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The present invention relates to a semiconductor

process, and more particularly to a process for
preventing formation of photoresist scum in order to
improve etching profile and prevent clogging of via
holes, thus improving subsequent metallization.

2. Description of the Prior Art:

In current semiconductor integrated «circuit
process, photolithography technique is a very critical
procedure, in which accurate transfer of the circuit
design to the semiconductor substrate determines the
product properties. Generally, photolithography

techpique includes coating, exposure, development, and

| photoresist stripping. In recent years, with the

20

25

continuous miniaturization of the device size,
photolithography technique needs more improvement and
plays‘a critical role in device quality, yield, and cost.

In the dual damascene photolithography process,
nitrogen (N) reacts with and contaminates the
photoresist. Thus, during the development procedure,
amine (NH,) photoresist scum remains, in turn forming
inaccurate pattern and seriously affecting electrical
properties of the device. The nitrogen source is from
silicon oxynitride (SiON) material of the anti-

reflective layer (ARL) and silicon nitride or silicon

i.0 t h evi ce size, hot ol i t hogr aphy t echni que
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nitr ogen
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silicon oxynitride (SiON) material of the anti- reflective layer (ARL) and
~silicon nitride or silicon 2 8 MAR 2005 2 carbon nitride (SICN) material of

the etching stop layer. 1In order to further understand the background of
the present invention, the conventional process for formng a dual

damascene structure is explained acconpanied by 5 FIGS. la tﬁﬂh 206 1 st
referring to FIG la, an etching stop |ayer 102 such as silito Itride or
silicon carbon nitride, a dielectric?layer 104, an anti-reflective |ayer
106 such as silicon oxynitride, and a photoresist |ayer 108 are 10 forned

ohororesr st At B Lo 10RO MREEAREAL kS ettt o ner .
devel opnent. Smaarddie photerestst uha ' am nated_by. nitrogen,

t he photochem cal reaction is 15 n‘()lt %g%rg%ggekg%r?%gk%%% r&f ¥Hﬁs, during
wet  devel opnirfesepitoi ovest $bns ctine OBV IrRITBNAS PRotbss fHidenahl§ of the

phot or esi st patterg Igg%er 108a. Therefore, when etching is perfOIgrred on
4&;

forma via holfedus fAECBECAFRYCHRBEi Lo expliained accampantiedchbiti cal 20

di mensi org ('CD)FIiG%_cIigng?d 1@ shown in FIG lc, seriously affecting
el ectrical properties of theé device. Subsequently, referring to FIG 1d,

S S e R
such as silicon nitride or silicon carbon nitride,
adielectric layer 104, an anti-reflective layer 106 such
as silicon oxynitride, and a photoresist layer 108 are
10 formed in sequence on a substrate 100.

Subsequently, referring to FIG. 1b, a photoresist
pattern layer 108a is formed using exposure and wet
development. Since the photoresist layer 108 is
contaminated.by nitrogen, the photochemical reaction is

15 not complete during exposure. Thus, - dufing wet
development, photoresist scum 108b remains on the
sidewalls of the photoresist pattern layer 108a.
Therefore, when etching is performed on form a via hole
104a, the etéhing profile is inferior and the critical

20 dimensio_n (CD) is changed as shown in FIG. ic, seriously
affecting electrical properties of the device.

Subsequently, referring to FIG. 1d, after the
Photoresist pattern layer 108a is removed, a photoresist
layer 110 is formed on the anti-reflective layer 106 and

25 in the via hole 104a. Next, referring to FIG. le, a
pPhotoresist pattern layer 110a is formed by exposure and
development. Next, etching is performed to form a trench
104b, making up a dual damascene structure. In the same
way, due to nitrogen contamination during the exposure

30 and development processes, photoresist scum 110b clogs




25 in the via hole 104a. Next, referring to FIG le, a photoresist pattern
| ayer 110a is formed by exposure and devel opnent. Next, etching is
performed to forma trench 104b, maki ng up a dual danmascene structure. |

n
the sane way, due to nitrogen contam nation during the exposure ﬁx ?@g
devel opnment processes, photoresist scum 110b cl ogs 28 MAR 2005 88 MR Vi a

hol e 104a. Photoresist scum 110b, detrinental to subsequent netallization
and causing device failure, 1is very difficult to renove even by ,
photoresist stripping. 5 In order to solve the above-nenti oned problem

pl asma descummi ng with oxxgen | asma is performed on photoresist pattern
| ayers sufferitfigthertet hehedf04phobhwesissi st wounHblevetet af hent gl asna

