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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
film 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
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Since the wet etching method, such as the BHF method, cuts off the silicon to
some extent, a carbon layer and plasma damaged portion of the substrate are
removed, thereby reducing contact resistance. On the other hand, the COR
method using dry etching does not cut off the silicon at all. A layer containing

carbon is not removed, thereby increasing contact resistance.
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condensation layer; etching silicon by supplying a silicon etching gas, which includes

at least one selected from the group consisting of a fluorine (F;) gas, a xenon
difluoride (XeF»)} gas, and a chlorine trifluoride (CIFs) 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.

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 film
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
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become more apparent by descrlbang in detail exemplary embodiments thereof with

reference to the attached drawings in which:

FIG. 1 is 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 3 is a cross-sectional view of a heat treatnent
device of the systemof FIG 1, according to an
enbodi ment of the present invention; 4 FIGS. 4(a)
through 4(g) are cross-sectional views illustrating a
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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. 1is 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



enbodi nent of the present invention. The system 100
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and a transfer mechanism (not shown) is located in the load lock chamber 2.

If the wafer is to be transferred from the transfer chamber 11 to the load lock
chamber 2, the pressure in the load lock chamber 2 switches to the atmospheric
pressure state to open the gate valve at the side of the transfer chamber 11.  Next,
the wafer is guided to the transfer mechanism located in the load lock chamber 2 by

using the transfer mechanism located in the transfer chamber 11.
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A hydrofluoric (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
NH; gas as an etching gas into the chamber 31, a fluorine (F2) 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 Nz gas as an inert gas into the chamber 31, and an



chanber 31. A tenperature control nechani sm 33 for
cooling or heating the wafer Wto a predeterm ned
tenperature is constituted in the | oading table 32. An
inlet/outlet through which the wafer Wis carried into

t _of th h t treat ce i s constituted
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gas sGiiip ke 5uf pé Mo s liie o ond vi 02838 BRI dng 34e i
connektdcbto therthoRler hB8IA7. gai%eSHPgia% Hé“ﬂHg?é;% ﬁegl% nttFFé’l N gas,

to an Ar gas supply source 3 hr oug
and theahgasge suppiindep didasiod Bpase 8dadn thaishawenhead 3p, and are

it BESEB sk B SREIEE e ool 500N HEEB] 1 0
ejectldrhleoIEQ SYQafermequ ¥ sliffaee 3fthe $Havdhaps3 B tRIMy/tHel 1B8ding

:%5 and the Ar gas supply line 34e is connected to
table $41¢  shower head 37. The HF gas, the NH3 gas, the F2

985 exhiFst NRe 333 |%céﬂﬁie$tgﬁ t6'a kﬁﬂﬁ)ﬂ?%@ﬁ%&’%g% {heedcgfa(?n@er 31. A

di ffusion space 37a i n the sho
presswpaonydlienddh, sandratesshus] pslpm:é&Sfm penfot iméngr foacdabdis8Aarging

e o G AL AL oSSR G s
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surface of the cha A pressure controller
exhaughRUER 38¢haust punp 38c for perforning forced

%iﬂhlga‘c ?ﬁg %,Ld?@s%?é&no%%n%{egégﬁ @%Slﬁ%t 'i%gtrﬁéntaé@\}icé Ltpgcc%?gihg to
an embodiment of the present invention. Referring to FIG. 3, the heat treatment
device 4 includes a chamber 41 which is sealed and in which a wafer W is received.
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.



a predeterm ned pressure by adjusting the pressure
controll er 35b and operating the exhaust punp 38c.
FIG 3 is a cross-sectional view of the heat treatnent
device 4, according to an enbodi msnt of the present

[ v ntion. eferr| heat treatnmen
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an atmfﬁ‘aﬁlﬁbrﬂ: o ﬁfﬁo Wd shdrasei ¥yed corﬁ!e‘c%dforlﬁetl"%%k Eedfn&it device 4.

which the wafer Wis horizontally placed is
A firsteenss of thatNedgansupaly lisaddtie coanectad he atMr gasstipply source 46
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source 46 through a flow control valve 45 for

2 gxhany lmﬁé%ﬁwnéﬁtadﬁ@ NDOtRAY seiippe icbihe ehambeird!. A

press@%\glg)l I%Flni?lﬁeéﬁﬁﬁﬁ rexﬁﬁq% pAU7 b ggg O&@éenﬁdaﬂ'n‘??g fﬁc%%&hargmg

are ceswsppltgd bhrlee Mhasstdmartma edr Hmchdmb%%ay%deﬁréssﬂ'ﬁ@d to
su i, ed ffu3|on space,47a in the
a predifefiifen bxshe bnulvasRa the wises e SBNEOIar s gherating the
exhau%P@Qﬁ]p%Eﬁ: in the chanber 41 through a plurality of gas
ect| on holes 47b formed in a surface of the chanber
he gentre) uited inchtieasp pedsiess 4antralteréihiackiding amd@apnosessor

f _t,he chanber, 41,
Comp% REES bR AL ARE ROt BB TRR chlampngs so as
for an rm@ef'a:torr‘tm@ahage el diystehal @) bga dideag aAB bhiwiies atatehs the
Ia%ust line 48a. The chanber_41 may be depressurized
Svstemﬁ 4S GisiRfask RNASIMSay W 55 f oaarqa@au ehgorﬁtﬁ@ nee@reafos

erforﬁﬁrfﬁ AQkig éﬁ?o@@%nﬁ’ ﬁf&ij}l'oﬂg BBt RYSE SHHHP‘I (ﬁggrlder the

contr it 5 | es a process con roll
controj nf:lh@cprnge@ obtrallepi5dcessaus dftepapd beprpgram) ut$:et is, a recipe, for

f B2 Jnel udi boar d d t
execuliff BThAERYS et i SRS SRl RofNG R sheAE S ot om
e eicipe @i sielealin @ﬂnbnﬂﬂy%édﬁtﬁknan shahferRbryt et 53y Stin

