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WD 2004/ 107418 PCT/ KR2004/ 001279 METHOD FOR REMOVI NG
PHOTORESI ST | N SEM CONDUCTOR MANUFACTURI NG PROCESS

woeohinoza Field 5 The present invention rel at e6TIKR20804/001279

nmet hod for renoving a photoresist in a sem conductor

manuf acturi ng process, and nore particularly to a

nmet hod for renoving a photoresist in a sem conductor

manuf act uri ng process wherein the renoval of a

phot or&ET$HOD FOR REMOVING PHOTORESIST IDUSEMICON DI GEOR
generated froma hydrogen (H2)- containing m xed gas.

10 Background Art AvipNTBACTORINGIROCESScess, which

is one of sem conductor manufacturing processes,

conprises the steps of spin coating a photoresist onto

a sem conductor substrate to forma photoresist |ayer

on t helechhixhl Bield sel ectively exposi ng the photoresi st

15 layer to light, devel oping the exposed photoresist

| ayer The presentainpérsionr wkites tpat methedoter remevinR ¢ Hehotoresist in a
sem conductor substrate, etching or inplanting an .
semigpidugtar manusepbingdrogssy. thé mere pattigelady e & sirdled for removing a
substrate, and renoving the photoresist pattern (i

. e.
" photoregist 4Bt # nYIHEONUAE KNWIGHIN Precesh hyrep the removal of a

impurity inplantation. After conpletion of the ashing,
photeresish js-.f ashingwis eastied RENBSIBE Plgsmangenerted frgm a hydrogen (Ha)-
i nterconnecti ng devices formed on the wafer, and
FORARIIZIRixed 288-netal wiring layer for formng a netal
filmused as a bond pad, etc., in order to connect to

the outside of the chip. Anong these steps, ashing is

an etching process for renoving a photoresist after
et chi rﬁm antation. As used herein, the
photoresist refers.to a mask which is 5 used to .
etch a‘gp%hqt%lftﬁo%ﬁp 1t é’rﬁ‘l‘?a%rwpl}éﬂ glss‘ﬁﬂ?sf)f a?f’@icé)flaucqor manufacturing
sel ecti vel i ons.into exgosed ortion

oty

L mpl ant of the
SIASEIF Cortgisit dNE 3PS 8h PR S8R APl iRy 2 symiconductor
légllas%%teot)é X&) a &)ggt)ore%{s? f‘a%f 01} ttPlg s&bstrate, selectively exposing the photoresist

layer to light, developing the exposed photoresist layer to form a photoresist pattern on
top of the semiconductor substrate, etching or implanting an impurity into exposed
portions of the semiconductor substrate, and removing the photoresist pattern (i.e.
ashing) acting as a mask during the etching or impurity implantation.

After completion of the ashing, some steps follow, for example, wiring for
interconnecting devices formed on the wafer, and formation of a metal wiring layer for
forming a metal film used as a bond pad, etc., in order to connect to the outside of the
chip.

Among these steps, ashing is an etching process for removing a photoresist after

etching or ion implantation. ~As used herein, the photoresist refers to a mask which is

~ used to etch a pattern on the underlying substrate or selectively implant ions into exposed

portions of the substrate.

Since such ashing is commonly carried out using oxygen (O2) plasma, the
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WD 2004/ 107418 PCT/ KR2004/ 001279 phot or esi st renoval
is an oxidation reaction wherein the photoresist is

woeemni1etiisd t h  oxygen. Al so, since oxidation i BCT/KR2004/001279

associ ated wi th burning, the photoresist renoval is

called "ashing'. An apparatus for carrying out the

ashing is defined as an "asher'. As high integration

and hi gh speed of devices are required with the recent
PhoRY&ist pemotalofs &eokidariol eéaptionavheieintthie iphgtoresist is reacted with
techni ques, wafer fabrication processes becone nore

aRGlgemr eAlsd,rsinde, oxddationniy @squiadd evitht birhingh éheaphotoresisf removal is
silicon as a main conponent of a wafer is lost little

