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CONTACT HOLE PATTERNI NG TECHNI CAL FI ELD This invention relates generally t
contact hole patterning. Mire particularly, this invention relat eslﬂdMYEZUUS
bright field image reversal for contact hole patterning. BACKGROUND ART
Sem conductor critical dinmensions (CD) are becom ng increasingly snaller to
acconmodat e Wasd8ia sSmaller and nore powerful sem condgetpée1aEYd CeS.
Contact holes are an Q m conduct or

devi ces. Typically, c%‘gf Wﬁ@#@@%@m&@&@#ﬁ%@%m field mask
and a positive photoresist. PosSiHOMEPATOERNE®GStsS are typically three-
conponent materials, having a matri x conponent, a sensitizer conponent, and
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since it pr%#gf(\% oor CD control in these very small size ranges.
This is pri o the resolution of small contact hole features
using a dark field mask and._ paositive %hotore5|st being difficult to
control due to YBEBHGPS G ‘?“Fﬁnf“?s S 2 ibeyPrippalRReasiely grallpre posrmeegatshstR vi t y
(MEF). 20 BrdcrosuReowerl sproniiderdsfideON Accordingly, it is a general object
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| eavi ng onjpyspt 30 portion of the positive resist remaining above the
interlayer di eI ectric layer. The nmethod still further includes a step of

appl ¥4 N9 apRededirtOr et veNTfo¢Over the interlayer dielectric layer and the
portion of the positive resist, and then recessing the negative resist so

that a top reg IAQ&ErdBEIy, tltEIsea ggxgga} (!bj%&! oﬂ{xe ptrepegt up%n%(lmttcl) ;\)/r(?wdl;: gnsllm%r%ve égtheog gfsfon?illleg ve the

small contact holes for semiconductor devices.

In accordance with a preferred embodiment of the present invention, the above object may be achieved

by a method of forming a contact hole for a semiconductor device. The method includes a step of forming an

25 interlayer dielectric layer on a substrate, and then forming a positive resist on the interlayer dielectric layer, The
method then includes a step of irradiating the positive resist using a bright field mask, with reversed polarity

(dark vs. bright) of a normal contact mask. The bright field mask has 2 dimension equal in size to a dimension

of a contact hole to be formed within the semiconductor device. The method further includes a step of

developing the irradiated positive resist, so as to remove the irradiated positive resist, thereby leaving only a

30 portion of the positive resist remaining above the interlayer dielectric layer. The method still further includes a
step of applying a negative resist to cover the interlayer dielectric layer and the portion of the positive resist, and

then recessing the negative resist so that a top region of the portion of the positive resist extends above the

recessed negative resist. The method also includes a step of exposing the recessed negative resist and the portion

of the positive resist to a flood light exposure, and then applying a developer to the semiconductor device so as
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recessed negative resist. The nmethod also includes a step of exposing the
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hole variation on a wafer will be much less using the bright field mask as compared with using a dark field mask.

The data shown in Figures 1 and 2 are based on tests performed by the inventors.
The present invention overcomes the problems in small contact hole formation by forming a small
35 cylinder in a positive photoresist using a bright field (BF) mask, whereby resolution and MEF are improved as
compared to conventional lithographic processes. Further processing to reverse the image forms a well-controlled
contact hole pattern. Bright field masks are masks where most of the mask is transparent with only a fraction of -

the mask opaque.
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leaving a stub of the small cylinder 140 extending out from the top surface of the negative photoresist layer 150,

In a second configuration, the negative photoresist layer 150 is spin-coated onto the semiconductor structure so
that its top surface is formed above and thus filly covers the small cylinder 140 by a small amount (c.g., a few
35 angstroms up to a few tens of angstroms). With this second configuration, the negative photoresist layer 150 is
etched back or polished so that a small portion of the top of the small cylinder 140 (e.g., a few angstroms up to a
few tens of angstroms) extends out from the top surface of the negative photoresist layer 150.
Other ways of forming the negative photoresist layer 150 onto the semiconductor structure, besides
spin-coating, may be contemplated, while remaining within the scope of the invention. For example, spray

40 coating, meniscus coating, or doctor blade coating may be used for forming the negative photoresist layer 150.
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However, the present invention utilizes negative photoresists in a novel
manner to provide a nmethod for formng contact hol es having very small
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| ayer 110, such as a 15 contact hole to a gate of a transistor, to be
formed within the sem conductor structure. Since a bright field mask and a
positive photoresist are used in the formation of the resist pattern for a
smal | -si zed contact hole according to the present invention, excellent
control can be achieved in formng a contact hole to a precise, small size

