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ltsdern silicon device requirements of speed, size and devj.ce deneity .n a
chip have required the use of gate oxldes LeEs than Eeveral tens of nm in
thickness. Thie revier rlll coneider recent etudieE of thtn SiOr filn
fornation kinetj.ce in the folloving ereart eillcon orlentation, Ej.lLcon
cleaning, i.npuritiee, photone, end the thernionic enieElon of electronE
from Si into SiOc.

The linear-parabolic, LP, Si oxidation
modelr t ae orlginally derived conEidere the
proceaeee of oxidant traneport through the
groving S1O. fllm and reactlon of oxidant
and Si at the Sl-SlOa interface to be in a

eteady etate. Often for eimpllcity only very
thlck or very thin limitE of the LP model

are uEed. llorever, upon careful
coneideration of the eteady state
condltionc I , and through the uee of flux
diagrame, lt vae found that both procea6es

can affect the oxidation proceBe, even for
thin and thick 5i0e filmE. Thie meang that
dlffuelon can affect the klnetlcE in the
thin SiO! film regirne and the interface
reaction can effect thlck film grorth
kinetics. The concept of the kinetic
dominance of one proce66 or another 1n the
eteady Etate lE dl"scuseed, slnce thie idea

1s oftentimes nieused i.n the literature on

Si oxidation.
A vide variety of silicon oxidatlon

studies hae recently been nevi.ered3t and

f rom tlire review it rs ciear t.hat r,:rnet rr:

and electronic differences in thin SiOa

rilms e:<ret and seem to be related to the

c-2-1

speclfic detailE of the oxidation procees.
Recent studiea of the Sl oxidatlon proceaE

in the very lnitial reginre have revealed
that the LP model alone ie inEufflcient for
deecribing the kinetlce and doee not yield
eignificant ineight into the origin of the
electrieal propertieE of the Si-SiOa
interface. To thie end recent selected
studiee of the very thln filn SlOr grovth
regime are revlered; the Etudlee lead to a

more coherent understanding of the very
lnltlal 51 oxldation regime.

In-eltu ellipeornetric etudtea of
thermal oxidation of flve 51 orientatlone
has revealed lrnportant informatlon about the
5i eurface reaction., t | . It rae found that
in the earllest etage the St oxidation rate
order, R ie as follore:

R(110) > R(llt) > R(311, > R(stl)

rhlch correEponde to the areal denelty of Sl
atoms on the eurfaceB. Horever, the
agreement is not quantltatlve and the
oxidatlon rate order betreen the (ll0) and

{111) Si orlentatlons sritchee ae the SlOe

201



tLln grorE beyond ebout 20 nn. llot only do oxidEtlon rEter!,, BEEed on Binrrsr
thege factE Etrongly Euggest that the nechanlEBE propoeed for photonlc oxidatlon,
aurface aton denElty la very l portant, but a thernlonic si oxldation oder rEE propoEed

ElBo thEt other fectora are ttrportant. for the very lnlttal oxldatlon regine.or.
IntrlnE1c filtr EtreEE na] be lnpllcated3r. Thle nodet raE teEted agalnat elrperlnentel
The anorEroualy ror conpre8alve lntflnelc oxidatlon data for the very lnttlal
atreag f,ouod for slo. grorn on si (ll1) oxldation regine and rae found to yleld
reratlve to the atreaE meEEured lor the approxlnetery the correct si-slor barrier
other orlentations [!y re8ult ln helght. ueing onry the barrier helght nodel
correepondlngly hlgher oxldant dltfutlan lt Beens dlfficult to explaln the virtually
fluxra for the S10. grorn on the (lll) Si lnEtanteneoua fornation of native oxlde on

orlentatlon, End hence ceus€ a croEaover ln Si even at roon tenperature. Hovever, rhen
oxLdatlon rrte aa the SlO. filn thickena, the Eurfsce electronlc Btates on Sl ere
1.e. aa the rcrultent corpreEaive forcea conaldered, there could be Eufflcient
becore tofe slgnlflcent. electrong avalLBble ln theae atates to

It lE nov rell eatablished that produce Ebout I nr of, oxlde vithout the
Etandard Sl cleanlng procedurea alter the 5i therrionic enlBglon of electron8 over the
oxldetlon ratest-t ) rlth HF treattrents St-SiUr barrier.
reaulting in the hlgheEt oxldatlon rateE and Fror theBe Etudl€a of Sl oxtdatlon,
Ylth [H.OH the loreEt. UBlng Ln-Bitu cont€ct poBglble cauBeg for the S1-S1O. fixed oxide
angrr and elllpaonetry neaaurenentlr ' ' r r | lt charge, 0r, End lnterfgce eLectronlc atates,
raa found that HF treattent le.ve' a Or r, are propo8ed and rclationEhips to the
hydrophoblc surfrce flln on Sl rhlle llHr OH proceEElng of thln SlO. fll!|E ere drarn.
for.a bare 51. Thua lt ra! concluded thet TheEe relqtlonehipE Ere the aubJect of
the hydrophobic aurftce fl],n lncreaEr! the ongolng regearch, and progreEa rlth thla
Sl oxldEtion rate. A rlde variety of rork vlll be updat€d.
Btudle8rr-.., denonEtrate thet troEt ACKIIOIILEDGEIIE|ITS

lnpurltles cauEa Lncreaaee ln the St eurface Thle vork raa aupported ln part by the
oxidation rrte. often the netalllclty Office of llaval Regearch, Ol{R.

(denalty of electron etateE Et the Fernl
levelt and/or the electron bErrlerE are
altered by the lrpurlttes. It lE concluded

that vlrtually all hpurltles enh.nce the 5i
oxldatlon r6tr by. retlll.lclty tnd /or
barrter lorcrl,ng effect €xcept Ln ca8ee

vhere barrllr fll.a ere forred vit the
irpurltl.rr.

fnterestingly, photonic eff.ctr on Sl
oxldatlonrt-rrt reverl ainllar anhancerent

effecta releted to both the e.l.ectron

concentretlon! and electron barrlarE. One

Btudy found that the photon athulated
deconpoEltion o! Or aleo enhancea the Si
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