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USE OF-+OXALYP CHLORI DE TO FORM CHLORI DE- DOPED SI LI CON DI OXI DE FI LMS ON

SI LI CON SUBSTRATES The present invention is directed to the process of

i ncorporating chlorine into a silicon dioxide film In particular, the
present invention is directed toward oxidizing a siliccon substrate in the
presence of a 5 chlorine source, said chlqrine source being oxalyl
chloride. Chlorine-doped silicon di oxi de "1 ms have great utility in the
fabrication of commercial integrated circuits. Chlorine is generally

i ncorporated into lo silicon dioxide filns by thermally oxidizing silicon
substrates such as silicon wafers in the presence of a chlorine source.

I ncorporation of chlorine into silicon dioxide filnms during filmgrowh
results in several material 15 perfornance benefits. These include: (i)
passivation of mobile charges in the oxi de; enhanced mnority carrier
lifetinmes in the underlyi ngieklRESRLAL eiiiySdede gl 88 ctric strength of
the oxide layer; (iv) suppression of stacking faults in the underlying 20
silicon. In addition, the pre i.dati on environnent
s known to increase the growe Bvimmn e =S di oxide filmor
| ayer. In the early years of comerci al |ntegrated circuit manufacture,
hydrogen chloride gas was us ON é&Lf&HﬁC§6€b:{§ gQurce chemcal in
chl ori ne-doped silicon dioxi 5 On 1ayers. CRotgm HC was effective
for this application, several drawbacks were encountered

The present invention is directed to the process
of incorporating chlorine into a silicon dioxide film.
In particular, the present invention is directed toward
oxidizing a silicon substrate in the presence of a

5 chlorine source, said chlorine source being oxalyl
chlorlde.

Chlorine-doped silicon dioxide fllms have great
utility in the fabrication of commercial integrated
circuits. Chlorine is generally incorporated into

10 silicon dioxide filmshby thermally oxidizing silicon _
substrates such as silicon wafers in the presencé of a
chlorine source.

Incorporation of chlorine into silicon dioxide
films during film growth results in several material

15 performance benefits. These include: (i) passivation
of mobile charges in the oxide; (ii) enhanced minority‘
carrier lifetimes in the underlying silicon; (iii)
increased dielectric strength of the oxide layer; (iv)

.. suppression of stacking faults in the underlying

20 silicon. In addition, the presence of chlorine in the
oxidation environment is known to increase the growth
rate of the formed silicon dioxide film or layer.

In the early years of commercial integrated
circuit manufacture, hydrogen chloride gas was used as



Because hydrogen chloride gas is very corrosive, 5 deterioration of netal
feed |ines and other netal conponents in the gas nmanagenent system was
observed. Corrosion at the cylinder valve and within the gas managenent
system was the source for particulate contam nation of the silicon dioxide
films and silicon 10 substrates. Furthermgre, the mandatory safety
procedures needed to cope with the use ofzﬁressurized cylinders of this
corrosive, toxice gas were costly and tinme consum ng. Because of these
drawbacks, the industry replaced 15 HO with 1,1, 1-trichloroethane (TCA) as
the chlorine source for making chlorine-doped silicon dioxide filns or

| ayers. TCA isthevohabrlieel squirdewchemiica If dm |adslo rire-edoped t i hikcah parts

than HC . Howe c t udi EeNViyr IS de g hat
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and use of TCABéEéhsebﬁyEE'éééﬁ enuolﬂdbh%a\eeeirs &f%wterl m
reducti on nEasures have a 2 %ate qlAlr Act. 25 In
response to’th#et FEQP§P§PP9e CWPBE efetdiurers plan
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The present inVentron Is an €xce Tv8 i e aspect
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silicon substrate I n the presence of a chlorine source,
substrates Furthermore, the mandatory 'safety
procedures needed to cope with the use of pressurized
cylinders of this corrosive, toxic gas were costly and
time consuming.

Because of these drawbacks, the industry replaced

15 HC1 with 1,1,1-trichloroethane (TCA) as the chlorine
source for making chlorine-doped silicon dioxide films
or layers. TCA is a volatile liquid which is far less
corrosive to metal parts than HCl. However, recent
studies by environmental scientists showed that TCA

20 along with chlorofluorocarbons are responsible for the
destruction of stratosphetic ozone. The Clean Air Act
has slated that the production and use of TCA shall be
phased out by the year 2002. Strong interim reduction
measures have also been mandated by the Clean Air Act.

