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20 To transfer an image or pattern onto the photoresist material, a conventional
lithographic system generally includes a light source configured to provide electromagnetic
radiation or light at one or more wavelengths. The light source may produce radiation at a
wavelength of 365 nanometers (nm), 248 nm, and/or 193 nm. The photoresist material
patterned by such radiation is selected to be responsive at the wavelength of such radiation.

25  Preferably, the areas of the photoresist material upon which radiation is incident undergo a
photochemical change such that it becomes suitably soluble or insoluble in a subsequent
developing process step.

, Because the resolution of features is, in part, proportional to the exposure -
wavelength, it is desirable to pattern photoresist material using shorter exposure
30  wavelengths (e.g., 157 nm, 126 nm, or 13 4 nm). Unfortunately, few, if any, materials or
processes can consistently fabricate semiconductor integrated devices at such shorter
wavelengths. Attempts to use conventional photoresist materials, such as organic based
photoresist materials, used in 365 nm, 248 nm, or 193 nm lithographic systems are not
without problems. Organic based photoresist materials exhibit high optical absorption per
35 - unit thickness in single layer patterning applications at the shorter lithographic or exposure
. wavelengths. Thus, conventional organic based photoresist materials become increasingly
opaque to the exposing radiation and the necessary photochemical change does not occur
throughout the entire thickness of the material.
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25 hthooraplnc wavelength The system further includes a self-aligned mask included in a
photoresist layer. The self-aligned mask is formed by exposure to the first radiation at the
first lithographic wavelength in accordance with a patterned mask or reticle.

Still another exemplary embodiment relates to a method of extending the use
of currently available DUV-248 nm and DUV-193 nm photoresists to 157 nm, 127 nm, and
30  13.4 nm lithographic regimes. The method includes providing a first radiation at a short
lithographic wavelength. The method further includes transforming a top portion of a
photoresist layer provided over a substrate in accordance with a pattern on a mask or reticle.
The transformed top portion of the photoresist layer includes at least one polymerized area
where the first radiation is incident thereon. The transformed top portion comprises the
35 pattern from the mask or reticle. '

BRIEF DESCRIPTION OF THE DRAWINGS

The preferred embodiment will become more fully understood from the
following detailed description, taken in conjunction with the accompanying drawings,
wherein like reference numerals denote like elements, in which:
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20  illustrated in FIG. 7 showing a post-exposure bake step;

FIG. 9 is a cross-sectional view of the portion of the integrated circuit
illustrated in FIG. 8 showing a develop step; and

Figure 10 is plot of absorption spectra of representative
organoarylalkoxysilane from 150 nm to 200 nm.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

25 With reference to FIGs. 1-10, an exemplary embodiment of an advantageous
scheme for self aligning a pattern onto a photoresist material will be described. The
advantageous scheme also provides sub-lithographic feature resolution on the order smaller
than the resolution limit of the first wavelength A; (the shorter of the dual wavelengths).

With reference to FIG. 1, a first exposure step comprising the advantageous
30  process is performed on a portion of an integrated circuit (IC). The portion includes a
photoresist layer 14 provided on a substrate 12. Substrate 12 can be an IC wafer, a
: semiconductive material, an insulative material, a conductive material, layers above any of
" the listed materials, or-a base layer. Substrate 12 can be an industry standard silicon wafer.
Substrate 12 is not described in a limiting fashion.
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(Equation 1)

25 R=aryl group

First light source 18 can be a laser light source such as an F, excimer laser
(157 nm) , XeCl laser, ArF excimer laser (193 nm), KtF laser (248 nm), or laser-produced
Xe plasma (13.4 nm, 11.4 nm) or discharge-produced plasma (at 13.4 nm, 11.4 nm) or other
30 radiations such as electron beam, ion beam, gamma ray, etc. Alternatively, light source 18
can be a laser light source that emits two or more wavelengths in various wavelength
ranges, such as, an argon laser.

