SUBSTRATE ETCHI NG METHOD AND SYSTEM CROSS- REFERENCE TO RELATED PATENT
APPLI CATI ONS This application clains the benefit of Japanese

Pat ent Application No. 2009-067868, filed on March 19, 2009 in the
Japan Patent O fice and Japanese Patent Application No. 2010-045893,
filed on March 2, 20BMUBRTRAIE EF&hING: METHODIAND $Y8TEVsc| osure of
which is incorporated herein in its entirety by reference. BACKGROUND
OF THE INVENTION 1. Field of the Invention The present
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el ectrode is led out. The contact hole is fi nductive
material, such as tungsten or polycrystalline silicon, in a

subsequent process in ordmmm silicon surface
to a netal el ectrode. BAC F?d) H : if siliconis

| eft in an atnosphere containing oxygen, a native oxide filmis
thinly forrreg:.oa thlg%ﬁlilic_on surface. Once the native oxide filmis
formed bet wedielfipdt VE&HIORol e and the silicon surface, contact
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radi cal silRebnisofface iy acnYitthorg a carbon fluorine (CF)-based gas into
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In A method of manufacturing a transistor, which is the most representative

device embedded in an integrated circuit, includes a process of forming a contact
hole in an intertayer insulating film over source and drain regions and over a gate
electrode formed of polycrystalline silicon, through which an electrode is led out.
The contact hole is filled with a conductive material, such as tungsten or
polycrystalline silicon, in a subsequent process in order to electrically connect a
silicon surface to a metal electrode.

However, it is known that if silicon is left in an atmosphere containing oxygen,
a native oxide film is thinly formed on the silicon surface. Once the native oxide film
is formed between the contact hole and the silicon surface, contact resistance is
increased, thereby making it difficult to operate the transistor at high speed.
Accordingly, it is necessary to remove the native oxide film before the contact hole is
filled with the conductive material.

In order to remove the native oxide film, a method of etching a native oxide
fiim using an etchant, e.g., radicals or ions, by converting a carbon fluorine
(CF)-based gas into plasma has been disclosed in Cited reference 1 (Japanese
Laid-open Patent Publication No. hei 2-119134). However, the method disclosed in




Cited reference 1 has di sadvantages in that an etching rate is so
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To sol ve the above and/or other problens, the present invention

provi des a nmethod and system for etching a substrate which may reduce
contact resistance. According to an aspect of the present
invention, there is provided a nethod of etching a substrate having a
silicon surfadenethodttifcamavisild bigh resistiamctilayeriferrhed 6E8IC bheimEhbed
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the silicon by supplying the silicon etching gas to the substrate,
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| ayer fromthe substrate. Accordi ng to anot her aspect of the
present invention, there is provided a recordi ng nmedi um havi ng
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According to another aspect of the present invention, there is provided a

system for etching a substrate having a silicon surface on which a silicon oxide fiim
is formed, the system including a processing container including a loading table on

which the substrate is placed; a dry etching device including a gas supply line




FIG 3 is a cross-sectional view of a heat treatnent device of the
systemof FIG 1, according to an enbodi ment of the present _

I nventi on; FIGS. 4(a) through 4(g) are cross-sectional views
illustrating a nethod of dry etching a substrate, according to an
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i nvention;  According to another aspect of the present invention, there is provided a
recording medium having embodied thereon a program for executing a method by
using a control unit of a system for etching a substrate having a silicon surface on
which a silicon oxide film is formed, wherein the method includes etching the silicon
oxide film by supplying a halogen-containing gas and a basic gas to the substrate so
that the silicon oxide film is chemically reacted with the halogen-containing gas and
the basic gas to generate a condensation layer; etching silicon by supplying a silicon
etching gas, which includes at least one selected from the group consisting of an F»
gas, a XeF; gas, and a ClF; gas, to the substrate; and after the etching of the silicon
oxide film and the etching of the silicon, heating and removing the condensation

layer from the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the present invention will
become more apparent by describing in detail exemplary embodiments thereof with
reference to the attached drawings in which:

FIG. 1is a plan view of a system for etching a substrate, according to an
embodiment of the present invention:;

FIG. 2 is a cross-sectional view of a dry etching device of the system of FIG. 1,
according to an embodiment of the present invention;

FIG. 3 is a cross-sectional view of a heat treatment device of the system of

FIG. 1, according to an embodiment of the present invention:



FIG 12 is a graph illustrating a relationship between an etching
time and the anmount of etching of a silicon oxide film (thermal oxide
film; and FIG 13 is a graph illustrating a relationship

bet ween an etching tinme and the anount of etching of silicon
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embodiment of the present invention:
FIG. 12 is a graph illustrating a relationship between an etching time and the
amount of etching of a silicon oxide film (thermal oxide film); and
FIG. 13 is a graph illustrating a relationship between an etching time and the
amount of etching of silicon (polysilicon).

FIG. 14 illustrates modification of an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will be described in detail by explaining exemplary
embodiments of the invention with reference to the attached drawings. Like
reference numerals in the drawings denote like elements.

< Etching System according to Embodiment of the Present Invention>

FIG. 1 is a plan view of a system 100 for etching a substrate, according to an
embodiment of the present invention. The system 100 includes a delivering unit 1
for carrying a semiconductor wafer (referred to as a wafer hereinafter) into or out of

the system 100, a load lock chamber 2 constituted adjacent to the delivering unit 1, a




The delivering unit 1 includes a transfer chanber 11 in which a
transfer nmechani sm (not shown) for transferring the wafer is | ocated.
A loading table 12 is constituted on a side of the transfer chanber
11 in a longitudinal direction of the transfer chanber 11 opposite to
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argon (Ar) gas supply line 34e for supplying an Ar gas as an inert
gas into the chanber 31 are connected to the dry etching device 3.
A first end of the HF gas supply line 34a is connected to an HF gas
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loading table 32 on which the wafer W is horizontally placed is constituted in the
chamber 31. A temperature control mechanism 33 for cooling or heating the wafer
W to a predetermined temperature is constituted in the loading table 32. An
inlet/outlet through which the wafer W is carried into or out of the heat treatment
device 4 is constituted in a side wall of the chamber 31.

A hydrofiuoric (HF) gas supply line 34a for supplying an HF gas as an etching
gas into the chamber 31, an ammonia (NH3) gas supply line 34b for supplying an
NH3; gas as an etching gas into the chamber 31, a fluorine (F,) gas supply line 34c
for supplying an F; gas as an etching gas into the chamber 31, a nitrogen (N;) gas

supply line 34d for supplying a N> gas as an inert gas into the chamber 31, and an




A shower head 47 is constituted on a top surface of the chanber 41. A
second end of the N2 gas supply line 44 is connected to the shower
head 47. The N2 gas is supplied to a diffusion space 47a in the
shower head 47, and is ejected into a processing space 4la in the
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present invention. The follow ng explanation wll be made on a case
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hol e reachin m,conduct oy waf er i substrate. ,
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A loading table 42 on which the wafer W is horizontally placed is constituted in the
chamber 41. A heater 43 for heating the wafer W to a predetermined temperature
is constituted in the loading table 42.  An inlet/outlet (not shown) for carrying the
wafer W into or out of the drying etching device 3 and an inlet/outlet (not shown) for
carrying the wafer W into or out of the load lock chamber 2 are constituted in side

walls of the chamber 41.