25 In response to this legislative action, integrated
circuit manufacturers plan to abandon TCA as a chlorine
source as quickly as possible. Alternative source
chemicals are urgently sought by integrated circuit
manufacturers. The present invention is an excellent

30 solution to that need.

One aspect of the present invention is directed
to a procéss of forming chlorine-doped silicon dioxide
films on a silicon substrate comﬁrising oxidizing said
silicon substrate in the presence of a chlorine source,



-3- thereby formng said chlorine-doped silicon dioxide filmon said
silicon substrate, said chlorine source being oxalyl chloride. Another
aspect of the present invention is 5 directed to a process for renoving
metal contam nants fromtube furnace walls conprising (1) passing an oxalyl
chl ori de-containing gas through said tube furnace at a tenperature from
about [err] to about [err] to react with s4id netal contam nants, formng
volatile nmetal 410 chlorides; and (2) exhausting said netal chlorides from
sai d tube furnace. The present process of form ng chlorine-doped silicon
dioxide filnms on a silicon substrate may be used to produce filns or |ayers
havi ng a ref r athevebyndexrmimgl 5 atiife ohdiogd fe-clopardbsiliaen [@iekideOLilmor e

preferably, rephaghiive siiNdebn Bubat rate JJiQi“é'hﬁ&rir?é@o@rQé- bzk}ﬂﬁg .
e e I Cation

"chl orine-doped silicon_digxide" as enployed int present specil
and cl ai ns ref 8¥ad¥ lachiliofige | ayer which is substantially silicon dioxide

and 20 contains smal | aApethent agpeet ®F aheeddasst thremPpoh D& by atomic
per Cet 7| Ak acluR, F o HhoRRa, e e e o LS ERaPA TS
is desired. 25behitubewﬁhemscgn¢aﬂdbyﬁdmgnisﬁﬂdrﬁn;npaﬁxdn@nducbﬁalyl
ot et e fecch IS REB-ERRER g s RN R 0GRE PRI M
Oxal yl chl ori dEeRRSL3&VELIE rgas @bgpite 7005 Cacierabautesl, 200°C to react

with said metal contaminants, forming volatile metal

10 chlorides; and (2) exhausting said metal chlorides from

said tube furnace.

The present process of forming chlorine-doped
silicon dioxide films on a silicon substrate may be used
to produce films or layers having a refractive index in

15 the range from about 1.46 = 0.02; more preferably,
refractive index in the range from 1.46 = 0.01. The
"chlorine-doped silicon dioxide® as employed in.the
present specification and claims refer to a f£ilm or
layer which is substantially silicon dioxide and

20 contains small percentage of chlorine (less than about
5% by atomic percent chlorine).

The silicon substrates employed in the present
process may be any silicon material on which a
chloride-doped silicon dioxide layer is desired;

25 Silicon wafers and polysilicon films on semiconductor
substrates are the preferred silicon substrates.
Silicon wafers are the most preferred.

Oxalyl chloride has the following structural
formula:

30 00
: It
Cl-C-C-Cl

Oxalyl chloride has several desirable characteristics.



-4- First, it is not an ozone depleter. Upon exposure to the atnosphere, it
reacts with water to formoxalic acid, hydrogen chloride, and oxalic acid
di hydrate. Oxalic acid and oxalic acid dihydrate are stable, 5 crystalline
solids which are believed to eventually degrade in the environnent to

car bon nonoxi de, carbon dioxi de, and water. Second, oxalyl chloride
deconposes into chlorine and carbon di ox44le under oxidation reaction
process conditions. Third, since the vapor |o pressure of oxalyl chloride
exceeds that of TCA, oxalyl chloride may be used with the sanme type of
vapor delivery equipment used to deliver TCA. The second reactant gas may

be any oxygenquJgttal I]_I J3t B & AedPSté 5. thﬁp@ﬁ%ﬁbbﬁﬁr;ﬁto

oxygen- cont ai ni ng The gases may be introduced ihto the reaction
chanber by sef$&®a W%Pé”teqq'ne‘st Aty ity HREPF kP xEArMnoFakigi ng

nani f ol d. Theaf@ml,ylny;at:dyzéorde:ﬁruh?@,g@hd c&ﬁ_méné\@xaaalﬁ _d\ﬁﬁ;:b as any
carrier gases for. .oxa oride (e.g.,..nitrogen_or are
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substrate I con IS pre era con I’ne I'n a manner
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adj acent waf ef n$RACNIGr iHE hrid Ha B P d ik P ash et | Gﬁﬂddt%hde films
produced by the prqcess of this invention are s %sta nti al uni form 30
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preferably chloride may be used with the same type of vapor
delivery equipment used to deliver TCA.