100 i s displayed, and menory unit 53 for storing a
MemogLHMGHHM @iy Pa haye d@@,oﬂr@rmpm@plg npeditet suahf as a compact disk

read- o?lﬁgﬁ%ﬁ‘?drv JCDURBN P BShigKAUEEMid BiskTBVEYSHED AR nli'é}ﬂ&[y For

example, 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 [nvention 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



control of the process controller 51, various data,
and a program that is, a recipe, for executing a

nmet hod used by the system 100 according to conditions.
The recipe is stored in a nenory nmediumin the nenory
dlun1q§% be a hard disk, or a
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Present | nvention an Sem conduct or Devi ce
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v B i BB SRR B i formes

on a v@ﬂ@i adilnes sUubksEate) 41(/&) NeRt, %ﬁﬁotﬁ(&)ist'lé, EHéﬂeH%neth% AR Rgd:

9 of dry etching a substrate to manufacture a
mSU’aE@@nﬂ&aﬁ@adﬂ6@%@@*@@636&@@!‘ A§3t oNent, seninddimidia of

conepBARLERETbatNSRY i L LN ELERRLESR A 100
using phetmrhtm@r@;ﬁhya port| on under a contact hole reach| ng a
Onduc con substra
Fﬁ\?agélpﬁ znt@rﬁw,uﬁ%ﬂ@t:rﬁ%ﬂ!ﬁbﬂ 02 ,laﬁirty@;ched using, for
examﬁl@eé %"aﬁaorﬁf‘%rﬁw‘ée(dﬁtﬂ%\%gd@&gﬂ@ g%@p#){é‘égmtgoché%rhgk&gsg lafer

contact hol e reachi'ng a con tor er ¥i ncl
103 agpImaen toforpol wentact bnle iRk tdaan:nwgaycexfmaulpbng rﬁtm 102.

SRRl BB G0 PRaa gy G srposk i & amote

ashmg ntarthayehe) @ﬁdh@ bﬂﬂef(BlCUieiﬁ}ﬂ foarigeen®dd on a surface of the
bor oph €§1ph03| i catergl ass (BPSG, is forned on a

wafer Yhexposad ihreugh temantagtdoleviORext , a photoresist is

SALAhD HIEP 48] 14 YR WTRhEN G sk ot s T04 8

formed & carsipd mutbrige tgstenp & ef FIGf 1 andenp@tibn hoker tre: atagchole

i,n.th hot.oresi st_ | ayer .103 b sin _
102a, BRIt RBEVS FRYS Bt LA, isigioaBee () eighgd) ybe dry etching
devicd pterlayer insulating film102 is dry etched using,

for exanple, a carbon fluorine (CF)-based etching

dadhis igynbadimgnt tlee pleaningee the doajen und@hascatarsiole 1@2a is

pertorGAATIBNLACEIY & ARE DA TR0 61 BASEoL DEM Y B
31 and ayietind @8which £ 9By @ds iy licdaduripdlegning 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 sccm, 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, 80 seconds (Step 1). The N; gas or the Ar gas are

used to dilute an HF gas and an NHj gas which are to be subsequently supplied. f
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ashing. At this tine, a native oxide (Si02) film 104
is formed on a surface of the wafer Wexposed through
the contact hole 102a. Referring to FIG 4(d), the
waf er Won whi ch the native oxide film104 is forned
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supplieB tEka watdroly b(ﬁofeaéz'i Fﬁﬂ?(éé‘kosd@%g rbafm?fhegﬁli I—ﬁpa‘sh@ to be first

dry etching device 3 as and
adsorbecé ostpibiei \eaifeaw a Atewdingly ofbyef fmrmeﬂ axiip‘be exam@te S0,

nen B TR Bl B %, D0

Cm@ffbﬁ‘fe s@plmytm;g@g igdiopped ahd fawt AP BT Reufegsd is
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red UC%E‘O@R aHp |S§0mée Hescsranadhepressuretie thechamber 31 ifereauced
to, for%@érrﬂfl@ 40 © ik Ffa?e ?sn mtgﬁépqgr%%ﬂﬁaga% \Q’%&r:&tbs

to be subsequent y sup
(Step 6he Bepdas apee-stepl fbr adjustif agasssurd in ISteg\WB3 gas nay

TS8P BES AN b et nanslg ST fyo ogeldr oxample, 40
sccm aH@ B ¥-floeNdte of ler éké}ﬂ’pfeatﬁ?)%fccﬁh?e%c%‘éiy' STh%dé{Q%dis

from 1000 sccmto 500 sccm and NH3 gas Is
mamtagn@@rfq:reépraﬁxaaﬂmeow G a(teortﬁts Step 4banﬁmee tha@”‘s@@snandr&neNHs

gas a%s‘ﬁfgg)iléé _to ﬁéew%géég@gt oﬁat (5)1\“%?}@2 g 6a §g’f9§?ﬁép$g% iS5
chemithiey nemicesd \Wtbe!’ﬁ@HE @‘B ahﬁd Q%NII-E B8P ﬂo‘ﬁﬂ 4 &ﬁd@tsahbﬁ layer
s is to be adsorbed onto the wafe

NH3
105 foweglxglqugnlugﬁ p:&g@? ?y%@(ﬂ%ﬂl\{ﬁ‘;)z&l%@- O@thﬁm@‘er \gbsé,smcon
under Y ean 5B émtd?s %*& Wy 9as (e P8 é’ert ect ed.
Next , e supply gas is stop ed, the flow
r a{@(tdhetswplyofqae HFsgas edddbd M rgamls!@faapsed randatha4low rate of
reduce

the ArZESTh (RS atE TB°HE Hhn f 20 acEME 2o, e e fE e
chamtfe?r31 i50Bd e 6ok @ HFNdSThid Se@PisdhainBif®d forl Por@xample,
pre-step for adjusting a pressure in Step 4. Next, an

SSecqqp:Isdgge%ﬁh an F2 gas are supplied at a flow rate of
NExt SRRy 8Pthe 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 (NH4)2SiFs which is obtained by chemically reacting between the silicon
oxide film and the HF gas and the NH3 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 into 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.
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sccmand at a flow rate of, for exanple, 113 sccm
respectively. This state is maintained for, for

exanpl e, 110 seconds (Step 4). Wen the HF gas and the
NH3 gas are supplied to the wafer W the native oxide
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og act hole 102a. Next, the wafer Wn which
the naH %f:‘?‘ﬁggﬁg% on | ayer 105 is accunul ated illustrated

|Tmel:fle®remm)exampdmusesedniyramHF rgascirahbe NHslgax as be etching

o B BB SPE v
of the W&ddDN\EaftertRE nbave 8RN TIRBIBNRVBH &S SHE RefbrRncB&xample.
chanber 41 about 500 to 1000 mforr. 11 Accordingly,

