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pokymer, acowdt holes, exposing the underlying CoSi layer. The photoresist mask is then stripped. Typically, the
photoresist mask is stripped using an ashing procedure. A wet cléaning is also typically performed to remove
remnants of the etch of the interlayer dielectric, such as polymers within the contact hole. A conductive layer,
such as a W plug, is deposited to fill the contact holes. The conductive layer can then be polished, typically using
a chemical mechanical polish (“CMP™) process. Thus a portion of the conductive layer outside of the contact
30 holes is removed and a smooth surface provided.

One of ordinary skill in the art will readily recognize that the conventional method for forming contacts
in a semiconductor device results in defects. For example, the etch of the ARC layer, interlayer dielectric and
etch stop layer typically leaves a polymer residue within the contact hole. In order to remove this polymer, a wet
clean is used to remove the polymers arising from the contact hole formation. Moreover, ashing is typically used

35 to remove the resist. These multiple complicated ashing and wet cleaning processes typically result in defects,
such as the presence of particles due to the additional handling of the semiconductor device. In addition, the
layer W plug CMP brocess normally scratches the ARC layer on top of the dielectric material, thereby forming
massive defects in the form of scratches. These scratches make it difficult to distinguish true particle defects
.from the scratches. Typically a-long polishing step-is necessary to remove the top ARC layer in order to preclude . .
40 scratch formation. |

Accordingly, what is needed is a system and method for providing a semiconductor device having
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MODE(S) FOR CARRYING OUT THE INVENTION

25 ‘ The present invention relates to an improvement in semiconductor devices. The following description
is presented to enable one of ordinary skill in the art to make and use the invention and is provided in the context
of a patent application and its requirements. Various modifications to the preferred embodiment will be readily
apparent to those skilled in the art and the generic principles herein may be applied to other embodiments. Thus,
the present invention is not intended to be limited to the embodiment shown, but is to be accorded the widest

30 scope consistent with the principles and features described herein.

The present invention provides a method and system for providing at least one contact in a
semiconductor device. The semiconductor device includes a substrate, an etch stop layer, an interlayer dielectric
on the etch stop layer, an anti-reflective coating (ARC) layer on the interlayer dielectric, and at least one feature
below the etch stop layer. A resist mask having at least one aperture and residing on the ARC layer is provided.

35 ' The at least one aperture is above an exposed portion of the ARC layer. The method and system comprise
etching the exposed portion of the ARC layer and the interlayer dielectric below the exposed portion of the ARC
layer without etching through the etch stop layer to provide a portion of at least one contact hole. The method
and system also comprise removing the resist mask in situ, re'l’noving a portion of the etch stop layer exposed in

the portion of the at least one contact hole to provide the at least one contact hole in situ, and filling the at least
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I nvention for providing contact wth reduced defects. Figures 3A-3E depict
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The resist mask is removed in situ, via step 104. Because the resist mask is removed in situ, the resist
25 mask is removed in a controlled environment, preferably in a vacuum chamber under low pressure and
controlled gases introduced into the chamber. Thus, the resist mask is removed in the same chamber as the etch
is performed without opening the chamber. Instead, the etch chemistry'is simply changed to an O, based process.
Thus, one chamber is used for multiple etch processes by changing the chemistry to allow various films to be
etched. The etch chemistry used in step 104 is preferably O, based. In some embodiments, a small amount of
30 forming gas such as No/Hj, or Hy, N; may be added. The range of pressures used generally varies depending
upon the equipment used. For example, the pressure could vary from 30 mT to a range between 1-10 T.