The second reactant gas may be any
oxygen-containing gas. ‘Pure oxygen gas is the preferred
15 oxygen-containing gas.

The gases may be introduced into the reaction
chamber by separate inlet lines, or they may be premixed
in a mixing manifold. The oxalyl chloride and oxygen-
containing gas as well as any carrier gaSes for oxalyl

20 chloride (e.g., nitrogen or helium) are preferably
introduced in substantially laminar flow over the
silicon substrate surface. The residence time over the
substrate is kept short to eliminate substantial
concentration variations over the wafer. The substrate,

25 typically a silicon wafer, is preferably confined in a
manner to provide a reaction chamber wall to wafer edge
spacing and wafer to adjacent wafer spacing, such that
chlorine-doped silicon dioxide films produced by the
process of this invention are substantially uniform

30 across the wafer surface, i.e., do not exhibit
substantial concavity (edge build-up) or convexity
(center mounding). Film uniformity obtained preferably
exhibits less than = 3% thickness variation, both within




exhibits less than [err] 3% thickness variation, both wthin (across)
the wafers, and fromwafer-to-wafer in a batch or production run. Wile not
critical, it is preferred to nmaintain the reaction chanber isothermal by
which is neant having 5 tenperature variation throughout of |ess than
[err], nore preferably, less than [err], differences. The reactant gases
are introduced at anbient tenperature at a sufficient distance fromthe
wafers to be coated to pernmit the gases t&-reach reaction tenperatures. 10
Conmpared to the silicon wafer nmass being treated, the masses of the gases
are not sufficient to appreciably cool the treated wafer. The gas fl ow
rates of the oxalyl chloride and the oxygen-containing gas will depend upon

the type of 15(5@@@s'spntﬁeneaéers,, ahtiberbir dagek -eBRwaRt: an Welbha@snt he
type of carrier g@so with the oxalyl chloride. Typical gas flow rates

may be on the 9f gb%ﬁt T48-t o about 2,000 standard cc/minute (sccm
for both oxalyl chIorWUnlennqttcngEmcaAurnér1gapxeﬁenmdd tnsmaxnﬂ&nﬁo

Cenotion sone GiF| reaChEA cHambaE BEBLAEFRR1ICKY) Yhith Ud Wl Hat g
added to tHe rfe%m,wmttzmevaV\natwphéhreuehpuﬁ elﬁarlﬁas rheds B3, megre

i nclude 25 botdystpdHPFPheEss eﬁdnsmp@raai@seb}shbesprem §acidmspheric
pressure is preferred because_o ost angéease of operation considerations.

The reaction t%ﬁﬁ%ﬁaﬁﬁ?e&nEﬁﬁﬁBﬁﬁ aFeap FBFaEF?PFFGﬁWﬂﬁMﬁt[QHr] to about
[err] nore prefetfidient odiSbanbeutrpmr thet wadbest tpebel coated to

permit the gases to reach reaction temperatures.

10 Compared to the silicon wafer mass being treated, the
masses of the gases are not sufficient to appreciably
cool the treated wafer.

The gas flow rates of the oxalyl chloride and the
oxygen-containing gas will depend upon the type of

15 reaction zone (e.g.; tube furnace) employed as well as
the type of carrier gas used with the oxalyl chloride.
Typical gas flow rates may be on the order of about 10
to about 2,000 standard cc/minute (sccm) for both oxalyl
chloride in nitrogen carrier gas, as well as a pure

20 oxygen gas stream.

' Preferably, the amount of oialyl chloride added
to reaction zone will be from 0.1 to about 5% by volume
of the oxygen also added to the reaction zone.