Referring to FIG 4(b), the interlayer insulating film102 is dry
etched using, for exanple, a carbon fluorine (CF)-based etching gas,
by using the photoresist |ayer 103 as a nask, to forma contact hole
102a in the interlayer insulating film 102. Referring to FIG

4(c), the photobhagssgupplyieie 44 or sippdyimy 86 it gh§rfoP¥RAAPR, adshidi¥as
At this tinme, a native OXItgg Si02) film104 is fornmed on a surface
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Thi t at f. St 2). Th

oneon byt R BY 0RE 5ifCuaee ) SFOROR. &P SR Sh fgbrpkeSoq

suppl i e(ﬂcompnﬂeaa); atuser MiBrfges SESncti@leg dké@ba?ﬂ@@%ﬂ%ﬂtn@%@cﬁghﬁnﬂ@%@ra%
or. exanpl e ich may reac

W Accordin | ayer formed of

with t héOfmg @é%faﬁ%r Jobeanaas Bersygtem 100 Oflﬂe‘?(*ﬁP!aVWé”tsQerhs@ho?\‘ stateeofipe
as is r cm
Po 34" s SLRRRERO0 I Bshioel [ F1Pn Mo (i B8 For ol R ol ARG AR 15
exanpl epezmrmm@ra variety of ptanessing fnn'ctm:rm eetufal in thersysteanp0@ Lndér the

seconds ste adj ustin ssure jn
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ol e oA Y% 4 3 608 ot e SyRRSTC ot s
105 f or rezdi-ofilyanemohufGBROMpa tigitar velealle NiskLEVZS), fh )a fshtiemonf. erFor
W Silicon u d?r t he condeb nsation_|layer 105 is etched due to the F2
gas. exampie, the recipe may be transmitted through a dedicated line from another device.
If necessary, the system 100 may perform dry etching under the control of the
process controller 51 by calling a recipe from the memory unit 53 according to
instructions from the user interface 52 and executing the recipe in the processing
controller 51.
<Dry Etching Method according to Embodiment of the Present Invention and
Semiconductor Device Manufacturing Method Using the Dry Etching Method>
A method of dry etching a substrate according to an embodiment of the

present invention will now be explained. FIGS. 4(a) through 4(g) illustrate a method




Next, the supply of the HF gas and the F2 gas is stopped and the fl ow
rate of the Ar gas is increased from34 sccmto 200 sccm Also, the
pressure in the chanber 31 is reduced to about O niforr. This state is
mai ntai ned for, for exanple, 5 seconds (Step 5) Next, the

supply off d %t&ﬂhﬁg aasbafdtd feemdhusture & ﬁlme@mctaméwéé %&or@ng to an
mai nt ai ned for exanple, 60 seconds f(St ep 6). Due to the
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hanb 41 00, t mrorr. r di r ef ng to FI G
A1) the contERUIY Gy P Fdidhn oATERPSed Ml inth Erfelet i aalan
cont act lﬂit@kleyéaf)@éu@ﬂd dilraYobasen&d of PeropAbephad IIc%t@%ﬁ%%%.E(QPSG is formed
Referring to FIG _4(g), the contact hole 102a is

conduct {2 Hﬁf@rﬁsﬁpom@ﬁbsﬁf@tﬁ) Weanypd, acﬂh@@@f@ﬁﬁt@ ted Dﬂltb‘@mteﬂayeg A
e
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no nati verespdedihgltmayrattarn fie contda toldialfernid?m thecphuaotesizt layer 103 by

resi stance bet n the wafer (silicon substrate) Wand the conductive
mat eri alY® &ggﬁl?ﬁgfaphXAdvant ages of the Dry Etching Method of FIGS.

Iil( aG)S tZE S;JQP rﬁkggarig]g tE) FIG A aﬂt@ig)?(é‘?riazfea Lﬁéﬁiﬁihé g%gfr'nglg rﬁ%ﬁ%@dﬂsmg for
r ef er enGXaBdenA garb@n? edEFérbpsgqtewzmg ga&:rhy\r;upmgg theephetoressstdayate
film 104IO3 as a mask, to form a contact hole 102a in the interlayer insulating film 102.
Referring to FIG. 4(c), the photoresist layer 103 is removed by, for example,
ashing. At this time, a native oxide (SiO,) film 104 is formed on a surface of the
wafer W exposed through the contact hole 102a.
Referring to FIG. 4(d), the wafer W on which the native oxide film 104 is
formed is carried into the system 100 of FIG. 1 and a portion under the contact hole
1024, that is, the native oxide film 104, is cleaned (dry etched) by the dry etching
device 3.
In this embodiment, the cleaning of the portion under the contact hole 102a ié.
performed as follows. FIG. § is a timing chart illustrating a pressure in the chamber
31 and a timing at which a gas is supplied during a cleaning process of the method
of FIGS. 4(a) through 4(g).
The wafer W on which the native oxide film 104 is formed illustrated in FIG.
4(c) is carried into the chamber 31 of the dry etching device 3. Next, a N, gas and
an Ar gas are supplied at a flow rate of, for example, 1000 sccm and at a flow rate of,
for example, 200 scem, respectively, into the chamber 31, a pressure in the chamber
31 may be 2000 mTorr, and a temperature of the wafer W may be 40°C. This state
is maintained for, for example, 60 seconds (Step 1). The N; gas or the Ar gas are

used to dilute an HF gas and an NHs; gas which are to be subsequently supplied. If
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The reference exanple uses only an HF gas and an NH3 gas as an
etching gas to renove the native oxide film104. FIG 6 is an

enl arged cross-sectional view of the wafer Wafter the native oxide
film104 is renoved in the reference exanple. Referring to

FIG 6, tHeeNs ghsoetreeAcyadaleesmall NGedit yab hedhhe 086 @dmbhesdiBwaR®ach
as the etching gas has an altered |ayer 107 forned between the wafer
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Next, the supply of the HF gas and the F; gas is stopped and the flow rate of
the Ar gas is increased from 34 sccm to 200 sccm.  Also, the pressure in the
chamber 31 is reduced to about 0 mTorr.  This state is maintained for, for example,
5 seconds (Step 5)

Next, the supply of the NH; gas and the Ar gas is stopped. This state is
maintained for, for example, 60 seconds (Step 6).

Due to the cleaning process, referring to FIG. 4(e), the native oxide film 104 is
removed from the bottom of the contact hole 102a and the condensation layer 105
formed of (NH,),SiFs which is obtained by chemically reacting between the silicon
oxide film and the HF gas and the NH; gas is formed under the contact hole 102a.

Next, the wafer W on which the condensation layer 105 is accumulated
illustrated in FIG. 4(e) is carried into the chamber 41 of the heat treatment device 4.
Next, a N; gas is supplied info the chamber 41 to heat the wafer W to, for example,
100 to 200°C and change a pressure in the chamber 41 about 500 to 1000 mTorr.

"



If Sio2 filmis formed over silicon, since a silicon etching gas,
I.e., an F2 gas, does not pass through the Si02 film the silicon
under the 5i02 filmcannot be etched. However, the inventor of the
present invention has found that it is possible that the silicon

et chi ng gasorisgigsrefdiriag b F‘I(Be4(¢)0ﬂﬁbi‘6§@der@ﬁub@ er 105 iandpbgidpan®
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pol ysilicon. is assuned that this is because N i ncluded Tn the
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t
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silicon 1s not onl IS accel era
greatly hhmmmemldélfimgﬁﬁut The native oxide film104 is

| | 2
comon COR °3?€e%2§ e AR GeRis T B 9 #09 AU naRs G aga)ing
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( NH4) 2Si et muafer EWaﬁentthrative ox{d® fiim 104 is removed in the reference example.

Referring to FIG. 6, the reference example using only the HF gas and the NH;
gas as the etching gas has an altered layer 107 formed between the wafer W and
the conductive material 106. It is found from energy dispersive X-ray (EDX)
analysis that the altered layer 107 contains carbon (C). Considering that the carbon
is contained in the altered layer 107, it is assumed that the aitered layer 107 is
generated when carbon included in the photoresist layer 103 or carbon included in
the CF-based etching gas used to form the contact hole 102a is introduced into the
wafer W from the surface of the wafer W exposed through the contact hole 102a.
Since the altered layer 107 remains, although the native oxide film 104 is removed, it
is difficult to prevent contact resistance from increasing.