(e.g.,




| ess than 200 nn). Such control is not readily acconplished by the
conventional nethods that use a dark field mask to formcontact holes. 20
Wil e there has been illustrated and described what is at presen May 2005
considered to be a preferred enbodinent of the present invention, it wll
be understood by those skilled in the art that various changes and
nodi fi cati ongsoodsizie nmade, and equi val ents may be subst ptiiehadi®y el enents
t hereof without departing fromthe true scope of the invention. In
addi tion, many nodifications may be- o0 adapt a particular situation or
material to the teachings of the inv wi t hout departing fromthe
central scope thereof. Therefore, it is 25 intended that this invention not
be limted W he particular enbodi nent disclosed as the best node
contenpl at e L1‘Aor carrying out the invention, but that the invention wll
include all enb dlnen i.,ng wthin the scope of th appended cl ai ns.
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resi st remi ni gy aRON Rl NGB b B8 BLEGLLE LBYES do AARl F bORRNCTAL i ve

resi st (150).to cover e interlayer dielectric layer and the portion of
the positi Ve B osi st; 15 recessing the negative resist so that a top region
of the portion Bfessiop e Fresive thsipiso foaigitop resienat éha gstion bleeposithyeresis esterds shat tisegat i ve
resist; expesiehgetiaestecessed negative resist and the portion of the

posi tisve resist exb&m@ﬁértcd@éa négttgéttm%m%&,of@msmae&asaﬁa,d gndexeloper to the
sem conduct or devi ortion,of th i vet resist,

e Eve. QSBEII% UCior cE SOp CINOV! orion 0S. © I'CS1S
wherein a cont aé’f’ly'}gwg Tﬁtﬁ% %'?19 i dd’1 asmfocﬁtthflc))mvxﬁmog } ‘f’u portion of
the positive re¥esy avﬁﬁ’é*a"t B’Fee@qob’%qn?e‘if“b? }%’B‘.’ e She Py e BEHYEEEHFYdi ng to

claiml, wrerigsinfoifyd negative resist is recessed by plasma etching back
t he negati ve resist. 25 3, The nethod according to claim1l, wherein the

negat é.Ove resist 2. i's I:Iﬁézlﬁélﬁg gccd?tﬂng\%a&mn? n%}mr%e negative resist is recessed by plasma etching

back the negative resist.

3. The method according fo claim 1, wherein the negative resist is recessed by wet chemical

etching back the negative resist.

25
4, The method according to claim 1, wherein negative resist is recessed by polishing the negative
resist.
5. The method according to claim 1, wherein the negative resist is a negative photoresist.
30
6. The method according to claim 5, wherein the positive resist is a positive photoresist.
7. The method according to claim 1, wherein in the recessing step the negative resist is recessed
below the top negative resist.
35

8. A method of forming a contact hole for a semiconductor device, comprising;
forming a first layer (110) on a substrate (100), and then forming a positive resist (120) on the first

layer;
5.



etching back the negative resist. 4. The nethod according to claiml,
wherein negative resist is recessed by polishing the negative 39 3? rﬁfgi st.
5. The method according to claim1, wherein the negative resist 1A 7
negative photoresist. 6. The nethod according to claim5, wherein the
positive resist is a positive photoresist. 7. The nethod according to claim
1, wherein iwobhgiA1ecessing steg tpet negati ve resi st ispeﬁ,g g6% below the
top negative resist. A.met hod. o n nt act

sem conduct or déﬂ?%%‘%g 'g%%"r“?ﬁ‘?ﬁlr?ist‘ﬁmgﬂi‘?gﬁﬁ% Skfakfs’ﬁ %ert(’) ﬁfﬁ‘?méjéhasa
substrate (dmoYon (BhdaeHe Fzeftop ARARToROfS GafRe: Mﬁa(l‘?oé@lbs f°m€‘322‘t59m Bhseplsadrpr st

llayer; -5 1&vidAY 2005 WO 02/43121 PCT/ US01/46129 irradiating the positive

resist using a Lfj I:he,Jc drﬁlaﬁld ﬁ@iﬁ% rés;LiStQ). devéMﬂ@rs@ 'aénto dABvelthd i9datated pogihivd rRSK has a
di mensi on (ﬂ}er cont act hol e (160) to be

Sh N Si
formed withi n'311§ lﬁaﬁg Y &bt B°Sl%vedem rema“mn% %’ege?rsahﬁ the irradi ated positive
resist to a devéﬂpbﬁé?negﬂg‘ﬁreﬁit(lts‘ﬁ torcaysifedist e ap theaeiarEtr Y FiYe resist, 5
t her eby | eavi ng reossiing thanepativetrésiirso it tite petiop oliepesiiies resiplsd 1t coveariad inlongrfablove t he
first |ayeriespkliRg a negative resist (150) to cover the first layer and
the portion of %)%gsm ésl!ccteésed%egatgél!eﬁsgandrhg%%% f@%po&t@gregsgqi%ﬂt\é% resist so that

the portion of s top. surface by
the n@gative redPehseEResr figepierilebaesys Regats eoras St die™the portion
of the positi ve wheedyagonigcphdle () is farmefl i @ laggtiprl whiera ghegportieny ¢ tegresitive tssigt s

sem conductgsvioftgVinie® SO as to di ssolve the portion of the positive resist,
wherein a contact hole (160) is formed in a Iocation where the portion of
the positive resist ) revi.ousl.y forned thod ordl to

cl'ai B, wheroi § ¢« nelthEgE FOEUTRR e 8 UFA B REE Y BrASTOGEER RYT 18 back
t he n’égatl \/‘@"krﬂ@ﬁg@‘f’“es% The nmet hod according to claim8, wherein the
negative resist is recessed by wet chem cal etching back the negative

resist. 10. The method according to claim 8, wherein the negative resist is recessed by wet chemical

eiching back the negative resist.