While the reaction chamber pressures may include

25 both subatmospheric and superatmospheric pressures,
atmospheric pressure is preferred because of'cost and
ease of operation considerations.

The reaction temperatures employed are preferably
from about 700°C to about 1,200°C; more preferably from

30 about 800°C to about 1,150°C.

The film formation rate is typically in the range
from about 5 to about 40 angstroms per minute;
preferably, from about 10 to about 35 angstroms per



The filmformation rate is typically in the range fromabout 5 to about 40
angstrons per mnute; preferably, fromabout 10 to about 35 angstrons per
-6- mnute; and nore preferably from about 20 to about 30 angstrons per
mnute. During a preferred operation of the present invention, at an

el evated tenperature (e.g., [err]), 5 an oxygen flow inpinges on the hot
surface of the silicon wafer thereby forméag [err]. As the oxide |ayer
i'ncreases in thickness, oxygen nust first diffuse through the Si Q2 overcoat
in order to react with silicon at the [err] interface to continue film 10
growt h. When oxalyl chloride is introduced into the oxidation tube, the
oxal yl chloridgjhatb:analomsee bre®eTabl9N didm s Eht®rapsut Capbon

di oxi de exits the oxidation tybe unchanged but a portion of the chlorine

i npi nges on t hBPREFEPMSUPRLIcELBHE reacts with silicon at 15 the [err]
interface to form chl puednbosapeeifecired operalidre dhe:lps gsemgentivention i s
directed prinmagj he_yse_o |yl | or | qurce, c peal for
chlorine in foéh*%agéﬁbérFgesao%é§§§F¥F£%%mwﬁggiﬁ?éfﬁ%§¥2b lb$6€g§grs,
anot her enitfodi arnexigedi £dowedmpinges oo fdeowty Isutfiage def tbheenove
contani nat es f5oMyLBR LWAkeL! ehelbnyl lebarflidxisddy | On AY AaReSokibes. These

contam nants, such as sodiumions, are transferried onto the process tube
wal |'s by diffusPBRIfLBRFEAFER ABt Ahickpess ooxyaem sy ¥ 17 hHaebt fuFeng

use. Their pregrpé@gBeBReabeoyndeeircaaite ipkidde chay gasadt wienf or med
silicon d|0X|d§i aver. Lnthgesggggozthe 5|%|con OXId&UJM]éNPfﬁ%S t ubes

icon’ a interface to continu
10 growth. When oxalyl chloride is introduced into the
oxidation tube, the oxalyl chloride is transformed into
carbon dioxide and chlorine. Carbon dioxide exits the
oxidation tube unchanged but a portion of the chlorine
impinges on the wafer surface and reacts with silicon at
15 the Si/SiOz interface to form chlorosiloxane
inclusions.

While the present invention is directed primarily
at the use of oxalyl chloride as a source chemical for
chlorine in forming chlorine-doped silicon dioxide films

20 or layers, another embodiment is directed toward using
oxalyl chloride to remove contaminates from the interior
of silicon oxidation process tubes. These contaminants,
such as sodium ions, are transferred onto the process
tube walls by diffusion from outer metal layers of the

25 tube furnace during use. Their presence generate
undesirable mobile charges in the formed silicon dioxide
layer. In the past, the silicon oxidation process tubes
were subjected to a cleaning protocol which involved
exposure to C12 gas at high temperatures (about

30 1,000°C) to react with and remove said contaminants.

Such harmful effects caused by various alkali
metal or alkali earth metal contaminants and/or
transition metal contaminants include degradation of

‘'minority carrier lifetimes; increases of junction



were subjected to a cleaning protocol which involved exposure to [err] gas
at_high tenperatures (about 30 [err]) to react with and renove said

contam nants. Such harnful effects caused by various al kali netal or alkal
earth netal contam nants and/or transition netal contam nants include
degradation of mnority carrier lifetinmes, increases of junction -7-

| eakages; and shifts in the flat band volt'age. When oxalyl chloride is

i ntroduced into-the oxidation tube, the oxalyl chloride is transformed into
carbon di oxi de and chlorine. Carbon dioxide exits the oxidation tube 5
unchanged but a portion of the chlorine inpinges on the oxidation tube
wal | s. Presunabégkagesal knd shpltstinsthe flatt hamdvatdltaget \Whent he
chlorine to fog] a Lde.cC ity Ut £1 804 il to be
xhaust od 1 one hur ¢ paiofpae esCReclatpel whed ol Atadtifh Lhbd,
Conpari sons fuERfepXplylschdpsidfeipr E5aREIPFRES iiQF0 A3rken (digwide

