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computers owe their @xistenced hes@ electronic wonders. High
resolution video and stid3 fic cameras are being developed
that use ac»pt.' .r:- ons of microchips of
the "film". THESE COUId bX imorovement in radiation
techniques mdﬂne se of n-sensitive puiymeric materials
that used in ollt.hograp While photolithography will
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many ye to come, there‘are a number of dlsad ages inherent
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nf 300-400 nm for exposure, is limited to the replication
of fine structure with dimension of about 1-2 um. Below
approximately 1 um,the resolution capability of photolithographic
processing becomes increasingly limited by diffraction. But it
can be improved in resolving powder and reproducibility of
patterns by virtue of high energy radiation, especially electron

-beams and X-rays.



In order to appreciate the role of photosensitive
negat.ive resists playing in the fabrication of such devices and,
in particular, the necessity for continuous developments in device
lithography, it will be worthwhile to mention about. the sequent.ial
steps in microlithography in which photoresist used.
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Fig. 1.1 Photolithography using a negative resist



1.1.1.1 Passivation

In order to protect. the surface of silicon and to
dope it only at the desired positions, the silicon wafer s
covered with a thin layer of Si0, (0.1 um). This oxide is
and to impurities like oxyveen.
hvdrof luoric acid silicon

impermeable to boron

Silicon dioxide

itself is not aibe to strip selectively the

urface is spin coated with a
polymer of abou : .r S \ ich is suitable for high
il by an annealing to remove the
solvent andyfz e s egist. on  the substrate.
To obtain ; if:'J and wafer have to be
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m k- The irradiation induces a modification of the polymer

clean. :I

linked to the energy absorbed by it.

1.1.1.4 Development.

Areas of the resist layer which are exposed to light
become detached in the subsequent. development. process. Depending
on whether the irradiated or the nonirradiated regions of the



polymer remain on the substrate after development., the polymers

are classified as negative or posit.ive working.

1.1.1.5 Removal of 5i0

In the non - tected zones, the silicon dioxide

layer is etched away_ by Ao I of i by plasma.

; substrate is only
partially covesfe ¢ layer. "Windows" have
been opened wh

further treatmen

Substrate accessible for

ansistor needs at least four
lit.l'mgra.phi

ﬁﬁ: lithographic steps

are necessar’y for mor fguits. Therefore, the
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used must have gvgry part.iculamy properties because the sharpness
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1.2l A Literature Review of Negat.ive Resists

precision ﬂfBlpe poS sreat. importance. The resists

Much work on negative resists has been done. Thev could
be classified into electron-beam, X-ray and photo-sensitive

resist. due to the energy exposure.



1.2.1 Electron-beam sensitive negative resists

Though many classes of compounds was examined in the
past. as negalt.ive electron-beam resists 1], recent. work has been
concentrated on three major categories : epoxy group containing

polymers, polymers with pemdant. unsaturat.ion, and vinyl aromatic

polymers. It. has generall shown that in the epoxy group

MEDE LRSS, ent. of the epoxy groups as
side chains ol ME Dol viler s u\- to in the backbone,
results in Jedeithin Nhe Bint.rast of the resist.
Nonogaki.S

polybutadiene

e epoxide containing
Adiene (1). They had high
sensitivity, but 1). As a consequence
of this, 2a are directed toward
synthesizing and e yrepared from glycidyl ester
monomers. Hamermesh g 51 attempted to prepare poly
tethy lacry latie—c _
trade name WYPET B udied in some detail
by Thompson a.ﬁ co-worke ey tx@d to solve the swelling
problem by synthesizing copolymers of GMA and each of the other
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we better than that of COP. But. sensitivibty of these

