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Us‘ms ldeal Gas Laws
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wheve b and P are fartial Pressure of AT Sodiny

the OxidantGas ambient and Oxide surfa Sy
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We invoke Henw's Law of Gases /Fiuids,

Accord\njly ¢* ' ond C, are +he Oxidant Cenc.
in ei":' libdum 1 Solid state  with BulkGas Awbiol

(C,d ord Suvfees Ceed. l-l-envj\s laww  stakes that
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[2] Once 4ne Oxidant weaches Ouige Sureres
Concenbm\—,cn

6.3 Fieks law
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wheve Delt 1s +he Dilusion Coefficient of

Oxidant W Oxide. CDEEP
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[3] The oxidant Yeuches at SI0, -S; in&qucfEﬁGgL“/S"de a2
and 4hen TPeacts with 81 with Flux Fy | They,

oY FS = L(_g'ci — (VIl ) where ke is called
Reaction Rate Constant |
In S'Ecadj Stete

P=F =F = F — (Vi)
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l» _‘:T'rst we toke A =F | then
h (=) = -.Deﬁ- G = °°) - Cix)

Then A= F2 tan alse be used to ?'Wt IITCgoEnEan
= Degp (A=) 2k — (x) e emesy
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Thic Deal =Grove Meodel can then e uced

bo %&b Xe 04 funchen d'g. Temp rature

o; oxidetiemn and Time e.f.‘ Oxidation. CDEEP
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dt
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o (A+2%X0YdXp, = B db
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| Then  Xot Axp = B(E+TD = ()

Solution g *
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= -.;-‘- :‘:.2_ l 1+ (E+T)
(AT /aB)

-Ve Selutien (s Discarded an X, canmot be “Neja{-iv:.
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ave _@_ on bkaneay Rate Constent~
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Two L.c‘mi'E"\ﬂ-S Cases !
(1) Case =) . Time of Oxidation b g Small
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Since gw a frocess Condition ( Gas Flow,TemF- ete)
(%)zs Constant
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Hernce initial Oxide amwﬂﬂ s controlled By
Reaction Rake 0§ Oxidant and Silicon , as amount
of Oxidant vea clhing Si0,~8\ inferdaca is anae amount - |
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When oxidation time is large enoush,
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we ha“ 3 CDEE
L>>T and £ S>> A /43 IIT Bombay

Then %o = 2VEVB
A I
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N Ro ::JBE ~ X:':.

C&ea\‘l‘j )(o is \ﬂCTfaS?rij .Para.bcllcaﬂj LU"HQ TOMO.
B is called Pavabelie Rate Constant
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\ Experiment - 1 %
oxidatien (s Performed et T = Y ;‘
Given T = Scsec , We monitey Xo ok clifferent VcoEEP

tivne: and the vecullt i IIT Bombay
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Xo(Pw)|>»  0.041 o.l0 0128 o©-183 o177
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and eval :
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¢ then Plot B ang B/n Vervsus (\/T)
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Rom 4he ex‘,evimenbi daka , we can ﬂw‘s'wicn.ﬂj twn be
exP'fes.-."ms foe b and /A on

kK
..E- = K_ = Cyexp E— Ei/\<T] = CN‘S
B = K? = C, exp [""E‘L{\ﬂ'j = 2D¢H’C*

_— Ny
€ ,and E5 are achvatien eney gics and ¢, 4¢,Qre P'reexf:onent- :



{ Ry Kpand K, we have .

Ovient- Sravamekeys Dry Oxidahon ~ Wel Oxidahon
~athan ¢ e
Cloes> S &:23x10 K/ 1:4dx10 p/H T Bombay
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c, 232X 6 )J‘-/H 2.exts YW
EQ_ 1.2% eV 0.-Fg eV
<ni> ¢ 3.66 M/ H 0.96 K

€1,€aand €y ave same fr <> an fr <iovdcas
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Forn & and B
_ e, exp (- E\/lT - S ;
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Sinee C* and N, arve constenl  then

B = k l '
(:Kl) L QC <.S <$ § &hk - AC{-.Em»-g?

and  (B) = Kp X Degt

Since activation enevqy of \/
-

Ks and E| ore Similar and 5 ?
. - .
so also Degy and €y cue also # Q’f"‘ > Act. Enuryy

Same , We conclude +hal- '
Deal - Grove Moded ‘based on assumpphow VAl ,dj

\'s NVALID,
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\arious EHecks on S0, Growth Rate

C11 Ovientotion ;. —
1t \s obsexrd +hal- IITCgErEan
( B/A-) LD - 3'?' C&/’OUW) EE669L | - /Slide )%
Henee 4ov kineog 0‘#0:-'.3% 'rt'?imo. v same time
X e
ou«n) = 17 x°C!oo)

This is due 4o 4he fack +Hwabk ™o d—_g atomiec eonds
ovailable o Suv-’-a,g_ 6{ St at S:10.-8% nferdacs are

\'F ey lowgw ‘9‘" Clil) cone 4han (100) Cag -

(2] Pely oOxide Poly Silicon han many Crystallites
and henea vhany Gray Beundaves Omdant' dilhuses

Caster vomb ‘hwoua/% Cvain Boundanns leadiy to enhanwd
‘ oxidahen vate: ¢ Xo = @™ (M>os)
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| U3) Pressuve Bleet
| Undey Pressuve , the crysteds arve Shressed
Jeae\tnj-\-:o enhancid o\efed-s . C(Jayraman ek

1930 ) lIT Bombay
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@homs. Henes  oxidabien wake (s enhanced for-
Kiveay Grocoth re?.,' me .

