelson:

I could contribute new daza on the following
subject:s for the S.I.S.C. Conferenca

]

1. Surface Leakaqe on 8102

The work presented by me at Princeton has been
smeended since then in the following respects:

(a) Prove that the surface leakage resistance
(Rs) does not dcepend on voltage.

(b} More detailed dependence of R_ on hamidity.
{c) Dependence of R, on oxide preparation.

(@) Aralysis of chargine and discharging curves
to include bulk lcakage resistalnce.

(e) A discrepancy bceuwea: theoretical model and
observations, corsiccing in an addicional
discharge currenc which depends on solarity,
on the (p or n) c¢aaracter of thae suoustrate
and on the electrode material. (Thi: work was
carried out in cooperation with P. rio and
L. Fedotowsivy.)

2. Charce Motic.: in rLasuLators

I would like to nwrescent azr analysis of charge motion
azilators wnich I found fruitvful on Td O- and hlzo
120rs. Bricfly the results oi this anaiyszs aré Consistent

.
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’ SPRABUE ELECTRIC CoMPRNY

W. L choveo -l Q ober T, i
Ly, J. T. Nelson :
with charge motion being due te the same ions whicnh parcicisute

avplication of such an analysis to 3i0,-films will ke discussed
] sone results on one tyve of oxide preparation wnich shows
sarticularly large effects will be given. (Most of the
crverinencal results used were suapplied by Dr. Dreorer.)

i the weil known anodic growth of these oxides. The

3. Analvsis of MOS Imnedance

P

Barly analysis has assumed only char,es in surface
soabes wien no charge in the oxide. Since then proscnce of
cnarge:s in the oxide has been found by many auchors. I like
o comnent on the analysis of MOS Impedance curves to distinguish
bektween charges in surface states and charges in the o:iide.

i particular, I like to discuss the analysis of a distributed
chergy spectrum of surface states.

Sincerely yours,

K¢
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"o Sepazation af the Linozr cad Poarcbalic
& Termo in thy Thermal Osdldcion of Silicon

~ by
W. 'Ac Ph OIJD
IBM S8ystems Devalopmont Division

- s G i AR AV AU M st axw R ol G L

Ucing nccurele film thickneso rcosourements, 4t wao found poosible

to ceparato Knoar and parabolic torng in the thormal oxdcotion of silicon,

¢ thus obitein much more prociso cxprecsions for the thormel! oxddation
undsr different conditlons, The comblnced Moo « paraboilc rolaton was
fov=:d to be epplicadble to varicus cryotallsgraphic orientations., The pure
pazabolic congtant obtained from thic relztion was the sare fcr differont
crycial oricntationo, but the lincar torza in the velation wao {vund to be
veory curiace scnsitive, By thaoe tockuicuern, more accurate parabolic
va¢o constants cen bo obtained and ths Unearity of the log &k vo, 1/T plot
can Lo externded to much lower temporaturos, Ths activation cnergy of
the parsbo.ic torm for otoam oxdidation wae found to bo eignificantly lower.

thaa proviceely publiched valueo. Tha offect of neglecting the linear term” '

in verious mothodo of coxmputing tho parebolie rate will bo discuased,

wooo -
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IrreCT OF TEMPERATURE ON TRANLSELL CHARACTE RIS'IICS OF
INTEGRATED 27T NOR JIRCUITS

by //7[

T J Walker o/,
ol
(I

IBM Watson Rescarch Center
Yorktown Heights, INew York

ABDSTRACT: Measurements of the voltage transier function were
made in the temperaturc range 20-200°C ¢ several n-channel
integrated ET NOR circuits. The change in the transfer function
wiia temoerature is small up to about 130°C. The main cffect observed
is « lowering of the output voltage in the "off" gtate. There» is a la'rgé
dejree of compensat.ion of the temperature effects in load ard active
c¢evices i the "on" state, so that the Yon' state voltage is virtually
independent of temperature. The drop in the "off" state voliage with
iiicreasing T is shown not to be a result of increased reveruc junction
leckage in the output junction, but is accribed primarily to the shift

vith temperatura of the active device (nreshold voltage.
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CHARZZ STORAGI 1iy w....ilTRICS / i

R, P, Danova..