laylléd tashieg’. | At dppactiscfonbearyéngout genashsgus defired ag an ‘asher’.
process gas for generating plasma during ashing, a

por t i oAsdfigh Hetegrftien andrlige espeashof slevicesh ateheequicgdevitht the recent
forman oxide film The 10 oxide filmformed on the
plev¢lopmenf off sreniveriductos undradastureguteckniquesc ovadérd@beapdtion processes
| oss of doped polycrystalline silicon used as a )
retent atoré end dewk ctrict asrtisin ecprobléas thab thei ameit of silicon as a main
shal l ow junction. In addition, the phenonenon of

poponent whg vaddtds loisblittle fy digtte. hi gh- dose i on

inplantation into a wafer in_a conventional ) )
phot or bsthetcasgswherg qxyeebisdised s aPEraess gas 105 genpgatigrMesma during
pogpi ng phenonenon, the process tenperature _is |ower efl
cshimgpd portipn pf heawafer surfpcg tepels Wiildrthe pyegn 49 faam an oxide film.  The
hi gh-dose ion inplantati on. However

Frlsm dprmaden thes POIOB| Afcthie queraswaéa Teiis B’ifl&%nsiderable loss of

silicon, substrate, Gline |light having a wavel ength ..
sonad GplycaSEMcoisoR pied a5 Al Forg ey es vy listtdes requiring a

ban@ of 365nm has such a | ong wavel ength 20 that the
| ShAROYAHCHORs t 0o | arge to be defined on the

B SaahRs i SbchSL o B B RS 1 Blntose on
RS & e o % A AR e G ARTh ey T order t0
S REEE SPUERE BEOBinshohREpRIRL AR LS, RIEHGRTROT B proces is
G R e e R e —
hi.gh: %%%? 1{,%{] i npl ant ed DUV phot oresi sts have a :
SEBRTE ARl

&

In a high-density silicon substrate, G-line light having a wavelength band of
436nm or I-line light having a wavelength band of 365nm has such a long wavelength
that the line width is too large to be defined on the substrate. Accordingly, for more
accuracy, the use of high-dose ion implanted deep ultraviolet (DUV) light and X-ray
having wavelength bands of 248nm and 193nm, respectively, is more advantageously
used.

Further, since conventional I-line photoresists are composed of large molecules
and are highly viscous, they are replaced with high-dose ion implanted DUV photoresists
in high-density silicon substrates.

However, these high-dose ion implanted DUV photoresists have a problem that
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2 WD 2004/ 107418 PCT/ KR2004/ 001279 phot or esi st
resi dues are not conpletely renoved by the

woamantdi®nal ashi ng process using oxygen. Di seCD&IR204/001279

of the Invention 5 Therefore, the present invention

has been made in view of the above problens, and it

is an object of the present invention to provide a

nmet hod for renoving a photoresist in a sen conductor
phiotefresidt uesidgespare cres scontpdetelly nretriosred doyothal conferdional ashing process
photoresist, i.e., ashing, is carried out using
pisegneygenmer at ed from a hydrogen (H2)-contai ni ng nm xed

gas. 10 It is another object of the present invention

to provide a nethod for renoving a photoresist in a

sem conduct or manufacturing process wherein the

f or mat Digelesprgyofthe iinyentionxi de filmis nini m zed,

t hereby preventing silicon | oss w thout ng popping,

and ev%hefef@@,i thepEeseit inventign hapbeen madg mvlaw@dh@ghpve problems,
photoresist are conpletely renoved. It is yet anofher .
sl dicis ap Pbierolifhepisnt Myealin ©Prewde a2 siethad Tar FREdyHg a photoresist
for renoving 15 a photoresist in a sem condyctor .
i rfu PeBiCORGUGEPT pRyRRcturgeProress Jukereig 1Be rPRPEH Qf ¢ photoresist, ie.,
enhanced. In order, to acconplis he ago e ob& ts of . .
tasRingy Bsetied AYeping Alaspg SepFraeom;g, 5@%9%% %S‘&B%@’é’éng mixed
the use of hydrogen (H2) plasma during ashing in order
t&¥5renove a photoresi st froma semi conductor

e NI A ENE R N T—
S o BN UR Bhe AEBL U G sfon
B FuSSE BRP by rFBE SR o . v even
SRR 3 A yEP L PR AP LR tover