N

(5/*\)‘: = (bA)MmP p N z20.7h 0.8

Pz ltos Adm .

= 20 (B/A)UMo!xo( — "

~Ty e
2 CB/a) Undejed —  P-Type

= 2 (5)undo-{=<al — ‘ﬂé‘arﬁﬂ-

| (Bldopee) = 0:04 CB) undopegy —  P= Tyfam.



1( Thin Oxide Growth Meodels |

In Scaled dow vy devices ,One meeds to

CDEEP

veducn (\“SUJW) C.ate Oxide *hicknass. IIT Bombay
Tl Q0 nm  mode (Eren £ vode koo ), +Hhe EE669L | /Slide @V

Gate OXide was S0y and it's thickness eas below
4vm ( 40 A).

The kinetics o-g Thin 0xide Growh, , wen mwotb

exacl‘b oN ‘)YtdiC"‘fd 5 Deal - Grove Moclel.
Parabelic (ﬁde,‘undegq.)




The +hin oxide needs to be qgrown ot
howet Temperoduse around foc’c. ~
Theve ove varous Models  fov Thin-Oxide
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¢i D Reismans Moded )
Xo = a(t+4%;,) .
~ Yo = a i b _‘.C‘C{ /hi X is IntHal
o oxide ek O~
abb are wed as At F“mme"‘rvs
(i) Hanand Helms Medel -
dxo

dt - - C=
2Xot A 2%p +Ag

Seconel tevm Sz'a‘hf'fw) paradl 'reac,d-tm,"}:o —f:{: the

* date , this £YmM waso ‘MNbrducd \
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Al ) Masgoud & Plummer wodel !
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HeerL.< oA |, the above modd ig %«d.

evd Mohaviv, Vasi , ehandevkay Model : ¢ S TAP-1984)
dXo . PC\A“

Kt
® = 0, +SF 0,8
dt 1"\'Qct +RC/:' k;z
woheve P o= L[61=83n k& (k) Ky ) §1-Si + OS"‘"‘ Si-0-S:i 43
Q=K 0 = Momic oxygen
R = (K, Ky ) Oa. Molecwd ay Oxy v

. labl Si'te
Ry @08C A Qoe’c * Coses, Hais  Meodel Avai lant
L Fits to Massoud's data, when Presiuse ua‘b.-.om.?* $10u-S Inferfr ca
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“ Ryuce Deal and '*mal_\j Grove toeye -S—'nrst
to wodel *the process of Thermal Oxidakien.

(Re§: T Appl Phys., vel. 3& b 333, 1968 ) CDEEP
Hence 4he Meode] iz called 'Daal —Cyrove' Meodedl, i EoTay

| EE669L (| /Slide \3
This wmodel provides kimeties of qrowh of /0, (X,,)
as a {unckion of temberature and time.

Mece! Assum EE ons

@ ]n.iﬁal}y there is a finike (Thin) oxide layer |, befoy,
Oxidation (t=0") Start:c

@ The Oxidant Gas Specie M a‘ca,es on this SiQ, layey

and difuses through +the Ox\de-—lqyer and
veaches Si~S0, .\H"I'.Ev'\uc.._. J



ré—m Oxidant Q{md\e_ dhen veacks with Silicon
atoms ot the !nhv{uu and creaks Miwey
ox\de layer.
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lajm( Keg\gs Tv'ow'lhs to a thickness ‘?j end ”'f Eime
of Oxidatem . This process s depleted in the B

das SO <
& 2-‘ ilicon

3.-' ‘-dccv;

. There are Three Fluxes in Gas
ot S0y and Silicon Yeaioms.

Co het F, be ax’udanl:&(ux i Gas bhase
a F, be oxidank flux in S04
-F-* - o R_‘ be oxldant G‘“" ‘GW Teacton
:

‘ | P ! at Siliean . ‘
"Xo,‘-i



‘ @ T-rans‘:o-rt of Oxident 4rom the Furnaa

avbient o the Oxide Sur{aa. to ks
blace. with Flux Fy. COEEF
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@ Oxidant Siac;ie_ D\H'u.s&; 'fhrouﬁ)a S0, fc«:,c'( EE669L 1! /Slde 1S
w‘H’) a C(u\t F}_-

@ Oxidant 7%eacts cwith Silicon coith Flux Fs

HWQ\,Q* [T g'l'!ﬁdj g'EO"C We ean .de 'H’c-ﬁ‘“

¥

Fl=F=2Fy =F
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Sa Cot | SoL , Si Hevre .

C, Ce, — Oxidant Cane. in Buk-Gas, S T
& . &
€o C. — Oxidant Cone. at Oxide nter CDEEP
i Gos - Phage. IIT Bombay
CL C*— E%w libdum oxidant Cowe  EE669 L 1! /Slide [§
in Solid = velated +o Cq
—_ —_ Co— Equulibnum Oxiclant Conc.in Selid
P PN ~ velated o Cg
L—Xo ol

C. - Oxidant Conec. et Si0,-Si \Y\‘kr{au.,
Dea) - Greve Vodel

[1] Flux F, in Gas ambienk is ecsentially qoverned
by M™ass- Transfer , which can wnlenas

F, ¢ (Ce=Cgd  o¥ Fy2h CG=C) — U]

‘ tohere ha s called Mass Transtey Coejficient~



