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In this talk we report on the kinetice of therrnal oxidation of silicon in the case where
HCI

is

added to

dry 02 during the high temperature oxidation. It has been reported by

Krieglerl) that the oxidation rate and the diffusivity of Na* ions in the oxide are considerably
increased in the presence of HCI. The increase of the oxidation rate cannot be explained only
by the presence of H2O rnolecules, formed by the reaction,
zIJCt+

I

IJso +

ZOz =

CL2

.

(1)

N-type l0 ohrn-crr (111), (f 00), (3f l) and (110) oriented wafers were used. Slicee were
oxidized at lI00oC for various HC1/O2 rnole ratios below l0fo.
The oxide thiikness,

X, as a function of oxidation time, t, was fitted to the following

linear -parabolic relationship,

Bt =

XZ ,+

Ax,

(zl

by the least square rrethod. B increases with the IICI/OZ rnole ratio. The values of B for
O, Z, Sand l0 percent are 4.0, 6.1, 6.5and ?. 2 x IO'4 pZlrnLr., respectively. A is strongly
dependent on the orientation, and decreases with increasing the HC1/O2 rnole

ratio. The in-

crease of B/Awith the ftCI]OZrnole ratio ie approxirnately linear in the range of the ratio
berow

5 %.

The above reeulte suggest that the increaee of the oxidation rate

is

reasdns: The first iE enhanced diffusion of 02 and H2O moleculee in the
second

ie

enhanced reactione at the Si-SiO2

caused by three
HC1

oxide.

The

interface, resulting from a catalytic action of HCl.

The third is the contribution of HZO to the oxidation.

In order to deterrnine the diffusivity of 02 and H2O molecules in the HCI oxide, wafers of
the (f 00) orientation were oxidized initially in the 1:10 rnixture of HCI and o2to obtain the oxide

thickness, Xg, and then oxidized in the dry or wet oxygen.
The theoretical relationehip between the oxide thickness,
the dry or wet oxygen

where

is expressed

X,

and t$e oxidation

tirne, t, in

as

Bt = (X-Xg)(X+X0+A'),
Ar= A+.z(D/Do-I)Xo

(3)
(4)

A and B are deterrnined independently by the oxidation of bare eilicon wafers. D and Dg are the
diffusivity of the oxidizing rnolecules in

tJre

growing oxide and the HCI oxide, reepectively.

-rg6-

In Eqs. (3) and (4), it is assurned that the equilibrium concentration of oxidizing rnolecules in the
oxide is not changed in the presence of HCl. The diffusivity of 02in the HCI oxide is approxirnately 1.6 tirnee larger than in the dry oxide. The diffusivity of H2O was deterrnined by the
analysis of the oxidation in the wet oxygen, where the bubbler ternperature is 90 "C. The diffu-

sivity of

H2O in the

dry oxide is approxirnately l.

5 tirnes

larger than that in the wet oxide. The

diffusivity of H2O in the HCI oxide is approxirnately l. ? tirnes larger than that in the dry oxide.
By using these values of the diffusivity,

it is concluded that the partial pressure of H2O is

atm, which is approxirnately half of

equilibrium value for the reaction (I) for the HCI/OZ

rnole ratio of l0

tJee

0.00?5

%.

tf the HCllOg rnole ratio ie sufficiently srnall, we get
B/A =

Co(ko

* k'1g)/N

(5)

,

where Cg and Ag are the equilibriurn concentration of 02 and HCl, respectively, in the oxide.
N is the nurnber

of.

02 incorporated in a unit volurne of oxide. kg is the reaction constant for the

dry oxygen. Frorn the experirnental values
k0(100) <
kr (111)

and

of.

B/A, it is concluded that

ko(rIl) < ks(311) < ks(l10),

< k'(100) < kt (311) <

k'(tl0).

The latter relation is the same as for the gaseous etching of

are irnportant,

silicon. The following reactions

Si + 3HC1= SiHCl3 + }J7, SiHCl3 * H2 * OZ - SiO2 + 3HCl,
Si + 4HC13 SiCf4 + ?H:Z, SiCl4 t ZH2 * 02 -+ SiOZ + 4HC1,
Si + ZHCI=SiHZC1Z, SiH2C12 to2+SIOZ + 2HC1.

If the rate of each pair of reactions is larger than the rate of the direct reaction, Si + OZ

._ SiOZ, the hydrogen chloride rnay be considered as a catalyst.
The regults of the infrared spectroscopy of tJre output gas frorn the furnace and the observation of, the Si-SiO2 interface through a microscope and secondary electron microscope verify
these

reactions. The deficiency

of,

02 leads to the etching. The infrared absorption spectra

were assigned to H2O, HCl, SiZOCl5, SiH2C12, SiHCI3 and SiC14. Si2OCI5 is formed by the
reactions,

SiCl4 + H2O -- Si(OH) C13 * HCl, Si(OH)

C13

+ SiCl4

*

SiZOCI5 + HCl.

The observation of the wafers through the rnicroscope revealed triangle-shaped etch pits for

(111), aquare-shaped pite for (100) and line-shaped pits for the (110) orientation. The shape of
tJre etch

pits is reasonable since the etch rate is largest in the
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110) direction.