descunm ng, t S| st ttern Jayer thins and has decreased 10
et chi ng resi s[&g)nggggkg{slg?kt%eeto&} aln?]rfb‘yﬁé’cq ERHS WY Id9¥d co Apgérrehan t he
original desidg, wargh FnrEyeR) €hapges trical properties of the device
and does not neet the origi nlzlstl devi cer?lgéaﬁ?r eérr"geérqﬁ s.%yl npéalé?fﬁaﬁh?‘ésorre
resear chers h&¥sippiolgeped. 15 special photoresists or devel opers to

pr event f50rmation Iof hot or esi st scum_ Al t hough the photoresist scum
probl em s sol ved, IPh&IHFdue? i §R1¥BstthecabavesnerSUMIRA Qb dbEem NVENTI ON

orevon o PRSP SEPEORINL AR Sulfed HLER 12 OLEERRS
photoresist pattern layers suffering formation of
photoresist scum. However, after plasma descumming, the
Photoresist pattern layer thins and has decreased
10 etching resistance. Also, the resulting pattern will be
larger than the original design, which in turn changes
electrical properties of the device and does not meet the
original device requirements.
In addition, some researchers have developed
‘15 special photoresists or developers to prevent formation

of photoresist scum. Although the photoresist scum

problem is solved, the production cost increases.
SUMMARY OF THE INVENTION

An object of the present invention is to provide a

20 process for preventing formation of photoresist scum by
means of using silicon oxide (8i0,) or hydrocarbon-
containing silicon oxide (SiOny:H) as the anti-
reflective layer to prevent nitrogen from contaminating

the photoresist. Moreover, a barrier layer is

25 additionally formed on the etching stop layer and another
barrier layer is additionally formed below the anti-
reflective layer. These two barrier layers can be
silicon oxide or hydrocarbon~containing silicon oxide to

prevent nitrogen from diffusing into the dielectric




means of using silicon oxide (Si0X) or hydrocarbon- containing silicon
oxide (SiOXCy:H) as the anti- reflective |layer to prevent nitrogen from
contam nating the photoresist. Mreover, a barrier layer is 25
additionally formed on the etching stop | ayer and anot.her barrier |ayer is

additionally fornmed below the anti- reflective |ayer. These t barrj.er
| ayers can be silicon oxide or hydrocarbon-containing sili coh (%AR(]@DIS»[ o]
prevent nitrogen fromdiffusing into #he dielectric 2 8 MAR 2005 4 | ayer,
which in turn prevents formation of photoresist scum w thout causing
unfavorabl e effects on the subsequent process or changing electrical
properties of T3R& d¥Piedsinstanntbeeven)ectomfattive pfephntorayesti on is to

provi de a pro of . nting f.ormatiqn of otoresist scumusing a
non- anmi ne ant %%?@f I téiétp'?]\%l%l ay&r>1Bgri g W@raBESt offfRaBEPaphy pEloeess, the

phot or esi st seuBskeguechteyeHEESs Ry BhLLAGS jnation. 1Q.A further
obj ect of the Er esent iﬁl\y}enti on is tg %gr %v%gé;égﬂpé%c %s%pgfr bLng% ting
formati on of Bhetdewdices. scum by formation of a barrier |ayer both bel ow

t he anti-reflecti?ge Igyer and on the etching stop layer, in order to
prevent 1 trogen df*PPLEREN IMast hef ditdleecpyégentl 5ihuget ioffo imchi@ve t he

above obl ect Sprbheal#Pabe kRSP Ykt e rRIG RSO 1 81 SEPROLS, LIt on of
scmnusingeanon—amineanti—reflectivelayer. During the
photolithography process, the photoresist scum is
prevented by nitrogen contamination.

10 A further object of the present invention is to
provide a process of preventing formation of photoresist
squm by formation of a barrier layer both below the
anti-reflective layer and on the etching stop layer, in
order to prevent nitrogen diffusion into the dielectric

15 layer.

To achieve the above objects, the present inventive
process for preventing formation of photoresist scum
includes the following steps. A substrate on which a
dielectric layer is formed is provided. Next, a non-

20 amine anti-reflective layer is formed on the dielectric
layer. Next, a photoresist pattern layer is formed on
the non-amine anti-reflective layer. During the
formation of the photoresist pattern layer, the non-
amine anti-reflective layer does not react with the

25 photoresist pattern layer, thus not forming photoresist
scum. The non-amine anti-reflective layer can be silicon
oxide (SiO,) or hydrocarbon—containing silicon oxide
(Si0,C,:H) .