Radiation 16 from first light source 18 is provided via a mask or reticle 20 in
accordance with a pattern on mask or reticle 20 to photoresist layer 14. Mask or reticle 20
35 . is preferably a conventional photomask or reticle including a glass substrate (e.g., fused
silica) and an opaque material (e.g., chromium). Although not shown, there may also be
other components or equipment provided between light source 18 and photoresist layer14 to
transfer the image on mask 20 to photoresist layer 14, such as, an optical system (e.g., one
or more lens assemblies).
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layerl4 t Boly(arylalkoxysﬂane) is quite opaque (see regions 17). The absorbance of the
poly(arylalkoxysilane) (regions 17) is significantly higher at 193 nm than at 157 nm (see
Figure 10).

Washing the arylalkoxysilane /poly(arylalkoxysilane layer (layer 15
25  including regions 17 and 19) with water/methanol mixture removes the unpolymerized
‘ arylalkoxysilane monomer (region 19) from the unexposed part, leaving the
poly(arylalkoxysilane) (region 17) in the exposed part of film 15 (FIG. 5). Baking at an
appropriate temperature drives off the residual solvent, leaving a top layer with

poly(arylalkoxysilane), which effectively serves as a mask for the subsequent exposure step
30 (FIG. 6).

Flood exposing the self-aligned mask/photoresist combination (layer 14 and
film 15) at a longer wavelength A, effectively transforms the unmasked sections (regions
21) of the photoresist layer, in a self-aligned mask fashion (FIG. 7). Applying the
conventional post-applied bake (FIG. 8), followed by solvent development in an aqueous
35  base like tetramethylammonium hydroxide (TMAH), washes the exposed part of the
photoresist, leaving self-aligned masked patterns of the unexposed sections 23 of the
photoresist. (FIG. 9)

Photoresist layer 14 is preferably a positive photoresist that is transparent to
radiation at longer ultraviolet (UV) wavelengths (e.g., 365 nm, 248 nm, or 193 nm) and is
3 40  marginally or semi-transparent to radiation at shorter wavelengths (e.g., 157 nm, 126 nm, or
13.4 nm). For example, photoresist layer 14 can be a photoresist conventionally used in
193 nm lithography, such as Sumitomo Chemical’s PAR720™, PAR707™, or a photoresist
used in 248 nm lithography such as Shipley’s UV110™ — an environmentally stable
chemically amplified photoresist (ESCAP).

\
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(regions 17) is significantly higher at 193 nmthan at 157 nm (see Figure
10) . Washing the ar yhalsscondsexipasere sepl(FIGrI7y mhska0y/@IGad ¢ id mylongéepded 5 25
i ncl udp ng tiasfePR patlefn B PotionVl 0.hInsedae) poliphérded ardhs)dr wegonLlofdiint he

unpol yer iaaehta Mél?'s&‘%)ﬁ b |sBIRR 1 BRADIRIK dfItROpAferd 8) ithiRPrbVide bR 16K 20,
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become soluble (soluble areas or regions 21 in FIG. 8), while areas underneath polymerized
areas or regions 17 will not be exposed to radiation 30 due to the opaqueness of
polymerized areas or regions 17 and remain insoluble (insoluble areas or regions 23 in

FIG. 8).

30 First and second light sources 18, 28 can be the same light source that emits
radiation at two wavelengths, i.e., the short and long UV lithographic wavelengths.
Alternatively, light source 28 can be an excimer laser, an ND:YAG laser, a frequency
multiplied ND:YAG laser, a He-Ne scanning laser, or other light source. There may also be
provided additional components or equipment between light source 28 and portion 10 to

35  provide desirable radiation 30 to layer 14.