Referinang k16 Bl the fenence nxapwiel sasgLan teakiErgasomd e NH;
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the codd lgx)t;vetrhetefmhﬁa@t hmi f@uhGEa)m enbrdy éidpatsive ®-ray (EDX)
106,. for exa conducti1 ve
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is cont‘éﬁ@o@ﬁtthé %ﬁé%ﬁt EZ&EMW% Baéésgﬁec{m%ﬁ%‘:él &4 Ie@érW@? is

met hod of t'hr ou nce there’i s
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e CREBAF L FAANEE LR The ol 0 bR

wafer Wamﬁhé@@ﬁfa@é of ftee WaterBl/ P@Qecﬂ/tﬂﬁrbggh 9he EbMact Héi@)102a
)> _Advantages of the dry etching nethod of

Since wle@ter@f? é@yetrﬁpgdéﬁ‘aéﬂsg)a'tﬁpugh e ﬂ@wﬁ axidedim 04 is removed, it
is dtﬁi&‘?{'\?’@gﬁ"{%@@rﬁ c‘@nfe{bt‘?‘eé@tfaﬁﬁ@%?n ARGy i n terms of a

proc renpv
However, the method of FIGS 4(a) through 4(g) adds an F, gas to an HF gas

and an NHj; 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 108.

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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the native oxide film 104. The reference exanpl e 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 waf er Wafter
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) lysis that the
aﬁg@ég%f W{y@ cont gl néj'@éll_rag@ﬂ?( C). Considering
that the carbon is contained in the altered |ayer
197+ i® ts4hgsudlk thatFthe altered |ayer 107 is
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etch tﬁfsﬂ]é@n Léﬁﬂgr Eﬁ% Ml tlérpg"y%ml‘ﬁg the native oxide film

I's an enlarged’cross-sectional view of the
vl/éﬁé?z WhlfStferme% evensilivan, sixicda sflicomelding gas, érovadFj gas,

does riq! 5SS ARfoRinG 53: 6 AhesBichhdih M sS4t ctich fepiched

Howedr, Q@mv@ﬁtolNUStf&aﬁreséﬁﬂm@@ntzcﬁ?hQ@%ﬁouﬁ*ﬁj L i@@ﬁbé’&olgaﬁat the
renoves the altered Ia%gr 107 forned between the wafer

silicongtching gaserassaa dieorgs t p@ﬁd@msaf;@@ laygr 105 mnm@e to Ipdgh the

- t | ir
siicor| B Sl Ao 8er o °THELREOR Bordaipon
etchinglpsacassearsyrdracmebayreultafiedlsty wetherchdmbdradt | atZdditiopial

surface | ayer of.the vvafer Wis

, d C.i d
devics3f pSTTPRNES Sl NG Pioress i Soturauesdnpiesy mpkeving

total tHroughhe amef REu¥hantahiractlingr ayer 107 are etched
o rug;ﬁlﬁ (I%tcglng% Clr V@%éér) and C (Altered
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FIG. 8t|$la grapidemsa‘atm@theiambuﬂ:%of@étdhmgaffk{b@l'ysﬂﬁbﬁ QEtCHek Wﬁh@ut a

condentnshattosnl x'abé:r" SndnearythcgJ %a?neengc\)/ﬁdqtlorﬁsl tehé) ugglnbhaen |920 Séjse gﬁg talnol{J]Hg gas.
Referring to FIG. 8, the amount of etching of polysilicon when a condensation layer
is formed over the polysilicon is more than two times greater than the amount of
etching of polysilicon when no condensation layer is formed over the polysilicon. It
is assumed that this is because NHj; included in the condensation layer accelerates
reaction between the silicon and F,.  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.

The native oxide film 104 is etched through the following reactions (1), (2),

and (3), as in a common COR process.
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| ayer 105 is forned over the silicon, if the pressure
in the chanber 31 is increased, the F2 gas passes

t hrough the condensation |ayer 105, thereby making it
possible to etch the silicon under the condensation

I 0 l.§ i s for over silicon, since
a@?lﬁ'fqé Oﬁ “é t’é’ﬁﬁ’ggfﬁ&kﬂ 'Igorrged 05?@%) gas, does not pass
through the SiQ2 film the silicon under the SIQ2 film
caifhot+ bdHleteltid, + HiwegYer (1X he i nventor of the
present invention has found that it is possible that
the silicon etching gas passes through the
condensation | ayer 105 and helps to etch the silicon
ufiseneratien obGdedsatationm Layper 105. Since a COR process
and a silicon etching process are perforned
S lt th a r an additiona
d%%?ce ? §¥é%$ﬁ1ngN§E§$F§66§%Etching process i s not
required, thereby i mproving total throughput and
reduci ng manufacturing costs. Furthernore, since the
1S, t he anobunt of etching
ﬁﬂgﬁﬁﬁg@%??gb?ﬁgégéggﬁqﬁgﬁﬁ red to a case where there
is no condensation layer. FIG 8 is a graph
i (NHIg1Si8% i-n@ifher a2hddnts 2ifiFet.dB) ng of pol ysilicon
with and without a condensation |ayer under the sane
conditions, e.g., using an F2 gas and an NH3 gas.
Referring to FIG 8, the anobunt of etching of
pBings ithe czactiahdn) reaqinddigaactmticayerergs therraaxctiomw(ér) does

not oc%ﬂﬁs:ﬁ}%%ﬁ%lcéﬁgfﬁgtig;ﬁa cgpp%geg\é% tp:ggﬁs 9 g) facq?aﬁe the

reacti®® HeNsahbedsdary & mihsah ¢ ad vauesn NIE i Jsd beﬁé’ﬂ%\{e tHe
is assuned that this is because NH3 included’in the

condepgatimEEr 0RS Ibxylee rerelisinePat eSincedae cpademsatinadayamtds is
gener?ﬂeld' cﬁ%‘to‘h’%ﬂg rg% tidy %*);’M%We%?ﬁor?@fj%@aﬁ‘e'd%t t?%gc{r] &%, 1 Bince