The present invention also provides a process for

30 preventing formation of photoresist scum suitable for




includes the following steps. A substrate on which a dielectric layer is
formed is provided. Next, a non 20 amne anti-reflective layer is fornmed on
the dielectric layer. Next, a photoresist pattern layer is forned on the

non-am ne anti-reflective layer. During the formation of the &;otomﬁfi st
pattern layer, the non- am ne anti-reflective |ayer does not r YAR h the
25 photoresist pattern |layer, thus not form ng photoresist scum The
non-am ne anti-reflective layer can be silicon oxide (SiOX) or
‘hydrocarbon-containing silicon oxide (SiOXCY: H) . The present invention
al so provides a process for 30 preventing formation of photoresist scum
suitabl e for 2S¢ MAR 20082k demasceaecdyatoctarmnsarnetHy qseSSeNdrbhe process
hot oresi st scum includes the follow ng

for preventi formation of )

steps. A substrats “ﬁ%?eﬁma 1gpcRitnphattopesiafepcun tneledesichéayer, a
first barrier 4 3 n@n 5 apti - ive l.ayer are fornmed is provided.
The first bar P?g%hllggergtgﬁggéksﬁaé'fllggé%gg%p%%twq]ﬁ RE GhtPIngeftRti ve

| ayer from di flaysirpga idifed ddta-idi ehoetli § £i@epar Next ’latax}%?,a%hl'\ér?f | ective
| ayer and the dielectric |ayer are etched to forma via hole. xt, 10 a
phot or esiPst paftérnefageEivesldwgmmadeofiorhedant provefidect The tiayser. The

first barrier r..blocks t irst dopant in order to prevent
phot or esi st 5185%?‘8%%9”% ngﬁﬁg&\ﬁ a2 hol &St dappyt time Hhei -amfiective

| ayer and reflective layer from diffusing into the dielectric
layer. - Next, the anti-reflective layer and the
dielectric layer are etched to form a via hole. Next,

10 a photoresist pattern layer is formed on the anti-
reflective layer. The first barrier layer blocks the

first dopant in order to prevent photoresist scum fo‘rming

in the via hole. Finally, the anti-reflective layer and

the dielectric layer are etched using the photoresist

15 pattern layer as a mask to form a trench above the via
hole, thus forming a dual damascene structure. The
process can further include forming a second barrier
layer between the etching stop layer and the dielectric

layer in order to block a second dopant in the etching

20 stop layer from diffusing into the dielectri.c layer. The
first and second barrier layers can be silicon oxide
(Sio,) or hydrocarbon-containing silicon oxide (8i0,C,:H)

and have a thickness of 50 to 1000 A. The first and second

dopants can be nitrogen.
25 BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully
understood from the detailed description given

hereinbelow and the accompanying drawings, given by way



the dielectric |layer are etched using the photoresist 15 pattern |ayer as a
~mask to forma trench above the via hole, thus form ng a dual damascene
structure. The process can further include form ng a second barrier |ayer
between the etching stop layer and the dielectric layer in ordgrypdlldl ock
a second dopant in the etching 20 stop layer fromdiffusing into the
dielectric layer. The first and secogd barrier layers can be silicon oxide

(Si OX) or hydrocarbon-containing silicon oxide (SiO CY:H and have a

t hi ckness of 50 to 1000 A. The first and second dopants can be nitrogen.
25 BRI EF DESCRIfPTL DMu€ErIHEODRAW NGS aFkle pheseniot Nygpbhaagwidd Bgcome nore
fully underséood from the detailed description given hereinbelow and the
acconpanyi ng ardwitAde Vegidferrhsy Pr@pents iIMRN2A05.6 of illustration only and

thus not intended g imtati of the present .invention. FIGS. la to
le are cross-sectionggﬁlﬂés€éa |ﬁé'tﬁ5°s§6ﬁgﬁﬁf?%ﬁdﬂ' g sheof

formng a duakodamasdens ] %xﬁdelé%t Ww BIfCPornd F;Oazﬁuﬂﬁed%gééé getions
illustrating the process flow of formng a duaF damascene structure

accordi n@ to &tFHE$urenbodi nent of the present invention. FIGS. 3a to 3e

are cross-sections Ehlus%ré%i the 10 process flow of form ng a dua
damascene struct ur&ICRecOP T NS BEE SECHNTS 2FbRN Srerl Ustt refrd ngr bhent

process flow of forming a dual damascene structure
according to a first embodiment of the present invention.

FIGS. 3a to 3e are cross-sections illustrating the

10 process flow of forming a dual damascene structure

according to a second embodiment of the present

invention.

