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a MOS, photolithographic technol ogy has been i dely enployed I n the
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5 manufacturing a semiconductor device such as a MOS

(Metal Oxide Semiconductor).

In a manufacturing method of a semiconductor
device such as a MOS, photolithographic technology
has been widely employed. In the photolithographic

10 technology, an insulating film 1 is first formed on a
surface of the silicon wafer W, as shown in FIG. 1A.
A photoresist film 2 is then formed on the insulating
film 1 as shown in FIG. 1B. The photoresist film 2 is
exposed to light and developed to form a pattern on’

15 the resist film 2, as shown in FIG. 1C. Using the
patterned resist film 2 as a mask,.the insuiation film
1 is selectively etched as shbwn in FIG. 1D, followed
by removal of the photoresist film 2 as shown in
FIG. 1E. Then, as shown in FIG. 1F, the pattérﬁ

- 20 formafion surface of the wafer W is covered with a

wiring layer 3. Subsequently, an unnecessary portion
of the wiring layer 3 is removed from the surface by
chemical mechanical polishing. In this manner, a
predetermined circuit pattern is formed. |

25 To etch the insulating film 1 accurately and
faithfully to a predetermined pattern inuthe step of

FIG. 1D, it is important for the photoresist film 2



of the wiring layer 3 is renoved fromthe surface by chem cal mechanica
polishing. In this manner, a predetermined circuit pattern is fornmed. 25
To etch the insulating film1l accurately and faithfully to a predeterm ned
pattern in the-step of FIG ID, it is inportant for the photoresist film2
-2- left on the wafer Wto have a sufficient §hickness to serve as a

- masking material. |If the photoresist film2 is not sufficiently thick, the
resist film2 is partlally etched away together with the insulating films
during etching. a resu e contrast of the resist tern decreases
and the maski ng f&ﬁ@FlBH t r? efel Qb2 V?héréﬂ%ﬁ%C%Qﬂg) StFiIm
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partially etched away together with the insulating film
S during etching. As a result, the contrast of the
resist pattern decreases and the masking function
thereof degrades. Therefore, the photoresist film 2 is
formed on the insulating film 1 in a thickness of at
least 100 to 150 nm (1.0 to 1.5 gm) in the step shown
10 in FIG. 1B of a conventional method.
On the other hand, according to a circuit desién
standard for a semiconductor device in recent years, a
wiring width required for 16M-DRAM falls 50 to 60 nm
(0.5 to 0.6 pm) and the wiring width required for
15 64M-DRAM is 35 nm (0.35 gm). To attain such an ultra-.
fine micro patterning, an even higher resolution level
is required during light-exposure, with the result that
the focus margin of a light exposure device has become
very narrowL- Under this cirqumstance, it has been
20 difficult to bring the photoresist £film 2 of-lOO to
150 nm fhick into focus of a light exposure device.
Accordingly; a highly accurate ultra-fine micro patfern
formation is not attained. It is therefore useful'to
reduce the thickness of the photoresist film 2 as much
25 as possible to form such an ultra-fine micro battern.
However, if the photoresist film 2 is formed exces-

sively thin, not only the insulating film 1 but also



standard for a sem conductor device in recent years, a wiring width
required for 16MDRAMfalls 50 to 60 nm (0.5 to 0.6 [err] nm) and the wiring
width required for 15 64MDRAMis 35 nm (0.35 [err] m. To attain such
an ultra- fine mcro patterning, an even higher resolution |evel is
required during light-exposure, with the resyglt _that the focus margin of a
| i ght exposure device has becone very narrow. Under this circunstance, it
has been 20 difficult to bring the photoresist film2 of- 100 to 150 nm
thick into focus of a |light exposure devjce. Accordingly, a highly accurate -
ultra-fine mcro e (RhteRRsERt hilm Sois fiched@away duringretehingsef ul
to reduce the thickness of the photoresist fiI@;Z as nmuch 25 as

possibl e to for mBRFeFFIEING FEHS tiRFLESER (APFreRpRBVLR CORLFRAZE,

Pl m 1 but al so feiBind ofF madEfi 8GtdoR2 (s orched dvey during
etching. Recently, a chemically amplified resist has been
5 widely used since it-can compensate shortage in

brighfness. However, the chemically amplified resist
has a disadvantage in that light permeability is
slightly lower than a_novolac series resin generally
used. Therefore, if the chemically amplified resist

10 film is formed thick, it takes a long time to complete
the light-exposure process. The light exposure process
must be carried out in a short time to incfeaée the
throughput. In consideration of throughput, it is
desired that the chemically amplified resist film be

15 formed as thin as possible.

In addition, in the conventionally employed
proceés, a photoresist film 2 must be removed in the
step of FIG. 1E before the step shown in FIG. 1F. This
is because when the contact hole 3 is formed through

20  the insulating film 1 with the photoresist film 2 left
thereon, the depﬁh of the contact hole 3 is deeper than
required, with the result that the wiring layer 4 may
not smoothly reach a bare silicon surface of the wafer
W. For this reason, it has been desired that the

25 resist film be formed even thinner.

On the other hand, the photoresist film 2_forming

the side wall of the contact hole 3 shown in FIG. 1D is



The resultant resist pattern decreases in contrast, failing in nmasking
function. Recently, a chemcally anplified resist has been 5 wi del y
used since it can conpensate shortage in brightness. However, the
chemically anplified resist has a disadvantage in that |ight perneability
is slightly lower than a novol ac series resingenerally used. Therefore, if
the chemcally anplified resist 10 filmis fornmed thick, it takes a
long tine to conplete the |ight-exposure process. The |ight exposure
process nust be carried out in a short tine to_increase the throughput. In
consi deration of {REbugRpEL, byt aj podwserecattagheth&hexeon: andy semetiimesy
resist filmbe 15 fOFEEd as %hi as goss'ble. In addition, .in the
conventional |y enPPRPEBSpldkesE, arghﬂ?ﬁ Eipd op; pppearadce e A8ndved in
the step of FIG 1E bhefore.ihe ep_shown in ElG..1F_ This is b cause.g?en
the contact hol e §e§§f£brﬁﬁgefhﬁ%ﬁgﬂﬁﬁg°re51?geg?&¥uPaﬁ?n&epPVﬁl"ﬁifﬁ e
phot oresist film2 fi thereo the depth o he _cont act e 3.0.s eper
Phan roqui red.  w ¥Rt EnoFEERR: 2o keRahBl . fpr kps) SpER p iy, 1one’ as® SHEWA
5 in FIG. 1E. Therefore, a step of removing the fence-
form side wall portion 2a must be added after the step
shown in FIG. 1lE. Since a process step is added, the
throughput decreases. 1In addition, care must be taken
to dispose of an organic solvent used in removing the
10 fence-form side wall portion so as not to have adverse
effects on other agents and the wafer.
BRIEF SUMMARY OF THE INVENTION
An object of the present invention is to provide a
method of manufacturing a semicdnductor-device, capable
15 of forming an ultra-fine micro pattern in a short
light-exposure time and forming a thin photoresist film
contributing to quick and easy removal.
The method of manufacturing a semiconductor device
according to the present invention comprises the steps
20 of: .
(A) forming an organic insulating film on a
surface of a silicon wafer;
(B) forming a photoresist film on the organic
insulating film;
25 (C) performing pattern exposure of the photo-

resist film;

(D) reacting a silicon-containing chemical



not snmoothly reach a bare silicon surface of the wafer W For this reason,

It has been desired that the 25 resist filmbe forned even thinner. On
the other hand, the photoresist film2 formng the side wall of t-he contact
hole 3 showmn in FIG 1D is -4- influenced by a polyner attached thereon

and sonetinmes behaves |like a hard material on appearance. As a result,
after the photoresist film2 is renoved,, -a Side-wall portion 2a remains in
the formof a fence as shown 5 in FIG 1E. Therefore, a step of
removing the fence- form side wall portion 2a nmust be added after theé step

shown 1 FIG 18 cobiittad 10RCHe 0Ll nadd8deBNLEUINRN' (d3gy §R5CS

In addition, care I Spose or*an organi ¢ SO ven use
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film, thereby making etching resistance thereof higher
than that of the non light-exposed portion of the
5 photoresist film; and

(E) performing reactive ion etching using a
silylated photoresist film as a mask, thereby dry-
developing the non-light-exposed portion of the
photoresist film simultaneously with etching the

10 organic insulating film.

The organic insulating film used herein is formed
by use of a Chemical Vapor Deposifion devicé or a spin
coater and formed of a silicon-containing organic
compound represented by (CHx - SiOy)p, x = 2 or 3,

15 j = 2 or 3.