OVEr con I ¢on
a dropeinchetnieratiat s tm mdafe‘rglehlfm:ttel reaatied (2)trightwhnd, the armount

r eat | rovi thro put The native oxi
of etcifbG ™ bartien Hituh | ME ROINSSAIG Of MR bRV (a jnoeased,
the anﬁ&)nt of @&lerg}nayaﬁsb %e@n&@ﬁg@cﬂ'?%i Bé%gﬁa?ne&%téﬁt e
Native [ m Formed o
tempeeatme of thiepgafer WV (sladjugsiedriecad¢rdn ammtrcbﬁweamaunbof etchlng of
SiO,. Layer) SiF4 + 2NH3 + 2HF -> (NH4)2SiF6 ... (2)
(Vapori zation of Condensation Layer) (NH4)2Si F6 -

$i"l€4 9s 2NiMapt iR Hfrating thSamBunesot dehingasitd Bigrihd) oxtde film
T-0x, a s %Jcloﬁweosmde gsgg EAS\(J?attlln%nﬂI%nBeFr’gé atng%orlyes{ﬁ?ctolnolgoiylgt WhoeenS
HF/NH3, F2, and Fo/HF/NH; are used as an etching gas.  The graph of FIG. 9 was
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 intertayer 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 NH3; 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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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 Iayer 105 by the reaction

t he. d t I r at ed
o e 2l BB S O EAE  UBL O o P EREEE
occurredtort egicifsifidPolpigice  a drop in a tenper ature Of
the wafer Wshifts the reaction (2) rightward, the
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o sl atn|gng ?n BPS%Thfﬁlyagba%' ad éﬁgééﬂﬁpéigag)@é e erence

exaanF)/ NH3 ,paFfE?Ulen therampEniNpi32tah s@gu:scéhe aiicam Oéldemaﬁ@dgasuiatmg

m 5538 9881, P53 o35 AR SO AR FIRRL Y o

film T-Os. f ¢ftivectasa umf@onlwth@ F\é\@laefastz!i‘reeﬁdhingcgd‘s @@p&ﬁe@@@@@anmg
insul ating fi waf er Won which th
of a p%?%ﬁﬂ%%@ Mf?dstlo'ﬁ’ éo%rw\@dntﬁém%@éalat%élm ﬁ%%%@ etched

and th?ﬁsé’rﬁetefr'dfmérc aFEYoI88 Oﬁggﬁggsegﬁcéé é#ye hative oxide

m 104, the silicon oxi insulating film
BFBeh ﬂalem&:anslﬂlﬁlgae,dar%an NeH gaseareayemitlaneumﬁy isapplied as

an et Bet e B0 B € 2Byt R gner tan rat o

the caselisingitA8 HPgh$ Gnd e Nl*%rge?ﬁ“ (i.6F rafsentseamp aﬁé%hé’{r(ﬁ the
used as an_etchin gas(i.e., reference exanpl e he

case Uity the Fegahi n hefeasan whmﬂmamun@@f ﬂChmchcUxe and
ponsiEBf il BREECHAE RIS AL, [ BORR 1Rl han
that wikel gaigithe §,\gaisyis luewd lswﬂnad: thanpalysiliabmPsty-Biois @tthaaf h dsisite

where 35 Ratigs 6xis Hiuclh<is Foled St gt oVh Bokirsint 161 pdlysiicon
Poly- Sﬂé?'f&l'srtg Mnéth%ilgﬂ%d@éd | CBRNPRY o tﬁbﬁg@s@fo@ﬁtﬁﬂy BhBP the Fs

of the casé using the HF"gas a
gasis anp%iaﬂwbhgﬁega@tqve exide filshdiddnce exarrpl e), but the

th oxide film nd
2 M Ll Tt e bE ST TRy B e uelrashud]
supphédia@ ah fm&ﬁng ghs! the: é?ﬁﬁantttilélg“nhbe)flﬁ% Q@m@ﬂ@xrb@@lrﬁ"’BOx is
gas as an_etching E , reference exanple).
high. pﬁal?@ﬂear%\s ac{\fﬁl@f%mﬁ tf@r argerRt algetshingins the ﬁi“@@hOX|de -based

msuiatﬁ’flé' fﬂ@elsﬁ?;?;ﬁ' ﬁégkg&%ﬂg hat ]plf Qeaﬁi%ﬁn'aﬂgﬁp% li’ﬁr? 118015<' {Iﬁ‘l&e the
case uemgdbe HF pas anithe NHthHB @t&see&:senge enhmptd)anEZhga:asasjsing
only therf-'gegta%hl %hgl’? \SNeIt %tcef‘Pr?g seu%htaos §}‘|Eals usged 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) through

4(g) can perform continuous processing without purging an etching gas and
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of a portion under the contact hole 102a, the
interlayer insulating filmnmay be etched and the
di aneter of the contact hole 102a nay be increased.
When an F2 gas, an HF gas and an NH3 gas are
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polysilicon Poly-Si by the F2 gas is lnpeded by the

nlcoulsl s fadedfthphiheonethadses, ka&#(a)rtércﬁmrg@(g) wihieh HF

. I I
simu 8o 0 L BELUR FR 5508 ' O HRETRHS 0P SRy oo
may et deiyfsmbdim PolySi but ddrgidt cohBEl the Redcurit S athhaily a8e
e _amunt of etchi nﬁlﬂof the silicon oxi de-based

polVSII'mPaIyr%lg il Pm! Bisse grapk Hesirating Adalatinashipfoetween an etching
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gas an fence
T-Ox sad polysilingn Raly-$i.t heefeRringpta FNhelD, wetthete@dhlmggtamnbremes

I W T e A T
the et&hﬁgttlrﬂ&mhré%‘és Qfee@héﬁntt dradtchiRglof e FB@SNI&% ?%'Iy SI(IsdaGImost

filmT-Ox. Accordin , alnost Wi thou etching 't
maintained @t apert P.38unat i I?Igwmgl the Biiered lgenafi wdo axiick camom is
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etching(ig pbbat 8.60trmb) teefabtleI“@d &gt N7 avhtuﬁorstth?jﬁ ddgrmd,gf b&hemoved.
act on e od 0