DETAILED DESCRIPTION OF THE IMNTION

FIGS. 2a to 2e are cross-sections illustrating the

15 process flow of preventing formation of photoresist scum
according to a first embodiment of the present invention.
First, referring to FIG. 2a, a substrate 200 such

as a silicon wafer is provided. Although there are
semiconductor devices formed on the substrate 200, a flat

20 substrate is depicted for simplicity. Next, an etching
stop layer 202, a barrier layer 203, and a dielectric
layer 204 are formed on the substrate 200. The material

of the etching stop layer 202 can constitute silicon
nitride or silicon carbon nitride. The barrier layer 203

25 can comprise silicon oxide (Si0,) or hydrocarbon-
containing silicon oxide (8i0,C,:H) having a thickness of

50 to 1000 A to block the dopant such as nitrogen in the
etching stop layer 202 from diffusing into the dielectric

layer 204. 1In addition, in the present embodiment, the



i nvention.
cross-sections illustrating the
phot oresi st scum according to a first enbodi nent of the present
referring to FIG 2a, a substrate 200 such as a silicon jweRedlhi s

First,
sem conductor devices fornmed on the substrate

provi ded. Although there are

DETAI LED DESCRI PTION OF THE I NVENTION FIGS. 2a to 2e are
15 process flow of preventing fornmation of
i nvention.

200, a flat 20 substrate is depicted for sinplicity. Next, an etching stop
| ayer 202, a
the substrate 200. The material of the etching stop |ayer 202 can
constitute sildtdningistppdbapers202 cam earseonssimdt heia TR AN gl
203 25 can co
oxi de (Si O CY: havF HPeR ¢ hi ERABss &F ~ sbliedroooxideo HISdek) t herd

such as nitro o _ i .stop. | ayer 202 fromdiffusing into
dielectric | a5 d&a%%fl %ngla?g‘l%g gli%% n ?{éégn{spﬁgon*i”nen]t_r} this
2005 7 et chi ngrast,ophéaydrs ROhekal 8l SOr B S d FheFON Al LAY -5 AR
ni trogen, suc
oxi de ( SPOXCY:laMer 2P3. ¢ fjext waynonheménesamoi reefll dat fas Matylee 206
above- nenti on
EgierTﬁ06 Sy Ri fd aehl % gO@ P@ il id
. The non- agivee apki - mefd aehluaihay 0 i]icon oxide
hydr ocar bon-@ﬂg(%nt b ng bhl-¥mindY&ht £9Pe FROCt e S'a 5P 0BXLSE

or

10

15

20

25

barrier layer 203, and a dielectric Ilayer 204 are for
rise,silicon oxide (Si Ox) or hydrocarbon- containing

n a 1on,” Tn

ayer 204.

h as silicon oxide (SiOx) or hydrocarbon-contalining s
rrier 5 layer 203. Xxt, a non-anmne anti-reflect
LSt dodr Ta08 e Forned on threddparetEs fc

be silicon oxide (Si0,) or hydrocarbon-containing
silicon oxide (SiOg%:H).

Subsequently, referring to FIG. 2b, a photoresist
pattern layer 208a is formed using conventionai exposure
and wet development procedures. Since the non-amine
anti-reflective layer 206 contains no nitrogen, the
photoresist layer 208 does not react with nitrogen during
the photolithography procesé. That is, during wet
development, no photoresist scum remains on the
sidewalls of the photoresist pattern layer 208a.

Subsequently, referring to FIG. 2c, the non-amine
anti-reflective layer 206, the dielectric layer 204, and
the barrier layer 203 are etched in sequeﬂce using the
photoresist pattern layer 208a as an etching mask, thus
exposing the etching stop layer 202 surface and forming
a via hole 204a. Since there is no photoresist scum, the
via hole 204a has a better profile. In addition, since
no plasma descumming is required, the critical dimension
(CD) does not change.

Subsequently, referring to FIG. 2d, the photoresist
pattern layer 208a is removed to expose the surface of

the non-amine anti-reflective layer 206. Next, a

med on

| ayer
silicon
opant
t he
2 8 MAR

ilicon
ive

| ayer

(Si OX)




il i i ; i FIG 2b, a
silicon oxide (SiO CY:H) . 10 Subsequently, referring to ,
phot or esi st pgit tern layer 208a is formed using conventional exposure and
wet devel opnent procedures. Since the non-amine anti-reflective |ayer 206

contains no nitrogen, the photoresist |ayer 208 does not react WZDUS
nitrogen during 15 the photolithography process. That is, duri

devel opment, no photoresist scumremagns on the sidewalls of the ]
photoresist pattern |layer 208a. Subsequently, referring to FIG 2c, the ]
non-amne anti-reflective |ayer 206, the dielectric |ayer 204, and 20 the

barrier layer gb8taresesehelaydr S@quensg UgbAged NePhRfAr sl st pattern
I:yer 208ayas an et ching mask%' thus exposing the etching s(%op rFfayer 202
surface and fofRFhgreflorhiviel bapena206 ace imetlee iwinmqkotooesi st scum

