1 2 0 MAR 2005 TITLE PROCESS FOR PREVENTI NG FORMATI ON' OF PHOTORESI ST SCUM
BACKGROUND OF THE INVENTION 1. Field of the Invention:. 5 The present
invention relates to a sem conductor process, and nore particularly to a
process for preventing formati on of photoresist scumin order to inprove
etching profile and prevent clogging of via holes, thus inproving :
subsequent netallization. 10 2. Description of the Prior Arty:g wig 80 rent
sem conductor integrated circuit protess, photolithography technique is a
very critical procedure, in which accurate transfer of the circuit design
to the sem conductor substrate determ nes the 15 product properties.
Ceneral ly, photolithography techni quertmel udes coati ng, exposure,

devel opnent, and photoresist stripping. In recent years, with the

conti nuous m i.0 t h evi ce size, hot ol i t hogr aphy t echni que
oats mor's T HERIHA S o RSl K ORMARION] OF DyHOTGREERAT SHCRl |y

yield, and cost. In the dual damascene phot ol i t hography process, nitrogen

(N) reacts with and cont aftiE®o Oﬁ%ﬁ?rﬁ?‘tﬁl‘r hus, during the
devel opment procedure, amne (NH,) photoresis sggﬁlrenalns in turn

form ng 25 i ngccy;alhgy B%tEﬁE”IﬁOgn%EEhQUS|y af fecting electrlcal

5 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.

10 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

15 product properties. Generally, photolithography
techpique includes coating, exposure, development, and

| photoresist stripping. In recent years, with the
continuous miniaturization of the device size,
photolithography technique needs more improvement and

20 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

25 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



properties of the device. The nitrogen source is from silicon oxynitride
(SION) material of the anti- reflective layer (ARL) and silicon nitride or

silicon 2 8 MAR 20U5 2 carbon nitride (SiCN) nmaterial of the etching stop
| ayer. In order to further understand the background of the present

invention, the conventional process for fornming a dual danas:ggem&gm ucture -
i s explained acconpanied by 5 FIGS. |la to le. First, referring FIG |a,
an etching stop layer 102 such as si%icon nitride or silicon carbon
nitride, a dielectric |ayer 104, an anti-reflective |ayer 106 such as

silicon oxynitdt] a . phatoresist |ayer 108 are 10 fornmed in sequence
on a substrat eééfg)gj.n %Sggéageﬁ%ﬁ fa Efﬁgﬁé’ft bherschipg stemadeyessi st
pattern | ayer IiD&arder fs NBErHgs RO devel opnent, Since the
phot oresi st |ayer 108 is coth:arri na?ggggéyéﬁ??gg%;\;ﬁgghgr%wa&ogﬁe Eal
reaction is PFesentconpeatéodyrthg @pesitiionalyocass i Mg ‘ﬁ%kmﬂﬁga opment ,

phot oresi st scum 1388 remains on the sidewalls of the photoresist pattern
| ayer 108a. Shado ghagFeRcePERNAGUre perdxpledchesh abopompaniied byl e  104a,
the etching pratgsl eqis ionflgri or and the critical 20 dinension (CD) is
changed as shown in EI E—l I'C,” seri ously affecting electrical properties of
the device. Subsegtest)yref@feingNh tFlad &, ! 4y e"‘]:féhefngt Q%oth_)é)%]?S' st

pattern |layer 108a is renoved, a photoresi st
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




| ayer 110 is formed on the anti-reflective layer 106 and 25 in the via
hol e 104a. Next, referring to FIG |le, a photoresist pattern |ayer
formed by exposure and devel oprment. Next, etching is performed to forma

trench

104b, meking up a dual damascene structure. In the sane mpelue
o g

to nitrogen contam nation during the exposure 30 and devel opnen
phot oresi st scum 110b clogs Z 8 MAR 2805 3 in the via hole 104a.