‘5 was known under the

copolymers were decreased comparing to the one of COP, because of
the presence of the phenyl ring. They also studied deeply in the
spinning solvent used for the final wafer preparation. However,
copolymerization in cellosolve acetate led to inhomogeneous
polymer mixtures of two components, one with more ethyl acrylate
and the other with more glyecidy]l methacrylate content.
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Feit et B o i e haracterize the resist
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with ethyl acr:',rlat.a i kB -H:"l S been sucecessful for features
5 pm, and bljes sters .5- to the molecular
propert.ies F&Lure sizes, however,
ot.her facturﬂke solvent ndiice 'L ing of images, wetting
properties of déyeloper and pglymer and gel-rupture by forced
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electron resist materials. These copolymers had
sufficient. sensitivities for application and, in general, GA
copolymers was more sensitive than the corresponding GMA
copolymers. All these materials alse showed better thermal
stability than the (GMA-EA) copolymers.
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In 4/ Bty Tenics saturated polymers, it

has again - saturation is in the
side chain of : \ \" ihies of the resist are
bet.ter than aH t Q ackbgne. One  such polyvmer
that has receiye ' '-4--" \ pt.ion  is  polyidiallvi-
orthophthalate) (b ::E?FE"_ ichl is good thermal stability

Lal. Recent.ly, ‘:T. ot [9] had optimized molecular

weight and disy of _making high-resolution

patterns. V a AW line widths were

i ry

obtained wilh sensitivilies ot ax10. C/em” at 15 kV. This
material show ed? sGeept.able ut.ter etching resistance.
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Cole and his associates at. General Electric Co. had
reported [101 highly sensitive negative resists prepared as
alkenyl half-ester from copolymers of vinyl ethers and maleic
anhydride (9). Sensitivities of the order of 107" C/cm™ at 9 kv
were reached. The importance of the ether group was evident. in
these polymers, although their exact function had not vet been



established. Despite their high sensitivity, the storage
stabilities of these resists were quite good.

Vinyl aromatic polymers have been widely studied as
negative electron resists. The simplest polymer of this rather

large group is polystygeang and, although it has several

0 L i g y candidates in electron—beam
w1 lent. processing propert.ies
vty e

em ). Lai and Shephered

disadvantages, it is One

but. has a very
[i1] had reg
and its dis

the molecular weight
of polystyrene &5 an
electron resis yad that the sensitivity
increased with il narrow dispersity gave
improved contrasg m has been obtained with
this negative re : bf 1x10 "C/em” had been

reported, and very --‘= SFEEE: ch resistance had been observed.

i} ’W__“,__ Wlystyrene and yet. its

good prneessBiht ahi@.y at a low price have

significant. researgh in chemically improving its
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‘ Halogenat.ion of the phenyl rings has this effect, and the
use of iodinated polystyrene for this purpose has recently
been described [12]1. Researches at Hitachi Ltd. had prepared
jodinated polystyrene by direct iodination of polystyrene and
found the sensitivity of the polymer to be increased through this

process. The resist would not erosslink in a vacuum after



exposure, indicating a short lifetime of the active species
produced by the irradiation. It was ion-millable and showed good
thermal stability.

Feit. and Stillwagon C[131 had prepared a chlorinated
polystyrene with narrol lecular - weight distribut.ion and
had observed that at. 70% e . , the material was 5.4 times
more sensitive thup i /4 the case of polystyrene,

the contrast

the dispersity of the
polymer and th tile chlorination process.
Imamurs il st ed ehl o - methylated polyvstyrene
(CMPS) which prgha Qrom
showed that

wion of polystyrene. 1t
. bond ( 20% by weight of
chlorine) increasg S Een= PR Ly \s expected for negative
resist, the sne.-nEst.i!I Thy nereased with increasing molecular

weight., while,thes contra t, in ith decreasing molecular

weight g,“ The Teso Vf;-;’ was about 0.3 um and
the plasma et.:ﬁrea U Recent.ly, Choong H.S.