Accordingly, after the second exposure step, the pattern or image provided
on mask 20 will be fully transferred to photoresist layer 14 at a resolution determined by the
first exposure step. The exposed areas of layer 14 are soluble areas or regions 21 and the
non-exposed areas of layer 14 or regions 23 (FIG. 9) (due to polymerized areas or regions

40  17) become insoluble areas (see FIGs. 8 and 9). In a developing step, soluble areas or
regions 17 of layer 14 are removed such that only cross-linked areas or regions 17 and
insoluble areas or regions 21 of layer 14 remain on substrate 12 (FIG. 9). Preferably, the
developing step utilizes a solvent developer conventionally selected to develop material



Fl ood exposing the self-aligned mask/ photoresi st conbination (I aﬁr égﬂﬂ%nd
film15) at a | onger wavel ength 22 effectively transforns the un

sections (regions 21) of the photoresist layer, in a self-aligned nask

f ashi on (WQ307§165 Appl yi ng the conventional post-applied HIAKESBPOHEO 8),
foll owed by sol vent devel opnent in an aqueous 35 base like
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mat eri al and unli k (vantageo %?‘E e ljg’é‘?ﬁ; atterned
ef fi ci entie§P B?OQSHEI%WBPY@’WH& FIH ap a&tﬂ"‘lﬁis FrST | %’E exposur e

step of Feguergial ydiation of diffaingoravelengihias Rhozollthagrapléiéé’m*fp]@agthafgﬂ?‘@ B%@nt ed
by pdlSymdiongeditbozsephiowayegigthe nhoteresistaparentipnaly hseden longdr weeelength 7 have
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Al t ergpat 'ﬂ’lﬁ%kycenéﬁ%daédrﬂl@ t# Qt%erfﬁ y&lke&ngth of 126 or 13.4 nm would result
in a possible resolutiof 0 approi mately 63-126 nmor 6.7-13.4 nm

respectively. Polyngg é’x{c%"’léF% 1} ‘&ieoa[b%o Zr Afar IER%@BE%@B%H? or

- non-trans { g.,
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porti%dn 19loxmel afd aline 106 similarly represents absorbance of poly(benzyl-t-butylether
siloxane). The change or difference in absorbance at 193 nm with respect to the absorbance

at 157 nm advantageously allows a superior lithographic process to be designed.

It is understood that while the preferred embodiment and specific examples
are given, they are for the purpose of illustration only and are not limited to the precise
30  details described herein. For example, although specific wavelengths of light are described,
other wavelengths of light can be utilized. Various modifications may be made in the
. details within the scope and range of the equivalence of the claims without departing from
what is claimed.




In a second exposure step (FIG 7), mask 20 (FIG 3 ) is no |longer needed
to 20 transfer a pattern onto portion 10. Instead, polynerized areas or
regions 17 of film 15 advantageously serve as a self-aligned masm\%P tﬁﬁ
pattern or imge provided by mask 20. A second |light source 28 pro gez

fl ood exposure of radiation 30 at a | onger |ithographic or exposure

wavel engt ELAIMS exanpl e, 248 nm The wavel ength of radiation 30 and

| ayer 14 are selected such that exposed areas of layer 14 (i.e., areas not
covered by polynerized 25 areas or regions 17) are transparent to radiation
30 and under go Aa iptegtataharauitdhbrication procedspthe lpemesechamictabized bwol ubl e ar eas

or regions 21 in FIG 8), while ar under neat h pol yneri ze areas or
regions 17 wil PXMEng@eP%E&?JS%‘%tdnﬁtﬁmﬁgg‘f)aﬁr%‘ﬁe‘g@cg‘é@gt%YIP{IFQXIS%QH%‘eﬁg%erof

pol ymeri z r i g I i | ubl e areas or
Fog! ons. 25 VARl AR AR (167 AETRMelaER WIEERE b0 28 Can be 1 he
sane |ight sousélectiviebttrantdrming @atbpaiortion @ftthé plivtw@yiel rmagtidig14) inaccordheeshor t

and long W.lithographic wavel engths., Alternatively, |ight source -28 can
be an excm%traRaé@@prome@hww@sggééwcleaaﬁ equency multiplied ND: YAG | aser,
a He-Ne scanni " i lqrg% $%g4 provided
addi ti onal corrgg%esn sB%Pﬂ(ga%%%%ﬁﬂtehgml\‘}zgtg{ei@%lhqtHg{?ﬁ?c 2%{ ané; portion 10
t o 35 prolildgraphi waklengthdtli)at i on 30 to | ayer 14. Accordingly, after the
second exposure _step