The ARC layer and the portion of the etch stop layer at the base of the contact holes are removed in
situ, via step 106. Thus, the contact holes are formed, and the feature(s) to which contact is to be made are
exposed. In one embodiment, a CoSi layer on a source and/or drain junction is exposed in step 106. Because the

35 ARC layer and etch stop layer are removed in situ, the ARC layer and etch stop layer are removed in a controlled
environment, preferably in a vacuum chamber under low pressure and controlled gases introduced into the
chamber. Also in a preferred embodiment, the ARC andv etch stop layer.are removed in the same chamber as the
resist is removed in step 104. Thus, the same chamber is used without removing the semiconductor devices from

the chamber. Instead, the etch chemistry is changed. Both the ARC and etch stop layers are preferably a nitride
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etch chem stry I s changed. Both stop layers are pr £er ably
a nitride device200 including gate stacks 210, 220 and 230 formed on a substrate 201. Spacers 212 and 214, 222 and

224, and 232 and 234 are at the edges of the gate stacks 210, 220 and 230, respectively. CoSi layers 204 and 206

have been formed between the gate stacks 210 and 220 and gate stacks 220 and 230 on junctions (not explicitly

30 shown). An etch stop layer 240 is formed on the gate stacks 210, 220 and 230 and on the CoSi layers 202 and
204. The semiconductor device 200 also includes an interlayer dielectric 250 and an ARC layer 260. A resist
mask 270 having apertures 272 and 274 is also shown. The apertures 272 and 274 are above the CoSi layers 202
and 204. Thus, in the semiconductor device 200, contact is to be made to the features below the CoSi layers 202
and 204.

35 ‘ The ARC layer 260 and interlayer dielectric 250 exposed by the apertures 272 and 274 in the resist
mask 270 are removed in an etch step, via step 154. The etching performed in step 154 does not etch through the

- etch stop layer 240 under the interlayer dielectric 250. Figure 3B depicts the semiconductor device 200 after step

154 is performed. A portion of contact holes 280 and 282 has been formed beneath the apertures 272 and 274.

However, at least a portion of the etch stop layer 240 remains at the base of the contact holes 280 and 282.
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3 WD 2004/ 053980 PCT/ US2003/ 029985 type of material. For exanple, the ARC
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25 A method and system has been disclosed for providing contacts in a semiconductor device. Although
the present invention has been described in accordance with the embodiments shown, one of ordinary skill in the
art will readily recognize that there could be variations to the embodiments and those variations would be within
the spirit and scope of the present invention. Accordingly, many modifications may be made by one of ordinary
skill in the art without departing from the spirit and scope of the appended claims.

30 . INDUSTRIAL APPLICABILITY

One of ordinary skill in the art will readily recognize that the conventional method for forming contacts
in a semiconductor device results in defects. For example, the etch of the ARC layer, interlayer dielectric and
etch stop layer typically leaves a polymer residue within the contact hole. In order to remove this polymer, a wet
clean is used to remove the polymers arising from the contact hole formation. Moreover, ashing is typically used

35 to remove the resist. These multiple complicated ashing and wet cleaning processes typically result in defects,
such as the presence of particles due to the additional handling of the semiconductor device. In addition, the

- layer-W-plug GMP: process-normally-scratches-the ARC-layer on top of dielectric-material, thereby forming
massive defects in the form of scratches. These scratches make it difficult to distinguish true particle defects

from the scratches. Typically a long polishing step is necessary to remove the top ARC layer in order to preclude
5



have been forned between the gate stacks 210 and 220 and gate stacks 220
and 230 on junctions (not explicitly 30 shown). An etch stop layer 240 is
formed on the gate stacks 210, 220 and 230 and on the CoSi |ayers 202 and
204. The sem conduct or device 200 also includes an interl i tric
250 and an"2RYY3Y8P 260. A resist mask 270 having apergﬁﬁﬁguggghgﬁﬁ 274
is al so shown. The apertures 272 and 274 are above the CoSi |ayers 202 and
204. Thus,m%gh%Q%ﬁ em conduct or device 200, contact is to be nmade to the
features below the Si layers 202 and 204. 35 The ARC | ayer 260 and

i nterlayer diel4cudingy, e itneprisd & sipentandmethnd far progiding ¥ semipquiugigt4levies having