percent ages argndycMBbeiheandcakbohegRekite exidse tIRIIBEd L i Usus@! ess
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explicitly stated otherw se. COVPARI SON_1. 15 .
DI OXI DE Fi L3vE: “WERFB\L\\II?PEVE’AP%@BH R/SdE?L‘eFPH% R RAES 1Qhethe
furnace, availebi@atiom thbenehybe.CoPpesatablyqf mataidiis; inpumbisiesed
wth a fused sjli t ] 3 i Nk en di r ' ong.
The furnace vva%JIZgg?e ﬁ?ﬁf\g’f’é? édggggnfeer}?]e‘?l ghseanc&ri?r%ne?rl}%b%%%#ﬁ@%%i
consi sting of ehtonifie gpmpoundsi wihhwahéfigdenthmaddlcdd arke ke into the
cenpfrbline of ek RBubHB8 EHHMAERe FhbHRL @ 5 mnute tinme period to

t
equitibra ﬁ) The following Example and two Comparisons further
illustrate the present invention. All parts and
percentages are by weight and all temperatures are

degrees Celsius unless explicitly stated otherwise.

COMPARISON 1
15 GROWTH OF SILICON DIOXIDE FILMS: DRY OXIDATION

A Sybron Model F-21120 horizontal tube furnace,
available from Thermolyne Corporation of Dubuque, IA,
was used with a fused silicé tube with 33 mm internal
diameter and 36 inches long. The furnace was "

20 equilibrated at 1,100°C. A sample of <100> silicon
consisting of one-half of a two inch wafer was
introduced parallel into the center line of the tube
furnace. After a 5 minute time period to equilibrate
the half wafer to 1,100°C, a flow of dry oxygen was

25 begun (600 sccm) through an end plate on the furnace
tube. After 60 minutes, the flow of oxygen was
discontinued and the tube was flushed with a flow of
nitrogen (1,000 sccm). Flow control of the gases was
accomplished by using Tylan General Model UC2-31 mass

30 flow controllers available from Tylan General Inc. of
San Diego, CA. All gas flows were carried out at
atmospheric pressure. The half wafer was removed from



the half wafer to [err], a flow of dry oxygen was 25 begun (600 sccnm
through an end plate on the furnace tube. After 60 m nutes, the flow of
oxygen was di scontinued and the tube was flushed with a flow of nitrogen
(1,000 sccm. Flow control of the gases was acconplished by using Tyl an
General Mddel UC2-31 mass 30 flow controllgrs available fromTylan Genera
Inc. of San Diego, CA Al gas flows were carried out at atnospheric
pressure. The half wafer was renoved from -8- the furnace and the

t hi ckness and refractive index of the oxide which was grown was neasured by
use of a laser ellipsoneter enploying a wavel ength of 6, 328 A. _The hal f

wafer was ret uFR8dEHENARE PRANLEE LHd ChRESSKi i srctbpe r £pe8¥effsuch
that readings wheeokakenwafictr wast grawnovsdatmeysute® BF Use20f3a 2aded

hours. The re are given in Tabl 1 2 I f h | X h
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effluent gasS stre omthe ) ur nace durling the atron_steps were
anal yzed by a Retpdepxi@asimmatymer ofRda) Zenp 0\Anf @ RRMES upoFBenass 15 -
spectroneter. pPakalwer areoklioehednf aaples aldms £ rsan s, to 200. Peaks were
detected at 33, 40, agg 44, ;he peak at 44 was .assigned to carbgn glgxide.
This RGA spect rum proff§EL £PGaSRdr HORFSsPdct Dt ¥Re PRICPpFéting

t he RGA spect r fiocmeliewasd ana lvzadp by Bemohddy yCdyraMsss Spedctddibtr{

10 (SIMS) for silicon, oxygen, and chlorine content. Only
silicon and oxygen were detected on this half wafer.
Samples of the effluent gas stream from the tube furnace
during the oxidation steps were analyzed by a Resident
Gas Analyzer (RGA) employing a quadrupole mass