the pattern or image povided ~on mask 20 will be
fully transferr“@ﬁreﬁ%ﬂﬁﬁgﬁt&t %%rgﬁhlwmleqﬁhgﬁsas%h@genth%ri%S rmined by the

first exp r .14 | e or.
regi ons. PLEpPpscRevelABfARARTARERR AR LR ARE AL CHBEERE. G,
(due to pel4)meingard-tahspaetio tRgecdrl rifiatidi(Apecone insol ubl e areas (see
FIGs. 8 and 9). In a devel oping step, soluble areas or regions 17 of |ayer
14 are renoved such that only cross-linked areas, or regions 17 and
i nsol ubl e,ar ea r i . L i . G 9.
B e G L e S
convent i og¢ledtyd fomecivactléngtidieRiding I5ate,i 126 ntn, 2nd 1ARRN2006 WO 03/ 073165
PCT/ US03/ 04960 conprising |layer 14. For exanple, photoresist used for 248
nm | ithography can use a 0.24N tetranethyl anmoni um hydroxi de devel oper to
e S0 2 2Bk BRRke oy ZLharhllcfifl R Bl L fAIRAGARNE
pol yneri zed areas or regions 17 Becone 1 nsolubl e upon expodsure to short
| i t hogr apwascleagth lieseddcked fashh atwavelengthtinelnding 365 ym, 248 atnpaiddl 93mrhe
understood that polynerized areas or regions 17 may undergo further
chem cal changes upon exposure to long |ithographic wavel ength radi ati on as
Long as ik, funqhb BRse@SrRImSK 2 9! LiFaddif,cd 6 RRFHEERASHEES FRth the first
Preferably, polynerized areas or regions 17 remain after

radiation is performed before the exposing step with the second radiation.

5. The process of any one of the preceding claims, further characterized by providing
the transformed top portion of the photoresist material (14) as a self-aligned mask for the

exposing step with the second radiation.

6. The process of any one of the preceding claims, characterized in that the photoresist

material is a positive photoresist material.



t he devel oping step and aid in subsequent processing steps such as an
etching step or a deposition step involving portion 10. Regions 17 can
improve etch stability of the top layer 10 relative to the photor @i APR 2006
| ayer during anisotropic etching because it can be converted to silicon
di oxi de (SQ2) under plasma etching conditions. In this mannper,

advant agedus sdheReocesrolarioas phihe gregeding slpims.chaagierpert indhat ﬂrs%. ng

conventi o i ing sequential
radi ati onﬂ%%‘1 gr M@?ﬁﬁ%"‘@’g\%@n‘g‘{“@&ﬁ% nzzﬁor%l%anﬁ H)%ﬁ%échz\%g\s/el engt h
fol | owed bygaaodrplalkoxgsitant midtaggl.aphi ¢ wavel ength, a phot or esi st

conventionally used in |onger wavel ength 1ithography can be patterned with
radi ati on of a short |ithographic wavel ength. Even further, the pattern

resolutiog is %ﬂ@b{&ésst&%ﬁhlﬁlhp%ﬁa@&%fe\a% kgt Mettﬂlckﬂ&g%f tﬁé@i‘éﬁki‘%ﬂﬁ&hmﬁ
Irthograp:il%,t nat LaLn F ution on the order of the short Iithographic
wavel engt llgz)ven st f urther, possible nmask overlay or alignnent

probl ens are obviated through a self-aligned 20 mask generated during the
patterni ng. pr oqhe prock¥stdf clatnel, ineieer charkdtérizel by tidnsfeaiiohb ghttedh ofithginsdsk oxane
materials with resPect to waveleagth is shown. A line 102 represents t he
absor banc € teticlpongmths photorgsist mpteyiahorhssein greseiusioned thefansfesisdpationdy ~ A