Phot or esi st scum 110b, detri nent al

device failure, 1is very difficult to renove even by photoresi st

stripping. 5 I.n order, to solve the above-nenti oned probl em

pl asma

110a i s

SES,

t 8 subsequent netallization and causing

descummi ng wi & bREJeiR prasndis pRirdornesisn scphot ilesst rpmthesd | ayers
suffering fornati ot gresj st _scum wever, after plasma descunm ng,
the photor esi@g)t Eggfgé}l%g?a g:ra%ts‘]h’i%t’a‘?ﬁl caestrasiayire Epéhing,
resistance. Aliso, vele r@seFitnde Patsder f lagger fhan the or

which in turg changesu electri%% %%o§§¥¥ﬁeégbfp%ﬂ Oﬁ%@fﬁg

not meet the S&Xiigpaal.device requirements. In addition, sone researchers
have devgloped 15 _speci al photoresists or devel opers to prevent formation

desi gn,

of photoresist scufdf® A%

i gi nal
and does

ddughe t FelFRottdresibeveowent el eprolslan) ved, the

production Coéﬁa'sﬁﬁr %@%%ﬁm?ﬁ%%h%x@%%g l\lla\/l%\snr_r{aoisAnpgxp oelanec? fOIE he

pr esent

i nven

10

15

20

25

ron Is to prov
photoresist pattern layers suffering formation of

photoresist scum. However, after plasma descumming, the
Photoresist pattern layer thins and has decreased
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
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
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
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




20 process for preventing formation of photoresist scum by means of using
silicon oxide (Sio.) or hydrocarbon- containing silicon oxide (Si O CY:H) as
the anti- reflective layer to prevent nitrogen from contam nating the

phot oresi st. Moreover, a barrier layer is 25 additionally fornmed on the
etching stop |layer and another barrier layer is additionally for ﬁb bel ow
the anti- reflective layer. These two barrier |ayers can be %ﬁmAgg Soxi de
or hydrocarbon-containing silicon oxidle to prevent nitrogen fromdiffusing
into the dielectric 2 B MAR 2005 4 | ayer, which in turn prevents formation
of phot oresi s;t scum wi.t hout causi ng unfavorable effects on the subsequent
process or chafdhg Whéehr iBaluphopeeveriss oforntaid cevifcphotbrdabsher obj ect

of the present,.,npvent.i .S to. provide a process of preventing formation
of phot or esi s{scluis}lcur%&gﬁ%ﬁ& a HET A némiﬁtvg’r B&F‘ec?ﬁ%cFéye@U D¢ ng t he

phot ol i t hogr th%SEQQ@ﬁ%S%réégsEh% %%%’pﬁhgséﬂé%é i cdf g‘rﬁ%“te‘%%igxtcg%t rogen

contam nation. 10 A further object of e present inv on i provi de
a process of {phevdevipgsformati on of photoresist scumby formation of a
barrier l.ayer both_below the  anti-reflective |layer and on the etching stop
| ayer, i or der ténBFg%nt‘)‘%@t%g@ﬁ dibfef usteFentnt dnvaetdoel éot ric 15

| ayer. To ac hb%@i&@% f)l}%\é%s%béf%}rse’vetnq:%n%r ggg{rl]attljg}\l/%r%t ;iﬁ\l/gtoresist
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




process for preventing formation of photoresist scum includes the

follow ng steps. A substrate on which a dielectric layer is forned is

provi ded. Next, a non 20 amine anti-reflective layer is formed on the
dielectric |layer. Next, a photoresist pattern layer is formed on iﬂi
non-amne anti-reflective layer. During the formation of the hihbofEsi st
pattern layer, the non- amne anti-reflective |ayer does not react with the
25 photoresist pattern |layer, thus nog form ng photoresist scum The
non-am ne anti-reflective |ayer can be silicon oxide (SO 3 or
hydrocarbon-contai ning silicon oxide (Si0O CY:H). The present invention

al so provi des U8Sprigtedsdfiat dadaprewventprgrdsay natd athefpphadsy esbst scum
suitable for %rSVMA‘R'ZOO% 5 use in a dual damascene process and the process
for preventing roratiPofkooRabhghoprdsbhotagemishcFadasinhbudés| thwi ng
steps. A substaat i an gtchi p._layer, a dielectric |ayer, a
first barrier | a&gﬁﬂg\rﬁ%tg °g aﬁt%%?f%%%i% "Té}éfé\' Gy 815?{3?%&’?%? provi ded.