However, the method of FIGS. 4(a) through 4(g} adds an F; gas to an HF gas
and an NH3 gas to remove the native oxide film 104.

FIG. 7 is an enlarged cross-sectional view of the wafer W after the native
oxide film 104 is removed in the method of FIGS. 4(a) through 4(g). Referring to
FIG. 7, the method of FIGS. 4(a) through 4(g) using an HF gas, an NH; gas, and an
F2 gas as an etching gas removes the altered layer 107 formed between the wafer W
and the conductive material 106.

It is assumed that the altered layer 107 is removed because, by adding the F»

gas, not only the native oxide film 104 but also the surface layer of the wafer W, that
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Since the reaction (1) requires high activation energy, the reaction
(1) does not occur sinply by causing SiQ2 to contact an HF gas. In
order to facilitate the reaction (1), it is necessary to mx an F2
gas with an NH3 gas and generate the condensation |ayer 105 by the

react i on|s(s;i)ancscnnectémathe@aﬁeae llmrlowﬁa' waith Ws arneethed stmepdred to

the reaction_ (2), the reaction is carried out to etch Si Q2. Since
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ri ghtwarghy gamount of etching is increased. However, if the

terrperature o the wafer Wis increased, the anmount of etching may

al so be incr e(E@tEirdngisfSMWafm) ang ICa{Alieded hager)) The tenperature of the
wafer Wis adj usted in order to control the anobunt of etching of

Si 2. S r il lastrating the anounts of etching of
a thermal oxide flqgi 4@ &gﬂiglllc%ﬁ oxi de-based insulating film
BPSG, and pol ysilicon Poly-Si when HF/ NH3, F2, and F2/HF/ NH3 are used
as an etchi ngglgeesmm(%laaptheowafar@l apc\easbab{G) indbe piteraddayer 107 are

For mod. Sy IeREH T B Bl Er Bl sk G R e G eh 1P

BPSG, anshrbomirterduliéd intbitied stliben pedyisé réraovedol AltHiiughshé @breen y&ioh
used. The thernmal oxide film T-Ox ma% be considered as the native
@

oxi de filpYgr1dp isfaened pyerdhesticas. Fdke aresssis i haghamber Bddsinmgased,
f . il
consi deryad Fgg, sk8d a{rbggﬁ&hé EéHJJ deffidn aé,}erm%}%Zmeg&@r g%xagé.b@%

Pol y-Si ma n5|dere as the wafer I con’su
Referri r&jclu mﬁiﬁbomundmdhemnﬁﬁnmmlagﬂelamﬂ\lm gas are used as an
et ching gas(i ef.erence, exa unt s gf et ching of .the

Chormal 92>t 8iqa i iSiSater Y Siqtt sinte. 4 T SR naris hBrad Fa 955
BPSG ar gjdaisaivt lp'abs lHT@uQﬁ%@B:@S filed,ahée @ﬂlcoﬁfunHB?tM;@'filM%’hnB@bé‘ 'e§§hed.

is very | ow, whi ch means no cut - of been occurred on th

pol y3| | i@wmewes| {hegnventor of thWMﬁsghﬂ vaemrqnzh@found thafdtlisaosaipie thet |tlmg

That of SIRERENAG oBR TR Biobdh MRELE IR JRIeY 105 At IR [ brch A8
gas(i . e.silicoafigrente @m&mﬁsellon hautert108. a®ngy & OUR gred¥satnfa Eilieon

t her mal %de film 1-0Ox ?fn e. silicon oxide-based insul ati ngtJ film
BPSG ar €1$7H8¢ PS5 e H& Sfm? Sirpglangpushgnithe chemgge Sinan eddi 'NPB' gas

of o chitg arof pENbmfing o ShEFORAIIABELS il 1B ee, Mighlpy i

18 t| medotgi dfameghmhandtrhduangmnanmfacmrlog|cngtsof the thermal oxide f| | m
T- If th i t he F2 t chj i | ] ed

to cI eani ngegﬁjﬁigﬂﬁgﬁlg ntég oﬁﬁlgng%tﬁnal@?erhﬂ@‘ieg@%a%qg%%ohﬁt@P&ngg

i nsul at ighgilitbh 18 iﬁi@fséa@éd%%’tﬁﬂeaﬁg até%e%ﬁéf%ttﬁére% nm%rﬁ@ﬂkaﬁén hﬁb?

102a may be increased When an

gas ar e FEnBlig amillystgamg thedameuats @‘tegmn@ o@aglys:ﬁﬁ@w wnf.bmnd without a

et chi ng I I h

Gsi ng ¢ OB BER  ERY RS sk plrkitbe it Blg L i8R0 a3 TPl A8 i 0o

of the MerrmgltogTI@nBythteI“E&nEQnig@fSetcﬁ"hg df@@@@mcmwﬁeh&a aomdesatibn layer
|icon when the F2 gas, the HF gas, and the NH3

etching.of the pol
gas arei% '&i‘eﬁsCPVﬁFéT?eﬁ?o'Vﬁ'ﬁ?P@ l?a’ﬂ’%ﬂ]?fbtmoyt'mﬁ%QFe@fgfaf%‘aﬂéh%@&quéOf hat

t he pol e
1 208 g BMootabiicon phen S afteratips |4fef s B8 oDr R pdlgsifete®
Pol y-Si ig esﬁis'ned)trb?étmauajbad:aqeeoNHdllméthedEmdhermgndénsdmnpay@fsadoemmes
Pol y- Si

W sy, widteedesediine BieORERGE:” AMiovaE ti'Gogecgien Wkt MDa ey

suppl i e@veﬁthersaiﬁio@ahtrf&sum .strlrtﬁ APEithe@buebib cteniff id B@cél@:@ié@'thereby
oxide film1l-Ox is high. Also, there is advantage that the anount of

et chi ng 9&atiyHepseving griosghpied- based insulating filmBPSG is smaller
than that of Thg%attbg me fﬂ?’h' %’4]c ét@h&a %ouﬂﬁkh&%il&wﬁﬁ r%%%tl&%f]ﬁ H}e

and (3), as in a common COR process.

13




replacing the etching gas with another etching gas. Since plasma is
not used, danmage to peripheral elenents including the interlayer
insulating film2102 is reduced and the native oxide film104 is
renoved. Accordingly, the nethod of FIGS. 4(a) through 4(g) does not

require procegiemgg @asl e e filnfdrmedeestogamage to peri pheral
el ements including the interlayer insulating film 102. < Dry

Et chi ng Met hogd..accor dihg to_Another. Enpedi nent of the Present
| nvent i on> g'&? * tﬁ'h:noﬁfé'%e"? t-H&t the method of FIGS. 4(a)
t hrough 4(g) which sinultaneously supplies an F2 gas, an HF gas, and

an NH3 gas as an etching gas may etch polysilicon Poly-Si but cannot
control the ampunt of efghing of the lysilicon Poly-Si. FIG 10 is
a graph iIIus({af)eéﬁr?utbonao‘{éP%‘? ’?ﬁ?é‘ﬁpﬂraﬁgﬁmeen an etching time (tinme of
Step 4 in FIG 5) and the anounts of etching of a thermal oxide film
T-Ox and pol ySiFl, i €0pNPgl ¥ 9HF Refrnigigst.o(BH G 10, as the etching
time increases, the anobunt of etching of the thermal oxide film T-Ox
i ncreases. However, although the etching tinme increases, the anount
of etching of the polysilicon Poly-Si is alnost maintained at about

0.39 nm AnonyapbezatldresEUohdeteiatid®Taya o whi ch carbon is inplanted,
a thick one may have a thickness of about 10 nm If the anount of

etching is ab .39 n t he ere yer_107 which is thick cannot
be renoved. I(&%P% ré T tdnt'r (?Iﬂkﬁﬁhé’ unt (B et chi ng of the

pol ysilicon Poly-Si, a nethod of dry etching a substrate according to
anot her enbodi nent of the present invention has been suggested.