thoroughly exanmi mlymhla thy lstyrene) (PCMS) (10, whose
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mth styrene ¢ lilr impmved the coa:.’rust. and etch
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Other vinyl aromatic polymers had been examined by Jagt
and Sevrien [15]1, e.g., poly(vinyl-carbazole) (PVK) IE} and poly
(3-bromo -N-vinyl carbazole). Polytvinyl-carbazole), like
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polystyrene (PS», had a high contrast. and dry etching resistance
properties, but the sensitivities were not. sufficienlLly high
unless molecular weights were very high. The bromo-derivative,
however, has a much higher sensitivity t‘.llil-H C.J'mnzl. Experiment.s
also showed that the addition of organic bisazides, e-g.,4,4-dia-

zidostilbene, to polyst , s or polyivinyl-carbazole) was
’

\ /) gl_sitivit-r of these resists

a polytmethyl
methacrylate) JFPMy iWichiwas grafhe ith acrylic acid. It

effect.ive in
tenfold, with no ¥

formed a negalgd@Ve S8 A onde _ yith solvents for PMMA.
® at 20 kV have been
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‘ac la.t.e homopolymers and copolymers as resists for X-ray
exposure  at 3.5 mJ/cm” flux (1C/cm” at 1 kv = 10° mi/em™.
Highly sensitive materials, requiring less than a minute of
exposure, had been found, but. these showed rather low
contrasts, attributed to competitive intramolecular crosslinking

reactions. Opt. imum propert.ies were obtained for
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pul;.rqE.Hichlnra-l—pmpylacry]at.m.t}ﬁb. which also showed
excellent stability. Lines and spaces of Lm could be obtained
with sensitivities of 7 mJ/en>.

Several polyvinyl ethers have been reported as X-ray

resists [18]1. These

are prepared by the cationie

polymerization methdd, ures have been done at,

F vinyloxy group containing

sansit 1‘v *q; frn ', while those with
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pir sensitivities were
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1.2.3 Photosensit.ive Negative Resists
optical lithographic methods are most important. for

the manufacture of integrated circuits on a worldwide basis. The

photoresists used are mainly sensitive in the wavelength from =00

nm to 500 nm. Some importap sgearch works could be reviewed as
follows.

The een polyvinyl aleochol
(PVA) (14) widely used in imaging
devices. 191 did some of the

- more recently Branin
and Fonger [20)fhs ! ) nical process. Nice

and Farlee [21] ion reaction with Pva

in agqueous solutighs = U ron paramagnetic resonance

spectroscopy. It was folime ng irradiation, the charge -

transfer absorg of "esters initiate the

phut.ochemi. _?"J,_ with those of

- :
the previous I hanistic studies made ,[ is system. A proposed
wise was # meduction of the Cr species to Cr (III), which

Finally M&MEM@N 8IN3
ammn‘im,umqwmaﬂ

(14)

i

The sensitization of dichromated PVA to visible laser
wavelengths had been investigated by Bloom and Burle [22].
They found that. compounds that were used for sensitization were
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sodium fluorescein, 2, 4, 8 - tritolypyrilium tetrafluorohorate,

2,4-dinitro-1-naphthol, and methyl orange.

Slobodkin and co-workers (23] had examined the relative
merits of different drying and curing modes of PVA-dichromate

ist.-polymerizations were found to

appear to a large extent in infudted processes.

4
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ivatives of PVA had been

hyl acrvlate 1151 by

coesterifying th 2 acid chlorides, giving
acid - PRt -g 4 \\ tter UV  exposure and
development., - ' inked polymer could withstand

hot nitric acid "dee

N Wihsaturation bad been
synthesized ﬂ Birvukova et s 251 rL polymerization of the
corresponding ®opgmers with ga¢ cationic initiator like BF,.