. ; e : | asB
the via hole 204a better profile. In_addition, since 25 no p
descunming is requi?gg?f{’%e crr“ifﬁpr&&in%l ensFHp- (@ep) doerhatmrestisige.

bsequently, pef h NG FI 2¢ .t t S pattern |ayer 208a is
rsgm)vgd to )e/xp%se@%fle gu?fegcezgooa %Sheﬁﬁglﬁ?%mg%lgﬁgnt#@r SFPECH e a}r<%(3§/e_r 206.
Next, a 258 Matevoheprgephaosasisted ayRirmdHy as tk-ehBRd Ofy tf NQpRam ne
anti-reflective layer 206 and in the via hole 204a. Finally, referring to
FIG 2e, a pho"f%%’es‘ﬁﬁ Phiptara st Stapat t2roa lpyetro? hd dsemqdthereaxqiosur e and

3 deVe|0pnentVHHQFGQHéeﬁonigﬁfkggaﬁtRL%Q%TécLQVéhfa§g¥E206 to form
residual scum. On the qther side, although the etching
stop layer 202 contains nitrogen, nitrogen cannot

‘10 diffuse into the dielectric layer 204 because of the
blocking of the barrier layer 203. Thus, the photoresist
layer 210 in the via hole 204a will not be contaminated,
and no photoresist scdm forms in the via hole 204a.

FIGS. 3a to 3e are cross-sections illustrating the

15 process flow of preventing formation of photoresist scum
according to a second embodiment of the present
in#ention.

First, referring to FIG. 3a, in the same way, a
substrate 300 such as a silicon wafer is provided. Next,

20 an etching stop layer 302, a second barrier layer 303,
a dielectric layer 304, a.first barrier layer 305, an
anti-reflective layer 306, and a photoresist layer 308
are formed on the substrate 300. The etching stop layer
302 can comprise silicon nitride or silicon carbon

25 nitride. The anti-reflective layer 306 can be silicon
oxynitride. The first and second barrier layers 305 and
303 can comprise silicon oxide (Si0,) or hydrocarbon-
containing silicon oxide (5i0,C,:H) having a thickness of

50 to 1000 A to block the dopant such as nitrogen in the




the photoresist pattern |ayer 210a does not react wth the non-am ne
‘2ﬁ¥i-reflgctive Iayerp206 to form residual scum On the other side, 10
al t hough the etching stop |ayer 202 contains nitrogen, nitro %ﬂﬂ&?aﬁft
diffuse into the dielectric layer 204 because of the blockin
barrier layer 203. Thus, the photoresist layer 210 in the via hole ZOﬁa
w Il not be contam nated, and no phobpr¢5|st scumforms in the via hole
204a. FIGS. 3a to 3e are cross-sections illustrating the 15 process flow
of preventing formation of photoresist scum according to a second

i of ¢tehpugsanip 1eReenB0oNand fi5tuhe! ShEELLOILO F G AR I N the
ggﬁgdkgs?ta subsf?gfe 366 sgﬁh as a silicop waf er %s prov!dedi§ﬁéxt, 20
an etching sto%)()@agf”e‘?m Mf%mmmaﬂ_ﬁa etidlaymriz03ayadizelectric |ayer
304, a first barri | ayer %%? an antl-reflectlvg | ayer 306, apd a
phot or esi st | ayer g%‘?s are 1 yﬂedfed??li’??é’gsl}i?fsﬁﬁte %Ofﬁbopnimzsmni trsittgest 'CI)'Ee

02 campLaisy il 4 s ELL Silicon )
;ﬁ¥?freflectigz Iayé}S% %keg%ﬂgéﬂi% Fggﬁq£8§§LF§§V%%.l?%%}ﬁ?%@?“éﬁd second
barrier Iayer 2r@bgesndevalsprant ¢ompdda-es .| 'N&&,O%b;@ér@h?’ta e C eo
hydrocarbon- containing silicon oxide (SiQ CY:H having a thickness o
to 1000 A to MGckheRfobarRikechive havengsh6i nthhe f2r8tVRRr200% 9

et ching stop h%&%&-3?%5ang%%ndﬁgﬁe%@gﬁbrqg§§¥i§6§)E%gﬁ tEQGSgggghdlfoSIng
into the dielectric Tayer 304,
barrier layer 303 are etched in sequence using the
photoresist pattern layer 308a as an etching mask, thus
10 exposing the surface of the etching stop layer 302 and
forming the via hole 304a.

Subsequently,referringtx>FIG.3d,tﬂmaphotoresist
pattern layer 308a is removed to expose the surface of
the anti-reflective layer 306. Next, a photoresist layer

15 310 is formed on the anti-reflective layer 306 and in the
via hole 304a.