Research Triangle Institute

Electron irradiation of capacitor like structures consisting of
polycthylene terephthalate ("Mylar®) films with thin aluminum clectrodes
results in a trapped charge distribution in the dielectric. T decav
ot the trapped irradiation electrous has beea detected and showm co be
consistent with a no-retrapping release wodel based upon a density of
traps that is uniform with respect to encrgy mcasured froa the conduction
band,

Irradiation oi this cgpacitor like structure with a beta source
{(Prowcthium 147) results in a spontancous discharge, The breakdewn is
atiributed to the electrie field associated with trapped irradiation
c¢lectrons and occurs at defects in the polyechylene terephathalate film,

Similar capacitor like strucrurces in which the dielectric is either
(.) ~vaporated from a commercial silicon monoxide sourcce or (2) thermally
growia on o polished silicon substrate are currently being examined under
simiiar irrvadiations, Preliminary results iadicate that the trap density
of Loth types of silicon oxide [ilms is greater than those found in poly-

ihyiene tercephthalate,

K|
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Tals 0 ¢ rragra;s ropLse 53 0 current ctuly of intierce
fecs state parizoverd in the 31-5.0, oyclen usinz tia KO3 cone
goooucy t:thcd.“ A barief rovicuy of thio technigus ool tha
Tecluvt of rocut modsurenonlc will L glven.

Fricr Ly msaaurerndne, tho oy poscessing ooeeived Ly
e comples was oxidatlen in stetn wr Aoy antygea anl the ovapoe -
rosiun of pare cloctrodens. An oulemit has beoon mado to minicize

-

v quoitiCy of londzed impuriiics cueh 03 alkali mouzis vhich

s 30 be pmeoont in the complicd oy gowing thio wxide under bi&u.e

Cloeevocn cagtuming pae 30L are eeasured oo n-type and
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SURFACE STATES A7 S''EAM-GROWN
' SILICON-SILICON DIO:IDI: INTERFACES

by
C. N. Berglund

Bell Telephone Laboratories, Incorporated
Murray Hill, New Jersey

ABSTRACT

A method of determining the energy distribution of
surface states at silicon-silicon dioxlide 1lnterfaces by using
low~-frequency differential capacitance measurements of MOS
structures 1is described. Low-frequency measurements make 1t
possible to determine the silicon surface potential as a
function of MOS voltage directly from the experimental data
without requiring knowledge of the Si doping profile. No
graphical differentiations are required to determine the surface
state density from the experimental curves, anc errors intro-
duced bty uncertainties in the silicon doping density are re-
duced. In addition, it is shown that the measurements can bhe
used tc determline the relative lateral uniformity 1ln the
characteristics of the oxlde and interface under the MOS field
plate. Nonuniformities result in lirge errors 19 the surface-
state density derived from MOS capacitance measurements.
Measurements are presented and interpreted for both n- and /
P-type slilicon samples prepared by bias-growing silicon dioxide

on the silicon in steam.



STUDIES OF SODIUNM IN Si0. I LMS BY NEUTRON
ACTIVATICN AND RADICTI/.Chit TECHNIQUES

by
T, M. Buek, F. G. Allen, J. V. Dalton, J. D. Struthers

Bell Telephone Laboratories, Incorporated
Murray Hill, New Jersey

AB3TRACT

Neutron actlvation analysis was used to detect
sosium contamination on and 1n S10p films and silicon
substrates. Tracer sodium was diffused or drifted into
S10, films.