The photoresist film'is préferably formed of a
phenol series resin containing no silicon coﬁponent.
More specifically, the photoresist film is formed of ah
anisotropic phenol-series cresol novolac resin.

20 The silicon-containing compound (organic silicon
compound) used as a silylating égent has a hydrolysis.
groﬁp generating an.active silanol group by hydrolysis,
and a reactive organic group reactive to an amino group,
a carboxyl group, and an alkoxycarbonyl group. More |

25 specifically, the silicon-containing compound includes
hexamethyldisilazane (HMDS), tetramethyldisilazane,

silane, disilane, dichlorsilane, silane trichloride,



An object of the present invention is to provide a nmethod of manufacturing
a sem conduct or device, capable 15 of formng an ultra-fine mcro
pattern in a short |ight-exposure tine and formng a thin photoresist film
contributing to quick and easy renoval. The nethod of nmanufacturing a

sem conduct.or device according to the present invention conprises the steps
20 of: (A) formng an organic insulating filmon a surface of a silicon
wafer; (B) forming a photoresist filmon theforganic insulating film 25
(C© performng pattern exposure of the photo- resist film (D) reacting a
silicon-containing chem cal conpound with the pattern-exposed

TPy her oy, el ot Bl PERash RSLL S abride, phot o sl
aminopropyltriethoxysilane,
glycidylpropyltrimethoxysilane, 3-
isocyanatepropyltriethoxysilane, p-

5 trimethoxysilylaniline, 4—triethoxysilylbuthanoic acid,
ethyl-4-triethoxysilylbuthanoate, p- | .
triethoxysilylbezoic acid, p-triethoxysilylbenzoate and
partially condensed p;oducts obtained by hydrolysis and
polycondensation of the aforementioned compounds.

10 To improve the hardness, water-resistance, heat-
resistance énd mechanical strength of the silylated
compound, it is preferable that the organic silicon
compound contain an organic metal compound. The
organic metal compound has an organic group selected

15 from the group consisting of methyl, ethyl, propyl,.
chloropropyl, vinyl, trifluoropropyl, glycidoxypropyl,
methacryloxypropyl, mercaptopropyl, phenyl,
epoxycyclohexylethyl, aminopropyl, 3-isocyana£epropyl
and the like, and at least one metal element selected

20 from the group consisting of compounds belonging to the

' 3A group to the 8A group of the periodic iable, which
include scandium, yttrium, lanthanum, titanium,
zirconium, hafnium, vanadium, niobium, tantalum,
chromium, molybdenum, tungsten, manganese, iron, cobalt,

25 and nickel; and compounds belonging to the 1B group to
the 6B group which include coppef, zinc, cadmiunm,

mercury, aluminium, gallium, thallium, silicon,.
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than that of the non |ight-exposed portion of the 5 photoresist film
and (E) performng reactive ion etching using a silylated photoresist film
as a nmask, thereby dry- devel oping the non-1light-exposed portion of the
photoresist filmsimultaneously with etching the 10 - organi c insul ating
film The organic insulating filmused hergingi s.fornmed by use of a

Chem cal Vapor Deposition device or a spin coater and forned of a

si |l i con-contai ni ng organic conpound represented by (CHerr] - Sigerr])n,” x
=2 or 3, 15 y = 2 Qr ‘The photoreS|st f|In1|s referably formed of a
phenol series resgﬁrﬁéﬁﬂ&Wnlﬁdnno lepdi c g sediSon ANt ingHe Whaal 1y, the

phot or esi st f|In1|s for,med of aggﬁalsotroplc phenol - series cresol novol ac

resin. 20 seippiom.; apd Ay conmpound (organic silicon
et Tve s] 1 anol aroup by ety OF mFAhRnlY | S R IEIRT a0P A
Lo an amno groupacRofdifg o ¥he'Preddhit?InddiPLbRUNpLiddPUP. Mre
5 (a) forming an insulating film on a surface of a
silicon wafer; |

(b) forming a photoresist film on the insulating
film; .

(c) exposing the photoresist film to light to

10 form é pattern;

(d) wet-developing the ﬁattern-exposed photo-
resist film;

(e) introducing (doping) a dopant into the
photoresist film to improve the etching resistance of

15 the photoresist film; and

(£) etching the insulating film by reactive ion
etching using the photoresist film improved in etching
resistance as a mask.

In the step (a), the insulating film such as an

20 SiOy film or an SiN film, is formed by use.of a thermal
| oxidation device or a éVD film-formation device.

In the step (B), the photoresist film is coated on
the insulating film by applying a photoresist solution
while the wafer is being rotated by use of a spin

25 coater. The film thickness of the photoresist film
formed in the step (b) is preferably 30 nm or less,.and

more preferably 20 nm or less. However, if the
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25 specifically, the silicon-containing conpound includes
hexanet hyl di si |l azane (HVMDS), tetranethyldisilazane, silane, disilane,

di chl orsilane, silane trichloride, -6- silicon tetrachloride, silicon
tetrafluoride, 3- am nopropyltriethoxysilane,

gl yci dyl propyl tri met hoxysil ane, 3- isocyanatepropyltriethoxysilane, p- 5
trimet hoxysilylaniline, 4-triethoxysilylboth&noirc acid,

et hyl -4-tri et hoxysilyl but hanoate, p- triethoxysilyl bezoic acid, _
p-triethoxysilyl benzoate and partially condensed products obtai ned by

hydrolysis and pginsuiaisst | oMMl id "exaéos peny | enedl, CERBORAIRi ng0 _
To i nprove the hardness, water-resistance, heat- resistance and nmechani cal

strength of the sfundwicit cPrElaINt;ilntdégrades er abherébotrel hehar gani c
silicon conpound contain an organi c netal compound. The organic netal
compound has an diewexmosi cijlmetlebdleness is defined as 10 nm. The
photoresist film formed in the step (b) includes a -
5 novolac series resin and a chemically amplified resin.

- There is the following relationship between the
resist film thickness tl and the lowermost value {Lmin)
of pattern wiring width. When the film thickness tl is'
0.3 gm (30 nm), the lowermost value Lpjn is 0.15 jtm

10 (15 nm). When t1 is 0.2 gm (20 nm), Lypjn is 0.1 gm
(10 nm). Wﬁen tl is 0.1 um (10 ﬁm), Lpin is 0.08 um
(8 nm).
In the step (e), a dopant such as P or As is
implanted in the photoresist fiim by an ion implanter.
15 The step (e) may be performed at any time, as long as
it is performed between the photoresist forﬁing step
(b) and the etching step (f).
Furthermore, after a wiring layer is formed on the
pattern-etched photoresist film and the insulating film,
20 the resist film may be removed together with an
unnecessary portion_of the wiring layer by chemical
mechanical polishing. 1In other words, the photoresist
£film may be removed when the surface of the.substrate
is polished instead of being removed before the wiring
25 layer is formed on the surface of the substrate.
According to the present iﬂvention, since,the )

etching resistance of the photoresist film is-improved
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15 fromthe group consisting of nmethyl, ethyl, propyl, chloropropyl,
vinyl, trifluoropropyl, glycidoxypropyl, nethacryl oxypropyl,

mer capt opropyl, phenyl, epoxycycl ohexyl ethyl, am nopropyl,
3-isocyanatepropyl and the |like, and at |east one netal elenent selected 20
fromthe group consisting of conpounds belonging to the 3A group to the 8A .
group of the periodic table, which include s®neium yttrium |anthanum
titanium zirconium hafnium vanadium niobium tantalum chromum.

nol ybdenum tungsten, nanganese, iron, cobalt, 25 and ni ckel; and

conpounds bel ongiynged s (GG AP PebBReAP G HPI PR, ERSLRABSSOBEST

zinc, cadmum nercury, umn I um um silicon,

e oot b o TSRS SR Boal, eRSSPSESRSsOlE T
Invention conpriSgsil not be scraped during etching. As a result,
etching can be made accurately and faithfully to a
5 predetermined pattern.

Furthermore, even though a focus margin of the
1ight-exposhre device is narrow, light ekposute of the
resist can be accuratgly performed by reducin§ the
thickness of the photoresist film. As a result, a

10 highly-precise patterning is attained. Since the
photoresist film is thin, even though a chemically
amplified resist film is used, the resist film can be
patterned in a short light-exposure time, resu;ting in
an improvement of the throughput.

15 Furthermore, since the photoresist film can be
reduced in thickness, even though the photoresist film
remains on the insulating f£ilm, the wiring layér formed
can easily reach the base silicon surface. As a result,
the photoresist-film removal step is not required

20 before the wiring layer formation step, and therefore,
the throughput is improved.