Finally, referring to FIG. 3e, a photoresist
pattern layer 310a is formed using the exposure and
development procedures. In the same way, during the

20 photolithography process, although the anti—reflective
layer 306 and the etching stop layer 302 contain
nitrogen, nitrogen cannot diffuse into the dielectric
layer 304 because of the blocking of the first and second
barrier layers 305 and 303 respectively. Thus, the

25 photoresist layer 310 in the via hole 304a will not be

' contaminated, and there is no photoresist clogging of the
via hole 304a, thus improving the subsequent
metallization.

According to the inventive process, photoresist

30 scum is effectively prevented by the use of the non-amine




Subsequently, referring to FIG 3b, a photoresist pattern |layer 308a is
formed using conventional exposure 5 and wet devel opnent procedures. Next,

referring to FIG 3c, the anti-reflective |ayer 306, the first @ éﬁh@%
| ayer 305, the dielectric |ayer 304, and the second barrier: % @ 3 are
etched in sequence using the photoresist pattern |ayer 308a as an etching
mask, thus 10 exposing the surface of,,t he etching stop |ayer 302 and
formng the via hole 304a. Subsequently, referring to FIG 3d, the
‘photoresist pattern |ayer 308a is renoved to expose the surface of the

anti-reflecti vmatayéalaﬁ)ﬁ.tﬂ\dexah,tiaralﬂth@tgsgsiaj,@y,ertk;@e@égihﬁ ggééred on
the anti-reflective layer 306 and in the via hole 304a. Finally, referring
to FIG 3e, a phHthr&y §he banniamlageer 3nGuldid ifcor,neincsinogl denexposur e

and devel opmeftsp res. .In the sane way, durjng the 20

phot ol i t hogr aphy p{nglgggg, Egl FRSUGASEREPEN AT eIt ot orgsisioeand t he
etching stop |ayesl3P@rcantakd, thiel&LPENA Nid; of diffiuse into the
dielectric |ayer 304 because of the bl oci‘?r%ﬁng%%{lﬁgla#??éspggncdms%eond
barrier |ayers2BdsthadpBoduecesprotastelis ddursadde, 25 photoresist |ayer 310
in the via hole 304a will. not be contam nated, and there is no photoresist

cloggi ng of the via'hol g°§628}“?hu§eﬁﬁﬁiﬁwﬁ§ tld sitheequeraferred .
EHIEE  s EEEE
purposes of illustration and description. Obvious
modifications or variations are possible in light of the
10 above teaching. The embodiments chosen and described
provide an excellent illustration of the principles of
this invention and its practical application to thereby
enable those skilled in the art to utilize the invention
in various embodiments and with various modifications as
15 are suited to the particular use contemplated. All such
modifications and variatiops are within the scope of the
present invention as determined by the appended claims

when interpreted in accordance with the breadth to which

they are fairly, legally, and equitably entitled.




2 8 MAR 2005 10 material as the anti-reflective |layer, the etching stop
| ayer, or the barrier layer. In addition, since no plasna descunmng is
requi red and no special photoresist or developer is used, the critical
di rensi on does not change 5 and the production cost is decreased. The
foregoi ng description of the preferred enbodinments of this i \BeRi B has

been presented for purposes of illustration and description. Cbvious
nodi fications or variations are possiple in light of the 10 above teaching.
The enbodi nents chosen and descri bed provide an excellent illustration of

the principles of this invention and its practical application to thereby
enabl e tymese sKidlpandd fde art to utilize the invention in various
enbodi nents and with various nodifications as 15 are suited to the
particul ar use contenplated. Al such nodifications and variations are

wi thin the scbpe df Rirceps efentpraventiog &sruetépm néd phy tomesappended

cl ai ns i reted .i.n rdance with the breadth to which they are
fairly, Tegal Ié%n%;a%dselenq(ﬂi haebﬁézloclglncf"fjtl}%ds\.l%ef% MAR 2005 11 What is clained

is: 1. A progessvidingrevemdsteate nahi pRieh RhiIrshstic SEHPRrCOBPri sing
t he Eollomﬁng stepg: 5 groviding a substrate on which a dielectric layer is
ormeqQq;

[4

forming a non-amine anti-reflective layer on the
dielectric layer, said non-amine anti-reflective
layer being a hydrocarbon-containing silicon
oxide (SiOxCy:H) layer; and
10 forming a photoresist pattern layer on the non-amine
anti-reflective layer, wherein during the
formation of the photoresist pattern layer, the
non-amine anti-reflective layer does not react
with the photoresist pattern layer, said non-
15 amine anti-reflective layer being a hydrocarbon-
containing silicon oxide (SiOxCy:H) layer, thus

not forming photoresist scum.