In the activation experiments oxldized 31llicon
slices were lrradiated wlth thermal neutrons at a flux of
1013/'cm2 sec. for 2-3 days in a water-cooled hole. The

samples vere then analyzed by progresslive washing and etching

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

( 15 hr. nalf-life). A welghed sample of Na,CO5 was included

for calilbration.
The results of four of the activatlion runs may be

surmarized ag follows:

1

Total Initial Na: 3 x 10%° - 4 x 1014/cm2

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

16

3 5 x 1020 /em3

Na in silicon substrates: I X 1014 - 1.5 x 1015/'cm3

/



M>st of the i1nltial sodium cctivity was removed by
washing or light etching. (~ 200A°). The amount remaining
inside the fllims was at or below the limit of detectlon in
experiments tq date. Experiments in progress may improve
the accuracy of this determination. There was evidence that
the total sodium concentration was sensitlve 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 were usually lower 1in unoxidized silicon sllces than
in oxldized subsfrates.

Neutron activation evldence relating to phosphate
glass 1s Inconclusive ag yet. In one experiment sodlum
aiffused through a phosphate glass layer durlng activation
at elevated temperature, but tals may have been due to
vombardment damage effects on the glass., Tracer experiments
(below) have shown definite segregation of Na 1n phosphate
glass iayers.

fracer experiments were carrlied out with N322
(2.5¢ year half-life). Uniform layers of NaCl were deposited
by evaporation. Thermal diffusion into 6000A° S10, films at
600°C for 22 hours produced distributions which were high
near the outer surface (~ 1019/bm3), low in the middle region ,
(4 x 1007 > 1 x 1017/bm3) and had a sllight upturn at the

gsllicon interface.



Under the same diffusion conditlions but withk a
phosphate glass layer on the Si0O,, penztration of sodium
into the 310, layer was drastically reduced, about 95%
being held in the glass layer, as deflnred by etching rate,
and little if any detectable beyond 1500A° from this point.
None of the inltial sodlium activity could be washed off the
outer surf'ace of the phosphate glass wrereas about two-thirda
of 1t could be removed from the untreated S102 surface by
washing. The deposited sodium had been absorbed and largely
stopped in the phosphate glass during the 600°C heat
treatment.

A few attemptes at 400°C for 1 hour have not shown
any detectable thermal diffusion of solium into S10p.

Drifting under gold dots, however, (1 min, 4V, 400°C)
produced 2 sodium distributlion tilted algh at the silicon
20 cm3).

interface (~ 10 In this experiment, M. Yamin charged

> out of 40 square dots in an irregular pattern. After

wasning and removal of gold, a radloautograph showed sharp

lnages of thé dots whlich hau been charzed, and no other activity.
Ter. percent of the activity was found slthin 2500A° of the

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

Total sodium corresponded to about 25% of the total charge

introduced. /
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Sodiun. Distnibuiion tn Oxide by dladicchumical Anciyes . C

and Its Effcct on Stlicen Sortace Potential
E. Yon, W.ii. Ko, and
A. B. Kup..

Casc Institute of Tech.nclogy

Cleveland, Ohio 44100

Radioactive Na24 distribution has been mcasureél and corrclated
witii MOS electrical data in over 40 samples of 6000 A of SiO, grown by
conventional wet and dry oxidation of 10 ohra~cm phosphorus coped
sil:con. Neutron activaiion by a high ilux oi thermal neuirons at 50°C
maximun: showed that Na was present in Mclean' oxide in concentration
7

( L -3
1010-—-10 ci . Other impuritics detected were Au and Phosphorus.

Scctioning was done by ctching. Planarity of sectioning was
verdied by uniformity of interference colors. Gamma-ray spectro-
meiry and both radiotracer Na 4 and ncutron activation were used. v
Sectiuns @s thin as 250 X could be counted.

Ncu.ron activation after drift showed residual Na piled up within a
feve 100 f‘: of the Si/SiO2 interface., This imterface concentration correluted
w.i MOS flat band voltage shift. AV. High surface Na conceniration resulted
in & roaghly U-shaped concentration prolile.

Deliberate contamination with Naz4 chloride, hydroxide, and bro-
nude was used to obtain greater scnsitivity, The U-shaped profile was
seen atter drift at 140 and 200°C and diffusion at 300 to 1000°C. Again
A corrye.ated with Na piled up within a few 100 X o1 Si/b‘iOZ. Kinetic
stud:es showed that the profile wus esiaslished within one minate, with | - e
cciiceniration subsequently building up morc slo@ly, giving r.sc to the ) M i
obscrved AV (t). Time dependence was observed in diffusion 2t 500 and
806°C, waich is not expected from the reported fast diffusion vf Na. T})e
anien vwas scen to have a significant eficct in determining concentration
profile arnd kinetics.