2110 ) B 80 AR By BRSO o fr emovig

:)g]aﬁl%f)egﬁ?g? %B&%ﬁ&ﬁﬁ'gétbr G Eachink géﬂgg%%g?%té%ﬂé f‘aa%hr?l% efficiency is

ern-on sem conduc
g&ﬁ?&gg or inplanting an inpurity into exposed
porti

ons of the

In order to accomplish the above objects of the present invention, the present
invention proposes the use of hydrogen (H;) plasma during ashing in order to remove a
photoresist from a semiconductor structure. The present invention is applicable to all
photoresist ashing processes, and is particularly effective in high-dose ion implanted
substrates.

According to the present invention, the above objects can be accomplished by a
method for removing a photoresist, in a semiconductor manufacturing process
comprising the steps of: spin coating a photoresist onto a semiconductor substrate to
form a photoresist layer on the substrate; selectively exposing the photoresist layer to

light; developing the exposed photoresist layer to form a photoresist pattern on top of the

semiconductor substrate; etching or implanting an impurity into exposed portions of the
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3 WO 2004/ 107418 PCT/ KR2004/ 001279 sem conduct or
substrate; and renoving the photoresist pattern

wolash@imgiisacti ng as a mask during the etchi ngPOT/KR2004/001279

impurity inplantation, wherein the ashing is carried

out using plasma generated from a hydrogen

(H2) -contai ning m xed gas so that no poppi ng occurs

even at high tenperatures and thus generation of

pamidontiegon sibprae;emtadmoginRdahd platb@siklypattsim@ehingpacimg as a mask

of the plasma generated from a hydrogen-contai ni ng

niuxieg thestahing of mepurithenfpdantaiono whefeimthe réldeg fi$ Icayried out using

silicon loss can be mnimzed. Further, the

givogriaetedr fram bdtydeageni(Bhpeataniad In}axai gasinot thait @ popping occurs

manuf act ured by high-dose ion inplantation. Further,

teiven pirioglo feapieaturps aridethub generation ol partiglepinpre viégs!-

ultraviolet) photoresist. 10 Further, the hydrogen

(H2) - cBartigwlatlngsingexibe ugaof the plawna eensrajed figasa fiysrogerr-containing

of hydrogen and nitrogen (N2) or_helium (He)

Puixedh g2s Miniaizey thedgrarptiony e oxidedtim; ﬁh@qvelom Q@élcbega@lmged

preferably in the range of = 2100% by vol unme, base

the tofalthepothg femigondpeor,substatg s Preé?r@bliy % gobsrate m@llaéactured by

aching is preferably carried out at a tenperature of
lonHEPFWH%%hordance wi t h anot her aspect of the

present invention, the a

accoonP%%% pyh %Dﬁ%§h682¥%§y h@% Bigpgk@pgpggpggbpMnmemﬁ
e st ey (e Gy fioeet S ey G PURBE B S GHpISRly 8 8 mixture of
R ie?f“%e} @%%anfnghoi EQGELEEOLSZ?;"”

ayer [ngm!,leg,r ¢ gt 00 Mul PSP REh % BERGHY n the range of
HIRA eh e 2R3 35%8)#%‘31 ol ”eq?f"f%%al”@@?ﬁ%%l)ﬂgu?t” or

substr gﬁ st ) hEMRYING g&el}%ablsrtlg}r{eﬁ%ﬁ{ tahtgr%ggr%[t{}e of 100~200°C.