The net hod of.dﬁ% etChiﬂ8 t he substﬁahe accordi ng to anot her

enbodi ment  ofSIP¢R N5 EEEHEN { IVERIrehMIgARAIYBLCR BRIy theneeaskion (b dasde

fil'm 104 dpvceuPaimplysy Bausiiy $0, BNcbRActNBHEAMAN ], LRGLY BlEHiRe the

silicon by supplying an F2 gas, not_ sinultaneously supplying an
gas, an repctipas(1)ahis necessBngagnix an F; g& Gith &b NEl; gas exadngererate the

timn i i a.pre re,in e chanber, 31 and,a tin.n

bt Mg croRbEnR iRl A 0T R ERRRE 0 Shfos Y SR Vet B ) o
accor di ngneeatadelubas tiesrbaslitioanp) ake ?é’ﬁztibhjfr}%@tcérﬂé@ auit Wetcﬁfsi@%. tBRice
waf er Won which the native oxi de film104 is forned is carried into

t he chafdiPP3n adempesatyrs obthenvalgr Meehifts the repationday rightyvadd, the ayasunt

are suppili reh g at 0 . fLow
Fat e of O PEAIE isnreBgS! Rollever, RngtaiBafiure oS T \LindheRared
set a ptiessoceint of ttchinghaahalsaie inoredsed exaitiieex@oP@driierr , Taed a

tenperature of th fer,. Wto, for exanple, 40C. This state is .

mai nt ai KEQPPEHUes rtx\g%%rl ,'Sﬁ&%%‘iﬁh%FSi%BoﬁtW the @meury o€ etahing ol
Ar gas @]@f.used to dilute an HF gas and an NH3 gas which are to be

subsequent [y supgl_i ed. . Next, the flowrate of the N2 gas is
reduced fromF¥809 issegrartvillusatingihm amaunts ofleBhias of a tsenml icxitiedfiina

flowra f , scorng Thi tate 1. s maintaingd for,
f or exaﬁ?g’, a §E'8é%§g@%g$ %ﬁ“ﬁ%%@“&ﬂ'@” E@;@f%ﬁ?}my ﬁ'gg‘.?\ﬂ—l%o ég' \p/éen
suppl i e HRYRIHE iRy, saBier,/NE e pae @edHs Qﬁétdh&\ﬁ@@é)' I 'Bigk gRagGft FIEN® WS
gas |stg he first adsorbed onto the wafer )
obtained from an experiment where a wafer W on which the thermal oxide film T-Ox
is formed, a wafer W on which the silicon oxide-based insulating film BPSG, and a
wafer W on which the polysilicon Poly-Si is formed were used. The thermal oxide
film T-Ox may be considered as the native oxide film 104, the silicon oxide-based
insulating film BPSG may be considered as the interlayer insulating film 102, and the
polysilicon Poly-Si may be considered as the wafer (silicon substrate) W.
Referring to FIG. 9, when an HF gas and an NH; gas are used as an etching
gas(i.e., reference example), the amounts of etching of the thermal oxide film T-Ox

and the silicon oxide-based insulating film BPSG are high but the amount of etching
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Next, the supply of the N2 gas is stopped, the flowrate of the Ar
gas is reduced from 200 sccmto 80 sccm and the pressure in the
chanber 31 is reduced to, for exanple, 20 mlorr. This state is

mai ntai ned for, for exanple, 10 seconds (Step 3). Step 3 is a

pre- st efftos p@?}smsdjm POIASPIseaS Y ldv, ihith efedhs almost nblext-off adsideedas i s
supplied at a flowrate of 80 sccm This state is maintained for, for

exanpl e,0%t07ed &5rihe PotysdisomPolyPist ep 4, the native OXI de film104 is

h d Si 02 E '
Ty 0% vingToREh £ SBER vsed ar bp Abing gt he aridlt el e
104 f or rpedly salfcoBi Fﬁﬂy-ﬁs ss:gmat@"athlay thatad tesl casd hshalgehHFHRggas andl thend Hlldais
gas to formo

h d i | a
(Rri) 2SR AICb IS ST S ardlBlatipeco@ra . bt e Ghouphedt st Obfhe herme!
gas is IrPmeh Ticbueaﬁd: e ElikSn @fﬂdbhﬁaséﬁ .s@ﬁat@nm B@@?Qref |reemr8£w fHesl

to 200 sccm and the pressure in the chamber I's reduced to, for
exanpl e, of & o@seusig tie (bt as snd ﬂEt Npis Haissasaam etchineegas(os., refetericag a

£
Gas and Rl oS BHERLRL BBt et BE L ne Mt Rl el MRyl
reduced fiirp m@hs Bbotlliord timEsigrestetiean ther@hotal stedcHing of f‘r@ﬁh@#ﬁﬁlﬂbﬁde
20 seconds1(8te Si nce.a vacuum_punp i s operated, once the supply
d

of the MiB Tg&X aHd?T?I"?@S%\NS@'@sONK the Epgeﬁasmbetphngﬁsaﬁappmd ia-legaigg
d Fgﬁ-ﬁb S
ﬁllr-lg giat:%g% di sc Q(?%rtetﬁ%f rom tﬁ%l%gi%n%r}ﬁeé@@ﬁgﬁ? %/u'EnEerEhct §’l\t]%2%0hgg

accumul anddherdiaﬂnﬁecoﬁﬂmemtadrhdlaﬂé@aI\G)EB/ bedusectzede vaporl zed and

renoved, and reactd on bet\/ﬁgn res ﬁle_hgases and a .eét
step needs td'HeE PP évdSedl N 938, &G, eg"’ﬁl—%reg%l@“ CN?' $HPRYRS as

are si Mant ABIGAY Yok, FEPRNbEAL STtERiIRY of Bt PEK/SNIBoRPIHEST ik INGHED 4hd A thelt &p

4, the follow hg reaction occurs.
the case using the HF gas and the NHj; gas (i.e., reference example) and that of the
case using only the F; gas. The reason why the amount of etching of the
polysilicon when the F; gas, the HF gas, and the NH; gas are used is higher than
that when only the F; gas is used is that the polysilicon Poly-Si is etched in a state
where the native oxide film 104 is formed on the polysilicon Poly-Si.  The polysilicon
Poly-Si tends to be naturally oxidized. Etching of the polysilicon Poly-Si by the F»
gas is impeded by the native oxide film 104.

Also, when the F, gas, the HF gas, and the NH; gas are simultaneously
supplied as an etching gas, the amount of etching of the thermal oxide film T-Ox is
high. Also, there is advantage that the amount of etching of the silicon oxide-based
insulating film BPSG is smaller than that of the thermal oxide film T-Ox, unlike the
case using the HF gas and the NH; gas (i.e., reference example) and the case using
only the F; gas. When wet etching, such as BHF, is used, the amount of etching of
the silicon oxide-based insulating film BPSG is increased to be about 10 times
greater than that of the thermal oxide film T-Ox.  Accordingly, almost without
etching the interlayer insulating film 102, the native oxide film 104 thinly formed
under the contact hole 102a can be removed.