Sceriace P,O_ + SiO. formed at 950°C was shown to accumulate Na

275 2

from: the Si0, and suppress the pilc=up at the Si/SiO2 interface.



e results sugest that N s pros sl L exiae prowa wills
."‘,'-.I'.i
Cleans technigques and can account for vbscrved instabilivy, ‘there

appears to be a rate limitation at the air/SiO,, interface, ' pipes'

2
. ) . . . +

through the oxide, appreciable neutralized Na in the oxide, No at the

Si/SxOZ interface, and enhanced solubility for Na at this interface.

K}

-




MAJCRITY CARRIER SURFACE MOBILITIZS il TAIRMALLY OX1D.ZED L. LlCOu

V.G.K. seddi

ABSTRACT

Majority carrier cffective and ficld-elfect mobilities in beih n
and p oivpe s.licon have been investigated using a novel technique. It

win Leund that mobilivy is a continuously decreasing functiovn of surface
1.

sentiul in coutrast to the constant mobility observed by Leistiko et. al.
Sor tarriers in the inversion regions over a considerable range of surface

LOLCIILLE&LS .

Kirects due to chargeable surface states have been considercd and it
was found that they do not contribute significantly to the changes in

charge at the interface.

"

Lieeuron ané Hule Mubilities in Inversion Layers on Thermally Oxidized
Lilioat Suriaces - O, Leistiko, Jr., A. §S. Grove and C. T. Sah; 1EEE Trans
ot Eres, Jev, P 248 Vol, ED-12, No. 5. 1965

4
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FOR ORADYAULON. DAMAGE .00 MOS STRUCTURES
A. 8. Grove, E. I, Snow, A, Balionoff

Ewi

PO

reriments dealing with the effect of ionizing radiation
wm MUS capacitors and transistors are described.

if

1

[
o
.
e

It is shown that
positive bias is applicd to the gate during irradiation, very
; ‘ts iun the characteristics are vbserved, corresponding to up

ronic charges built up in the oxide/cm .

A mcde! is developed to account for these observations, and is
compered wita the experimental results.

1t is shown that the
~adu. predicis the time and voltage dependence of the damage in
s ilent agreement with the experiments.

In addition, it yields
& gtructudl parameter which is expected to facilitate comparison

ar expurinental observations made with different MOS structures.

"
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Sl Cllure o Cadaes Jnarge Srodutla LYy Lov aner: .y
Lacclloi Somtardnest of fo-iid =0l Shpasiiors
J. K. ugeaon
Westinghouse R & U Zenter
Pitvstur h, Pepnsylvania

It nas teen reporued ituut low enerygy electron Irraciation of
Yo, strustures introduces positive charse ian vhe oxide whiich can te de-
vonigh frequency capacituance meusuraments. Contlinaatica of luat
so-ai. Jhat o phosphorus glass (P:) iaterlayer tetwoeen the alwsimen
re ox.ie emnmanzes the quantity of l.aducsed charge produced by a ;~iven
vy clecwron flux ia comparison witn thé analogous cese ¢ no phes-
;ass (NPG). Temperature-tias tests show that the btomltardment

< churge ic not mobile end under;oes no detectacle interaction witib
wo.iie ionic species in the 510, or wit: th2 dipolar species of the
ipnorus slass.  After heating at moderate temperatures withh the struc-
T .re¢ snorteq, the amount of positvive charge detected by ihe C-V method
ian be decrcased to neasly zero. Af'ter large negative metal-silicon bics
3 n;gu 1emperature, the positive charge is then detectacle. The effect
sucsests wunneling between deep oxide sives and the silicon surface. The
cenavior of insulators prepared Iy various oxidation tecaniques (plasma,
anclie wud wet or dry thermal oxidation znd pyrolytic decompesition of
silnne) have been examined. Measurements have also been made on commer-
ciaLly cvaiiable stable MOu structures to determine the role of irradia-

uiOu ‘h&u case.,

o
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JUELL ¢ LoCLh VOLTIGE CHAY GES IN MO3 TRA S STCi