It should be noted that if the resist film is thin,
the resist film may be not be removed from the surfacé
of the substrate and may remain as it is. If the

25 patterned photoresist film is removed, the resist film
may be removed together with a silylated lﬁyer by use

of chemical mechanical polishing. Furthermore, the .



5 (a) formng an insulating filmon a surface of a silicon
wafer; (b) formng a photoresist filmon the insulating film (c) exposing

t he photoresist filmto light to 10 forma pattern; (d) wet-devel oping
t he pattern-exposed photo- resist film (e) introducing (doping) a dopant
into the photoresist filmto inprove the gthbng resi stance of 15 t he

photoresist film and (f) etching the insulafing filmby reactive ion
etching using the photoresist filminproved in etching resistance as a
mask. In the step (a), the insulating fil msuch as an 20 S filmor
an SiN film is fpatsermpdyphoporesisds fdilmoriayabicod afdyiare the yader
filmformation device. In the step (b), the photoresist filmis coated on
the insul ating fiWitBoukpbejingg remeN&Cor esi st sol ution while the wafer is
bei ng rotated by use of

photoresi st film add ’%:%.ior}xaaS objecctmg[n%{ 'adv-g}ﬁ:a{cgielsmgp it%enefrfveogtfgne
will be set forth in the description which'follows, and
5 in part will be obvious from the description, or maj be
learned by practice.of-the invention. The object énd
advantages of the inventiﬁn may be realized and
obtained by means of Fhe instrumentalities and
combinations particularly pointed out in the appended
10 claims.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incsrporated
in and constitute a part of the specification,.
illustrate presently preferred embodiments of fhe
15 invention, and together with the general description
given above and the detailed description of the
preferred embodiments given below, serve to ekpléih the
principles of the invention.
FIGS. 1A to 1G constitute a flow charf of the
20 conventional method of manufacturing semiconductor
'device; _
fIGS. 2A to 2I constitute a flow chart showing a
method of manufacturing the semiconductor dévice
according to a first eﬁbodiment of the present inven-
25 tion; |
FIG. 3 is a schematic view.showing the structure

of an apparatus employed in the method of manufacturing



formed in the step (b) is preferably 30 nmor less,.and nore preferably 20

nmor |ess. However, if the -8- photoresist filmis excessively thin,

t he masking function of the filmdegrades. Therefore, the | owernost film

thi ckness is defined as 10 nm The photoresist filmfornmed in the step (b)

i ncludes a 5 novol ac series resin and aghemcally anplified resin.

There is the following relationship between'the resist filmthickness tl

and the |owernost value (Lmin) of pattern wiring width. Wen the film

thickness tl is 0.3 [err] m (30 nm, the |owernost value Lmn is 0.15 A m

10 (15 nm). ansenigonduqkor [dawiqs @aranging Hiq the oEirsetm (10 nm.

Wen t1 is 0.1 gm (10, ,mu), Lmin_is 0.08 [errIm (8 nm. In the step (e), a

dopant such as PSgbodiment af dhePresare WYHAMHR st filmby an ion

i mpl anter. 15 The ste e) my, be performed at_any tine, as |pong as

P FiG .(4Rjtq>QH constitute a ffb% chart Of thed

method of manufacturing a semiconductor device

5 according to.a second embodiment of the present
invention;

FIG. 5 is a schematic cross-sectional view of a
resist layer whose etching-resistant properties are
enhanced by the method acdording to the second

10 embodiment; and

FIG. 6 is a graph showing an etching rate of the
resist whose etching resistant properties are - enhanced
by the method of the second embodiment, by comparison
with a conventionally-used resist.

15 DETAILED DESCRIPTION OF THE INVENTION

Hereinbelow, preferred embodiments of the present
invention will be explained with reference to the
accompanying drawings.

A first embodiment of the present invention will

20 be explained with reference to FIGS. 2A to 2I and 3.

Using Chemical Vapor Deposition method or spin
coating method, an organic insulating film 1A of
(CH3-8i03)p is formed on the surface of the wafer W
(Step S1), as shown in FIG. 2A. The wafer W used

25 herein is a bare silicon wafer of 8-inch diameter.

The wafer W is loaded in the spin coater to form a

photoresist film 2A on the organic insulating film 1A,



It is perfornmed between the photoresist formng step (b) and the etching
step (f). Furthernore, after a wiring layer is forned on the pattern-etched
photoresist filmand the insulating film 20 the resist filmmay be
renoved together with an unnecessary portion of the wiring |ayer by
chem cal nechanical polishing. In other words,, the photoresist filmmy be
renoved when the surface of the substrate’s | iShed i nstead of being
renoved before the wiring 25 | ayer is formed on the surface of the
substrate. According to the present invention, since-the etching resistance
of the phot or esi sasf showins innPIGe@B (St®ep 8F or e Bhehphgtosepibst of idw, 2A
even if the thickness of the photoresist filmis reduced, the photoresist
filmw |l not be 3ermpde @fr angpheroli~sprigs cresel tnovotat nyesim. beThade
accurately and faithfully to a 5 fpredeterrn'ned pattern.

film thickness tl1 of the photoresist film 2A is set

to fall within the range of 20 to 30 nm. The film

5 thickness tl1 is preferably 30 nm or less and more

preferably 20 nm or less.

Subsequently, the wafer W is loaded in a baking
device to heat the water W to a predetermined tempera-
ture. In this way, the photoresist film 2A is dried.

10 The wafer W is loaded in a light-exposure device.
The photoresist film 2A is exposed using a mask 8 to
make a pattern, as shown in FIG. 2C (Step S3). 'In_this
embodiment, since the film thickness of the resist film
2A is reduced, accurate patterning can be made even if

15 a focus margin of the light-exposure device is narrow.
In addition, since the thickness tl of the photoresist
film is reduced, the light-exposure process can be
completed in a short time even though the chemically
amplified resist film 2A is used.

20 The wafer W is then loaded in the process system
shown in FIG. 3. The photoresist film 2A of the wafer
W is silylated as shown in FIGS. 2D and 2E (Step S4).
Afterward, the photoresist film 2A and the organic
insulating film 1A are dry-developed as shown in

25 FIGS. 2F and 2G (Step S5).

Now, the process system will be explained with

reference to FIG..3. The process system has a first



Furt hernore, even though a focus margin of the |ight-exposure device is
narrow, |ight exposure of the resist can be accurately perfornmed by
reduci ng the thickness of the photoresist film As a result, a 10
hi ghly precise patterning is attained. Sincg,the photoresist fidlmis.thin,
even though a chemcally anplified resist™fitdnis used, the resist filmcan
be patterned in a short |ight-exposure tinme, resulting in an inprovenent of.
t he t hroughput. 15 Furthernore, since the photoresist filmcan be
reduced in thi ckiprspamtory orgiud o heihanesr s11fiansitybasioanpirbeess
insulating film the wiring layer formed can easily reach the base silicon
surface. As a resiHambermhed pha gespatatotyn ewaowat ich ephambeot 18¢qai red 20
before the wiring |ayer formation step, and therefore, the throughput is
i nproved. It shodny4sievetopheniatchamber k4siandfa | setondhprepanatoryi st
filmnmy be not be renmoved fromthe surface of the substrate and na¥ renai n
e

as it is. If thee¥rcuating hamkPphir or Adividuad  chasheyed (1dne 1esilsy

filmmy be renoved together with a silylated | ayer by use
Y 5 14, lé% are connected %h line vgé a gate bulb 16. The

wafer W is loaded in the first preparatory evacuat;on
chamber 11 from the outside of the system, passes
through individual chambers (12, 13, 14) in the order
mentioned, and unloaded out of the syétem from the

10 second preparatory evacuation chamber 15..

The silylation process chamber 12 houses a wafer

mounting table 18. The wafer mounting table 18 has a
built-in heater for heating the wafer W mounted on the
table 18. To the silylation process chamber 12, an

15 HMDS vapor supply source 26 is connected via a.mass—
flow controller 25. Through the mass;flow‘controller
25, the HMDS (hexamethyldisilazane) vapor is.suppliéd
into the silylation process chamber 12. The silylation
process chamber 12 is connected to a suction port of a

20 vacuum pump 29 via the control valve 28. The.dry
developing chamber 14 has a susceptor electrode
connected to an RIE power source 24 and a gas shower
electrode 23. The suction port of the vacuum puﬁp 29
is connected to the individual chambers (11, 12, 13, 14,

25 15) via the control vélves 28 to evacuate the chambers.

