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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.
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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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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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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.



25 Wth reference to FIGs. 1-10, an exenplary enbodi nent of an advant ageous
schene for self aligning a pattern onto a photoresist material wll be
descri bedwOTh®7318tlvant ageous scheme al so provi des sub-1it RogriEsphi4ed eat ur e
resolution on the order smaller than the resolution limt of the first
wavel ength ? i (the shorter of. th .wavel Wth reference to
FIG 1, a first eng & 186‘H§‘?1“§F Vft' ﬁ@n‘iﬂgﬁﬁ’t epirondudive Javels o i
per f or medbwys Oébﬁl@r"vtll’fsotﬁpéﬂrf%ﬁ? |ﬂl€é39rué%t§’8v eqndyeiiye QIIWCOT‘F%“ S EYSEhCIhRE udes
a phot odepsisiéed pragrewn Do spheitatel EYonen kyeissbevealapers 2n setigis bt AlBOUZAN be an
| C waf er shawn diestilyahdwectubsteaterd cayer 14 can bempsonided abwvebeserlapdrs, integoedigiet i ve
mat er§ al layeRy#itbrefleote cvayingy, or biher lagyased materials, or a base |ayer.
Substrate 12 can be an industry standard silicon wafer. Substrate 12 is
not described in aPhbwidsisothybashisaelectdd WhHR/ (hofhemRET oS3 G4 8B8Ponse
Substrat g él@ctﬁﬁi'ihg'n@@d faqﬁmbﬁ%lfﬁdm ¥ Qirst GRAER Y/ ES (FIG. s)e PreRsedstihye hayer s

above or . :‘lBé)élﬁ donviRRnS h-gt}ﬁeélﬂ%ﬂt&idlvﬁef&ﬁ phdt¥Rsi layer 14 is
fgg‘econd %e{f d'o?y {93 as- agga& ﬁ%tgébs 5 ﬁE %n‘?e{eteﬁzﬂ
subs tg’ g‘ he ¢ %I?na%ﬁpliogﬂacﬁ g%r}e(g Py lggg tarétgq ate?ﬁslg IRt er I’Yggl ate 5

| ayers, af PO By SPEL $9a0BE ¢ oat i ngs, or other | ayers Phot oreS| st layer 14 is

radi ation 16 from 51t light spyrged 5%]?%@15’1@ gjrees 18§]ia§?e er 14
can be aFAfiationy &hst lighiisowes L8 icorbpn single sg ﬁoq%a% %rrlina tip qﬂﬂ%ﬁé?l&ﬁ? 0

phot or espstviding eadiation|1$ at e sheit V@g@le@gtha Preferahlby, GFst ight WHT%@Q@W&?%

phot d$ensadiatioa 16 gpeshott wavplehgtiit 9Tnmm248 nra) inltbe vpephultraeolep JPUND o4t e

phot oaci sagmnenlatviolea 7 ed, 126 mu}) st extend@tratioket (AUYK nags, sth 2§0- 500 nm
by spin qoatinnd.3.4hhS Tht isBért waoelee@h A of Aldidiien a6y alo mfefredio Sake stest of

el ectrong L ‘ﬁlc WAl tlﬂ'i}refgfabﬁl I m &P o LanbBi ARGk yaRarR Hbit@h&s kit

selected to have p oto em cal reactions | onse ﬁ) | ectr nagnetl C

t
\?\g\ljreggngt% % ]%%an tﬁQ?fe% eo?rphotBB%\é' B @by gj %&Sj@o%t@a?@% it a
shor U7 wav I nr} ttets'n gﬁ‘“ % gp ep u ‘?raw ol 6t or vacuum
ul travi oF%tla yfl @171 1‘@%&}’1 gﬁqu | traviol et (EW) range, such as,

11. 4 nm P98%4 nm The short wavel ength 2 of radiation 16 (also referred to

as the short ?Zl’i'égraphl c wavel ength) preferaply can pglynerize

organotri al koxy il ane nononers_such a§ aryltrj et hoxysi | anﬁB (??E% presence
a

of phot ofas¥& g géijerato(??’iﬁ ( PBEP 1By h as it obenBoytSi2e |ca and

ur et hanes, o-acyl oxi ne, benzoin carba , OXi pre-urethanas, etc. and
catal yti c amounPCa% water, as shown in Equation 1 below. 0C2H5 R Si0i.5 +
3n C2HSOH n R Si OC2H5 + 1.5 nH20 (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), KrF 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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MONONer  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
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).

