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Introduction

When an organic polymer is subjcctcd 0 radmlxon, the abmrbcd,

-energy induces chemical changes:in the polymer. that aﬂ'cct its

pnysical and chemical properties. In: pmmve resisis'such as

pmy(methyl methacrylate) (PMMA), ‘main chain-sciss scission-occurs,

resulting in a decrease of molecular: welght of lhe ‘polymer.in ¢xposcd

areas. Sclective development-of the exposed: arca-depends-on the
iqlgbxhty difference between exposed and-uncxposed aress whlch

mainly comies.from molecular-weight changesi-However, m‘adxatwn ’
of-polymers leads to.the formation of free radicajs (and ‘other. active '
intérmediates) which are present even-at doses much lower than that <
rcquxred to.cause a sufficient <olubtlxw chanzc. The radicals trapped

in the rigid polymér. atrix below T, can'be ised to-initiate

pelymerization of a-monomer to produce a:modified copolymer with

very- different solahility than that-of the parcat:polynier. Gazard et

al.(1) reported markedly increased sensitivity-of: PMMA 0. electron.

beam irradiation by. addmg acrvlic-acid monomer to” irradiated

PMMA. The, detailed lithographic. pmpcru«s of. this-process.with

deep UV, X.ray, proton beam and.cletron bcarn were:investigated

in our-laboratory(2). To study: further the acryhc agid:modification.

of-PMMA, a quanz crystal microbalance was constructcd in-the i ,
reaction chamber. The weight-change of PMMA film during the oo
modification and diffusion of several:solvents into.decp.UV

irradiated PMMA film was followed: With the.microbalarce.

Experimental ’ . .

A chldrohenzene solution-of PMMA (7% by weight) was spin
cuated on a 0.5 inch diairictcr gold coated quartz crystal. The coated
PMMA was baked for 30 minutes at.140¢C, The PMMA film on. the
quartz crystal was exposed to decp UV and then-placed in-the sefisor
head:in the reaction-chamber, The reaction. vessel was.then evacy-
ated to 105 torf with a.diffusion pump. The' lcmpcrawrc of the ~

_.quarz e crystal sensor head was:contealled:by-circulating-watep-with-: -« -~ - m et m T “’“"f
2 Haake: tcmpcrature c"é'ﬂtroller bath, Acryhc acid modlification.was ‘

ozmcd out.by s)phoninz dczassed monomer intd thc -réaction
chamber which was immersed:in:a Water bath-at 55"C The fre-
quency change was: reoorded at I'minute intcrvals, After 30 minutes,
the qQuartz crystal was taken:out,’ rinsed with.water and- dried in-2.°
vacuum oven. In.the case of solvent dlf Tusion: swdles, thc fescrvoir
contammg dcgasscd*solvem was-alsd mmcmd in.a.water Bath at:

- 55¢C. Aftcr bnth chambers were dnconncctcd from the vacuum ling,
a small-fraction of the wlvent was. dxrcctly sxrhoned into the re-

action vesscl:by-opening the valve which scparitcs the-reactlon.

chamber. and-the raservoir.and the fréquency chnngc was monitored.

Results and Discussion.
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rated at a certain rcnctxon time is propomonal to thc mcxdcnt dose,
‘When 2n irradiated PMMA - fiim’is:exposed-to acrylic acid va.
por, tie acrylic acid Sm’um ‘into the film: 1) the monomer. diffuscs
nomogenemnlv into the.film regardicss. of any: dm‘qfcnces Between
the irradiated and the unirradiated-arcas and is polymerized where
radicals are present, or 2)- physxcal dnd/or. chemical changes in the
sirradiated area of the film can affect the selective diffusion-of

.monomer into the radiation damagcd arca, -Recently selective mod-

ification of the irradiated-area of photorcsists with organometallic
vapor such as hexamethyldisilazané (H MDS) has reccived much ate
tention because the modified fesists can'be dcvolopod by .anisotropic
plasma ctching resulting in-high resolution images with'high aspect
ratios(3,4,5). Mechanism studies of these photoresist systems rc-
vealed cohanced diffusion of HMDS into the jrradiated-areas of the
films(6,7). However,the chemistry of- eaqh system is dlﬂ‘crent, and
different mechanisms for- the-cnhanced.diffusion of HMDS stcre re:
portcd These:systems are somewhat comphcalcd by several factors:
such as a mixture of matrix polymer and photoactive compounds