zu.,oc.ﬂ 1 ihbec) fbird e Whcdenbibad crosstinking wih

henzap one - Michler’sglactone and, as photoregists, resolution
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Koto and Nakane (261 had recently described cationically
polymerized 2-vinyloxyethyl cinnamates ( }EI as a negative
photoresist. with greater sensitivity than commercial Ly
available polyvinyl cinnamate resists, and about twice as much
sensitivity as the rubber-based resists. 1Its resolution was

comparable to a photoresist under the trade name " AZ-1350",
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which was remarkable for a negative photoresist. The material was
also reported to be excellent in terms of adhesion, thermal

stability, and resistance to pin-hole formation.
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Cycliz heme : ad been used extensively

in the negative pho ions, and several commercial
materials of this g ,r' & avatlabley e.g., KMER, KTFR, Waycoat,
I¢ and SC, and o MR #nd Micro-G.  The most common
composition g ' :

a -‘;:':?*'*
photolyzes t.nE:e hid

f 'ﬁ m of polyisoprene and
iY¥] a bisazide, which
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Scheme 1.1



Treushnikov et al (271 had carried out theorectical and
experimental studies to explain the important contributing
factors that affect the photosensitivity of cyclorubber -
bisazide system. It appeared from this work that, apart from
more crosslink formations, parameters like the distribution of
ilm and the average number of
ule capable of functioning

bisazide molecules in‘

structural formation
as effective mo were important. This

research group had e effect. of such factors

as the method oS0t 6 prepars \\ vent. removal from cast.
film, storage \ and air vs vacuum
exposure on hofogens L ty ‘othcvdlorubber - 2, B - bis

t4-azidobenzal g ‘ e changes in sensitivily
of these materidlsfathichangest rying temperatures may be
attributed more onformat.ional changes than to

residual solvents. ---‘: ow-molecular-weight solvent. in
AT

cyclized ihber polystyre 35 the mobility of the
nitrenes f -"‘y“_— "',-j “ been studied r[29].

Coat.ing cont.aiﬁng A= idant. require solvents for
nitrene mobility and those that absorbed water inhibit this

w1 B SOy ———

found t. t. the negative Jr}‘mt.crasmt FN-11 and a bhisazide showed
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regions accompanying the decreased sensitivity in the
exposed areas. This was explained theorectically anc
experimentally by an oxygen-pumping mechanism from the dark parts
to the exposed parts. Exposure in air gave much lower resolutions
than in an inert atmosphere where the crosslinking reaction of
dinitrene effectively competed with the much faster oxygen -

nitrene reaction.
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Shimizu and Bird (311 had contributed significantly to
the understanding of the mwechanism of photocuring of the
cyclorubber-bisazide-system. At 100°C, the oxidative crosslinking
by polymerization of the cycloisoprenes was predominant over the
thermal crosslinking produced by the bisazide. Significant.

crosslinking of the inhibited further higazide

decomposition hy

established for the
simultaneous g
the bisazide
products of the

groups in a molecule of
photon of energyv. The
implicated in inhibiting
further hisa:ﬁi ; gy-transfer process. The
chemical mechan i | ‘and reciprocity failure is
evidenced by cefappaitanoa,On exposure, of a new absorphtion

band at. 410 nm, biut.ed to the bisamine crosslink

7 compound, 2,6-bis
.'fg;f_,-'"“’ .‘Hf The reciprocity

'

effects were explained by e ive meactions of the nitrene

¥

with oxygen ang Elmr, the £irst. being greater than 10" times
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inert. atmogphere or r id exmaur both of which

WW%M%%%%&@ ﬁ*ﬂ" i

az de—t.n-nlt.rene reaction is not affected by the oxygen content.,

from i-w

but the consumption of the nitrene, once formed, can be decreased

by minimizing the oxygen in the film.

Cyclized cis-1,4- polybutadiene has also been developed
into a photoresist.. This resist. showed a higher UV sensitivity
than cyclized polyisoprene and had good resolution properties
(1.6 ym). The polymer showed no resist flow up to 250°C, and the
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decomposition temperature was higher than for polyisoprene. The
polymer was prepared by ecyclization of the monomer with
organoaluminum catalysts. The photoinitiator used as 2,6-bis

t 4-azidobenzal  cyeclohexanone.

Naumova et al

1, 3-cyclohexadiene
-4-met.hy leyc lohexangies & a v Tmages of resolution
100-200 lines ’ | made with this material

for photofabries®on® of ca) screens“End scales.