After the wafer W is loaded in the siljlétion

process chamber 12, the HMDS vapor (silicoﬂ containing



of chem cal nechanical polishing. Furthernore, the - 10 - patterned
photoresist filmmy be left on the wafer w thout being renoved. Additional
obj ect and advantages of the invention will be set forth in the description
which follows, and 5 in part will be obvious fromthe description, or
nmay be | earned by practice of.the invention. jlhe object and advantages of
the invention nay be realized and obtai ned by neans of the
instrunmentalities and conbi nations particularly pointed out in the appended

10 claims. BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NG The
acconpanyi ng dr awig&gy, ishissppdided dadipdhe aragessichambert i2e aTher HMBS
the specification, illustrate presently preferred enbodi nents of the 15

i nvention, and tod@RNE if tieagtedatdinig Jdahb1a¥RASeH VRAT B8R eCnBhene

detail ed descriptign of the
! S IplﬁﬁotoreJ}st film 2A to form a thin silylated layer 2§

as shown in FIG. 2E (Step S4). The etching resistance

5 of the silylated layer 2§ becomes higher than that of
the non-light-exposed portion of the photoresist film
2A. An HMDS solution is heated to abbut 75C to produce
the HMDS vapor. The HMDS vapor may be introduced in
the process chamber 12 to process the photo:eéist film

10 2A at a pressure of 760 Torr and a temperature of 160°C
for about 3 minutes.

The wafer W is then loaded into the dry developing

chamber 14 and then an oxygen gas plasma is generated.
Oxygen radicals generated from the oxygen gas plasma

15 thus obtained are allowed to react with a photﬁresist
film of the wafer. In this manﬁer, the ph&toresist
film 2A is dry-developed using the silylated léyer.és
as a mask (Step S5), and subsequently, the organic
-insulating film 1A is dry-etched (Step S6). 2as a

20 result, the non-light-exposed portion of the éhoto-
résist film 2A is removed as shown in FIG. 2F to form a
depressed portion 3a in a predetermined pattern. Then,
the organic insulation film 1A is partiélly removed to
form a contact hole 3 of a predetermined pattern, as

25 shown in FIG. 2G.

After the dry development is completed, fhe wafér

W is transferred from the process syétem t6 a CvVD



preferred enbodi nents given bel ow, serve to explain the principles of the
I nvention. FIGS. 1A to 1G constitute a flow chart of the 20
conventional mnethod of nmanufacturing sem conductor device; FIGS. 2A to 21
constitute a flow chart showi ng a nethod of pmnufacturing the sem conductor
device according to a first enbodi nent of’thé5présent I nven-_ 25 tion;
FIG 3 is a schematic view showi ng the structure of an apparatus enpl oyed
in the method of manufacturing a sem conductor device according to the
first embodi nent @évide pieseshownAyent rhan, FaGiirdfigt datbrdadstistute a flow
chart of the nethod of manufacturing a sem conductor device 5 - accordi ng
to a second enbosupphiedfonrbe phessarfapecotfi the WaBerS5SW sndesc ipeeida-c
cross-sectional view of a - : '
termined conditions to form a wiring layer 4 as shown
in FIG. 2H (Step S7). 1In the wiring layer formation
5 step S7, the water W is loaded in the vacuum chamber
and a metal aluminum vapor is introduced in the chamber
to deposit the metal aluminum onto the wafer surface.
In the step S§7, the wiring layer 4 can be formed
without removing the photoresist film 2A in advance.

10 More specifically, since the thickness tl of the
photoresist Film 2A is drastically reduced compared to
the convehtionally—used film, the depth of the contact
héle to the bare wafer surface is not significantly
deep. Therefore, the wiring material can smoothly

15 reach the bare wafer surface. As mentioned above, the
step of removing the photoresist film_ZA can be omitted.
As a result, the throughput is improved.

'Finally, as shown in FIG. 2I, the surface of the
wafer W is polished to remove unnecessary wiring layer

20 4 (Step S8).

In the polishing step 8, it is preferred to employ,
for example, CMP (chemical mechanical polishing). As
a method for removing the wiring layer 4. 1In the
polishing step 8, it is preferred to employ, for

25 example, CMP (chemical mechanical polishing). As a

method for removing the wiring layer 4, etching

(etching-back) has been cohventionally used. However,



resi st | ayer whose etching-resistant properties are enhanced by the nethod
according to the second 10 enbodi nent; and FIG 6 is a graph show ng an
etching rate of the resist whose etching resistant properties are enhanced
by the nmethod of the second enbodi ment, by conparison with a
conventional | y-used resist. 15 TAI LED DESCRI PTI ON OF THE

| NVENTI ON Her ei nbel ow, preferred enbodi nent s of the present invention wl|l
be explained with reference to the acconpanyi ng drawnngs A first -
enbodi ment of the_ present invention wll 20 be explained with reference’
to FIGS. 2A to 21itnés3di€fiaylenthi tarmimpse bhgostchdmamaisaetion spin
coating nethod, an organlc I nsulating film 1A of %CH err]-Sierr])nis
formed on the suri®®e thFhX'waPQrtbF(SPéHlSE}nga 1§Hb®n%§1ﬁmm31?BQe‘The
waf er Wused 25 are silicon wafe inch diameter. The
wafer Wis | oadedRi¥hBOLiPReRoabans180f SAFACHHDIGee: I FHAMRERR tyn thEe

organi ¢ 'nSU|at'nﬂoiigﬁkng by CMP can be controlled easier than etching,

5 with the result that the etching can be terminated at
the surface of the insulating film 1, as shown in
FIG. 2I.
Furthermore, in ;he polishing step S8, the
photoresist film 2 can be removed simultaneously with
10 the wiring layer 4. When the film thickness tl of the
photoresist film 2 is excessively thin, the photoresist
£ilm 2 can be left on the wafer W as it is without
being removed.
Now, a manufaoturing method employing a wet
15 development method will be explained as a second
embodiment, with reference to FIGS. 4A to 4H, 5 ahd 6.
A wafer W is introduced in a thermal ogidatioh~
film formation device to form a silicon oxide (SiO3)
film 1 serving as an insulating film on the surface
20 of the wafer W as shown in FIG. 4A, (Step 8215. The
wdfer W used herein is a bare silicon wafer of 8-inch
diameter.
Then, the wafer W is loaded in a spin coafer to._
form a photoresist film 2 on the insulating film 1 as
25 shown in FIG. 4B, (Step S22). The photoresist film 2
is formed so that a film thickness tl falls within the

range of 20 to 30 nm, as shown in FIG. 6. The film



- 12 - as shown in FIG 2B (Step S2). The photoresist film2A is made of a
phenol -series cresol novolac resin. The filmthickness tl of the
photoresist film2Ais set to fall within the range of 20, to 30 nm .The
filmb5 thickness t1 is preferably 30 nnlgg |l ess and nore preferably 20
nm or | ess. Subsequently, the wafer. Wis | oaded in a baking device to heat
the water Wto a predeterm ned tenpera- ture. In this way, the photoresist
film2A is dried. 10 The wafer Wis loaded_in_a_light-exposure

devi ce. The phot cFleifkress | &l 20f thexpBetarasing AiAfisR &St BredREakly
pattern, as show_in FIG 2C.(Step S3). In_this_.e di nent, .since the film
t hi ckness of the $%s?@t°¥i}ﬂ$ Aane pe BCBH?f§EEE}¥?28p§FtBFn#ﬁﬁscan be nade
RTINS0, SN VNIV S U O TR T
L1 ght - exposure Prggesgs £ e AR Shedelaled O hehbls EHEMbRRIMES
5 film thickness tl is set at 10 nm. To form such a thin
photoresist film Z}Ithe rotation speed of the spin
coater may be increased or the viscosity of.a'resist.
soiution may be.fedﬁced.

Thereafter, the wafer W is loaded in a béking

10 device to heat the wafer W £o a predetermined tempera-
ture. In this way, the coated resist is dried.

As shown in FIG. 4C, the wafer W is loaded in a
light-exposure device. The photoresist film 2 is
exposed to light by use of a mask 8 (reticle) to form

15 a pattern (Step 23). In this Embodiment, since film
thickness of the photoresist film 2 is reduced, even
though a focus margin of the light exposure device is
narrow, pattern exposufe can be made accurately..

-Furthermore, since the resist film is formed thin, even

20 though a chemically amplified resist film is employed
as the resist film 2, light exposure process can be
completed'in a short time.