resi st = mMgkudshlinduRr dfTRY ik prlleR BvéliG ha@bER sucl h fee@t €P 154. The et ching
performed in step 154 does not etch through the etch stop |ayer 240 under
the interlayer dielectric 250. Figure 3B depicts the sem conductor device
200 after step 154 is perforned. A portion of contact holes 280 and 282
has been forned beneath the apertures 272 and 274. However, at |east a
portion of the etch stop |ayer 240 remains at the base of the contact holes.
280 and 282. 4 WD 2004/053980 PCT/US2003/029985 The resist mask 270 is
renoved and the contact holes 280 and 282 cleaned in situ, via step 156.
Because the resist mask 270 is renoved in situ, the resist mask 270 is
removed in a controlled environnent, preferably in a vacuum chanber under
| ow pressure and controll ed gases introduced into the chanber. Figure 3C
depicts the sem conductor device 200 after renoval of the resist nmask 270.
Because the resist mask 270 is 5 renoved and the contact holes 280 and 282
are cleaned in situ, any polyners in the contact holes 280" and 282" have
been substantially elimnated. Thus, the surfaces of the contact holes 280
and 282' are substantially clean. The ARC | ayer 260 and the portion of the
etch stop layer 240 at the base of the contact holes 280 and 282 are
removed in situ, via step 158. Figure 3D depicts the sem conductor device
200 after renoval of the etch stop |ayer 240 at the base of the contact
hol es 280" and 282". Thus, the contact hol es 280" and 282" have been 10
formed, and the CoSi |ayers 202 and 204 to which contact is to be made are
exposed. Because the ARC | ayer 260 and the portion of the. etch stop |ayer
240 are renoved in situ, the ARC |l ayer 260 and the portion of the etch
stop layer 240 are renoved in a controlled environnent, preferably in a-
vacuum chanber under |ow pressure and controlled gases introduced into the
chanmber. The contact hol es 280" and 282" are filled with a conductive
~material and the contact material planarized, via step 160. As a result,

el ectrical cantact can be nmade to the 15 features of the sem conductor

devi ce 200. Figure 3E depicts the sem conductor device 200 after formation
of the contacts 290 and 292 are conpleted by filling the contact holes
280" and 282" and renoving the excess conductive nmaterial, for exanple in
a CWP step.




Because the renoval of the resist mask 270 and etching of the ARC and etch
stop layers 260 and 240 are carried out in situ, fabrication of the
contacts is sinplified. A conventional resist aching typically used to 20
renove the resist mask 270 can be avoided. In addition, the process of
removing the resist mask 270 in situ is cleaner and nmay obviate the need to
performa wet cleaning. Thus, defects introduced in formation of the
contact hoCEAIRE" and 282" can be reduced or avoided. In addition,
because the ARC | ayer 260 is renoved in situ, the CMP used to planarize
the material filling the contact holes 280" and 282" is sinplified. Because
the ARC |ayer 2 i : I : : duri ng the
CWP is pr evle/°nt ed.gq%%ﬁ% %e??ﬁ(ggdlg 3{%&%%&gﬂ%&ﬁ%gﬁ%&%ﬁ%&@g‘?ﬂ%? ovi di ng
cont act s i nsubstsgei2dndumaitcr stoelayer(240), ahduntgtayet Hielgstres(@60) omthe gtchatophas

been descriped in.accordance.with the e inments shown,..one.o di nary
ok 11 Tt Haver{eRORR R BRRIYE atog it Canhen Mrenerieuaicieparic Gbhepdns « o
the enbodi ngnést sMfehRBSBel YR AL Sop ek D405 aeditti Rask!HAQing it Idabt Ged scope
of the present invention. Accordingly, ‘'many nodifications nmay be nade by

one of or di #npgrire thetejn repidington the antireflastive degting tayey(360nrthe leestawer it and

scope of the nded .cl ai ns. 30,1 NDUSTRI AL APPLI CABI LI TY One or,di nary
ST on ¢ e EBRERR eoa R Ryt BBt e e R conire R GRORBE for
form ng conindgiod comPrising €Y step3@fct or device results in defects. For
exanple, the etch of the ARC |l ayer, interlayer dielectric and etch stop