In Ofdai%cqmwgﬁ&am@ea éc I%‘gquféli”@rp@h/ﬁt'lpﬁﬁc?@y~§n+ @:@%hcmgof dry
etchin$id Mtra@é’%gbélﬁ r@‘toeénﬁghé‘agerﬁ édlﬂ%t@tgﬁ e%%hpﬁ’wv%ﬂﬁon has

et chi ng gas vvlt anot her etC|ng gas asma I's
been suggeséa, darmge to peri pher al eI ements | ncI udi ng t he

T I L o oo
the pressriidevedftiohlitemived 8lchirgtheutiivé (BdddRas 109 by rs%BHIyI'rﬁg an HF

rocessi ng gas exchange, and reduces damage
gas ansean Hidrgds andthen atchingl ailmomrd)w siepnlying & as not

s ) g0 FLVEEEELLNA A oegccorei o o
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 Nz gas and an Ar gas are supplied at a flow rate of, for example,
2000 sccm and at a flow rate of, for example, 200 scom, 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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It could be found that the nethod 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 nay etch
pol ysilicon Poly-Si but cannot control the amount of
[ |I|con Pol 10 is a
gas agpg‘%hr@% ﬁﬁéwﬁ?h ﬁge ee?‘ékfsfe&%'?ﬂ%}ﬁ SH@P n an etching
t Ne®t, (fie flewahtsStfpeNJ dadikGedGdedftdnt i@)(ﬁé‘é&hﬁ‘i&@(ﬁo sccm and
ing of a thermal oxide film T-Ox and polysilicon
an Nfﬁzo@%ﬁ giSupRlied af Arflgw @teptafonexara@iec 8 secwhi Adis state is
a
main AT gy ok B 28 ballls B0 AT n Shs HSLTRY Bl REs 2R i
suppliedrte tmmwraéas\élsbefbtfeasalh’t&'ugms i3f s uetpdibd r@thmft thdBH; gas is to be first

sid heon ol is alnbst maintai ned at about
adsorg(e)%éntﬂrﬁ ‘%Vyhe altered |l ayer 107 into which carbon
| Next, Y augd of Ehet N& ks g‘@cog?ééd htﬁeeﬂo@v ke %kg%sﬁr @5335’

about 10 nm he anount etching 1s a
FedUCﬂ%frow%O%lS@@met@ aoagcmm 107 thiei whS&;ls"etlhltlnkabanbeit 3bes reduced

er. r t.he t of etchj
o, for MR 20 PR Tl s Mo aBTp . do Sy 1) Saonds
(Stepembsmeataensaa:pm-dte@qotad@@@ﬁ@erpremlzmﬁé af the
g{,esent IH'yventl on has been suggested. The nmet hod of
SXleBRhIMEgas r?esléqm@firaétae’i% &\iecﬂf 9 $eManothestate is
t gnti sl C
R el 70 PECTBIY (SIS 01 5P e Rl i
104 is@ichdB gas and t hen etch| ng silicon by supplying an F2
gas, not sinultaneously supplying an F2 gas, an HF
gas, and an NH3 gas. FIG 11 is an exanple of a timng
chart illustrating a pressure in the chanber 31 and a
tSifng dtFnki BiF,a+g&4H,Cs. . sppplied in the method of dry
etching the substrate according to another enbodi nent
of the present invention. After the wafer Won which
the native oxide film2104 is fornmed is carried into
t he chanber 31 of the dry etching device 3, a N2 gas
atids ah ANHgas 2HE sudyitli)ediFat.. £2f ow rate of, for
exanple, 2000 sccmand at a flow rate of, f or
exanpl e, 200 sccm respectively, into the chanber 31
to set a pressure in the chanber 31 to, for exanple,
FpEotontingreactions @) angrktae natve bxidediimaf O fomned of SiD, is
Thi,s state intain for
cnemiGif a1 s 2rBy e WP RS B RGmi Shine Paer Y the
condensatioarieyersedb foprm@idl aft(R Han I \lﬁucaa§ lraa%oﬁ@ s gas
:Méxgh are to be subsequently g Next, the flow
tBe supaingf thadih gas tSoEéI@eaecﬂ rt mfmmcate of thet &y ga06

noreafSTMAH sENMEDONECNS SAUTRY DU OIS i reauce
to, for emmabeaabbet 0 B0l e (Beds)( SB&ap 2)is are-steafonedding be
pressur{y?’o 4% 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 NH; 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 NHs gas are
discharged from the chamber 31 is that a product NH.F accumulated on the

condensation layer 105 needs to be vaporized and removed, and a reaction between
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supplied to the wafer Whbhefore an HF gas is supplied
is that the NH3 gas is to be first adsorbed onto the
wafer W Next, the supply of the N2 gas is stopped,
the flowrate of the Ar gas is reduced from 200 sccm

oscl 4 8aSR, B9 5o S5 R, PR GRS 01 1

rrﬁlrfmteatheeﬁ-ﬂ’ @ais ah@ltheetﬂ@"@ﬁsearelﬁm&&amly 6 @b EIRA3D. etch the
or adjusting a pressure in Step

natlve40><fﬁe§ m T;Qf% 'PtrSt@@& Ftse ‘@dawmger@aatlormww rate of 80
sccm Th|s state is maintained for, for exanple, 60
seconds (Step 4). In Step 4, the native oxide film
104|s etched SR + 4HF -> SiF4 + 2H20 ... (1) SiF4
+SPMHE ENHYF + 2HINHaYNBUESIFs. ... (22) Due to the
reactions (1) and (2), the native oxide film 104
formed of SiA2 is chemcally reacted with the HF gas
and the NH3 gas to formon the wafer Wt he

ceHadadla reastipay@l, th@som@ﬁamoeﬁaxam@’izfsrmed\mrﬁi(MHg)izgiFs is
generh{éoaar?d) He?fﬁgb\?\‘ifng{l&e 5n o#:&?rﬁsuml y of the HF gas is

pped, e Ar gas is increased
from 80 sccmto 200 sccm and the pressure in the
chanber 31 is reduced to, for exanple, about 0 mrlorr
(NLEPLD pre-step for reducing a
pﬁgssur S\l%?ess(ﬁ?e of Step 6. Next, the supply of
the NH3 gas and the Ar gas is stopped, and the
pressure in the chanmber 31 is reduced to about O
Thi s tat i,S_ mai for, for, exanple, 20
@%ﬁ%&h“-‘(@a&go%)( gweh%o C?hlgﬁﬁrﬁ" 88% %?%d oper at ed,
oltliseassl‘uﬂ?néwmﬁt)bnc@fthé BeodVdB NGBS igBdctimalaféd 8A%hé Sondensation
HF gas and the NH3 gas are discharged

layer t%rﬁttwg @rﬁgﬂeea usmg thed 2r@a8sis MARYed Recrrseis fn@as ise
dlfﬂcuh"t@éﬁ% tl‘%’é&gh gharged, r EW@H%QQ.@%% tﬁé Hﬁgé%%ﬁe Supplied,

acctirul‘at ed hdensati on
the prQ@&ctﬁﬁédslstg:edmatand ac&djrmuidtedemmttmjcorammatmrem;/@r d05.