A



in the presence of water in the exposed part of film215 (FIGs. 3 and 4).
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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
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Pr ef er ablay 157 h& adedemescpslnallsve A supérior Zigisographid prentss debe expgred.
conventionally selected to develop material 6 WO 03/073165 PCT/ US03/ 04960

conprising |ayer 14;ishk@degkadphe wikohopesdredd eustedirhart aRd Spevifid éxangdesaphy
can use grdgigdN 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.
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procéls, seqpmdppdigd¥s characterized by: exposing a photoresist material (14)

provided incl u6dI '?‘Ige Srro)éclasglolé g@l’rﬁ‘é ,C naerac(telr?ged in that the transformed top portion of the

photoresist material comprises polymerized organoarylalkoxysilane material.

7. The process of claim 4, characterized in that the thickness of the transformed top
portion is at least 10 nm.

25 8. An integrated circuit fabrication system, characterized by:
a first light source (18) providing a first radiation (16) at a first lithographic
wavelength (A1);

a second light source (28) providing a second radiation (30) at a second

lithographic wavelength (A2); and



over a substrate to a first radiation (116) at a first |ithographic

wavel ength (? i); 5 selectively transformng a top portion of the

phot or esiwD ogmtans al (14) in accordance with a pattern proTiusesioen a mask
or reticle; and exposing the photoresist material (14) to a second

radiation (30) at a s nd .litho phi. c vel engt h . Wh in the first
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(14) being non-trarnsparent to the second radiation P,2). 2. The process of
cl ai m 1, acbadaseoriilvepatiennadmasktdrgefi¢le.st |it hographi ¢ wavel ength is

sel ected froma wavel ength including 157 nm 126 nm and 13.4 nm 3. The
process of cl & nThe syshan attleim 3echaravtdrizad in that e celfidlipnddaaskeqoimpeises at

wavel gngtlbast dife ¢rdsssietiedtaad of r pollymeViaEdre g7 of A edpdhylagkoi§bilanlaye# 81 Hm and
193 nm 4. The process of claims 1, 2, or 3 characterized in that the
exposi ng step (. tihelsh@emldffagl oh@ef @hin®8 bS9 RBKelARE RehetBe tdlLalesRasi ng
step wi t hpidhes RRGRAY: ﬂh@%p’f)é)ﬂ%n oPthe IABtRESG ERr i 14§ had Bk i dthtR&etween |

CharaPteﬁpéﬁgaR¥1@ﬂﬁM#€'”g.the transforned top portion of the photoresist
mat eri al as a self-aligned mask for the exposing step with the 20

second radiation. 6. The process of claimb5, characterized in that the
transforned top portion of the photoresist material conprises polynerized
organoaryl al koxysilane material. 7. The process of claim4, characterized
in that the thickness of the transfornmed top portion is at least 10 nm 25
8. An integrated circuit fabrication system characterized by: a first

| i ght source (18) providing a first radiation (16) at a first |ithographic
wavel ength (ki); a second |ight source (28) providing a second radiation
(30) at a second |ithographic wavelength (a,2); and 8 WD 03/073165

PCT/ US03/ 04960 a self-aligned mask included in a photoresist |ayer (14),
the self-aligned nmask formed by exposure to the first radiation at the
first lithographic wavelength in accordance with a patterned mask or
reticle. 9. The systemof claim8, characterized in that the self-aligned
mask conprises at 5 | east one cross-linked and or polynerized area (17) of
a top aryl al koxysilane | ayer (15). 10. The system of any one of clains 8
or 9, characterized in that the self-aligned mask is |ocated at the top
portion of the photoresist |ayer (114) and has a thickness between 10 nm
and 10000 nm 9