| ayer typically |eaves a polyner residue within the contact hole. In order
to renmove this p , IS tQ.r . arising
from thecont act Chr e SFodhe eHRRT phfioH 3P the AR A DRROYERIEE T,

renove the ambths interldyes diclastrid (25€) bdow thecadpestdasiitisigofadie anireftdctiani ng
processes typically E2eﬁ§u“ in defects, _such as the presence of, particles

due to the SRINEHRE(2ONARMNPHIBTNg HEOUE 6ish siopdayen &4 &0 Pravidedi t i on,
the |ayer- r%ﬂgfg\@rs%gﬁ@(ﬁﬁ%&g?ggl | y-scratches-the ARC-layer on top
al, thereby

of .dielectric-materi ormng nmassive defects in the form of
scrat ches. These(lyecemodhg themakist maskdinfsftio €104); t o di stingui sh true particle

defects fromthe scrat.ches. Typically a |on ol i shi ng, st i S. negessary
Lo remve the t off) ARROYIES & PORtion4as <ty Sigp Jety (1A0L SXResbimARD pegisn of the
PCT/ US2003/ 4888 8ne Seiftatk Ebl_eft_QE)fEWidlé)ﬂﬂe afRaq'odl BStdet hORAh sitd; Aeded is a
system and nethod for providing a sem conductor device having contacts

with fewer defectd filliigthgatlesttonecontact hwhe with aesndustiveoiateriah€El$). 6 CLAI MS
1. A nethod for providing at |east one contact in a sem conductor including
a

2. The method of claim 1 wherein the resist mask removing step (b) (104) further
includes the step of:

(bl) cleaning the portion of the contact hole in situ.

3. The method of claim 1 wherein the etch stop layer (240) includes SiN and/or
SiON.

4. The method of claim 1 wherein the anti-reflective coating layer (260) includes
SiN and/or SiON or SiRN (Si rich nitride).



substrate (201), an etch stop |layer (240), an interlayer dielectric (250)
on the etch stop layer (240), an anti-reflective coating |ayer (260) on
the interlayer dielectric (250), and at |east one feature below the etch
‘stop layer (240), a resist- mask having at |east one aperture therein
residing on the anti-reflective coating |ayer (260), the | east one
aperture being above an exposed portion of the anti-reflective coating

| ayer (260), the nethod conprising the steps of: (a) etching (102) the
exposed portions.of tthe neettiod-of efalre ¢ thiRr 6QAHARE thAYS of( 260) and the
interlayer dielectri c} (25?) bel ow t he exposed portron of the
anti-reflective £} ng Plaggrezing the gpndyctivrowaterial sithowg stiatobingha surfecendfahe st op
| ayer (240) to jpteeldyed@icecrirQes0)on of at |east one contact hole; (b)
removing the resist mask in situ (104); (c) renmoving a portion of the etch
stop layer (240) exposed in the portion of the at |east one contact hole
to providesthe @t | ' in.situ. and (d) filling the at

| east one cont act h??rg%vam}ﬁOgagﬁﬁgﬁ%%%\%gows&gi%ﬁm(pl 8). 2. The method of
claim1 wherein the (Pesi samavirgka pertiovi ofgths tagtd n{ﬂ%}:ti\(el%ﬁin% llHyEP@ZBO% inghpdes
the step of: ( i he porti.on the contact hole in situ. 3. The
met hod of cl ai %e{or%lgﬁﬁgiegﬁpﬁ%co %’F]B%l? 1Iegyer (240) includes SiN and/or
SiON. 4. The method of claim 1l wherein the anti-reflective coating |ayer
(260) includes SiN and/or SION or SiRN (Si rich nitride). 7 5. The nethod
of claim1l further conprising the step of: (e) planarizing the conductive
material wthout scratching a surface of the interlayer dielectric (250).
5 6. The method of claim 1l further conprising the step of: (e) renoving a
portion of the anti reflective coating |layer (260) in situ before the at

| east one contact hole is filled. 8