(ashin

| mpur i fry adcgga &tx@ftﬁ Moth rvé%lgc? bfqthtefbﬁesgﬁﬂh{)&tf()ﬁa%@ Lhb&e objects can

out using plasha generate

Go%maé‘éo%ﬂghgﬁ W ad "i'r?eﬂ?(gdh aﬂﬂ%@g {ng Pﬁ(‘{-lmte 10 a semiconductor

poppl Ng "occur s “even a ures’and thus

r r n d r
%{gésﬁg{fél'?%%rl n%f E%DF% v\})ﬁﬁné Sthe' EURNbLUspibr doffing a photoresist onto a

semiconductor substrate to form a photoresist layer on the substrate; selectively exposing

the photoresist layer to light; developing the exposed photoresist layer to form a
photoresist pattern on top of the semiconductor substrate; etching or implanting an
impurity into exposed portions of the semiconductor substrate; and removing the
photoresist pattern (ashing) acting as a mask during the etching or impurity implantation,
wherein the ashing is carried out using plasma generated from a hydrogen (Hj)-
containing mixed gas or ammonia (NHj3) so that no popping occurs even at high

temperatures and thus generation of particles is prevented.

Brief Description the Drawings
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4 WO 2004/107418 PCT/ KR2004/ 001279 The above and ot her
obj ects, features and ot her advantages of the present

wonvanoias w Il be nore clearly understood froRCTHER2004/001279

foll owi ng detail ed description taken in conjunction
with the acconmpanying drawings, in which: 5 Fig. 1 is
a transm ssion electron mcrograph (TEM of a silicon
substrate taken after ashing is carried out in
accordance with a conventional nmethod; and Fig. 2 is a
transm ssion el ectron m crograph (TEl\/p of a silicon
subst r The dbakerandadthenr objsttsnfeatwes and | whieroadvantages of the present
accordance with an enbodi nent of the present
i invenionovill teomBesdleavtydaderstoodramy ithyfalewingdethitededaseription taken
The present invention will now be described in nore
detcanjungticnwitle theragearepanyingeawiags dpaiohi ng dr awi ngs
illustrating preferred enbodi nents. Ashing was_car
out ufiderl i§HetranspsianoHecton rvEFILE ﬁEMb@f @ silicpe |S@b§trate taken
15 Table 1 Process, 02N2H2/ N2Pr ocessThi ckness qof TEM
Nafter pshing is carried Sk i acsurdagoearifict %&ny%ﬂqr@} th@é Md m
(A) I mage (Sec.) Pr ocess A7, 000800- OZr
Pr oces §1832.18 admm@g céron;_mhpg) § tg@ |891001’1 substrate taken
process A is a conventional ashing process rei
CafieR afhistys CAEd 09} IMecoRgANGs CHLAHEMBOdneR! qufgf‘v@rﬁ%?ﬂlémaﬁnﬂon
800 sccm were used at a process tenperature of 250C
for 75 seconds. After conpletion of the ashing, the
[ oxide fll m was measur ed

s Inyention ope. The results

u3| ng Bes Ng
have a PR PE??ﬁ%tslgg%’F“’&?VAﬁe oxte 5@5%‘%@@%& P G| i gence to the

PSSR AT R0 TP Bl B30 o cored o
unde1lrJ the Céorallél’uonsp sru%:n%gnsze& ke glglgtl Yefow.

Table 1
‘ Process .
O, N, H,/N, Process . Thickness of | TEM
No. time .
(sccm) | (scem) (sccm) | temperature (°C) (Sec) oxide film (A) | Image
ec.

Process A| 7,000 800 - 250 75 17 Fig. 1
Process B - - 8,000 250 285 0 Fig. 2

To put it briefly, process A is a conventional ashing process wherein O, at a flow
rate of 7,000 sccm and N, at a flow rate of 800 sccm were used at a process temperature
of 250°C for 75 seconds. After completion of the ashing, the thickness of the formed
oxide film was measured using a transmission electron microscope. The results are
shown in Fig. 1. The oxide film was measured to have a thickness of 17A.