:aloln3e/( iogh%{éﬁﬂ%‘hﬁ%%}%%rsfﬁﬁ%gragﬁag{agggﬁéxane) line 104 represents

pol y(phenyl -t -butyl ether 25 siloxane), and a line 106 simlarly represents
absorbanc of pol y yl -t-butyl eth si | oxane) he change,.or drfference
"n absor bd ce ét %1939 Whngélepteee? 248 v ngmdﬁw@re%%w%slrtﬁ

advant ageg { I i
under stood V\%ﬂﬁ @%ﬁ%?dgéflgrlrszgh gﬁbgg?ﬁﬁ%ﬁegacgeﬁzgg%?le?%dggaggﬁﬁg are
gi ven, they ar cpro‘\mimgbé’lrﬂuammnfadlbﬂtﬂnﬂtageaprhnrwmeﬂqng&nd are not limted to
the precise 30 detail.s descrih g rﬁin. Fo altho gh specific
wnvel engt he of URRYAEE S TReEuPB ol PRupiesit fGaTeRgEhe e FPgRE Ban be

utilized. JVahifde witdi ﬁdtt‘éﬁ{ érPé‘ﬁlagl%’r ﬂéﬁcl@aﬂﬁerblﬂ tﬁé‘ﬁ"ans@%hékl't@ i%rhbh Bn td}e
scope and range of the equival ence of the clainms w thout departing from

what is clo&themdiotorestst ayapPchalpsatdeast vs: nolymrlzerdtaetherdﬂmq firstaadiatiots cat i on
process, the ess charact.eri ist material (14)
P ovi dou IMBLARERR HHEPREHSE RERuldn e Rfe RS SRIREOLEE' P T T L
radiation ( 116brcﬁﬁidlﬁg hisecondlrhdil@ay /RNbKg muglapm tavERngth aﬂef providugd &/
transform ng a top portion of the photoresist material I(1 |n accor dance

with a parﬁrerr%rh@irqwmlmﬂreéh@ﬁbﬂloeraphetwere@g@m sRberd: ¢ fgohot or esi st
mat eri al (hﬁ@gr&p%cawg\%?&%ﬂ.l.r adi ation (30) at a second

11.  The method of claim 10, wherein the photoresist includes an arylalkoxysilane.

12. The method of claim 11, wherein the mask or reticle is omitted at a second

radiation step.

13. The method of claim 11 or 12, wherein the second radiation is not transmitted

through the polymerized area.



| 'i t hographi c wavel engt h(X2), wherein the first |ithographic wavel ength (Xi)
is shorter than the second |ithographic wavel ength(X2) and the trapgppiited
top portion of the photoresist material (14) being non-transparent to the
second radi ation(X2) . 2. The process of claiml, characterized in that the
first lithographic wavelength is selected froma wavel ength including 157
rim 126 Afy adde n@thpdphany ongptclpinckls§3,dhrtkar gppprisipg patteramgthct eri zed in

t hat the . Li.thoar ' e ' I . \, h
el udi g PIRBRA B AREH g ST AERU5 R iR oG Rels A e B GPBL"
char act er iphétdrdsist tdyat arldiike socpad radgatdheRheveinthé Rgolutios bf the pditahedn i s
performed before the exposing step with the second radiation. 5. The
process oPhefeyesishiayes is dpierpingd by itheshertdithegraphic wavslengtinpbibe dirst sadiatinp.
providing the transfornmed top portion of the photoresist material (14) as
a self-aligned mask for the exposing step with the second radiation. 6.
The proced$. of Aaniytegrateddirdultedatricaton prugess| thempoceshamaeisarg: zed in that the
photoresist material is a positive phaotoresist material. 8 é 4 APR 2006 7.
The process of SXPRPINgFPRAtORE é“B"f‘tE’&%chrﬂ\g‘d‘E‘{ AYHe subsiaicde adistiadiationst hat t he
transforned to [ g t | 4 i : Mgk i zed
or ganoaryl al kogglgﬁ‘lgl e anrggogﬁﬁg% E@%ﬁ@ %ﬁtggggglgﬁncﬁ%gﬁﬁgéﬁﬁgé) cterized
in that t peovidddodoreemaskodr ietidetandnsf orned top portion is at |east 10 nm 9.