The first badayer,| aybreldlcaks aafbrstadopant php i O 3Ry, LEEGetive
| ayer frgmdiffusing into the dielectric |ayer. Next, the anti-reflective

| ayer and t he@Nd§ilcFéélereivaylayen aret Ehedeta S provadeda fmakefiMNext, 10 a
reflective |layer. The

FiTst barrier CPELGRTo MOKE t RAOCRRr <f doi FAPBRECH ot previii-
phot oresi st sewfibeti891ayer 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



inthe via hole. Finally, the anti-reflective |ayer and the dielectric

- layer are etched using the photoresist 15 pattern layer as a nask to forma
trench above the via hole, thus form ng a dual danascene structure. The
process can further include formng a second barrier |ayer bepgapp Hle
etching stop layer and the dielectric layer in order to block a second
dopant in the etching 20 stop layer fgomdiffusing into the dielectric

| ayer. The first and second barrier layers can be silicon oxide (SiOx) or
hydr ocar bon-cont ai ning silicon oxide (Si OxCY:H) and have a thickness of 50
to 1000 A Theffiiiluahdaséonndontppanids €hidsbedt t iAgEAded5 BRI EE
DESCRI PTI ON OF . THE DRAW NGS The present invention will becone nore fully
under st ood f r gt @tdéﬁaﬁﬁé&hﬁégﬁﬁ%ﬁpﬁoﬁn5ﬁ@éﬁ0nhere|nbeIOM/and t he

acconpanyi ng draw ghvye 8 MAR 2005 6 , |IIustrat|on only and
t hus not i ntended ?g%%e h% Potéilve FOPReSprbsent ﬁ LadingFERS. 1a to

le are cross- seavieans onlkllUptrcaliskd £ OQOQ%QREhgnQ'd85908§ﬁaEE8ﬂ%0f
form ng a dual danascene 5 structure. 2e are Cross-séctions

i Il ustrati ng eh&ucpgeess flow of forming a dual damascene structure
according to a fir of the present invention. FIGS. 3a to 3e

nmbodi ment
are cross-sections%?P§US??é§?gﬁaFﬁ@ CHPS HTIRESEORF dy 1o trgtidnggthedua

damascene strygebdE8s 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



according to a second enbodi rent of the present invention. DETAILED

DESCRI PTION OF THE | NVENTION FIGS. 2a to 2e are cross-sections illustrating
the 15 process flow of preventing formation of photoresist scum according
to a first enbodi nent of the present invention. First, referriJdgiRalll G
2a, a substrate 200 such as a silicon wafer is provided. Al though there
are sem conductor devices forned on yhe substrate 200, a flat 20 substrate

is depicted for sinplicity. Next, an etching stop |ayer 202, a barrier
| ayer 203, and a dielectric |ayer 204 are forned on the substrate 200. The

material of t4iehetchistigpslapet @2 202 a0ad a88Shd tdit i€ Sidork@Anifigt ri de or
silicon carbon nitride. The barrier layer 203 25 can conprise silicon oxide
(Si0) or hydfStarbbhtO%dht ai APRY sids coflbkele (SkOIEY: HSiPavi ngra

9

t hi ck f _ 1 he. dopant. . i t inth
bt ching. ot op Faordst i -Loht b dn oI F ) CoR BBl b T | THy Bpios )
addition, in Way,ptReeati senbadidErb, £6 AR t%&a%&é%@é}&j}zoﬁé&%?giékolo | ayer

202 can al so yse material containing no nitrogen, such as silicon oxide
(Si0x) or hyddEdr BBA- colfediniangosrkindon axt terdSidxGidlayir Rbss  way,
non- arm ne.ant EiEet AR T2 13555 201 prensHeat ¢iha dyetegbsiare. for med
on the diel ectitiyer bayer 3 nohhamiR- AL pe 2Pt Lot &4 91%[3}evre 2oy €L, 206 can
be silicon oxide (Si0,) or hydrocarbon-containing
silicon oxide (SiOny:H) .
10 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
15 the photolithography procesé. That is, during wet
development, no photoresist scum remains on the
sid‘ewalls of the photoresist pattern layer 208a.
Subsequently, referring to FIG. 2c, the non-amine
anti-reflective layer 206, the dielectric layer 204, and
20 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
25 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




o . . ) o o i de
be silicon oxide (SiOx) or hydrocarbon-containing silicon oxi
(Si OXCY: H). 10 Subsequently, referring to FIG 2b, a photoresist pattern
| ayer 208a is formed using conventional exposure and wet devel opnment

i -am i- i 206 contgy e
rocedures. Since the non-amine anti-reflective |ayer _ &3’“
ﬁitrogen, the photoresist |ayer 208 does not react with nitroden @Lrlng 15

i i i | opnent, no
t he photolithography process. That is, during wet deve .
photgresist scgn1fenains on the sidewalls of the photoresist pattern |ayer
208a. Subsequently, referring to FIG 2c, the non-amne anti-reflective

| ayer 206, thepboebeesise |Bygsr 2040 and 2Potheq by %Be'zg%%—&?f’né‘re

i i i et chi ng
etched in sequence using the hot oresi st pattern Iayer a as an .
mask, thus exPposingefheckivai hgyerop0bagmd PO2tisarfaceadnd fourgi ng a via