2. The process as claimed in claim 1, further
comprising forming an etching stop layer containing no

20 nitrogen between the substrate and the dielectric layer.

3. A process for preventing formation of photoresist
scum, comprising the following steps:
providing a substrate on which a dielectric layer is
formed; |
25 forming a non-amine anti-reflective layer on the
dielectric layer;
forming a first photoresist pattern layer on the non-

amine anti-reflective layer, wherein during the




formed; formng a non-amne anti-reflective layer on the dielectric |ayer,
said non-am ne anti-reflective |ayer being a hydrocarbon-containing

silicon oxide (SiOXCy:H) layer; and 10 form ng a phot oresi st @fh&{ar@ | ayer
on the non-amine anti-reflective |ayer, wherein during the f { ?1 of

t he photoresist pattern |ayer, the non-amne anti-reflective |ayer does
not react wth the photoresist pattern |ayer, said non 15 am ne
anti-reflective |ayer being a hydr ocalipon- cont ai ning silicon oxide
(SiOXCy:H) layer, thus not form ng photoresist scum 2. The process as

claimed in claiml ompri $4.ng..fQr,m.ng an et chi stap | ayer
containing no 20 %?%Iy%%gﬁﬁbg?mggre\ ?ﬁer%écuﬂas FAE A tpr?é:r{%ré]l (celcatyrel% | ayer.

3. A process for ptleventnngnfos nantOrref1pBoies eBipdr ESBHNNAOMY AR ng the
followi ng steps: providing a substrate on which a dielectric |layer is
formed; 25 formni ng"athorant Hestarkhotereetst veattger vame thiiemetitric

layer; formng a figshiRhotsestst: patierp. ! ayer on the non- am ne
anti-reflective Iayer,lv\ﬁce%r)ei n durang tﬁéﬂ? 8 MAR 2005 12 formation of the

first photorestshipgt tidren hayeamnineheamoi-ast becahte- refjeact ang ltager does
not react dielectric layer wusing the first photoresist
pattern layer as a mask to form a via hole;
removing the first photoresist pattern layer to expose
the non-amine anti-reflective layer surface; and
10 forming a second photoresist pattern layer on the non-
amine anti-reflective layer, wherein during the
formation of the second photoresist pattern layer,
the non-amine anti-reflective layer does not react
with the second photoresist pattern layer, thus

15 not forming photoresist scum.

4. The process as claimed in claim 3, further
comprising forming an etching stop layer between the

substrate and the dielectric layer.

5. The process as claimed in claim 4, further
20 comprising forming a barrier layer between the etching stop
layer and the dielectric layer to block a dopant in the

etching stop layer from diffusing into the dielectric layer.

6. The process as claimed in claim 3, wherein the
non-amine anti-reflective layer is a silicon oxide (SiOy)

25 layer.




with the first photoresist pattern |ayer, thus not form ng photoresist
scum 5 etching the non-amne anti-reflective layer and the dielectric

| ayer using the first photoresist pattern layer as a mask to forma via
hol e; renmoving the first photoresist pattern |ayer to expose ggf i m ne
anti-reflective layer surface; and 10 formng a second photor §@9p3$tern
| ayer on the non am ne anti-reflective |ayer, wherein during the formation
of the second photoresist pattern |ayer, the non-amne anti-reflective

| ayer does not react wth the secondlﬁhotoresist pattern layer, thus 15

not form ng photoresist scum 4. The process as_clained ip claim3, further
conpri si ng fo?m' ngﬁiﬁ EFONSTS sTop qﬁﬁérfecﬁe%‘{}\/e&lratlﬁ’en?'suﬁ Frats t he

di el ectrhentayene AntIPecpleesseas 5led MRd 4 myd@lddrbod WISl in 2l
conprising formng a barrier |ayer bétween the "etching stop |ayer and the

di el ectrféliageroxdde| 63kOLvdbpaneyem.the etching stop layer from
diffusing into the dielectric layer. 6. The process as clained in claim3,

wherein the on- afH ne ti-reflectiv er is.a.sildcon, oxide i OX) 25
layer. 2 8 MAR 208?‘%31935&%5;5 p%%cecs}s?%ér{se%%:llﬁ? SR o7 ai MRS eEt in t he
non- & nNeaantér redyecthae 4 ayelidsn aohydk ocardoniegri-ai ning silicon oxide

(SIOQ,Cy:H |ayer.
9. The process as claimed in claim 5, wherein the
barrier layer is a hydrocarbon-containing silicon oxide
(Si04xCy:H) layer.

10. The process as claimed in claim 5, wherein the

10 barrier layer has a thickness of 50 to 1000 A.