The process of claiml, further characterized by .transferring the pattern
of the mask OFX?‘é‘Er}gct%’% E?f?&s’tsh@aﬁﬁ‘&flﬁraei‘??%‘fddrﬁg%g??’aI , Wwherein a resolution
of the transferpgeiPtitiftitadigtionBise HoRBEwhYeldrl3h thiah He sebdriagddianbi.c

wavel ength. 10. A nethod of extending the use of 248 nmand 193 rim
photoresists to lithographic reginmes |ess than approximately 157 nmin an

 short | ABnogn b RFCeREO/ TG VRETeih e node § 5By Pohdplaitof” ' o =

phot or esi S&avblaﬁg;himmd;h,\ﬁem%@[2@.@9&&11’@4&@.n accordance with a pattern
on a mask or reticle, erein the transformed top portion on top of the

photoresi st |ayer includes at |east one polynerized area where the first
radi ati on ks iHhAGI . i ter. sk or
reticle; e{lr71'd prTlgl\g/' %?crgl%s %QZ%%S%J@I ;édiwgl% (E)Anﬁlgt% e%“?é%gét'o?lllﬁgéglééa%p ?Q&V\a/{ar\?el engt h
af t er provadiativg wavelengti incladingt366 mm, @48 mei, and he3 sdort | it hographic

wavel ength is smaller than the long |ithographic wavel ength.

18.  The process of any one of claims 15-17, wherein the exposing step with the first

radiation is performed before the exposing step with the second radiation.

19.  The process of any one of claims 15-18, wherein the transformed top portion of the

photoresist material is non-transparent to the second wavelength radiation.

20.  The process of any one of claims 15-19, wherein the photoresist material includes

an arylalkoxysilane monomer with a photobase generator and a catalytic amount of water.

21.  The process of any one of claims 15-20, wherein the transformed top portion of the

photoresist material comprises polymerized organoarylalkoxysilane material.

10



11. The method of claim 10, wherein the photoresist includes an

aryl al koxysi l ane. 12. The nethod of claim 11, wherein the mask Q_ﬂ@imqge
is omtted at a second radiation step. 13. The nmethod of clai m™ll

wherein the second radiation is not transnitted t hrough the polyneri zed
area. 9 2 4 APR 2006 14. The net any one of clainms 10-13, further
conpri si n@2-pat T8¢ PioGEFS1Oh 61311}3 ds Wh%@lnsthe Flﬁ‘}l@fesﬁ of thp Eastormed ton POTtieRISAtof
plurality,Qf pymeri zed areas on top of the photoresist [ayer and the
second raéﬁatlon wherein the resolution of the patterned photoresist

| ayer is deternlned by the short I|ithographic wavel ength of the first

radi ation. 15. An integrated circuit fabrication process, the process
conpri sing: exposing a photoresist material provided over a substrate to a
first radiation; selectively transformng a top portion of the material in
accordance with a pattern provided on a mask or reticle; and exposing the
phot oresi st material to a second radiation, wherein the first radiation has
a shorter wavel ength than the second radiation. 16. The process of claim
15, wherein the first radiation is selected froma radiation wavel ength
including 157 nm 126 nm and 13.4 nm 17. The process of claim15 or 16,
wherein the second radiation is selected froma radiation wavel ength
including 365 nm 248 nm and 193 nm 18. The process of any one of clains
15-17, wherein the exposing step with the first radiation is perforned
before the exposing step with the second radiation. 19. The process of any
one of clains 15-18, wherein the transforned top portion of the

photoresi st material is non-transparent to the second wavel ength radi ati on.
20. The process of any one of clainms 15-19, wherein the photoresist
material includes an arylal koxysilane nmononmer with a phot obase generat or
and a catalytic anount of water. 21. The process of any one of clains
15-20, wherein the transfornmed top portion of the photoresist materi al
conprises polynerized organoaryl al koxysilane material. 10 2 4 APR 2006 22.
The process of claim 21, wherein the thickness of the transformed top
portion is at least 10 nm 11
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