15 spectrometer. Data were collected for m/z values from
33 to 200. Peaks were detected at 33, 40, and 44. The
peak at 44 was assigned to carbon dioxide. This RGA
spectrum provides a background spectrum useful for
interpreting the RGA spectra collected in Example 1 and

20 Comparison 2. '

EXAMPLE 1

GROWTH OF CHLORINATED SILICON DIOXIDE
EILMS USING OXALYL CHLORIDE

Using the same equipment setup as Comparison 1,
25 the same procedure was followed as outlined, except that
a flow of oxalyl chloride was introduced during
oxidation through the end plate on the furnace tube. A
500 cc liquid source quartz ampule, available from Olin
Hunt Diffusion Products located in Seward, IL, contain-
30 ing the oxalyl chloride was held at a constant
temperature of 24°C by use of a Model 725 source
controller also available from Olin Hunt Diffusion



GROMH OF CHLORI NATED SI LI CON DI OXI DE FI LM5 USI NG OXALYL CHLORIDE Using the
sanme equi pnent setup as Conparison 1, 25 the sane procedure was foll owed as
outlined, except that a flow of oxalyl chloride was introduced during

oxi dation through the end plate on the furnace tube. A 500 cc liquid source
quartz anpule, available fromdin Hunt D ffusion Products |ocated in
Seward, IL, contain- 30 ing the oxalyl cht¥Tide was hel d at a constant
tenperature of ferr] by use of a Mddel 725 source controller also available
fromdAin Hunt Diffusion -9 - Products. A nitrogen carrier gas (26.5
sccn) was fed through the oxalyl chloride by neans of a dip tube in the
liquid and usi Ryocsdiubtsan @emdrtiogdniaetatiGeB3igamsé26 | bwscondr wlalsefedThi s

fl ow of carrier r%%l& t 0] rin
oxi dati on equi va ent }{g&‘ g;(%ab voi une oqéa Y q“g;r\}\ﬁl‘gtyg agguﬁ:\kfgge?# ¥
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t he si x hour oxidati a Sl anal SI s .of the o il mfornped detected
only silico, %“ifrﬂ% 3o it e ‘i‘é"e‘??l eBAEa530Ns¢ ream from
t he tube furnaeqﬂuram& e dxii!atb;omcslagmrﬁs oeygennahyzrdiky a resi dual
gas anal yzer adr r%gﬁ eciropete we
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These RGA dat a (g Sty ataildie 1CI KRN LHREHe] on of oxalyl chloride to [err]

and [err] under ] ) . .
10 After the six hour oxidation, a SIMS analysis of
the oxide film formed detected only silicon, oxygen, and
chlorine. Samples of the effluent gas stream from the
tube furnace during the oxidation segments were analyzed
by a residual gas analyzer employing a quadrupole mass
15 spectrometer. Data were collected for m/z values from
33 to 200. In addition to the background peaks, peaks
were detected at 70 and 72 which were assigned to
chlorine. These RGA data demonstrate the clean
conversion of oxalyl chloride to CO2 and Cl2 under
20 process conditions.
COMPARISON 2
GROWTH OF CHLORINATED SILICON DIOXIDE
FILMS USING 1.1.1-TRICHLOROETHANE

The same procedure was followed, as outlined in
25 Example 1, except that a flow of 1,1,l-trichloroethane
(TCA) was introduced during oxidation. The nitrogen
carrier flow rate was equal to 39 sccm. This flow of
carrier resulted in a concentration of 1,1,1l-tri~
chloroethane during oxidation equivalent to 1% by volume
30 of oxygen which is the theoretical equivalent to 1.5% by
volume C12 in the furnace (neglecting the reaction of