i i i i | e 204a has a
hol e 204a. Since thgre no t oresi st scu t he V|a_ho al
better profile. In §{ ?%?%h éé 139 n&opl Bifm descummiphptcresiplt red, the

itical dinensd e t u ently, referrin o FIG
gattthe photopig?g?rﬁgg% g?n%ﬁg%éﬁggo(%Spg§r§%§§§dt®8 EXPOSEEN rface of
the non-a?i ne deN¢lomherctpmecddyars 2@ rn¥et a 2rdn8hMAR 2005 & phot or eS|hst
layer 210 is formed on the non-amine anti-reflective |ayer 206 and in the
via hol e 204a."H ndill§ Phatasing pattean 2eyea phoaodess stot patdcr n | ayer

210a is forne¢ﬁH§in@héhﬁoﬁX98§Héeageg—reflective layer 206 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




evel opment procedures, formng a trench. In the same way, the
ghgtoresﬁst paftern | ayer 210a does not react w th the non-am ne
anti-reflective layer 206 to form residual scum On the other ShﬂﬁHM% 10
al t hough the etching stop layer 202 contains nitrogen, nltrod@h t
diffuse into the dielectric layer 204 because of the blocking of the
barrier layer 203. Thus, the photoresisst layer 210 in the via hole ZOﬁa
will not be contam nated, and no photoresist scumforns in the via hole
204a. FIGS. 3a to 3e are cross-sections illustrating the 15 process flow

f enting diorhmitg areapf 1petroBeSi Shd S PheAGAPE 1081 Lo A 8BS
gnbgasxent o? t he r%serﬁ?jc igsention. First, referring to f?%i(gi% in the
same way, a subRtieee Sofutior dsnto sihé cbie Maftarid q agieqvizdad. Next, 20

i i ielectric layer
an etching stop | ay, 302 secon banrler | a er 303, a die .
304, a fi ?st bgr ri eglfsaey%dre ' d:r‘?%eariﬁllr’-‘?r & é%ﬁr vaPi @y grhadvgesdmd a

i | qyea , rate 300, The etching stop
ngé?regbgtcan cgﬁ%??ég9E?P%§%ﬂg%i??f@gaééggﬁ{f%%ﬁe%g}%%ﬁpﬁ§gﬂsPFﬁde. The
anti - ref I®ct i @d apérdSesl opmerbe priddeziire QX WAL | dereFhenkifStrand second

barrier layers, 305 and 303 can conprise silicon oxide (SiQ) or
hydrocarbo%- g%htéﬂﬁ?nﬁP%%T#%ﬁ%ﬁ%&%W% 13yer CYOR) hhei figratt biacktess of 50

i i 2005 9
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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




306 fromdiffusing into the dielectric |ayer 304. Subsequently, referring
to FIG 3b, a photoresist pattern |ayer 308a is formed using conventional

exposure 5 and wet devel opnent procedures. Next, referring tgqihgiwﬁ§, t he
anti-reflective layer 306, the first barrier [layer 305, the ( 1 C

| ayer 304, and the second barrier layer 303 are etched in sequence using
the photoresist pattern | ayer 308a an etching mask, thus 10 exposing
the surface of the etching stop layer 302 and form ng the via hole 304a.
‘Subsequently, referring to FIG 3d, the photoresist pattern |ayer 308a is
removed to expmseethelsmsﬁa&ea@ti—tbelaatﬁvéeiéﬁéiiWﬁu!éi@hi§§6s%%§Xt’ a

r

phot oresi st layer 15 310 is formed on the anti-reffective | ay and in

the via hole 3BYETr Mhihpyparidedr tavigrt oIFladdidd,ora photenespsismpat t er n

| ayer 310a is &Qégﬁﬂm ing_the exposure and deve] opnment procedures. In the
same way, during the gg&p%ét&%ﬁ?ﬁgﬁaaﬁﬁg PFocEREEL ) (R asist or
anti-ref | ecti véevé byper 306uand, Whe &f£hi 891 SR AAYE 1302 nSpNtai 1

nitrogen, nitrogen cannot diffuse into the 3%8?%%§¥?Ed ?%ﬁé?‘ﬂﬁﬂ“ﬁ%cause of
t he bl ockPng oAnd heh¢iprodanticreomst hias rdetrdayars 305 and 303

respectively. Thus,Tﬁhe f25 hotoresi st |ayer 310 in the via hole 304a will
not be contami nat ed: "and PREFRIPE neepREEBEESNSt Of oddieng mfefidrredsi a hol e

?232}“ ;E Cgsplr g’[cﬁélgbsk%cﬂ‘:g!ﬁ%r?gsr Zg?gt@ﬂfgn&nvgm:ﬂ)hl £ay! %’enA%%%rs%In?:%dt Ofotrhe
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.