Thereafter, the wafer ﬁ is léaded in a developing
device (not shown) to develop the photoresist film 2

25 with the developing éolution. As the developing device,

for example, the device disclosed in US patent publica-

tion No. 5,625,433 is used. Non-light-exposed portion



anplified resist film2Ais used. 20 The wafer Wis then | oaded
in the process systemshown in FIG 3. The photoresist film2A of the mafer
Wis silylated as shown in FIGS. 2D and 2E (Step S4). Afterward, the
photoresist film2A and the organic insulating film 1A are dry- developed as
shown in 25 FIGS. 2F and 2G (Step S5)-~ Nmv, +he process systemw || be
explained with reference to FIG 3. The process systemhas a first - 13 -
preparatory evacuation chanmber 11, a silylation process chanmber 12, a

Do by emar s ot e P ed s % 4 O "EQJtrefﬁﬁg%%ergé?ﬂgwwn
5 1415 arg conngot G Lipl) e, a2 3e Ul b 6o THERKALE ik se

| oaded in the first preparatory Bvatua e outsrd

the system passegs déﬁf&@bd ’E’df’éﬂﬂ?b (@gieréz‘()l?, 13, 14) in the order

After development, the wafer W is loaded in a
5 baking device. The wafer W is heated to a predeter-
mined temperature uhder predetermined conditions to dry
the photoresist film 2 (Step S25). 1In this'embodiment,
since the film thickness t1l of the photoresist £ilm 2
is lower than that of the conventional film shown in
10 FIG. 1, the process times required for development
and heating are shortened, contributing throughput
improvement.
Next, the wafer W is loaded in an ion implanter to
implant a dopant 5 such as P or As into the patterned
15 photoresist film 2, as shown in FIG. 4E (Step S26).
As the Ion Implantation apparatus, for example, the
ion implanters disclosed in US patent publicetions
Nos. 5,397,956 and 5,539,247 may be used. '
When the dopant 5 is implanted in the photoresist
20 ~ film 2, it converts a carbohydrate contained in the
photoresist film i into a carbide, et the same time,
dispersed in the photoresist film 2 to cause distortion
in the peripheral portion. As a result, the dopant-
implanted region of the photoresist 2 is cufed; In
25 this way, a cured carbide portion 2H is formed on the
surface layer portion of ﬁhe photoresist film 2, as

shown in FIG. 5. Note that the thickness t3 of the



menti oned, and unl oaded out of the systemfromthe 10 - second
preparatory evacuati on chanber 15. The silylation process chanber 12 houses
a wafer nounting table 18. The wafer nmounting table 18 has a built-in
heater for heating the wafer Wnounted on the table 18. To the silylation
process chanmber 12, an 15 HVDS vapor supdPy source 26 is connected via
a nass- flom/controller 25. Through the nass-flow controller 25, the HVDS
(hexanet hyl di sil azane) vapor is supplied into the silylation process

chamber 12.. The %dﬁéeﬁ%éi‘bﬂé’éﬁé&f@ﬁ”@ﬁf plefésappnest ed QQ eosgotsl F
port of a 20 vacuum punp 29 via the control valve 28. The dry

devel opi ng chanbaihel 4 dBist2 Silbk R DEKRESEL £D0Ee S@BnechedhhedalaRe paver
source 24 and a gas shower el ectrode 23. The suction port of the vacuum

punp 29 is conneta d hidher reiohingl resbsbanse(thanld, sd8t t+ésidk 15)
via the control valves 28 to evacuate the chanbers. After the wafer Wis

| oaded in the silhdyss @ process chamber 12, the HVDS vapor (silicon

cont ai ni ng :

5 It is desirable that the thickness of the soft
photoresist film 2 uncured be as thin as pdssible. In
stead of the ion 1mplantatlon, curlng of the photo-. |
re31st film. 2H nmay be performed by allowing a component
of the photoresist film 2 to react with a chemical

10 agent. As a result of curing, the etching reéistance
'is improved.

FIG. 6 is a graph showing the oxygen-plasma
etching amount of_the photoresiét film having é cured
surface layer 2H according to the present invention

15 by comparison with that of the conventionally-used
photoresist film (comparable eﬁbodiment). The'etching
was carried out at a temperature of 120°C for 60 seconds.
The resist film was pre-baked at 120°C. The ion implan-
tation was carried out undei the condition of 40 kéV

20 and SE15.

As is apparent from this figure, the photoresist
film of the comparable embodiment is removed in a
thickpess of 100 to 102 nm during 60-second oxygen-
plasma etching, whereas the photoresist film having a

25 cured surface layer portion 2H of the present invention

is removed only in a thickness of 16 to 18 nm under the

same conditions. As shown above, since the -



- 14 - gas) is supplied into the process chanber 12. The HVDS vapor is
reacted with a |ight-exposed portion of the photoresist film2A to forma
thin silylated | ayer 2S as showmn in FIG 2E (Step S4). The etching

resi stance 5 of the silylated |ayer 2S becones higher than that of the
non-1ight-exposed portion of the photoresistafil m2A. An HVDS solution is
heat ed to about 750C to produce the HVDS vapor. The HMDS vapor nay be

i ntroduced in the process chanber 12 to process the photoresist film 10
2A at a pressure of 760 Torr and a te

C nperature of 1600C for ahout 3 _ .
m nutes. The mafeiOVVFQPiﬁEﬁepOHBEH°Fﬂ§6SFhglAWyzﬁepéﬁoHFﬁg gﬁ&ﬁb&ﬁ@h@%ﬂui
oxygen gas. bl ashat2BLE ARt BEORRELLRBS HHE ANFOTEAtPaCRBREr QR AnE
photoresist filmao he wafer..ln this, manner, the photoresist film2Ais
dry- devel oped usiﬂﬁ°%ﬂ£e§%P§|£%iﬂ Fﬁ?e?ezgeggcgdﬁask (Step S5), and
subsequently, the orgaghe LAFHLE! e’ bhFbt W 1s01%add'3% &R, Wentiy 2
5 device having plate eleétrodes arranged in parallel.
The oxygen gas plasma is generated between ‘the elec-~
trodes, thereby applying a reactive ion etching due to
oxygen radicals onto the insﬁlating film 1. At this
time, since the patterned photoresist film 2 acts as
10 a masking material, the insulating film 1 can be
selectively etched in accordance with the pattern, as
shown in FIG. 4F. Consequently, conﬁact holes 3 are
formed (Step $27).
In the etching step S27, since the etching
15 resistance of the surface layer portion H of the
photoresist film is enhanced, the photoresist film 2
maintains a predetermined pattern.withoutlbeihg scraped
or distorted, even though the film is thin._ Accurate
etching is attained faithfully to the pattern. |
20 _ Subsequently, a wiring material is supplied onto
the surface.of the ﬁafer W to form a wiring layer 4 és
shown in FIG. 4G (Step S28). In the wiring layer
formation step $28, for example, wafer W is first
loaded in a vacuum chamber. Then, a metal aluminiﬁm
25 ‘vapor is introduced in the chamber to deposit metél

aluminum on the wafer surface.

As described above, the wiring layer 4 can be



20 result, the non-1light-exposed portion of the photo- resist film2A
is removed as shown in FIG 2F to.form a depressed portion 3a in a
predeterm ned pattern. Then, the organic insulation film1A is partially
removed to forma contact hole 3 of a predeterm ned pattern, as 25
shown in FIG 2G After the dry devel opneat g conpleted, the wafer Wis
transferred fromthe process systemto a CVD - 15 - device (not shown).
Then, a wiring material is supplied onto the surface of the wafer Wunder
prede- termined conditions to forma wiring layer 4 as shown in FIG.  2H
(Step S7). In thefgrmpdgwithetheophptoggsist fidmeg ypremayegy: 4 \whe
| oaded in the vacuum chanber _and a net, Lﬁghﬁgjnun1vapor i's.i.ntroduce

c]

the chanber to def&€Pt Sefe n¥PEP SPERLAL SRESRa e .Sﬁrﬁﬁié?

step S7, the wiring | ayet 4 can be,for ged WNOW LITRY M RIGALEsE St

' | to the cénventibnal resist film, the depth to the bafé

5 wafer surface is not significantly deep even though the
photoresist'film 2.remains. ' Hence, the wiring material
can be reach the bare wafer surface, smooth;y; As -
described, the step of removing the photoresiét filﬁ 2
can be omitted, resulting in an improvement.of the

10  throughput.