Next, process B is an ashing process according to an embodiment of the present

invention wherein Hy/N, at a flow rate of 8,000 sccm was used at a process temperature
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WD 2004/ 107418 PCT/ KR2004/ 001279 of 250C for 285
seconds. After conpletion of the ashing, the thickness

wofhodhe74.18r med oxide filmwas nmeasured usi ng BCT/KR2004/001279

transm ssion el ectron mcroscope. The results are

shown in Fig. 2. The thickness of the oxide filmwas

so small as to be i measurable. After processes A and

B were perforned under the conditions summarized in 5

TR58°A forl 438 debGidde AftecasiplpliciC65the aitdnBahe Waskness of the formed

observed through viewports. As a result, popping

RIXERONRA GasaiBaRRFEHNASE al tharkshisst@nsledttdnomedrofbpeE. eSbhe results are

(process A), whereas no popping occurred in the

RhEwASS FRC 20T ThethidkdeRnA tindads fiknivaofo itsll gvtederinmeasurable.

i nvention (B process) using the hydrogen-containing

m xed @@@r plédeda) A 36 Bakk®e performed under the conditions summarized in

Pressur e02N2H2/ N2Pr ocessPr ocess

Ncub{eT 0f the( @side)df sachpt@esndliaantee veds ustaertvel) tthnoegl{ Seesvports. As a

Process C217, 0001, 900- 250150 Process .

BR&110) GdpBingOflihbhblonAfras robaetvied gn ehe lvomeegipnal nprogess ngrocess A),

a hi gh-dose ion inplanted DUV photoresist under the

owlratedsi rongoppingnEcitzetin the Peiskss azcording tapnesmbediment of the present

phot oresi st residues remmining on the wafers was

neesioadB précesy) osiag shethyidsogensontagning wired gos (ddNy.

wherein 02 at a flowrate of 17,000 sccm and N2 at a

flowrate of 1,900 sccmwere used at a process

pressure of 2 Torr and a process tenperature of 250C

fhablgB0 seconds to renove the photoresist. Process D

is rOCESS [apRQLET 0 3,0 T NeNPreSapk, [[NVeRsdeRn Process

wherlei nNo2 at| a flow rate|of 8,000 scgm and H§,/ N2 at

a fllow rate of @M00| $¥EM weienldedeeomy |Emprguals)| time(Sec)

pr es|s Preess 20 |of 2 Tof n7.e00d| al,googess t gnperzdur e |of 150

150C-for—tpBrsecondstgypemove thegghptoresisgt As a 155

result of removing t he'photoresists under the

respective conditions, a large quantity of

phot oresi st residues remai ned by process C, whereas

phot or ey St eS| I ;
?\Sf‘be? a %g%iegﬁﬁﬂafeﬁsﬁ%déggﬁ 1BER0Yse’ BAAMPHnRY DUV photoresist

process Cifica hydrogen or a
hyfP A6 &RRkRhE | SehnPRSed EinITable M WelUho@ht Bf photoresist residues

remaining on the wafers was measured.

Process C is a conventional process wherein O, at a flow rate of 17,000 sccm
and N at a flow rate of 1,900 sccm were used at a process pressure of 2 Torr and a
process temperature of 250°C for 150 seconds fo remove the photoresist.

Process D is a process according to the present invention wherein O, at a flow
rate of 8,000 sccm and Hy/N, at a flow rate of 8,000 sccm were used at a process pressure
of 2 Torr and a process temperature of 150°C for 150 seconds to remove the photoresist.

As a result of removing the photoresists under the respective conditions, a large
quantity of photoresist residues remained by process C, whereas photoresist residues
were completely removed by process D.