Due tQEHEST Bdpesf i wlog BanoGPHE e st DAGF AsUTRA pet on the

condeB8atidd Ryet "’{U'Stcﬁﬂ%iéésﬂystﬁé@léhk&ﬁj tph@b@ﬁdérﬁ’s%tloﬂ%yé’ret 05 may
oxide film104 in Step 4, the follow ng reaction

not beo\@:mrged g{nﬁass;thgnquengﬂ@n layaHL) 2 S IRsated to @higDtsmperature,
o RN ) D SRR BRe P P
procescoubizp 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 F> 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 sccm as that of the N3 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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NH3 + HF -~ NH4F ... (4) Due to the reaction (4), the
product NHAF is generated. It is assuned that once the
product NH4F is accunul ated on the condensation |ayer
105, etching of silicon using the F2 gas is inpeded

because the F2 gas is difficult to pass through NHAF

| ong as e_l d the HF gas are supplied,
A;I:}Se productéﬂh l';{ﬁ% generat ed and accumul ated on the

condensation | ayer 105. Due to a purge process of Step
6, however, the product NH4F accunul ated on the
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as is supgl [ e at the same flow rate of 1000 sccm as

Howel R A ASIRBoHG OGS, Ihd IRYSROTot borhieaea: Ve asoung that it
is poés;k?lé RPatGhEaBREEN %%:fﬁﬁ Bgr(ine dﬁﬂ'ﬁf%%'asggggsegrﬁﬁr ecfhs%wgp

his state is ta| exarrp
Cond@@@@ndéay&sﬂlﬁ}éartdwbeiﬁﬁ tgagch megummlnl wdierttihe chodidrmation layer
actio SiF4 + CE4 Slcpce

105. (S CORIPEESS AN LS SR plcbiciRrooEss APt

sequdraidy irdthe dHenisdd 3 € adtﬂﬁ@fai'%:l@@tc@%ﬁ'ﬁ@ﬁéﬁrﬁlﬁ? d eﬁh’&fm etching
105 can be etched. Since the native oxide f

procegs jeRefy epdied.daerabyammryiae tetal thresgmuignerred ee!sg of
3
manuBEliT oo PhENRYTre ok s ARG cilsS B Bongansaen

layer It @F éx usel) Bhe Bmdusit pbemhbigeoﬁsbllce:trﬂb iidreaséd b@r@n@ak@tﬂ@r a case
condensation | ayer 10 If SSIA2 filmis forne

whereg{?;g're 519 eordengatiea '%ty%rl | PEBRUGR &hﬁ ﬁ%‘“%&saﬁpn @yerél%F'@
formeg%iler tr@@iﬁcdlptth@%ﬁéoh b HHQ&hEg ?cr@hd%éitféliig’btc‘hhﬁ RidcbERMated,
et ched. wever’, - as

under the SIO2 filmcannot b
therehyegicat'y dupatyd\gethrobghiuivent or of the present invention

e?@fﬁlfttg g{eggégﬁ%gg&roc' %, 953! Qge B’éEE é@“{]@ﬁdaéﬁm?ﬁ%d from the
bottorn of ttensaitherhdiayienakin taed;dmabn§aﬁcm RiyEh 105 €orfidd &oN

under the condensation | ayer _
(NH4)2Sikg which is obtained by chemically reacting between the native oxide film
104 and the HF gas and the NH3 gas is formed under the contact hole 102a (see FIG.
4(e)).

The wafer W on which the condensation layer 105 is accumulated 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 illustrating 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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105. Since a COR process and a silicon etching process
are perforned sequentially in the chanber 31, an

addi tional device for performng a silicon etching
process is not required, thereby inproving total
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mixed 'vwfrthtthé rﬁi Q@S ThE&4 aQ%Ecel@Féﬁeé R NER cﬂ%]i tﬁ{:@

t gas and

si mul tane usly suppl a m xed gas of
A oHEh ¢l porsemt mv)ee%dog érsaschfeentd&scﬁﬁeg agtharefbrehee MHhe

method83f &%Sé% gdfrrrr]gntlzo% HEs. H?e}s thoug%eéﬂg) Ln]t-g%ga%!)ther embodiment
of

FIG. 11, the present invention is not limited thereto and various modifications may be
made.

For example, although in the method of FIGS. 4(a) through 4(g), cleaning is
performed when a temperature of the wafer W is 40°C, the temperature of the wafer
Wi is not limited to 40°C, and may range from 10 to 60°C. Although a pressure in a
chamber is 40 mTorr while an HF gas, an NHj gas, and an F, gas are supplied, the
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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S SINSI02 F210.10 HFF210.1-100 NH3 /F2 1
0.01-1 0-10 If the interlayer insulating film 105
exists, it is preferable that the F2 gas is m xed
with the NH3 gas. Si nce the NH3 gas is adsorbed onto

250 HLg B0 5 s P e AR 2 RESHES | o

of thealRggsd bxcsurisER . ke tied ehafiomidie okl BIFtdatd thdRH; gas, and the
interlayer insulating film102 from etching. A'so, if

F2 gag; ¢tchipe %Sl@e ifeatesiRlpterbBY thr b2 gasdhetstye futaxasmlei increasing
the ar'n%uﬁf E@hb gﬁ%glteﬁ%éf :ﬁélﬁa{@r Qgﬁb?haﬁ?ﬁ%ﬂ&&iﬁé\&f the F,

gas id kess Ma«eaf’/mthdnatrmmt-lﬁf gﬁ:@mgTdifesuHéngasedum t@ra‘:lteael that is

substaESliania Bt et asds dpbaoded £ HES Rererghe bt
gasedleraBpRAdhdERt g ﬁtcﬁh@d!—l? a3 id h"loﬁm‘aé&ﬁbnaﬂﬁrééﬁ%re may be

anot her enbodi ment of , present invention
controliediat adjuptingetiowhatestas ingrd gaaﬁes alu@h adai i gas amhanrﬁa;gas