H20 and Clz). The measured thicknesses and



20 process conditions. COVPARI SON 2 GROMH OF CHLORI NATED SI LI CON DI OXI DE
FILMS USING 1, 1, 1- TRI CHLORCETHANE The sane procedure was foll owed, as
outlined in 25 Exanple 1, except that a flow of 1,1, 1-trichloroethane (TCA)
was i ntroduced during oxidation. The nitrogen carrier flow rate was equal
to 39 sccm This flow of carrier resulted in a concentration of 1,1,1-tri-
chl or oet hane during oxidation equival ent-19-1% by vol une 30 of oxygen which
is the theoreticeal equivalent to 1.5% by volunme [err] in the furnace
(neglecting the reaction of [err] and [err]). The neasured thicknesses and
-10- refractive indexes are also shown in Tables 1 and 2 below. After the
si x hour OXidaEéQBac&iSéNEnaﬁﬁbﬁsb&eohl%hesmﬂwﬁiﬁﬂ|TEHIEQEﬂ sgedegt ed Only
silicon, oxygep and c?l r|n Ig of th%vﬁgfluent stre mfro
5 tube furnace®8iP¥ng fhESEx B&t?& *®%nat b?nﬁ ¥§§Fdﬁ
gas anal yzer etheogpkhdeafdlmdfopmed detscﬁaﬁnqninnsilidknziwwygenolhadted
for mz val ues to d fgéyj S eaks
were 10 detecteé 8?H§§ g%ﬁgieg t Q & %%fh$ﬁ%n§éﬁﬁ§K£§ and 8t&§re
assi gned t 05 HCtubeh&ugsBaRs §9f199aﬁ&e795hQQ§k&ﬂﬂ%ﬁﬁﬂ?ﬂ?ﬁcﬂ#%ﬁlﬁ%alxbed
assi gnnent waszgaderteg&dha@ gaakaablﬁkerwa{ﬁow& a quadrupole ma&¥ide
Fil m Thi ckness (A) . as Masured I nsonetry Conpari son
El apsed Tine, fBgF§rometer.

Data were collected for m/z values from 33 to

200. 1In addition to the background peaks, peaks were

10 detected at 36, 38, 51, 70, and 72. The peaks at 36 and
38 were assigned to HCl; the peaks at 70 and 72 were
assigned to chlorine. No assignment was made for the

peak at S51.
: Table 1
15 Ozxide Film Thickness (A) as
Measured by Ellipsometry
Comparison Elapsed Time, Hours
or Example 1 1.33 2 3. 6
Cc-1 1,260 - 1,923 2,397 3,457
20 E-1 - 2,015 . 2,567 3,120 4,380
c-2 1,660 - 2,387 2,936 4,172

These data indicate that the addition of both
oxalyl chloride and TCA both enhance the oxidation
rate. The oxidation rate for oxalyl chloride is

25 slightly higher than TCA and is believed to be due to
the higher available Cl2 level in oxalyl chloride.



or Exanple 1.33 2 3 6 CG1 1, 260
.- 1,923 2, 397 3,457 20 E-1 -- 2,015

2,567 3,120 4,380 C2 1, 660 -- 2, 387 2,936
4,172 These data indicate that the addition of both oxalyl chloride and TCA
bot h enhance the oxidation rate. The oxidation rate for oxalyl chloride is
25 slightly higher than TCA and is believéd~to be due to the higher

avai lable [err] <l evel in oxalyl chloride. Tabl e 2 Retractive Index as
Measured by Ellipsonmetry Conparison El apsed Tinme, Hours 5 or
Exanpl e 1 1.33 2 3 6 C1 1. 457
- - 1. 452 1. 460 1.459 E-1 Tabhle 2 -- 1. 452 1. 460

1. 460 1.456 G2 1. Coo - . 460 1. 460 1.452
These data indicate that the resuﬁ%ﬁﬁﬁgg+¥9t6ﬂd§§—9éyer had approxi mately

the sane refractive i ndex whet Measu i i meicyv t h chl oride by the
procedures given above. Wile the i nvention has been described above with

reference to segﬁpg&gsggbodlnents the&ﬁ%b§%$—if%§§LE§¥?§ent t hat many
changes, nodifpea Ekﬁ&i%e@”d vani ationg ggp e made W thouy departing from
the inventive concept disclose erein ccordingly, it 1s intended to

enbrace all such-ghanges, nodi.igisgati ons.— and varigg2onsitoed fall 1\vasbin
the spirit and Rr@ad scope 20-ef the anmsmed cladé®. 1.460 1.456
c-2 1.455 - 1.460 1.460 1.452

These data indicate that the resulting silicon
10 layer had approximately the same refractive index
whether or not it was doped with chloride by the
procedures given above.
While the invention has been described above
with reference to specific embodiments thereof, it is
15 apparent that many changes, modifications, and
variations can be made without departing from the
inventive concept disclosed herein. Accordingly, it is
intended to embrace all such changes, modifications, and
variations that f£all within the splrlt and broad scope
20 of the appended claims.