Finally, as shown ih FIG. 4H, the surface of the
wafer W is polished to remove an unnecessary wiring
_layer-4 (Step S829). It is desirable that CMP (chemical
mechanical polishing) be employed in this polishing

15 -step S29. As the method of femoving the wiring layer 4,
etching (etching-back) has been conventionally used.
However, it is difficult to terminate the etching
reaction immediately; and the insulating film 1 is
simultaneously polished, causing over—etchiﬁg; In-

20 contrast, the polishing by CMP can be controlled easier
than etching, with the result that the etchiné can be
terminated at .the sﬁrfaee of the insulating film 1, as
shown in FIG. 4H. Therefore, CMP is advantageous since
proper polishing can be made.

25 Furthermore, in the step S29, the wiring layer 4
can be removed simultaneously with the photoresist film

2. When the film thickness tl of the photbresist film



10 More specifically, since the thickness tl of the photoresist film2A
Is drastically reduced conpared to the conventionally-used film the depth
of the contact hole to the bare wafer surface is not significantly deep.
Therefore, the wiring material can snoothly 15 reach the bare wafer
surface. _As nentioned above, the step of xen®d®ing the photoresist film 2A
can be omtted. As a result, the throughput is inproved. Finally, as shown
in FIG 21, the surface of the wafer Wis polished to renove unnecessary -
wiring |layer 20 A (Step. S8)...4.0 t.he pal. shi step.8, Li.is,preferred
to eml oy, Tor exdt® SABCEHE S ERERE RRORSEFEIFRhn 2 Reiabaod
for renmoving the w4 . LShi t Lt is preferred
to enpl oy, for ZSVIéf@g?gé%}Féé,#ﬁ#(‘gﬁﬁﬂg%ﬁkénmé%}glléﬁigg’flg%% ishing). As a

ggtncggt T gaalr F;ro\ljisgg. t gg%\%eé%@ﬂnaawrtﬂe. BEEELRY §RVEALRGRDAEKY PASCRAESs

of the photoresist film can bg reduced compared to the

5 conventional film thicknéss by enhancing the etching
resisfance of the surface layer portion of the photo-
resist film. By virtue of this, an ultra-micro pattern
can be formed with a high throughput without degrading
the masking function 6f the photoresist film. ' In

10 particular, the present invention makes it possible to
expose the chemically amplified photoresist film to.
light in a short time, with the result that the
thrdughput can be improved.

Furthermore, the present invention makes iﬁ

15 possible to reduce the thickness of the photoresist
film, so that the wiring material can be supplied to
the bare wafer surface smoothly éven though the
photoresist remains. As a result, the manufacturing
steps of a semiconductor device is successfully

20 reduced, compared to the conventional manufacturing .
steps. |

Additional advantages and modifications will

readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to

25 the specific details and representative embodiments
shown and described herein. Accordingly, various

modifications may be made without departing from the



- 16 - it is difficult to termnate the etching reaction i mediately, and
the insulating film21l is sinmultane- ously polished, causing over-etching.
In contrast, the polishing by CVMP can be controll ed easier than etching, 5
with the result that the etching can be term nated at the surface of the
insulating film1, as shown in FIG 2I. Furthernore, in the polishing step
S8, the photoresist film2 can be renoved sjjymultaneously wth 10 t he
wiring layer 4. Wen the filmthickness tlI"of the photoresist film2 is
excessively thin, the photoresist film2 can be left on the wafer Was it
is wthout being renoved. Now, a manufacturing nethod enploying a wet 15
devel opment net Bpdxritl bxbsceps aifnhdhengenaxsdorimwariddiesancept as ef er ence
to FIGS. 4A to 4H,_5 and 6. A wafer Wis introduced in a thernmal oxidation
filmformation defined: byr $he appeandssh chaims Eqdobheiy pquistalaiy: as an
insulating filmon the surface 20 of the wafer Was shown in FIG 4A,
(Step S21). The ' : g



wafer Wused herein is a bare silicon wafer of 8-inch diameter. Then, the
wafer Wis loaded in a spin coater to forma photoresist film2 on the

insulating fil

in FIG 4B, (Step S22). The photoresi st

film2 is formed so that a filmthickness tl falls within the range of 20

to 30 nm as sh
phot oresi st fil
| ess.  However,

he film - 1F4 --thickng o
MIII IIEIMMMI 30 m or |ess and nore Sﬂ@r}éﬁ Ag@EﬁM or .
_ if the phd?ore5|st ifilmis excessively thin, Eking -}

functi on degrades. Hence, the | owernost 5

mthic ness.tl I S set at

I
10 nm  To formsuch. a thin photoresist f?%%%@# the rotation speed of the
g o ooy D8 1] 2asEtnOEnbH oY AAAREAY AL 1Ag! 8° b3ieBhY geearrray be
oaded I'n a baKin

reduced. Thereafter, e wafer

evice t

heat the wafer Wd&fcg'r cOShSE L 8§ tREPSEEps of:

10

15

20

25

(A) forming an organic insulating filﬁ on a
surféce of a silicon wafer; |

(B) forming a photoresist film on the organic
insulating film;

(C) exposing the photoresist film to_light to
form a pattern;

(D) reacting a silicon containing compound-with
the photoresist film pattern-exposed to silylate a
light exposed portion of the photoresist film; thereby
making etching resistance of the light-exposed portion
higher than a non-light-exposed portion of the photo-
resist film; and

(E) perforﬁing reactive ion etching using a
silylated phbtbresist film as a mask, thereby dry-
developing the non llght—exposed portion of the
photoresist film simultaneously w1th etchlng ‘the
organic insulating film.

2. The method aécording to claim 1, wherein
said silicon containing compound in the step (D) is
at least one selected from the group consisting of
hexamethyldisilazane, tetramethyldisilazane, silane,
disiléne, dichlorsilane, silane trichloride, silicon
tetrachloride, and silicon tetrafluoride.

3. The method according to claim 1, wherein said

This Sheet Has Been Reﬁlaced




ture. In this way, the coated resist is dried. As shown in FIG 4C, the
wafer Wis |oa -exposure devi ce. The photoresist film2 is

exposed to light by us 8 (reticle) to form 15 ‘a pattern
(Step 23). In an‘M‘ﬂl\ﬂ i'nce filmthickness of L 0

film2 is reduc ugh *'a focus margi psof the Ii :E ﬁhﬁw
is narrow, patterh exposure can be nade accurately. Fur LA ce t
resist filmis formed thin, even 20 t hough . a chenlcally anplified _
resist filmis enpéﬁyed as the resist film?2 K exposure process can be
conpleted in a shf coptaininge compoung, day ss Rdd) i3 an

devel d t .sh to devel hot |m 2 25 th
dovelon 19 et ceoCaghit Uik SErBtR BRI Y Sl TR o o

disclosed in US p@h@g@_gg%g& est%%pa@%lv%,g%55%§iIé&&&ﬁﬁ£y hydrolysis

Non- | i ght - exposed pOr
and a reactive organic group reactive to an amino group,

5 a carboxyl group, and an alkoxycarbonyl groﬁp.

4. ' The method according to claim 3, wherein said
organic silicon compound has an organic metal compound
and improves'hardness, wafer resistance, heat resis-
tance, and mechanical strength of a silyl dompﬁund.

10 5. The method according to claim 1, fgrther
.comprising a step of covering the pattern formation
surface of the wafer with a wiring material.aiter the
etching step (E).

6. The method according to claim 5, wherein the

15 patterned phptoresist film is not removed before the.
pattefn formation surface is covered with the wiring
material.

7. The method according to claim 6, further
comprising a step of removing the patterned photoresist

20 film together with an unnecessary wiring material by a
chemical mechanical polishing (CMP) method after the
step (E).

8. The method according to claim 1, wherein the
patterned photoresist film is not removed and left on

25 the wafer.’

9. A method of manufacturing a semiconductor

device comprising the steps of:
This Sheet Has Been R

T




- 18 - of the photoresist fi s then renoved, as shown in FIG 4D,

thereby form ng a predeterm ned pattern having a depressed portion 3 (step

S24). After dev
The wafer Wis h

conditions to drysthe photforési st film2 ¢Step S25) I thrs

I

since the filmthickness tl of the photoresist film2 | S-oue . hat

t he conventi onal

filmshown in 10 FIG 1, the process tinmes required—

for devel opment a?dtﬂ§?§aP2;%ﬁ%ﬁg5fé§§ §Qu%%%ﬁhg’%%hF” éiter%&ggﬁ e a

| mprovenent. Next
dopant 5 such as
shown in FIG A4E
exanpl e, the ion

5,397,956 and 5, 539, 24

phot oresi st 20

5

10

15

20

25

. the patterned 15 phot or esi st f|In12, as
PLlsoh,ufEes; i

the lon Inplantation apparatus, for

| mpl a[;bﬁras £RriingSad o BtU§eQ %%mfl@.'ﬂp lolrf &ltleP ']515]&9%1:111(_11
y be uséd. en t he dopant I's inplanted in-the
fifmkm 2, it converts a carbohydrate contained in the

(c) exposing the photoresist film to light to
form a pattern;

(d) wet-developing the photoresist film pattern-~
exposed; .