Ho met hod of
AT oG 4TS A8l o ER oI Ea ol BrocesS ot step
6 is nbemhw equiretine Ifwat eupii &F tH@QHJé‘@ bempaiRigdE s Sfopped,
he wafer Wis not |limted to 40C, and may ranﬂefrom

in Stefcﬁ SG00E Falgaso thfh HE gres8drie NHxga% feabialsimy taeously

Ol F: an NH3 gas, and an F2 gas are
SUpp”@E ft IS %één@!ESB eg&egﬂé?% in the chanber is not limted

t lm ﬂhe mdfibwods chitite Emmbodanqet dfiFO®S1@(a)ahatughdigl and Ahe another

113
embo ke Fign s sinos PG nalvadudsr Tl Flt i et ek top
bottorhhff thc@@Sct hidle 13, eafer n@élﬂﬂéﬂ%n@nﬁ@%e rhadd, i theWative

rate of the F2 gas exceeds 25%of the total flow rate
oxide fmmy e reyagved ?r@nw:agagle tarpdighhehickrdingasontact Raglyother, or

on oo 1E46P SRS SEAPRPY LS B2, TABREAR i 104

may bengtehédipeusimsa hatdgen-dortamikd2gad ihstdael &f thw HRag &s, sznd by
an 5% he anount of etching

.t F2 |
using & fastegad B oiea eEhe Y a0ravand 1 ieah ey bﬁjﬁ@haﬁﬂww a
xenorﬁ@iﬁ@bndé’ Xé@%g%%‘? a &ofite BABolge E?FFg §Q§%stééd bﬁthe {2 gas.
pre erab et t a gaseous rati o
NMBhqyigh the dry tching dediceiSoand wqommémammyde\sce 4 have

resne 4 038 DEn AT L B LRSS el 080T e
dry eteiiog Iaiemerﬂomhi trenheaf trédt@ent devide AUr glmd)dwfe%ﬁmgfdeﬂc@@ 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 film 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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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, the HF gas, and the NH3 gas are not
simultaneously supplied, it is possible to etch

fim, <fje & Bteal HeriFy PEA IR0 21 BisE PRe Shiglia B bF S
Con3|§tihg G érhﬁylbs td&efaybyeamkhdiaF{ phspadded Sira@joned from
bott om of the contact hol e 102a, other

Cond%ai'w rotiicamhyndsr thagendaneationdaysiigarbe giahes- fi | m
Futh B SISO AL 915 Wbl e
etchingl wbithasle i:mmca df |p|aetao[ess Gtﬁran‘m wa‘EbeisreaAaip\bmtedioda el prevented.

T N -
to exdnﬁﬁlb%ﬁéﬁn%dhﬁ@wt&%ﬁ%fﬁ@ﬁ it @ﬂ%esuﬁdeﬁ%oﬂw tﬁ@s@%ﬁﬂﬂ@@’ iPYhe art

usi ng xenon di fluoride (XeF2) gas or a chiorine

that varigyy @J’(bﬁﬁgﬁé ipprBpng sietaiissnen deonade érargingsighoutidepadiity from

C [ af, L devi ce

the spﬁlﬂean‘y é/co t&%’g@? ’8&\{‘35'8&5’%9%39?&& I‘f/l‘gs gg& %ﬁzﬂ “gas
supply source may be shared by the dry et chi ng devi ce
3 and the heat treatnent device 4. The dry etching
device 3 and the heat treatnent device 4 may be
conbi ned as one device to heat the substrate and
renmove 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 |ayer 105 is forned nay be heated.
Alternatively, as shown in FIG 14, a |lanp heater 61
may be separately constituted in the chanber 31 of the
dry etching device 3 to directly heat the substrate
(wafer W due to radiant heat. As described above,
according to the nmethod and system for etching the
substrate according to the present invention, since a
silicon layer into which carbon is inplanted is
renmoved like in wet etching, contact resistance can be
reduced. Although a condensation |ayer is generated
when a silicon oxide filmon a surface of a silicon
substrate is reacted with an HF gas and an NH3 gas to
alter the silicon oxide 21 film since a silicon
etching gas including at | east one selected fromthe
group consisting of an F2 gas, a XeF2 gas, and a CIF3
gas passes through the condensation |ayer, silicon
under the condensation |ayer can be etched.
Furthernore, since the nmethod is dry etching using a
gas, a watermark of wet etching which is a bunch of
particles left after water is evaporated can be
prevented. Wiile this invention has been particularly
shown and described with reference
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to exenplary enbodi nents thereof, it will be
understood by those skilled in the art that various
changes in formand details may be made therein
wi t hout departing from the spirit and scope of the
vaﬁungpntlﬁn as defined by the appended clains. 22 \What
is: 1. A nethod of etching a substrate
having a silicon surface on which a silicon oxide

filmis fornmed, the nethod conprising: etching the
sill i cof BRihgE qfueatq:-hlbg asiyhstraten nga\an@al g swfacei ol which a

silicorgﬁﬁld@q“ﬁ#n%f > R &ESm?H?g/tgr ate so that the

I'con oxi Imlscemc feacted with the

haio@gaﬂhecsﬁtwnmmge filas barsdpblvmgoaasmbg@a&dr@aage@eg@t &nPa
ensati o I.ng SI|IC n by suppl

pasio G E i é%fﬁrfﬁa sgbt ket oike o ereragalh { FRpclashyith the
halog&RRNtASiRg @as' a@ﬂﬁﬂwe%@&é@ % &&1%‘5% tcBﬁdQﬁé’é&Fbﬂ layer: |

consi sting o | uor i ne . a xenon
(ehing giligon ianaluwplwhg@r mh@ort eichlng;ogjasjevr(e@bllﬁahegsdmpntabohmg

gas o IBSeT B RkEane RERaR i BF o eiiidtod SFalbotid T oas,
a xenendiiffuemagi(XgFt) sﬁ@ﬁd%&lﬂbhﬁ@tdf@wﬁﬂef(mﬂb 488, to the substrate;
substrate. 2. The nethod of claim1l, wherein the