D e g

by Mo Millor=ie Sol.i.uci-ls Dale

Sylvenia Elestrie Products Inc. - Scaiconductor bivieiia

t/hen n~¥0ST's are sudbjected Lo stress at oclevated temperatures and
positive gzte bias one expects that the threshgld voltage will increase
if there are mobile positive charges in the oxide and remain constant

if there are no such mobile chargess We have observed the reverse effect,
L.0. & Gtozdy decreas; in threshold voltage with stress time, in a

nunber of p=MOSTis,

Gate voltage to obtain a specified drain current at Vpg = 10V was measured
at intervals during the test, cooling the unit to room temperature with
bias appolied after each stress interval, After siress the transfer
characteristics were normal’ except for the decrease in throshold voltage.
Tne leakage .resistance was found to be lower by several orders of
magaitude with the gate positive than with the gate negative.

Thegs resul.ts are consistent with a hypothesis which postulates the
cxisience of weak points in the oxide which are easily penctrated by the
wivriinum under the streass conditions, Peactration of the cluminum
through the weak points reduces the effective oxide thickness, accounting
for the gradual reduction in threshold voltages The aluminum can form
small local rectifying metal-semiconductor contacts with the n-8i,
accounting for the non-symmetrical lealtage.

These obse:vations show that it is not sufficient merely to meaopure

trangfer characteristics in order to determine the degres of stability of
¥0S devices under stress. The.transfer cnarzcteristic can charge in

either direction, so that the net result izay be the differcnce of the
oftects of two campeting mechanisms. Othor measurements, guch as leakags
and capacitance, are needed to peparate oui the possible change mechaniamSo’
Une also needs to be careful in imterpreting results of transfer charace
teriotics nmeasurements in terms of oxide-gilicon interface stata parameters,
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.t - LG 2000 LG i‘iOl"&hl"Of} Lol lds Te&CTOT nave oelll onlsIvadl.

SN e norzliasdoms nave deeln ideatiliedq:r an ioerense In neu
AL BuLuE wenulty, & doercase in csubsvrate resigstivity, and e

s s L carzler monilily in the channel. The sarfaco el’lect
Lo =liy uenlnant, althousi. tihoe bull resistivity elfect bocones
ceGnoinger Imaocrvant a3 tiir resislivity of the suostrate is
Loercheed. Ancoxactlt closed foril wxpecssion or the turn-on voituge

o w2 Gerdved by obtalnii: & solutlion to Polsson's eguation in the

e oo ion., The ogen clrelllit gL wo substrate capaciiunce as a
Jontlol ol gute to zubstrat o voliage nas been obltalned by nwaerical
Lo smLlon technigues Ln Sl wus ¢ the charge densicy and dlelectric
srenent An the 827 laye 2 and 83 sudstrate. or votn
ent and dewletion Gov/ices, wun increase in positive cnarge
wmob! Lo positive lons, and that ta
¢ accuwaalation rete vith increasing flux 1o duc to a
ALl e, G ZeaCOMDAnGTion LitocEnr compeiing wit c
.. Laro s wasls, a rate eolfect 1o expected
L. oL by waleh thie cxperimental results are alfected by
Lo sndiation coineldent wlin the ancutrons is difliculy o
e 2, A wneartalinty will Le esolved by rwining conirol
LLE Lo Lowure Y radiation onvivonmacent Lad by cnanging the reacior
vowTéunon o v ratio in the rext test series.

cLinocure of an MO0S trars Lotor Lo

fo

wulsed ioniving rediationy
Lo oaont recults in e sigrlficent trainsient drain current. Tie
LoLhnnlont Qralin current is Lle iccull Of the radlation-induced
slareloe generavion in the bullt Lundconductor material and charge
seatverlng in Or out of the metvelic gate contact. Cn the common-
Lwouree conflguration, the troansient drain current will include the
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