(e) implanting a dopaht into the photoresist film,
thereby improving etching resistance of the photoresist
film; and | | |

(f) etching the insulating film by reactive ion
etching using the photoresist film improved in etching
resistance as a mask.

10. The method according to claim 9, wherein, in
said step (b), a photoresist film of 10 to 30 nm thick
is formed on the insulating film by a spin coater.

11. The method accbrding to claim 9, wherein, in
said step (e), P or As is implanted into the photo-
resist film as a dopant by an ion implantér;'.

12. The method according to claim 9, Qherein, said
step (e) is performed immediately after the light- .
exposure step (c). |

13. The method according to claim 9, wherein said
step (e).is performed immediately after the déveloping
step (d). .

14. The method according to claim 9, wherein said

f

ﬂmSMﬂH%BwnRﬂ aced

WA



photoresist film2 into a carbide, at the sane tine, dispersed in the
photoresist film2 to cause distortion in the peripheral portion. As a
result, the dopant- inplanted region of the photoresist—2-s—cured. ITm 25

this way, a cured carbide portion 2His fornmed on the I ion-
of the photoresist film2, as showmm in FIG 5. Note t:haq“ iE@“VIiﬁBEB;EmS
| c Lt [ 0

of the - 19 - cured carbide portion Zﬂjwfqe[gbly f t he
resist filmthickness t1. Such the hard | ayer 2H has a hi gher et.ching .
resi stance than a soft resist layer 2. 5 It is desirable that the

t hi ckness of the soft photoresist film2 uncured be as thin as possible.
In stead of the is&€P (§)adsatpentorngd ngmgdiakehheforesihe dtehing may
be perforned by allow ng a conponent of the photoresist film2 to react
with a chemical #&eP (fdgent. As a result of curing, the etching

resi stance
15. The method according to claim 9, wherein a.

pattern formation surface of the wafer is covered with
5 a wiring material after the etching step (f).

16. The method accordiﬁg to claim 15; ﬁherein a
patterned photoresist film is not removed Sefore the
paftern formation surface is covered with a'wiiing..
material.

10 17. The method according to claim 16, wherein the |
patterned photoresist film is removed together with an
unnecessary wiring material by a chemical mechanical
polishing (CMP) method. |

18. The method according to claim 9, wherein the

15 patterned photoresist film is not removed and left on
the wafer.

19. A method of manufacturing a semiconductor
device, substantially as hereinbefore descfibed with

reference to FIGS. 2A to 6 of the accompanying drawings.'

This Sheet Has Been Re(ilaced
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is inproved. FIG 6 is a graph show ng the oxygen-plasma etching anount of
t he photoresist filmhaving a cured surface |layer 2H according to the
present invention 15 by conparison with that of the conventionally-used
photoresist film (conparabl e enbodinent). The etching was carried out at a
tenperature of 1200C for 60 seconds. The resist filmwas pre-baked at
120[err]C. The ion inplan- tation was caLri?E out under the condition of
40 key 20 and 5E1S. As is apparent fromthis figure, the photoresist
filmof the conparable enbodinent is renoved in a thickness of 100 to 102
nm duri ng 60-second oxygen- plasma etching, whereas the photoresist film
havi ng a 25 cured SABSTERACT :9Br THBr PIBELOBURE t (EIGS esdPt tPnd&dtion i's
renoved only in a thickness of 16 to 18 nmunder the sane conditions. As
shown above, since the -. 20 - "METHOD Of MANUFACTURING

A SEMICONDUCTOR DEVICE"

5 A method of manufacturing a semiconductor device
comprising the steps of forming an organic inéulating
film of a low dielectric constant on a surface of a
silicon wafer, forming a photoresist film on the
organic insulating film, exposing the photd?esist film

10 to light to form a pattern, reacting a silicon
containing coﬁpound with the photoresist film pattern-
exposed to silylate a light exposed portion of.the
photoresist film, thereby making etching feéistance of
the light-exposed portion higher than a noﬁQlight-

15 exposed portion of the photoresist film, and perfo;ﬁing
reactive ion etching using a silylated photoresist film
as a mask, thereby dry-developing the hon light-exposed
portion of the photoresist film simultaneously with

etching the organic insulating film.



Il on-inpl anted photoresist film2H has very high etching resistant
properties, the entire thickness of the photoresist filmcan be reduced.
Thereafter, the wafer Wis loaded in a dry etching 5 devi ce having
plate el ectrodes arranged in parallel. The oxygen gas plasma is generated
between the el ec- trodes, thereby applying a reactive ion etching due to
oxygen radicals onto the insulating film1. At this tine, since the
patterned photoresist film2 acts as 10 1/& masking material, the
insulating film21 can be selectively etched in accordance with the pattern,
as shown in FIG 4F. Consequently, contact holes 3 are fornmed (Step S27).
In the etching step S27, since the etching 15 resi stance of the surface
| ayer portion H of the photore5|st filmis enhanced, the photoresist film2
mai ntai ns a predet pat Rern Wl hgflt i fled, even
t hough t he f|In1|si?n‘ igéci t e efeHMrrgitsfotidi+ . to the
pattern. 20 Subsequently, B wring naterlal is suppliefl_ amto the
surface of the wafer Wto forma w kiag.laver. 4. .2s
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shown in FIG 4G (Step S28). In the wiring |ayer formation step S28, for
exanple, wafer Wis first |oaded in a vacuum chanber. Then, a netal

al um ni um 25 vapor is introduced in the chanber to deposit netal
al um num on the wafer surface. As described above, the wiring |ayer 4 can
be - 21 - formed with the photoresist film2 unrenoved, in the step S28.

More specifically, since the thickness tl of the photoresist film2is
drastically reduced conpared to the convedf@onal resist film the depth to
the bare 5 waf er surface is not significantly deep even though the
photoresist film2 remains. Hence, the wiring material can be reach the
bare wafer surface, snoothly. As described, the step of renoving the
photoresist film2 can be omtted, resulting in an inprovenent of the 10

t hroughput. Finally, as shown in FI 1A
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wafer Wis polished to renove an unnecessary wiring layer 4 (Step S29). It
I's desirable that CMP (chem cal nechani cal polishing) be enployed in this
polishing 15 step S29. As the nethod of renpbving the wiring | ayer 4,
etching (etching-back) has been conventionally used.. However, it is
difficult to termnate the etching reaction inmedi ately, and the insulating
film1l is simultaneously polished, causing over-etching. In 20

contrast, the polishing by CMP can be cor8/®l | ed easier than etching, with
the result that the etching can be termnated at .the surface of the
insulating film21, as shown in FIG 4H Therefore, CVWP is advantageous

since proper polishing can be nmade. 25 Furthernore, in the step
S29, the wiring |ayer 4 can be renoved sinmultaneously with the photoresist
film2. When the filmthickness tl of the photoresist film - 22 - 21is

sufficiently thin, the photoresist filmzoﬂc(an be
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left on the wafer Wwi t hout being renoved. According to the present

I nvention, the thickness of the photoresist filmcan be reduced conpared to
the 5 conventional filmthickness by enhancing the etching resistance
of the surface |ayer portion of the photo- resist film By virtue of this,
an ultra-mcro pattern can be formed with a high throughput w thout
degradi ng the masking function of the photoresist film In 10
particul ar, the present invention nakes 446possible to expose the
chemcally anplified photoresist filmto light in a short tine, with the
result that the throughput can be inproved. Furthernore, the present