Accordingly, the method of FIGS. 4(a) through 4(g) is suitable for cleaning a
portion under the contact hole 102a. In addition, the method of FIGS. 4(a) {hrough

4(g) can perform continuous processing without purging an etching gas and
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SiF4 + 2NH3 + 2HF(NH4) 2SiF6 ... (2) Due to the reaction (2),
t he condensation | ayer 105 forned of (NH4)2Si F6 is generated and the
follow ng reaction occurs. NH3 + HFNH4F ... (4) Due to the reaction
(4), the product NH4F is generat ed. It is assunmed that once

the produgtladinylifre efcHisg yavhithemotierldiéhifg aaens Sincplbamalis A8Pused,

etching of silicon usingthe F2 gas is inpeded because the F2 gas'is
di f fi cul fafegsdeParvhsia)elerpans m@w#lag@w%\mt@mveﬂms@wgawm i B iHrdyaed

ar e Supphhsqh?haﬁv@§gggqm%ﬁs'rém9€£@raA@éﬂora ) ag%@gm&@éoeg %ht?(a

condensati on a purge process
the pr odthr’oughﬂ!-l(—'g Jabezesnmibtatqoire prackesing m@e res@hiange ) a}tEl‘edlﬁés clamdee to

| Th b d
SRR 1 R R A TR A AR T e e R
and the Condeﬁm'ﬂﬂhingméth%ﬁfac%mﬁd‘ﬁ) RHol‘hQ?E‘ﬁ%&hm Féfﬂﬂe%b?ﬁtot he

purge process of “Step Next,” a N2 gas 1s supplied at a
rate of lo®otieatm and the pressure i n the chanber 31 is increased

chanber 5110 onuEae S Rbtnah ReiBeby PSSt A 6T HR hon' an

F2 gas i sinsupipkoasly supplies blﬁﬁ,gabh@n 8/ Pl AMRIHNZ 8385 &1 efdhiRP ?
and the F2 gas is supplied at the sane | ow rate of 1000 sccm as T hat

of the NPdyaRichRolysdison Raly-whbuteannot Aentinldae anrount of pichinmablde 31

L Lo RO PRORSITRE (03 B0l 818 polb BRI oo

react i onti@edtime. of Bep# 6 HGABY aBd fde amClidts of etching of a thermal oxide film
T-Ox and polysilicon Poly-Si. Referring to FIG. 10, as the etching time increases,
the amount of etching of the thermal oxide film T-Ox increases. However, although
the etching time increases, the amount of etching of the polysificon Poly-Si is almost
maintained at about 0.39 nm. Among the altered layer 107 into which carbon is
implanted, a thick one may have a thickness of about 10 nm. f the amount of
etching is about 0.39 nm, the altered layer 107 which is thick cannot be removed.
In order to control the amount of etching of the polysilicon Poly-Si, a method of dry
etching a substrate according to another embodiment of the present invention has
been suggested.

The method of dry etching the substrate according to another embodiment of
the present invention involves etching the native oxide film 104 by supplying an HF
gas and an NH3 gas and then etching silicon by supplying an F» gas, not
simultaneously supplying an F; gas, an HF gas, and an NH; gas.

FIG. 11 is an example of a timing chart illustrating a pressure in the chamber
31 and a timing at which a gas is supplied in the method of dry etching the substrate
according to another embodiment of the present invention. After the wafer W on
which the native oxide film 104 is formed is carried into the chamber 31 of the dry
etching device 3, a N2 gas and an Ar gas are supplied at a flow rate of, for example,
2000 scem and at a flow rate of, for example, 200 sccm, respectively, into the
chamber 31 to set a pressure in the chamber 31 to, for example, 2000 mTorr, and a
temperature of the wafer W to, for example, 40°C. This state is maintained for, for

example, 10 seconds (Step 1). The N; gas and the Ar gas are used to dilute an HF
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Since silicon and carbon are gasified due to the above reaction, the
silicon under the condensation |ayer 105 can be etched. Since the
native oxide film 104 is already renoved in an oxide film etching
process of Step 7, the pressure in the chanber 31 is high enough, and
the F2 gaas passasNHbgagg\}huémare:t@n@suﬂaéeq@@ntfwappfﬂééﬁ it is possi bl e
to etch the sjlicon under the condensati on | ayer

filmis formede¥véie ‘PW@’E?nO the Necdas igirpdleent 9%20&9 HEM tq 15;00 S%‘Pf“la?
as, doegp fi Skhi u r gSi 02
19| | m cannot e et gais sh?bﬁ%%%tégrr%ﬁg@@ g%{%)ﬁérﬂ&gbg{)/ sea?heﬁﬂ%vset% or of
the pr esmamntalmedrﬁon dor dvesnpleudd sebannds (Steg 2).o0sThéreagomavhyt the NHb igasns

etching as (i,..e, t hr ough .t tion.

705 and HaettE ths SRt SbrEdR Finers I siPus fu HELHRONF ap8is RUEBE firs
Since a S§Rrpe@entsthendaferyyl i con etching process are perfornmed
sequentially in the chanber 31 ~an additional device for performng a

Slh i coR et chi NgtiH'@C%@@W of thet Ny gy %t@ppeﬁeth@tﬂpw iate of/ihe\t @asals
t {
oscr ot uB80 o0 SRS G R i Bes h B B EReS 1 is e

of et chi g f@fexaiple @0 wﬁ'drncrmsetht@mirﬂémbd fer, exsaxamee e10 betendss
no condensatl on | ayer, Although the cgondensation |ayer 105 is forned

over the %?Pﬁ@:onsmpl"%'ss‘i’ Pf%ét?pifgr ABIUSERAY @ RIEEHHE IBtCRfso etching is
accel erated, r t he
cl eani ng pr oc'gg)g g?#ewgggﬁév%uwgg}{%rﬁ ?%t%%??@;%cr%nved-rwsr %}r#? LSO

bott om oaﬂwatrﬂ@lnedrfmramr éaineple D@ sacahdshiStep dile nkmabteprt, ey sativiEDGxitlerfired
of (NR4)£QQ’JG ,E\/\Q?Hch is obtained by chem cally reacting between the
native o * 104 and the HF gas and the NH3 gas is forned under
the contact hole 102a (see FIG 4(e)). The wafer Won which the
condensation |ayer 105 is accurml ated is carried into the chanber 41

t he condensation |ayer 105 is

of the heat treatnen
vapori zed, anef“ehé& é%*rfd §él:e4 on 4Baf2r- {05 is renoved from the bottom
of the contact hole 102a in the sane nanner as that of the nethod of

FIGS. 4(a) through 4(g). FIG 12 is a graph illustrating a

rel ati onship betvveen an et chi ng ti rre and the amount of etching of a
silicon oxid i ep 4. FIG 13 is a graph
illustrati ng e'Paéﬁ]gﬁshl ;?"B::\ )ég?':é ﬁ?ﬁg time and the anount of

etching of silicon (polysilicon) in Step 8. Referring to FIGS. 12 and
13, since an etching process of Step 4 and an etching process of

St 8 disti hed,.f h th t .af .
Che st 1 con dHUE e RRCURES beioroPhd e IRy S MBI UiiaTeBrot i BRihg
of the sifdrsiealy rré@btéa \lv|tﬁ@lﬁl§ h@ghd%@ ERAN AL @la¥ t6 %6V Bh kiedwafer W the
Table 1 shows an etch maSSe ecti vi (in a case where Si ratio is set

to 1) ofcandensatignelry@hdnd demedafl (MHgasFs whigheld in arsobid stpde. and an HF

g0 e, uoeS NGRS, BT B0 BSO8R AP g PRV AFDREL

gas, t hend:i'éagaﬁ fro&nﬂOstenW&Cghs:m eamitheYrassdrene dustiyarsbgpd 1 8dredaced

X, DR B kel Ba BT e gl A ep Al S ar e phlngs 9°°
pressure to a pressure of Step 6.