Specifically, when hydrogen or a hydrogen-containing gas, e.g., a mixture of
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WO 2004/ 107418 PCT/ KR2004/ 001279 hydrogen and nitrogen
(N2) or helium (He) shown in Table 2, was used to

woenmve74ike phot oresi st, phot oresi st resi duesPEEKR2004/001279

conpl etely renoved. Likew se, even when a
hydr ogen- based gas such as ammonia (NH3) is used,
phot oresi st residues can be expected to be conpletely
renoved. 5 Photoresist residues were conpletely

d a8 eftréden NPy ocRelfun{ (He)cshoom)in Tabbp2y whsineedob remove the
100200C. Industrial Applicability As can be seen from
tphetaésiste phestekiss residues evdrb ecompildielgt emovbe prikeeist, even when a
invention 10 prevents the formation of an oxide film
diydiopgnibasmiveak sudh @& aphoomda SHs)tis usdd, plartonpsistresitiues @ de expected
of doped single crystalline or polycrystalline silicon
usdd campktelptemiavad. f or devi ces and el ectrodes
requiring a shallow junction. In addition, when the
met hod Pbétotdsist pessdent wenevenoploelyi secrused ¢@nr aimevprogess (reaction)
hi gh- dose ion inplanted photoresist during ashing, no
pempenaproetl0s2@’€n at 200C or higher 15 and thus
generation of particles can be prevented, contributing
to an inprovenment in sem conductor manufacturing
yield. According to the nmethod of the present;
i nvent industrigldpplicability hydr ogen- based ~ conpound or
mxture is used at low tenperature in order tq renove
resi duds cgp bg seqngfﬁom dlapsabave ﬁesu}fﬂsgwpé]@p quﬂaod of the present invention
photore3|st which is essentially used. in
Hirg¥engethe  fogmagionj of sy 0x9de Hlip ﬂlﬁag gemeyab of ﬁd%hsit%eﬁlet it can prevent
resi dues can be co Ieter renoved. ﬁlthou h the
pees & dagd emsiaenrative or noherystadiinntilicon, wietlag Raipeial for devices
been di scl osed for 1Iustrat|ve pur poses, those
sfadig fé’EFofi‘?? rpg,lgrlgg g shigllow MBEHej at e that vari ous

o T SRR LR e sy
g 1 ST Sk e oIV B g o bt
and thus generation of particles can be prevented, contributing to an improvement in
semiconductor manufacturing yield. | |

According to the method of the present invention, even when a hydrogen-based
compound or mixture is used at low temperature in order to remove residues of a high-
dose ion implanted DUV photoresist, which is essentially used in a high-density silicon
substrate, the photoresist residues can be completely removed.

Although the preferred embodiments of the present invention have been
disclosed for illustrative purposes, those skilled in the art will appreciate that various

modifications, additions and substitutions are possible, without departing from the scope

and spirit of the invention as disclosed in the accompanying claims.
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1. A nethod for renoving a photoresist, in a
sem conduct or manufacturing process conprising the

woene@s0vfis spin coating a photoresist onto a PCT/KR2004/001279

sem conductor substrate to forma photoresist |ayer

on the substrate; selectively exposing the photoresist

5 layer to light; devel opi ng the exposed photoresi st

| ayer to forma photoresist pattern on top of the

sem coqtigkor substrate; etching or inplanting an

impurity into exposed portions of the sem conductor

substr at & natlicbd frosenmyirighe phiotiresigsiista patit@rductor manufacturing
(ashing) acting as a nmask during the etching or

i prpeess topnipmisingntlet stops ofihepisi eoating agihotrgesis oo ra edmiconductor
out using plasma generated froma hydrogen (H2)- 10
cwhsteaterionfprmviaxehdtayesistdayet b thersubgioatei salgcveaty exsposingrihephotoresist
hi gh tenperatures and thus generation of particles is
deyerdotight; developing fet expdsettplantoriesigt kaperciodorm &, phatnsesastpattern on
the sem conductor substrate is a substrate o

rtap uffatbe readednduetor isubitrate; ictthinghpr amplanfing an1n@wityreto exposed
met hod according to claim1, wherein the photoresist )
ineetionseef the pemiqoadeqionsubstiaipioinst Jemsyingothesihotoresst ppifern (ashing)
met hod according to claim 1, wherein the hydrogen

(39ing aph Wi AwEng the ciehing @r yapurity implgatatignyt ur e of

hydrogen and nitrogen (N2) or helium (He). 5, The.