I nvention makes it 15 possi ble to reduce the thickness of the
photoresist film so that the wiring material can be supplied to the bare
waf er surface snoothly even though the photoresist remains. As a result,

t he manufacturing steps of a sem conductor device is successfully 20
reduced, conpared to the conw&pti?ral manuf acturing steps. Additional

advant ages and nodi fi cations | _
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readily occur to those skilled in the art. Therefore, the invention in its
br oader aspects is not limted to 25 the specific details and
representative enbodi nents shown and descri bed herein. Accordingly, various
nodi fications may be nmade w t hout departing fromthe - 23 - spirit or
scope of the general inventive concept as defined by the appended cl ai ns
and their equival ent. 24 1. A nethod of nufacturing a sem conduct or
device, conprising the steps of: (A formrig an organic insulating filmon
a surface of a silicon wafer; 5 (B) form ng a photoresist filmon the
organic insulating film (C) exposiag.fl ' |
a pattern; (D) reactiniéa silicon
e

filmpattern- expope Si ate a

phot oresi st film thereby 'ng | ] W
- i
FIG. 4B FZZ?Z‘ZZ??L
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etching resistance of the |ight-exposed portion higher than a
non-1i ght - exposed 10 portion of the photo-resist film said silicon
cont ai ni ng conpound is an organi c silicon conmpound having a hydrol ysis
group which generates an active silanol group by hydrolysis and a reactive
organic group reactive to an am no group, a carboxyl group, and an

al koxycar bonyl group, and said organic si%igon conpound havi ng an organic
met al compound and i nprovi ng hardness, waPé resi stance, heat resistance,
15 and nechani cal strength of a silyl compound; and (E) performng
reactive ion etching using a silylated photoresist filmas a mask, thereby
dry-devel opi ng the non-1ight-exposed portion of the photoresist film

simul taneously with etching the organic insulating film 20 2. The nethod
according to claim1l1, wherein said silicon containing conpound in the step

(D) is at least one selegted fromthe greup—TomsTsSTINg Of
hexanet hyl di si | azang=—t+et+aretfyl di si |l azane, silane, disil ang,
di chl orsi | ane, silaregiricgloride, siligon tg;rachloride, and s|licon
tetrafl uoride. 23 & A srethqd of nanufact;ggpg a sem conduct pr devi ce,
conprising the stepg“of™(A) Tgrm ng anjorgad¥ insulating fij mon a
surface of a silicornl wafer; (B)| form ngla phgtoresist film onjget=he g_q_anic
. . . e,
insulating film ?§E$ EE
ooro <N
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(C) exp

osiing the photore5|st filmto Ilght to forma pattern"\’(@f‘“"

reactl ng a silicon containing conpound with the photoresist film frosv

pattern-ex
film ther

t han a non-

perform ng
mask, ther
photoreS|s
covering t
15 4. The

posed to silylate a |ight-exposed portion of the photoresist

eby making etching resistance of,the |ight-exposed portion higher
| i ght - exposed portion of the pAdto-resist film and 10 (E)
reactive ion etching using a silylated photoresist fiTmas a-

ebfladMSievel opi ng the non-1ight-exposed por

t filmsinultaneously etching the organic i rlM,ﬂMlﬂﬂllN””d
he pattern formation surface of the wafer wth & wtri ng sater
met hod according to claim3, wherein the patterned photoresi st

filmis not nenRyedhKEéOnSMIfGumE 4 Séniicomluttiridevics, wohpeisingshestepyaftl wi t h

the wiring
a step of

unnecessary W I’

material. 5. The nmethod according to claim4, further conprising
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(C) exposing the photores1st film to hght to form a pattern;
(D) reacting a silicon containing compound with the photoresist film pattern-
exposed to silylate a light-exposed portion of the photoresist film, thereby making
etching resistance of the light-e#posed pdrtion higher'than a non-light-exposed
péﬂion of the photo-resist film, ;aid siIi'coﬁ containing cdmpound is an organic
silicon compound having a hydrolysis group which generates an active silanol group
by hydrolysis and a reactiye organic group reacﬁ§e toan amino group, a carboxyl
groﬁp, and an alkoxyéarbqnyl grouﬁ, and said organic silicon corﬁpou_rid having an
organic metal comﬁound and improving hardness, wafer resistance, heat ;esiétance,
and mechanical strength of a s11y1 compound and |

'. (E) performmg reactive ion etching using a silylated photoresist ﬁlm asa mask
thereby dry-developing the non-hght-exposed portion of the photore31st film

simultaneously with etching the organic insulating film.

2. The method according to claim 1, wherein said silicon containing compound in the
step (D) is at least one selected from the group consisting of hexamethyldisilazane, -
tetramethyldisilazane, silane, disilane, dichlorsilane, silane trichloride, silicon

tetrachloride, and silicon tetrafluoride.
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26 7.: A'nmethdd of manufacturing a seni conduct or devi ce conprising the steps
of: (a) formihg an insulating filmof a surface of a silicon waf er; (b)
form ng a photoresist filmon the .insulating film
photoresist filmto light to forma pattern; (d) vve

phot oresi st film pattern-exposed; (e) irerénti ng a: lﬁmlﬂ wﬂll .
phot oresist film thereby inproving etching reS|stan Sl st
film and (f) etching the insulating filmby reactive ion etching using the
photoresist film10 inproved in etching resistance as a mask. 8. The

met hod accor di Rdnétlod bemaffactthifg §|Sélmdoﬂdl%lcaeﬁc@$0 irfs B Sfeps 681 St film
of 10 to 30 nmthick is fornmed on the insulating |Imby a spln coater. 15 -

9. The net .hog j‘ﬁ-&ﬁ%&? i u@uﬁq g}ﬁ‘ﬂecf Aélufa!c?ogé‘kfﬁﬁéﬁ%fée) P or 'Aiol.s

i npl anted in as a 1 on 1hpl anter.

The net hod a di n cl ai,m rein, .sai e I's perforned

i medi ately gﬁfé?m’t“?ﬁea&lws‘é ﬂ? eQrggnie Hﬁsglaéﬁg ﬁk‘(‘ The met hod accordi ng
to claim7, wherein said step (e) is performed i mediately after the

devel opi n§ st(@))e)(ppﬁmg the photoresist hnto hght to form a pattérn;

(D) reacting a silicon containing compound with the photoresist film pattem-exposed to
silylate a light-exposed portion of the photoresist film, thereby mak1ng etching |
resistance of the light-exposed portion higher than a non-light-exposed portlon of the
- photo-resist film; and
10  (E) performing reactive ion etching using a silylated phoforesist fihh as a mask, thereby
dry-developing the non-hght—exposed portlon of the photores1st film sunultaneously
etching the orgamc insulating film, and covenng the pattern format:lon surface of the

wafer with a wiring material.

15 4. The method according to claim 3, wherein the patterned photoresist film is not

removed before the pattern formation surface is covered with the wiring material.

5. The method according to claim 4, further comprising a step of femovi'ng the patterned
photoresist film together with an unnecessary wiring material by a chemical mechanical

20 ' polishing (CMP) method after the step (E).

6. The method according to claim 3 whereln the patterned photoresist ﬁlm is not

removed and leﬁ on the wafer

REPLACEMENT SHEET

28 MAY 2001




12. The méthdd according to claim7, wherein said step (e) is perforned

i mredi atély before the etching step (f). 5 13. The nmethod according to
claim?7, wherein a pattern formation surface of the wafer is covered with a
wring material after the etching step (f 14. The rrethoa accoral ng to
claim 13, wherein a patterned photoresist |Im|s t he
pattern formation surface is covered with a wiring m mn l The
met hod according to claim 14, wherein the patterned of ortesiust sfikmis
removed together with an unnecessary wiring naterial by a chencal
mechani cal pql Ashéthed 6GMRIufagtitingla sémicodductoriievite chmgrisiog thedsters afo cl ai m 7,
wherein the patterned photoresist filmis not renmoved and |eft on the

waf er.  PLACEWBNGmiiah insulating film of a surface of a silicon wafer;

(b) forming a photoresist film on the insulating ﬁlm;
5  (c)exposing the photoresist film to light to form a pattern;
(d wef-developing the photoresist film pattern-exposed; _
(¢) implanting a dopant into thé photoresisf film, thereby improving etching resistance
of the photoresist film; and | |
(©) etching the insulating film by reactive ion etching using the photoresist film

10  improved in etching resistance as a mask.

8. The method according to claim 7, whereiri, in said step (b), a photoresist film of 10 to

30 nm thick is formed on the insulating film by a spin coater.

15 9.The fnethod according to claim 7, wherein, in said step (e), P or As is implanted in’;o
the photoresist film as a dopant by an ion implanter. |
10. The method according to claim 7, wherein, said step (€) is performed immediately
after the light—éxposure step (c).

20 |
11. The method according to claim 7, wherein said step.(e) is performed immediately

after the developing step (d).
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12. The method according to claim 7, wherein said step (€) is performed immediately

before the etching step (f).

13. The method according to claim 7, wherein a pattern formation surface of the wafer

is covered with a wiring material after the etching step ().

14. The method according to _claim 13, wherein a patterned photoresist film is not

removed before the pattern formation surface is covered with a wiring material.

15. The method according to claim 14, wherein the patterned photoresist film is
removed together with an unnecessary wiring material b); a chemical mechanical

polishing (CMP) method.

16. The method according to claim 7, wherein the patterned photoresist film is not

removed and left on the wafer.
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