Next, the supply of the NH; gas and the Ar gas is stopped, and the pressure
in the chamber 31 is reduced to about 0 mTorr. This state is maintained for, for
example, 20 seconds (Step 6). Since a vacuum pump is operated, once the supply
of the NH3 gas and the Ar gas is stopped, the HF gas and the NH; gas are
discharged from the chamber 31. The reason why the HF gas and the NH; gas are
discharged from the chamber 31 is that a product NHsF accumulated on the

condensation layer 105 needs to be vaporized and removed, and a reaction between
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residual gases and a gas in a next step needs to be prevented.
Since the NHj gas and the HF gas are simultaneously supplied to etch the

native oxide film 104 in Step 4, the following reaction occurs.

SiF4 + 2NH; + 2HF—>(NH4)28!F5 (2)

Due to the reaction (2), the condensation layer 105 formed of (NH4).SiFs is

generated and the following reaction occurs.

NHz + HF — NH.F ... (4)

Due to the reaction (4), the product NH4F is generated.

It is assumed that once the product NH4F is accumulated on the condensation
layer 105, etching of silicon using the F gas is impeded because the F, gas is
difficult to pass through NH4F. As long as the NH; gas and the HF gas are supplied,
the product NH4F is generated and accumulated on the condensation layer 105.

Due to a purge process of Step 6, however, the product NH,F accumulated on the
condensation layer 105 can be easily vaporized. The condensation layer 105 may
not be vaporized unless the condensation layer 105 is heated to a high temperature,
and the condensation layer 105 remains on the wafer W even during the purge
process of Step 6.

Next, a N2 gas is supplied at a flow rate of 1000 sccm, and the pressure in the
chamber 31 is increased to, for example, 1000 mTorr (Step 7). In Step 7, the
pressure in the chamber 31 is increased to an etching pressure of Step 8 and then
an Fo gas is supplied.

Next, the supply of the N gas is stopped, and the F; gas is supplied at the
same flow rate of 1000 scem as that of the N2 gas in Step 7 to maintain the pressure
in the chamber 31 at, for example, 1000 mTorr (Step 8). This state is maintained
for, for example, 60 seconds. Since the F; gas is supplied, the following reaction

occurs.
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0.1-10 O NH3 /F2 1 0.01-1 0-10 If the interlayer insulating
film2105 exists, it is preferable that the F2 gas is mxed with the
NH3 gas. Since the NH3 gas is adsorbed onto the interlayer insulating
film 102, a protective layer is formed on the interlayer insulating
film 102, and silicon may be etched while protecting the interlayer
insulating filsmt02 fir ath.et:cBiFngt BlFgo, if silicon nitride (SiN) does
not need to be etched, it is preferable that only the F2 gas is used.
If SiN needs to be etched, it is preferable that the F2 gas is m xed
with the HF gas. The HF gas accelerates reaction of a SiN film

Al t hough t he piresesiticamamhtarontas dasdieddhecioi the dbove headioer €wcalitan

e e UG BTRRATRDh: F8n LR SRk SR Bl i g

thereto apday@rdragved i beiak ififth ety PRodBRASS Step 7, the pressure in the
chamber 31 is high enough, and the F; gas passes through the condensation layer
105, it is possible to etch the silicon under the condensation layer 105.

If SiO film is formed over silicon, since a silicon etching gas, i.e., an F» gas,
does not pass through the SiO; film, the silicon under the SiO- film cannot be etched.
However, as described above, the inventor of the present invention has found that it
is possible that the silicon etching gas (i.e., an F, gas) passes through the
condensation layer 105 and helps to etch the silicon under the condensation layer
105. Since a COR process and a silicon etching process are performed
sequentially in the chamber 31, an additional device for performing a silicon etching
process is not required, thereby improving total throughput and reducing
manufacturing costs. Furthermore, as described above, since the condensation
layer 105 is used, the amount of etching of silicon is increased compared to a case
where there is no condensation layer. Although the condensation layer 105 is
formed over the silicon, the silicon is not only etched but also etching is accelerated,
thereby greatly improving throughput.

Due to the cleaning process, the native oxide film 104 is removed from the
bottom of the contact hole 102a and the condensation layer 105 formed of
{NH4)2SiFs which is obtained by chemically reacting between the native oxide film
104 and the HF gas and the NHj gas is formed under the contact hole 102a (see FiG.
4(e)).

The wafer W on which the condensation layer 105 is accumuiated is carried
into the chamber 41 of the heat treatment device 4, the condensation layer 105 is
vaporized, and the condensation layer 105 is removed from the bottom of the contact
hole 102a in the same manner as that of the method of FIGS. 4(a) through 4(g).

FIG. 12 is a graph illustrating a relationship between an etching time and the
amount of etching of a silicon oxide film (thermal oxide film) in Step 4. FIG. 13is a
graph Hlustrating a relationship between an etching time and the amount of etching

of silicon (polysilicon) in Step 8. Referring to FIGS. 12 and 13, since an etching
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For exanple, although in the nmethod of FIGS. 4(a) through 4(g),
cleaning is performed when a tenperature of the wafer Wis 40C, the
tenperature of the wafer Wis not limted to 40C, and may range from
10 to 60C. Although a pressure in a chanber is 40 mlforr while an HF
gas, an NHXxegasf Step 4aamd=2n gichirg procepplbof Step 8 tauee nmaguusﬁe'd rﬁrdrﬂﬂéach
chanber i 0 m t ed rr,..and . 0.to

orr . ASTIG e B oiofn GLOE SIEER ONE bl BATNES Es SXEA) ARl ey
range fr@%&ﬂ%fet%@ﬁthésﬁl%ﬁ' blyaiico R @arPhe kBEartdtelg @8 ntrbiisy, NH3
gas, and OV\(IpI‘ gtgeco?) t he ?: g%s eegceg shgdS% of
the total floWab& &sbowslea aFhiggseladiwitiNgg agease wineret igaHa agaettot)of

et chi ng i C F2 t here for exarrp

i ncreasi %écﬁhag?ealvn‘tﬁﬂ?ﬁ]t&ﬁt’ %éagc?tﬂ% gcﬁsgﬁh%n fgtg@§lame£?n Pﬁ l@S { F‘ﬁg an
102. 1f NHy Jdsoand ah&,efastdre uEéd9§§ ah%td:tﬁﬁ% gb@%ﬂttfé’/etchh@ @{’5@@@4 otﬁételp 8.
etching of silicon_is reduced to a |evel is substantially equa

to that ®eahomieinFaiad, ifshe\be gaadbs. Hﬁgaﬁsartqﬁmewbg@smgmoa gaseous
rati o of

may b comrisecde, balicd, ShtPias B thelra gdt Aiire AP & £ Lospor
gas and #re As ggmand the NH;;Igfasth@ldmthmd:zcgastﬂmaymm embodi ment of
FIG 11, a purge process of Step 6 is not essentially required. If

the supply of the NH3 gas or the HF gas is stopped, in Step 8, since
the F2 gas, t[tpaﬂﬂgqpas, and the NH3 gas are not sinultaneously
suppl i eg—+t+—+s—possibleto-—et-ch-siliecon l-A-t-he—pethods—of--t-he
enbodi nent of FIGS. 4(a) throudd 4(g) and the SiMbt her efbodi e, of
FIG 11 althog:gh the native ox* de fitTmI04 7S r1em)vect rom the

bottom pf the d¢@ntact hble 102a' other fmdific3tions may be made, and

the nat|ve oxi.ﬁl:qe;:{i | m nmpy be repoved frpma \j a.4@l e through why ch
lines c ; ; f I
line is| buriddls/fhe natjve oxidk film 104 may.Be~ttched by usDngla

hal ogen-containing gas Instead of the HF gas,” and by usSing a basic
gas instead of the NH3 gas, and silicon may be etched by using a

xenon di f1 uor ifdige (niefAjer dasulStin nﬁht@stafa;gtst itlié brstetfe (Heltfite FOQa
i nstead of the F2 gas. Alg'?fhou h the d éske)tchl ng devi ce g@ oo

t he heat MiXashwitl tie diEliges. 4 Singretheddipegas eetdsabed astaingpniertayar ces