-12- CLAIMS 1. A process of forming chlorine-doped silicon dioxide filns
on a silicon substrate, conprising oxidizing said sil “‘Un‘subst—r—&t—e—m__t_he

prescence of a chlorine source, thereby form ng said c con
dioxide filmon said silicon substrate, said chlorine m;@y g'
chloride. 2. A process according to Cl&aize 1, wherein s=a| OXi

occurs at an is%i&&&cﬂl tenperature fromabout [err] to about [err]. 3. A

process accordi | aim 1, wherein said oxidation occurs at atnospheric
pressure. 4. A prodess Acpurdesg olfofoamy‘:ngonhloﬁrimdﬂ-dqnedcaiilrigqn ai s,

wherein the 11| ByEguBa0es 8he on''OMAGWord WSRO o0 Ui UTRPC!

mnute. 5. A procéss accor any one reced| ng cl al ns,
wherein the am&?ﬁldéﬁlé‘ﬂalsﬂldcrﬁldrllw isbstsrg e 1°/E‘b§?h?oPﬁ'ﬁ§°teB°&bGlf-t 5% by

vol ume of the OUQEDQEFHLOA’&@':cé th&éﬁ@%&%x@fé@di@@:hh@z@n@-@obed/\her ein

- (a) the oxalyl ihlorlgg % xygen-cont ai n g as .,are .introd

into a reacti8tl? enr}n‘a"gg? tPhtd Bg FHPERTBAPr SRS oped

silicon dioxi dechilbwmine souree terimd o@da)lytlhel-tlerme:tea.t ure of said zone and

said substrate are | Nt aipf nggoggsgnaéggégﬂga{ f@ﬁﬁa;u‘&érég}r? gt [err]
N sal

to about [err]; and (C) sai ases are pass 0 contact Wwit
substrate for aogeﬂlxcatc;font musvf fafcm;ntls@thermb §pppesatyrexitaem i | m

having a refrachbuat 18e*c tYMadRR4t 11.260° 0. 02.

3. A process according to claim 1, wherein said
oxidation occurs at atmospheric pressure.

4. A process according to any one of the
preceding claims, wherein the film forming rate is
from about 5 to about 40 angstroms per minute.

5. A process according to any one of the
preceding claims, wherein the amount of ozxalyl
chloride is from 0.1% by volume to about 5% by volume
of the oxygén emploved.

6. A process according to claim 1, wherein :

(a) the oxalyl chloride and an oxygen-containing

gas are introduced into a reaction zone

containing said substrate on which chlorine-~-doped
silicon dioxide film is to be formed;

{b) the temperature of said zone and said

substrate are maintained at an isothermal

temperature from about 800°C to about 1,150°C;
and

(c) said gases are passed into contact with said

substrate for a period of time sufficient to form

a silicon dioxide film having a refractive index

from about 1.46 z 0.02.

7. A process according to any one of +the
preceding claims wherein said silicon substrate is a
silicon wafer.

8. A process according to any one of the



-

7. A process according to any one of the preceding clains I n_sai d

si.licon substrate is a silicon wafer. 8. A process ac to any one
of the -13- preceding clains wherein the filmform ngr;l 'Mﬂﬂ'”ml
to about 35 angstrons per mnute. 9. A process for re

contam nants fromtube furnace walls, cagsising: (a) passing an oxal

chl ori de-contajnin as thraugh |dtube yr e fe ratur from
about [err] t o® a%o%?gfgrﬁq lg%r eagfrelf‘h sae r}aclt aftocrg“h %F%é%ts ?8 form
vol atil e netal abbbibr tdeto ahdutbPSeanagstrong perdmimuie.chl ori des fromsaid

tube furnace. 9. A process for removing metal contaminants
from tube furnace walls, comprising:

{a) passing an oxalyl chloride~containing gas
through said tube furnace at a temperature from
about 700°C to about 1,200°C to react with said
metal contaminants +to form volatile metal
‘chlorides; and

(b) exhausting said metal chlorides from said

tube furnace.



