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Introduction

Mhen in organicpolymcr is subjectedto radiation, the absorbed,
cncrgy induces chemical changcsif the polymcr-thatiftect its
physical and chemicol properties. Im~positiVe-resists:,Pch as
poly(uiethyl methacryiate) (PM MA), main chain-scission-occurs.
resulting in a decr'ease of rnoiecular weighti of the polymenr~if exposed
preas. Seietive dcvlopmerit-of the exposed area' -dccnds-.on the
solubility difference betweeh expoied and uncxposod ares which
riil iihM*from mblccularmveight chtanges However, irradiation,
of-polymor leads to-the fdrration of freerdc sadier active
interineia tea) which are present even-at dose much lower thin that
required to~cause a suitlclsnt solubility change. The radicals tripped
in the rigid pblyni i mtrix'bclow T, cai -be bsed-to initiate
-pclymcrizafion of a-monomer to produce a --jiodified copoiymer with
very difrerent soluilltythan that-of the parent--pblymher. Gazard et
ai.(I) repor ted mirkc dly increised sensitivity of'PMMA 'toe.lectron,
bcarn irradiation by adding acryl~ic-acid monomer to irradiatod
PM MA. Th;,dctailed lithogriphit-ipopf.icS of this prociss with
dcep VV, X~ray, proton'beam ndetrnbawreiesgtd
'in our,'Jaboratory(2). To study~further te acrylic-acidniodificition-
of-PMMA, a-quartz crysrtal microbalance was constructed in -the
reaction chamber. The weight-chahic dfPTMMArl im_ during-the
mo~ditication and diffusion of several-solvent into~decp.UV
irradiated'PMMA fibm was followed'Wth the-mierbbalanr.

Experimental

Ach1drobenzene, solution'of PMMA-(7/oby-weight) was spin
coated on a 0.5 inchdiamctcr gold coatedi-quart cral The coated
PMMA was baked for 30 minutes it, 140*C. The PMMA fIm on the
quartz crystal was exposed to deecp U-V and then-placed in the sensor
bcid,,n~tho reaction chamber. The rcaction vessel-was, then evactz-
ated to 10-4 fort With a difrusion pumpo. Th,tempcratutc of the

C- r -------------- th---li a id m o if ca io - a

vacuum oven.Jhn.tht case'of soltent dirrusion -stludies,-the resevoir
containing degassedsolvent wws-lsd immcrsed'in .a~wter bath at-
.55C. Aftc bimth charni~rizwte dfi~pncited from -the vacuumflin;,
a SOW~FfroquoofOf solvent was-irecly ipthoned-into there.;
action veitscl-byOppfllfg the valve which scpasjitcs the reatcion.
chamber and- the rhwervoir-and the frcq ucncy hage~wos-moni torod.

-Aesufts and' Dicussion-



prcted that more ocrylic acvid, should bcpolyfi1crizcdit-highcr doscs%
at apartiicular- reaction time. The data, obtained W~ith thC~qqartz
cr,,sta'microbalancc'shtfl i't te Wcighlof ucrylic akid. iflcorpo-
rated at a ccrtain reaction time is proportional to the incidcni dose.

N~Vhcn aun irradiated -PMMA- fl1mi6Caxpocd,.to acrylic acid va-
por. hic acrylic acidi ruses-into the ilm: 1) the rionomer-ditsd
homogeneously into the 1im-iciardess~ of any -ditrcnces-iiiweeft
,the irradiated and the unirradlatod-areas and is, polyinerized whore
radidal.; are present, or 2)-physioal- ind/or chemical chinges in the

Airradiated area of -the I'lim can affect the sclettyc diffusion -of
-Monomer into the radiation damaged area. -c66rtly selective mond-
ification of the irradiaied 4a4z of photorcsists with organomotallic
vapor such -as hcxazncthyldisiiazani 04HMDS)-bas reecd much at.
ten tion because the modiied resists can 'be devreloped by anisotoi
plasma ctching resulting ii-hgh renolutkiji iiiges with-high aspect
radlos3,4,S). Mechanism s~tudics of these photoresist systems rc-
voaled cnhaancd-diffosion of- HIS-Iin to the Irradiated-areas-ot the
fiims(6,7). Howcver.~lie chemistry of-caoj system Is dlfrcrent, and
ditte'rent- mechanisms- for thc-cnhanced difl'iision of HMDS *cre re.-
ported. These systems'are somfewhait complicated by several factors,
such As a inixiurc of matrix polymer and, photoa6tl' compounds
,and/or photochemical changes of photosctiva compiounds or
' Polymer. IL~ell(.