The. hoa "EHRRE RS 2 Y2 B Bk orih fEERL0G RAEES 269
t r eat menandeilicoe ndaynisy elubhedaviilenedtadtingniee dﬁ&tta\mrtfﬁsthaﬁﬁg filve 102 from
substrate nd rz}gove t.he condenégatl on | ayer In this case, if

heat er iSChEWat f silieon iiflenpiNagpes 99* nq;]eq F%b%W@ﬁcﬂlfﬁﬁfﬂ@Rﬁptﬁéthat
t he Sé‘ﬁ?%@? g28 |é/"[]é&éﬂ tIﬂSul‘@%@@Q%@bé‘éﬁbHe@Vﬁ ?T%Qﬁ‘eta?blé ﬂ%élf‘tﬁ'n% gaég%

héated Al ternatively, as shown iIn eater
separ at einjxaesowith thaHeddsn tThe Idﬁ@atseztccetleratfestraactcbryofei Sﬁ‘it figndevi ce 3

to directly hgat t esubstr r du r heat .

re descri bed SOARAT RGN e iemtfarraved oy EiaSNerdnihey
the Subsesiqisasiane cémmmtmehh@f PGS anh) thtwgm angli tAE Aindtifdr! dnsiitiment
llayer into which carbon is inplanted is renpved |ike in wet etching,
cont act ?fesi stance can be reduced. Although a condensation |ayer is
gener at n Ll i f . il .

Qubst rard et 4k Pleself PveRlicje R nabARG riols Hhodifibitiops may be

silicon madde film since a silicon etching gas including at |east

one selected fromthe gr onsj stin f an. F2 s, a XeF2 gas,  and
2 Ol F3 gas paEYeXampis aindusd nihaaritied ehgl%efﬁc%?éhrpuabﬁt(@h%@antn@és

condensald ftndiihe  AlteRPerdta R thBUABP IR £0° 'tﬁ'é"f‘evmpéra@%hﬂqhé Wafer

dry etching using a gas, a waternmark et chin ch 1's a bunc
of part 8l igsnatt éifritedfto 40° Gpard niay ravge diroa 40 to &0° Ge pitboegih edoressure in a

Wiile t hc!,hsan'tt?e\a/resg ttl'OOnrtTQr%Swrlﬂ%eann Pt?—'réalls(,: %lnaNHg ggst] Oamrﬂi gH 92 %%gcarrt'a bs%gpl\{gdt, tt]he

pressure in the chamber is not limited to 40 mTorr, and may range from 10 to 40

mTorr. A flow rate of the F» gas is not limited to 113 sccm, and may range from 5 to
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What is

clainmed is: 1. A nethod of etching a substrate having

a silicon surface on which a silicon oxide filmis forned, the nethod
conpri si ng: etching the silicon oxide filmby supplying a

hal ogen-
silicon
gas and
et chi ng
silicon

containing gas and a basic gas to the substrate so that the
g’Vadef # tatahf osw el the Hy gamdhe liHaigel, aimdtheaFpgas- clb theaflow mate

Y R N T RV A —

F} ght netcbiag df@f@ﬁ isS@@ce@érak@ﬁBi( e, §4 eedredy | fo@@kbﬁ@fé} Rt Basing

consisting of a fluorine rg; a xenon dj fluoride (XeF2) gas, and
day

a chlori K& @'?‘PPPW@"@&'”@@I

q@&%@'@dtﬂ@t?@: e:If thedflow rate of #e By

the et Chggglsoltesé st dy! ﬂ%‘aﬁ%@hﬂ?o{ étlcm " ofid6n § u%ng%a 1@9@%56 i&0on

heat i ng

nd renovi ng t he condensation a er rom e substra

2. The nembsjdnmnycacmatrtolthawhm@ltheﬂa@dsa ageadduant af isi prgfegalsieitbatea

o1t con' Greiny o Pe B e Gabo N, o B3 Py Bt bpreepusenay be-

silicon

2, wher epghttdIRdh azg@mfgomwrab@.%fm Qﬁﬁ ﬁega’z}%& B8 Afighkcon

etchlng
wher ei n

gas are sinultaneously s st rate
the eltcthemeetopdiohidhe anotf@n emht?dfanemtlaﬁFaGm iha pelrglehprcg:eefs of Beep

o 2, wniEnd! e BREBUEERDT H3hERUony ot W 028D TRE MRS iaiBpild

in Step 8, since the F; gas, the HF gas, and the NH3 gas are not simultaneously
supplied, it is possibie to etch silicon.

fn the methods of the embodiment of FIGS. 4(a) through 4(g) and the another
embodiment of FIG. 11, although the native oxide film 104 is removed from the
bottom of the contact hole 102a, other modifications may be made, and the native
oxide film may be removed from a via hole through which lines contact each other, or
an open hole in which an electrode or a line is buried. The native oxide film 104
may be etched by using a halogen-containing gas instead of the HF gas, and by
using a basic gas instead of the NH3 gas, and silicon may be etched by using a
xenon difluoride (XeF2) gas or a chiorine trifluoride (CIF3) gas instead of the F; gas.

Although the dry etching device 3 and the heat treatment device 4 have
respectively N2 gas supply sources, a Nz gas supply source may be shared by the
dry etching device 3 and the heat treatment device 4. The dry etching device 3 and
the heat treatment device 4 may be combined as one device to heat the substrate
and remove the condensation layer 105. In this case, if a heater is located in the
loading table 32 in the dry etching device 3, the substrate on which the condensation
layer 105 is formed may be heated. Alternatively, as shown in FIG. 14, a lamp
heater 61 may be separately constituted in the chamber 31 of the dry etching device
3 to directly heat the substrate (wafer W) due to radiant heat.

As described above, according to the method and system for etching the
substrate according to the present invention, since a silicon layer into which carbon
Is implanted is removed like in wet etching, contact resistance can be reduced.
Although a condensation layer is generated when a silicon oxide fitm on a surface of

a silicon substrate is reacted with an HF gas and an NH; gas to alter the silicon oxide
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oxide film the etching of the silicon is perforned, wher ei n
the etching of the silicon conprises etching silicon under the
condensation layer that is fornmed dur!ng the etching of the silicon

oxi de fi S gas conprjsing the silicon etching gas to

t he subsgflmatsé‘cevﬁp E'Hé ggq%ﬁw gahiselisting §8'§§ﬁwfifg3@|ﬁét9d from the group

hal ogen i S ng gas to
t he subsﬁgﬁ%’n@ dfg;‘rgfazs%?g Iéexglaz ?%%gﬂ@fa gpg?’ énﬁpéﬁgﬁgfbnﬁhqﬁg nmet hod
furt her Gusensgtan iatyet vedmntUTEieeﬁMquﬂ@‘isaﬁib_e laydricaorbengictiedf i | m and
the etc 0 e_.silicon, .pu i.ch discharges a, residu as
roma rotudinaig ulie iRty ) ol uinga Gl v b ok ol wef
wher ei n dtbringtvaiicm s @buhb!e obphitieRss IeRMEMet %%rﬁ@l@@éﬁbr%e@@ély b@'brg\?etﬂéé
as the silicaon etching an F2 gas and an NH3 gas as I'1con