30 scumis effectively prevented by the use of the non-amine 2 8 MAR 2805
10 material as the anti-reflective |layer, the etching stop |ayer, or the
barrier layer. In addition, since no plasma descuming is required and no
speci al photoresist or developer is used, the critical dinension does not
change 5 and the production cost is decreased. The foregoi ng 2de¥Rrilpti on
of the preferred enbodinents of this invention has been presented for
purposes of illustration and descriptjon. Qovious nodifications or
variations are possible in light of the 10 above teaching. The enbodi nents
chosen and described provide an excellent illustration of the principles

of thisghdweid ikl ifs. practical application to thereby enable those
skilled in the art to utilize the invention in various enbodi nents and

with various nodifications as 15 are suited to the particular use
cont enpl at ed.1 Al | Auetrcensli fpraprenensndgvépirantons arfe phictivirestisé scope

of the e i_nvent i ) term ned by the appended clains when
i nterpr e%)éelgal rqéoe{ﬁcﬂcpo/lr%ar{rie%l% tﬂoejt%oemﬁ}%asaﬁ%st'o which they are fairly,
legal Iy, and meiiddny entshidstdat BoMARNZ8R lai Matedsrod aigpdriss 1. A

process for preventing formation of photoresist scum conprising the
foll 8wi ng steps: pF®¥R8fng a substrate on which a dielectric layer is

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




5 fornmed; formng a non-amne anti-reflective layer on the dielectric
| ayer, said non-amne anti-reflective |ayer being a hydrocarbon-contai ni ng

silicon oxide (SiOCy:H) layer; and 10 form ng a phot oresi st £$h&fq@ | ayer
on the non-amine anti-reflective |ayer, wherein during the f { % 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 hydrocaq on- containing silicon oxide

(SiQ CyH) layer, thus not form ng photoresist scum 2. The process as

I ai med i laim1 I $d.ng..f ' t chi t I
Containi ng no- 20, nf FGEN BeP heBhct Re Sba It E I I DA balIE | ayer

3. A process for ptleventnngnfos nantOrref1pboies eBipdr ESAHNNAOMY 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 fEgshiphotoseststi patieggn. | ayer on the non- am ne
anti-reflective Iayer,lmﬁgéein dur}ng %ﬁ%ﬂ? 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 i0) 25
layer. 2 8 MAR 288?‘%31935&%5;5 p%%cecs}s?%ér{se%%:llﬁ? SR o1 rai A3 SHHerdi®h the
non- & nNeaantér redyecthae 4 ayelidsn aohydk ocardoniegri-ai ning silicon oxide

(St OxCy: 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 (Si OxCy: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 (‘zh‘q i med
in claimi12, wherein the first barrier layer is a hydrocar bohdddRtEni ng
silicon oxide (St OxCy:H)layer. 10 15. The process as clained in claim 12,
wherein the first barrier |layer has a thickness of 50 to 1000 A 16. The
process as claimed in claim12, vvhere'w 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?éu)s#%a%ler?fso Ghe® Jelfl%(ét ric 9 ) 8.Wtf’ﬁ§eﬁrgo?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 (S OxCy: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.
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FIG.

t hus not form ng photoresist scum This prevents undesired
di rension (CD) change due to the presence of

scum The non-am ne anti-reflective |layer can be silicon
oxide (SiJerr]) or hydrocarbon-containing silicon oxide
(Sigerr]Cerr]:H. FIG 3e

PROCESS FOR PREVENTING FORMATION OF PHOTORESIST SCUM

ABSTRACT OF THE DISCLOSURE

A process for preventing formation of photoresist
scum. First, a substrate on which a.dielectric layer is
formed is provided. Next, a non-amine anti-reflective
layer is formed on the dielectric layer. Finally, a
photores.ist 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 photoresist
pattern layer, thus not forming photoresist scum. This
prevents undesired etching profile and critical
dimension (CD) change due to the presence of photoresist
scum. The non-amine anti-reflective layer can be silicon
oxide (SiO,) or hydrocar'bon-containing silicén oxide

(81i0,C,:H) .
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