and pg| ogen- cont ai ni ng gas is a hydrofluoric (HF) gas,
| . C .
L tlbtﬁé eg%kg g\‘ g]n gasﬂb‘% fi r&lﬁg}j&g %’ﬁ@& OEP‘ISEI %!l(llc%n,%gatlng
and ratheyieg the hendimisagen-iam*tfa)m|th1@sgla§tratehe basic gas,
and the silicon etching gas are sinultaneously
supplied to the substrate, wherein the etching of the

spl I comh@xictiend bt @m@ﬂd Wﬁ‘éreﬁﬁ qr'?é Hglo%tentéb%téihwgcqﬁ% @re

si mul t aneously perf or ned . The net
hydrofisiceiH) gsrst die basic gashs ag B@ﬂmoh@ @) gan, and the sificdrm

etchlng ngglﬁlﬁgq% the silicon is performed, wherein the
n e silicon conprlses etchlng silicon under

t he condensatl on layer that is fornmed during the

c,%)chl of the s# licon oxide filmby supplying a gas
npr | %@eﬁwg ¢ridoA. %@Fﬁfﬁéﬂ@gﬁgloa@ntq@@t@u@ﬁtga@u e basic

gas, a‘h’dtthé"éhlcoﬁ'e'fﬁﬂlﬁ g%"é?é \élrﬁtﬁ%‘?{) %stg@ghe% to the substrate,

hal ogen-contai n gas, e silicon
e/tﬂ@e'men‘gth@aﬁclmogtdﬁ ¢ha alisom akiele fﬁm dritetheadtbbitgadf tied gilioon are

nmet hod further conprises, between the
s:multg%%ﬁg% Wee ‘silicon oxide film and the et chi ng of

t he S|I|con pur gi ng

4. The method of claim 1, 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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whi ch di scharges a residual gas froma processing
container. 23 6. The nethod of claim4, wherein the
etching of the silicon conprises supplying only an F2
gas as the silicon etching gas, an F2 gas and an NH3
gas as the silicon etching as, or an F2 gas and an HF
gas as the silicon etching gas to the substrate. 7.

Tide netimecmethoel ¢fidaik 4 WaeERIMtH G chinki sTeRe Q?ﬁb@r@ cf)r‘n'pl?”ses
is a native oxide filmfornmed under a contact hole

i s
SUPPWHYQT%’HV@'? Fergasaethieagiieon ashing 93fy ani Frgasgand e Nidt grsias the
f 7 [
siicof otHifl B o i B SaS el o BN TG el TG fg s e
substfafe. et ching a substrate having a silicon surface on
which a silicon oxide filmis formed, the system
conprising: a processing container conprising a
| gadi nghbaRbhoabf s th?er%Hbﬁu‘é@ﬁc%n' @xndé’hﬁ\? néh@é ¥xide

et ching device conprising a gas supply [ine t

film fwaghu@demp@ggnt Ie@atfgrrmd@ Yastedajeadnsulgfing fllemd a
silicon etching gas conprising at | east one selected
fromthe group consisting of an F2 gas, a XeF2 gas,

aBd a %Ehemsdwf@ia:mupnbh@é:d metlh@rlﬁz&cm%llaﬂﬂg film is a silicon
an exhaust |ine through which a

i.ner,
oxudect&ﬁeﬁuagu aﬁ'&% I"d di scharged from the processing
contai ner; and a heat treatnent device for heating the
substrate, wherein the dry etching device etches the
sBli coA systate foi ¢tehing = sppitydtadpaling a silicon surface on which a

dthe b h
sifco B @BTIGS St i RSl PabioRite Frim is
chebesdding eenaind cohiphisiiiea w&%waﬁ Wﬂ%mﬂw&ﬁﬁosﬁﬁ% is

the basic gas to generate a co nsation | ayer, and
placedi ches the silicon by supplying the silicon etching

QR By SUARE OhroheR? el shRBMIER AR & o

halogehe:oatmsmggaﬂs al:@.SICTgl;‘EB W@milocbn elahing §as Wb@tbﬂsﬂhg at least
e film_ fornmed on the

one s8igs s & %F%ég"gﬁ? 98"&"%@991”@? el 885 df Sehaggesand a CIF; gas are
SUppllgggbggé I[]cgo%s%lsfr{ggdginﬁt%lﬁe{ ﬁ@ﬁﬁ%{(%% ‘ﬂﬂ%%r‘&%@h%ﬂ’qcﬁ Qer83|duai
gas isglisehaipad dromvier piosessisglteatainercandent device is
Cgrﬁ%tal rgéfﬁ%nt 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 to
generate a condensation layer, and etches the silicon by supplying the silicon
etching gas to the substrate,

wherein the heat treatment 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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in the dry etching device. 12. A recordi ng nedi um

havi ng enbodi ed thereon a program for executing a

nmet hod by using a control unit of a systemfor etching
a substrate having a silicon surface on which a

SR 8a Lt e OB SRR TR0 s

in the @nhatcbgende@ded.ai ni ng gas and a basic gas to the
substrate so that the silicon oxide filmis chemcally

react ed wth the halogen-containing gas and the basic

Ag@d@ﬁﬁg%@?ﬁﬂm&ﬂﬁ@@%di@é’ﬁ{eﬁ% %rﬂcrg a?x'\ lfdr‘:é%%cutmg

by supplylng Icon etthin rises
a methehby usmga sehtedtuad dfroonydtba fgr etmplngomsubsstrartg tefviregna Emcon
S, to the substrate;

surfac§ \gﬁ{cﬁa P %Pé’ﬁ?ﬁ'ﬂ“d&q : ilicon oxide filmand

tvh@er@trﬂweﬂﬁemfodtdb@nﬁrhééscon heati ng and renoving the
condensation |layer fromthe substrate. 13. The

redeipaithg siieen emderfile ky syprdyingirehalpgen-renianing@as and a
basic %% gd;ﬁ'{e ﬁdﬁ%ﬂggé ?(E?hatq %\éﬁ%g Pﬂﬁ]%&%%eﬂﬂcélf‘ re%!edqﬁlﬂw the

m-an etc icon
halogevhicohtadiisgbas ged tlae basuccgml toamhetdten eopfarcasion r@/er
c?nrt\_ai n%r. %5 . o . : ,
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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