etching as, ofVhila tids I@@@tfan@aarbeﬁn @u‘@cualgrly al@own Iaﬂddies@tfbﬁtﬁ mgthga&ere@ce
h bst, |
511 con BergEnlany, emoodmehEEFIDR o bf \PHBlstodl b8 it CESBR bife pe

formed ithabwarintsestamyges in fosol and detafls |rmy be made BerdihavitRiub8dp&ting from
claim7,, wherein the int rlaxer insulating filmis a silicon

oxi de- béE%&Pifﬁ@ﬁ‘Pa%CPHG Oﬁ’ ention as @eﬂ!@\eg%tﬂé@rﬁp@eﬂ@% Riaigs a
substrate having a silicon surface on which a silicon oxide filmis
formed, the system conpri sing: a processi ng contai ner
conprising a |loading table on which the substrate is placed;
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a dry etching device conprising a gas supply |ine through which a
hal ogen-contai ning gas, a basic gas, and a silicon etching gas
conprising at |east one selected fromthe group consisting of an F2
gas, a XeF2 gas, and a CIF3 gas are supplied to the processing

cont ai ¥&rtigR@IEAddSihaust 1ine through which a residual gas is
di scharged fromthe processing container; and a heat treatnent device
for heating the substrate, wherein the dry etching device

etches the $ili céurmethcxdieoffétd:hringw sinstrbtd havibde diadomganfacerdraivhichga gas

and the basi c. & str te so that the silicon oxide filmis
cheni c2fF9N Pé'&% i@ 'W‘Prﬁ”‘?cﬁg CRBRISNE ng gas and the basic gas

to generat eeﬁ:hﬁr@ﬁ\%@ﬁ’édr%kléj@ﬁﬁ?ﬁ bg%ﬂﬂp@t@&ﬁah@%n%dﬂéﬁﬂ%g%%by' ng

the silicon etching gastot e substrat el n the
t r eat nbﬁ$lcee§|t@éh¢aéu straigdortbabihessilioes @mﬁiémwmrtﬁmucamereactemmthéhe

the s (R8N sentan B aT DR B’ e bR obibnfng

devi ce di scahiygssifcareby dupplyipasa ificon eteaingy @eﬁewei@nqa@tsﬂlcﬂﬁretﬁﬂﬁg
then etches the siljcon on the substrate. 11, The system of
cl ai m 93%FOTPIISRR &t laast prg siested Femthe rowr sprsisting elonvering de) Das,

the dry y@h6RIdTLARE! (S&F.) gas, andjazchl&lﬁnggﬂ[)y rid8. (@ﬂfjgg 5 \r’tgﬁ%u% 94l ed

t hereon a program for eXxetuting a netho usi'ng unirt "of a
syst engfi@dr etching a substrate having a silicon surface on which a
| m,is for wher ei,n

silicon oxide f d hod conmpri,ses. .
et chi ng the® @er tlhgo(ﬂde'@cﬁ)éq?? ?‘H?%O)§'855'i é I‘?gcf Wﬁ%; hl?n?'g"r% ﬁ‘&aaﬁg
and a bagremedingithe CBAdeRiohahRerSrorh Rd s&lbﬁra%' i Con oxide filmis
chemcally reacted with the hal ogen-containing gas and the basic gas

to generate a condensation | ayer;
2. The method of claim 1, wherein the halogen-containing gas is a

hydrofluoric (HF) gas, the basic gas is an ammonia (NH5) gas, and the silicon

etching gas is an F, gas.

3. The method of claim 1 or 2, wherein the halogen-containing gas, the
basic gas, and the silicon etching gas are simultaneously supplied to the substrate,
wherein the etching of the silicon oxide film and the etching of the silicon are

simuitaneously performed.

4. The method of claim 1 or 2, wherein, after the etching of the silicon
oxide film, the etching of the silicon is performed,

wherein the etching of the silicon comprises etching silicon under the
condensation layer that is formed during the etching of the silicon oxide film by
supplying a gas comprising the silicon etching gas to the substrate, without
simultaneously supplying the halogen-containing gas, the basic gas, and the silicon

etching gas to the substrate.

5. The method of claim 4, wherein, the method further comprises,
between the etching of the silicon oxide film and the etching of the silicon, purging

which discharges a residual gas from a processing container.
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etching silicon by supplying a silicon etching gas, which conprises
at | east one selected fromthe group consisting of an F2 gas, a XeF2

gas, and a CIF3 gas, to the substrate; and after the etching
of the silicon oxide filmand the etching of the silicon, heating and
removi ng the condensation |ayer fromthe substrate. 13. The

betveen s he et onig o ReRet SaE el el FhmaH o i Scorh HTPHSES e
si | i comsuppyirg crrgywhlﬂ“zrgay Scihar YR necteRBigdd), a8dS JaseNda® NGLEES aﬂgthe
cont ai ner SUBSTRATE ETCHI NG METHOD_AND SYSTEM Abst r act

et chi n§IFEP FENINGE8.1N 2 8A% ARd@meE |Qa§cﬂ§nth§>§’|dfé’nfﬁrt13*ﬁﬂﬁ>@a§&%ﬁﬂ%u ng a
hal ogeryeepi@i Ni ng gas and a basic gas to the substrate so that the
silicon oxide filmis chemcally reacted with the hal ogen-contai ni ng
gas and the basic gas to generate a condensation |ayer; etching

i b | | whi.ch t t
ohe ool ot ed-FrothBadudtct CBinet & prting@i e e Sfae RS i efils |
gas, apgtide flibahed uBasr alcBntdie holbeimali en aﬂﬂﬂteﬂb&@hn&zh]ﬁtl filh.ng of
the silicon oxide filmand the etching of the silicon, heating and

renovi ng the condensation |ayer fromthe substrate. Figure 4
8. The method of claim 7, wherein the interlayer insulating film is a silicon

oxide-based insulating film.

9. A system for etching a substrate having a silicon surface on which a
silicon oxide film is formed, the system comprising:

a processing container comprising a loading table on which the substrate is
placed;

a dry etching device comprising a gas supply line through which a
halogen-containing gas, a basic gas, and a silicon etching gas comprising at least
one selected from the group consisting of an F, gas, a XeF; gas, and a CIF; gas are
supplied to the processing container, and an exhaust line through which a residual
gas is discharged from the processing container; and

a heat treatment device for heating the substrate,

wherein the dry etching device etches the silicon oxide film by supplying the
halogen-containing gas and the basic gas to the substrate so that the silicon oxide
film is chemically reacted with the halogen-containing gas and the basic gas o
generate a condensation layer, and etches the silicon by supplying the silicon
etching gas to the substrate,

wherein the heat freatment device heats and removes the condensation layer

from the substrate.
10.  The system of claim 9, wherein, after etching the silicon oxide film

formed on the substrate, the dry etching device discharges a residual gas from the

processing container and then etches the silicon on the substrate.
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11.  The system of claim 9 or 10, wherein the heat treatment device is

constituted in the dry etching device.

12. A recording medium having embodied thereon a program for executing
a method by using a control unit of a system for etching a substrate having a silicon
surface on which a silicon oxide film is formed,

wherein the method comprises:

etching the silicon oxide film by supplying a halogen-containing gas and a
basic gas to the substrate so that the silicon oxide film is chemically reacted with the
halogen-containing gas and the basic gas to generate a condensation layer;

etching silicon by supplying a silicon etching gas, which comprises at least
one selected from the group consisting of an F, gas, a XeF; gas, and a CIF; gas, to
the substrate; and

after the etching of the silicon oxide film and the etching of the silicon, heating

and removing the condensation layer from the substrate.
13.  The recording medium of claim 12, wherein the method further

comprises, between the etching of the silicon oxide film and the etching of the silicon,

purging which discharges a residual gas from a processing container.
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