.and/or photochemical changes of photosctive compoonds or

- ‘polymer.itself

The major ¢hangesin.decp UV irradiated PMMA film arc de-
crease of molecular weight-(with structure changes. at broken chain
¢nds) and incredse of free yolume due to evolution of volatile
byproduct(8). Polymenzation of acryhc acid d\ﬂ\lscd in PMMA
film generates a cogtinuous-concentration gudicnt as well as struc-
wral and 7, changes which complicatc the-cxamination of radiation
effects on the diffusion-of. the monomer. Therefore several model’
solvents. wére chosen-with consideration of their boiling point and.
solubility parameter. (Table 1). The diffusion in this study was car
ried at 55°C'which-is well-bélow the T}.0f PMMA. Therefore the ¢
diffusion can-be consxdcred -as Case:l1 Uiffusion(9). Figure.2 shows
absorption of-ivater by PMMA fiim was hot affécted by deep UV \ .
irradiation up to 2 J/em?, ‘Howevever, the diffusion of propy! dlco-
hol,.ethyf ether and 2,2.dimethoxy propane was-affected:by the:ra-
diation. .Figure 3 shows the eéffect of radiation on the diffusion of -
several solvents into PM MA film. The vertical axis is thé increased
weight of the PMMA film:by enhanced: solvent- absorption after
deep UV irradiation, which-is obtaifted” by subtractxng the weight
of absorbed solvent by.unirradiated PMMA film from: the solvent:
weight absorbed by irtadiated: PMMA film. Each solvent. cxlubits v
different radiation effects’ on_its diffusion into PMMA film.
Interestingly, absorption.of heptane,.like water, was not affected by
deep UV irradiation. Plotting the increased film weight caused by
enhanced solvent absorption after dccp UV irradiation versus the :
solubility parameéter of thé solvent (Figure 4) revesled. that-cn- - |

_hancement of diffusion by-radiation only occurred- with solvents the -

. solub;my,,pagimgggzgr }fghgg_lus,‘m a. mrromran-er-tbscems-!‘za: ARG s S T T
radiation effect.on absorption vf'solvents by PM MA increases as the 4
solubility, parameter of the solveats approlclm that of PMMI\Q !
These:resuits suggest that the relaxat’on rato of the PMMA chain is /
facilitated by increased free volume-in the :rrndla(cd polymer film
when the polymcr. chains rcspond to swelling stress. Therefore,
acrylic scid (solubllity. parameter:- 12) should diffuse into the

"~ irradiated-area of PMMA fiim more rapidly than-into the
‘unjrradiated- area: “Solvents such as water and-heptane.do not inter-

.act appreciably with PM MA causing no swelling of the polymer.
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Tabie 1, Solubility Parameter.of: the Solvent Studied(10).

Solvent Boiling Point Solubility Paraiméter
S (caliem’)i2

Heprane 98 740

Ethyl Ether 35 7.62

2,2-dimethoxy 83 7.34°

propane

2-Propanol’ 82 11.50

water 100, 23.50-

*calculated from Small’sgroup contribution parameter-but not
plotied in Figure 4.

x

Figure f. Dose Effccton Acrylic:Acid Modification-of PMMA. The
PMMA film on a quartz crystal was irradiated with.deepy. UV,
treated-with the vapor above 10% aquecous acrylic acid- solution.for
30.minutes.at 55°C and dricd in vacuum 70¢C for 24 houfs.
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Figure 2. Water Absotption by PMMA. Film 5t.55'C after. Decp
uv lrrad:auon.
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Figure.3. Effect-of Decp UV'irradiation on Solvent Absorpuon by
MMA FlIm at. 55°C at 500 mJfemt.
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'Figure 4, Solubility-Parameter versus Increased Weight of PMMA -
Fiim:by Enhanced-Solvent.Diffusion -4t a Deep UV Expeéstré of 500
mllemt.
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