Thelmajor 6hangcsindccp UV irradiated PM MA Ailm arce dc-
crease 'of molccular weight (with structure changes at broken-chain
Otis) and iicreasc of free y*olume due to evolution a volatie
byoroduct(S). Polymerization -of acrylic-acid diilbsedln PMMA
film generates a continuouis coficentra tion gradient as well as struc-
tural and T4 changes whieli complicate the-examination of radiation
effects on the diffusion, of the monomer. Therefore several moelf
sOlvents-wire chosen-with consideration of thelr'boiilng point and.
solubility parameter (Table 1). The diffusion ini this study was-car-
ried at 55'C",which-is well beow tihe n2of PM MA. Therefore the
difuion can bc considered, as Case:11 diffuslon(9). -Fl~ur6;2 shows
absorption of-water by PMNIA Ml was not affected 6iy deep-UV
-irfadiatioh bp to 2 J/vnA Hkoweveve'r, the diffusion of propyl alco-
hol,,cthyl ether and 2,2-dimethoxypropanc was-affected-by the,-rk-
diation. -Figure 3 shows the effect of radiation on the diffuision of
ieveral solvents into PM MA -rlm. the vertical axiis is thil increased
weight or t~je PMMA filmzby enhancd olvent absoflption after
deep UVirradiation, which'is obtaifted'by-sbtracting ti1 weight
of absorbed solvent-by.unirradiated.,PMMA film from ~the %olvent-
weight absorbed by irradiated PMMA rilm. Each-solvent eXhibits
ditferent, radiation efrects-on its-diffusion into PMMA film.
Intokostingly, absorptionof hootane,,like water,-wss not affected by
deep UV irradiation. Plotting the Increased im weiggt ciwsed by
enhanced WlEnt absorption-arter deep-irradlation versus the
solubility parameter of the-solvent-(Figure 4) coldta--

-hancemeni of dirrusibn bJY-radiation only occurrcd-with solvents the

solubility, parameter of the solvcnts approaches that of PM1MA.
These,,rosuIWs suggest that-the relaxat ' p ratpof the 'PMMA. chain is
tacilitated-by increased free voluinc-in the irradiated-poiymer fim
when the polynir-hains. -rc A-1i swelling stess. Therefore.
acrylic acid (solubllitypa-rsmcter!-J2) should dlffuseInto the
irridiated- area. of PMMA flim more rapidly thn-'Into the
-unirriidIatcd-area.Solvctts-such AS water and-heptana-do not inter-
act appreciably with FM MA causing no swelling of thc polymer.
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Table 1. Solubility'Parameter.of. the Solvent Studicd(1O).

Solvent 'toiling Point Solubility Pwameccr

Hoptane 98, 7.40

Ethyl Mder 35 7.62

122-dMethoxy 83'T4

2-Propaaor 82 11.50

1rpropazio 97, 11.97

w"ter 1023.50-

',calulated 'frotztSmall's -group contribution parameter-but~not

plotted in Figurc 4.

Figure -1. Dose Effc~t on Acrylic-Acid Modifloadtinof PMMA. The
PM1KIA film an a quartz crystal Was irradiated with deep UV,
troated~with the-vapor above-1O% aqucous 2Cryl1C_ acid- solution -for
30.mfnuteiat 55C and dried-In vacuum 7MC for 24 hobris.

~60-

.20.

0) 10 200 3M0 -IM 50 6M



Figure 2. Water Absorption by PM4 MA, rilm U-~5 Caftcr-IDeep
UV Irradiation.
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Figure,3. Elicct ofDtcp V frrAdiation on Solvent Absorption-by
PMMAFilm at-550C at 500 mI/cm2.
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