met hod Whetedh therghing 1npdrrish auigysing piasma genegatad figep Bydrogen (Ha)-
the hydrogen (H2) content in the m xed s is in the
reRENIBE KOO BB PO IBRL B POPRIBE PCEH'S (YN high {remprRes and thus
of the m xed .gas, 25 6, The method according to any
oFraciton PLPFHCles isprovenitder ei n the ashing is carried

out at a tenperature of 100200C. 8 WD 2004/ 107418

PCT/ KR2004/ 001279 7. A nmethod for renoving a

Conpri & 15 iehaf B ERURE VSRR dodHieHs S pHBRERABFGE Substrae is o

' dugct ar. bstrate to.f hot i st
s RS LR et g3b Bt posi ng the
phot or esi st

3. The method according to claim 1, wherein the photoresist includes a DUV

(deep ultraviolet) photoresist.

4. The method according to claim 1, wherein the hydrogen (H,)-containing

mixed gas is a gas mixture of hydrogen and nitrogen (N>) or helium (He).

5. The method according to any one of claims 1 to 4, wherein the hydrogen (Ha)
content in the mixed gas is in the range of 2~100% by volume, based on the total volume

of the mixed gas.

6. The method according to any one of claims 1 to 4, wherein the ashing is

carried out at a temperature of 100~200°C.
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5 layer to light; devel opi ng the exposed phot oresi st
| ayer to forma photoresist pattern on top of the

weeni4ciondsict or substrate; etching or inplanti NBCEKR2004/001279

impurity into exposed portions of the sem conductor
substrate; and renoving the photoresist pattern

(ashing) acting as a mask during the etching or

impurity inplantation, wherein the ashing is «carried

out using plasnma generated from a hydrogen

(H2) -contai ning m xed gas or 10 anmoni a (NH3) so that

no poppi Agmethodr Hr eemnviag diphbtoresispemat tresscaaddctvhusanufacturing
generation of particles is prevented 8. The nethod
poossdicagptising | the nstdbs whespen rcoatieg sie phetoredist tasto a semiconductor
substrate is a substrate manufactured by high-dose ion
isnipitiatet tatfoom a phetogesisTlagemesn the dubsirats; d¢lecjively expasing the photoresist
wherein the photoresist includes a DU (deep )

dayter 4w lighte dpveloming thesixpesed hotorpmst fayen del feret d phpioLestsd pattern on
claim7, wherein the hydrogen (H2)-containing. 20

oxof thesemicondepier mb%%;%tp;e etshingyelr guplANtIed ahiMPYEEH into exposed
(N2) or helium (He). 11. The nethod according to an% )
oaiays of|the semipordjictoy subieates| andiemonipgrthy dhotorqss) pattern (ashing)
content in the mxed gas is in the range of 21009@b¥ L
welingres apmady demng His elehing oryismussy é‘flp’tglﬂ@tlﬁlil»x%@erﬁﬁls.he ashing is
25 12. The ,net hod accordi to a one cl ai 71t0

fgl:ri Qutolifing Ipéasggthgqurqtg{] %@g} reh %drggﬁn %2)§ontaﬁng mixed gas or

tar(:)nnn'ﬁ.)(gi‘nrig1 t(#ﬁ?} s%fthg;c%%_p%ggi%g o%curs even at high temperatures and thus generation

of particles is prevented

8. The method according to claim 7, wherein the semiconductor substrate is a

substrate manufactured by high-dose ion implantation.

9. The method according to claim 7, wherein the photoresist includes a DUV

(deep ultraviolet) photoresist.

10. The method according to claim 7, wherein the hydrogen (Hj)-containing

mixed gas is a gas mixture of hydrogen and nitrogen (N,) or helium (He).

11. The method according to any one of claims 7 to 10, wherein the hydrogen
(H») content in the mixed gas is in the range of 2~100% by volume, based on the total

volume of the mixed gas.

12. The method according to any one of claims 7 to 11, wherein the ashing is

carried out at a temperature of 100~200°C.