11. The process as claimed in claim 5, wherein the

dopant is nitrogen.

12. A process for preventing formation of photoresist
scum suitable for use in a dual damascene process,
15 comprising the following steps:
providing a substrate on which an etching stop layer, a
dielectric layer, a first barrier layer, and an
anti-reflective layer are formed, wherein the
first barrier layer blocks a first dopant in the
20 anti-reflective layer from diffusing into the
dielectric layer;
etching the anti-reflective layer and the dielectric
layer to form a via hole;
forming a photoresist pattern layer on the anti-
25 reflective layer, wherein the first barrier layer
blocks the first dopant in order to prevent

forming photoresist scum in the via hole; and



8. The process as clained in claim5, wherein the 5 barrier |layer has a
silicon oxide (SiOX) layer. 9. The process as clained in claimb5, wherein
the barrier layer is a hydrocarbon-containing silicon oxide (SiOXCy:H)

| ayer. 10. The process as clained in claim5, wherein the 10 Jtgapmp 88 | ayer
has a thickness of 50 to 1000 A. 11. The process as clainmed in claimb5,
wherein the dopant is nitrogen. 12. A process for preventing formation of
photoresi st scumsuitable for use in dual danmascene process, 15
conprising the follow ng steps: provi a‘?ng a substrate on which an etching

stop layer, a jelectric |ayer first barrier |aye an n .
anti-reflecti (\3/%8%]:59 r e 38 lrre%l??%\ﬁgiéivﬁ ?J‘r‘?é’erf i?%‘i{ %B?r idgTeqle%lcbl ocks a
first dopant in theag@ramdineftret ipHrdeyesidt opudickiusi ngydnt ast he

dielectric layer; etching the anti-reflective layer and the dielectric
layer to form a viBasbl &0 ffr¥mng &usivtlor abpye paret evia | hpée orftdse anti -

25 reflective | aye ein I rier layer blocks the first
forﬁqﬁgﬁé ?ééi;é%ﬁ%%%%ﬁé égr%ét re

dopant in order to preve oresrst scumin the via hole; and 2
8 MAR 2005 14 etching the anti-reflective |layer and the dielectric |ayer
usi ng the photdresils¢ pabtess leayeclasmad in claim 12, wherein the

first barrier layer is a silicon oxide (SiO4) layer.

14. The process as claimed in claim 12, wherein the
first barrier layer is a hydrocarbon-containing silicon

oxide (Si04Cy:H)layer.

10 15. The process as claimed in claim 12, wherein the

first barrier layer has a thickness of 50 to 1000 A.

16. The process as claimed in claim 12, wherein the

first dopant is nitrogen.

17. The process as claimed in claim 12, further

15 comprising forming a second barrier layer between the
etching stop layer and the dielectric layer, wherein the
second barrier layer blocks a second dopant in the etching

stop layer from diffusing into the dielectric layer.

18. The process as claimed in claim 17, wherein the

20 second barrier layer is a silicon oxide (SiOy) lavyer.

19. The process as claimed in claim 17, wherein the -
second barrier layer a hydrocarbon-containing silicon oxide

(SiOxCy:H) layer.

20. The process as claimed in claim 17, wherein the

25 second barrier layer has a thickness of 50 to 1000 A.



mask to forma trench above the via hole, thus formng a dual danmascene
structure. 5 13. The process as clained in claim12, wherein the first
barrier layer is a silicon oxide (SiOX) |ayer. 14. The process_as 3&Iined
in claim12, wherein the first barrier layer is a hydrocar bohdddRtEni ng
silicon oxide (SiOXCy:H) layer. 10 15. The process as clainmed in claim12,
wherein the first barrier |layer has a thickness of 50 to 1000 A 16. The
process as claimed in claim12, mhereh$ the first dopant is nitrogen. 17.
The process as clained in claim12, further 15 conprising formng a second
barrier |layer between the etching stop layer and the dielectric |ayer,

wherein the co arrier |ayer blocks.a.secaond dopant jn_th hi ng
stop | ayer frfofﬁ dinﬂ?gs#%a%ler?fso Ghe® Jelfl%(ét ric 9 . 18. Wif’ﬁéeﬁrgo?g;és as

cl ai ned seaceh@i dodant wherei tiréden. 20 second barrier layer is a silicon
oxide (SiOX) layer. 19. The process as clained in claim17, wherein the
second barrier layer a hydrocarbon-containing silicon oxide (SiOXCy:H)
| ayer. 20. The process as clainmed in claim17, wherein the 25 second
barrier layer has a thickness of 50 to 1000 A. 2 8 MAR 2005 15 21. The
process as clainmed in claim17, wherein the second dopant is nitrogen.