‘ used to crosslink some
non-rubber poly ~prépare lve photoresists in the
: ) 3] had used a formulation
’ polyacry lamide, and
4,4-diazidost.ilbene-Z, = HisEifonic acid disodium salt 18)

ecip photoresist., t.he
photosensit. i Jh Ty with decrease in the

NINENRT o,
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Hl@ZﬂH = CH@-ﬂ- (18}
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The mechanism involved generation of dinitrenes from the
bisazide, which crosslinked the resin. As the light. intensity was
lower in the presence of oxygen, the dinitrene was effectively

trapped. More oxygen therefore permeated into the layer and the
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crosslinking was further inhibited. This explained the
reciprocity-law-failing characteristics of the material.

Some polyesters had been recently described in the #area
of photoresists. These polyesters contain unsaturated ketone
moieties in the diol

unsubstituted. Bisi4

e.g., substituted and

i lene) acetone tlgl.and 2,5-his

( 4-hydroxy-3-net. lioswbeilzy | ide E&tnme (201

(19)
P
(20)
In $3E he llatter, various metal
atoms were "E‘- el By using metal ,ha.lidﬂs Lo substitute

partly the diaciideghlorides ingthe solution condensation react.ion.
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resulting pquest.ers phut.os ive and, coated
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loped to produce photoresists with 0.5-20% of the image being
the metal.

Stolyarova and co-workers [34]1 had observed that. in
ethylene propylene copolymers, bisazide photocrosslinkers caused
increased sensitivity and contrast. when exposures were carried

out. in an Ar atmosphere as opposed to that in air. From
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turbidimetriec titration data, the best solvent for this

"y

copolymers was a 3:1 mixture of pentene-xylene.
Crosslinking reaction through epoxy group ring opening
has been demonstrated to be a feasible method of preparing

negative resists if

2 ring-opening reaction can be
photochemical Iy

glycidyl methacig

& latent. initiator. Thus,
suceessfully ecrosslinked
by photochemical LwsfiEuat, ij o Pewigp-chlorobenzene diazonium
t luorophosphale L S ALEy epended on the diazonium
salt concentrao Wgidyl e ty 368 concentration, and the

The "*=---' esealrch  is  aimed to examine

photosensit ige hh sensitivity and good
cont.rast.. y Ui dat.ion is to synthesize

conlifining para-epoxystyrene.
Though pulatpm; - epn:qrst-yre (21) is expected to have high
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improve he conbtrast. b}"mmlmenz&tlan with yrﬂne monomer .

LA AT W ’?\’Ml be perforned

of the preparation of poly i p-epoxyslyrene-co-styrene) tzz:-

the photosens ’i ive

~+CHz—CH- +CHz—CHI—{(CH;—CH -

©
s

(21) (22)
ot Pt



The synthesis consists of bhe following steps.

1. Chloromethylation of 2-Phenylethyl bromide
CH y-CHgyBI (CH 0 CHg-CHgBr
HC1/ZnCly
3s-40 °c cH el
Z-phenylethvl bromide p=( 2=-bromoet.hy | »
benzyl chloride
2. Dehydrobrominat.ion of  pi A2 Bromoethy 1 ibenzyl chloride
‘ CH+CH,
CH,Cl
p-chlorometLhy lstyrene
3. Polymerizat
3.1 Homopol
{-cn-cni-}n
CH,Cl
p-chloromel Holy (p-chloromethyIstyrene) (1)
3.2 Capulymenzat,
(-CH-CHy 3—-CH-CH, =)

4.

R dr e

-1
1 CH,Cl

p—chlurmet.l"' tyrene 3 polyip-chloromethy lstyrene
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carf¥xylation of Ch.}nmethyl groupiLet. 111 and tII]r -®-cﬂ cl)

A @JG?NM’MMB

155°C
Ha RCQ

. Epoxidation of Carboxaldehyde group

OHACHICoH5)gNHACi

? “:“a’a"‘r ?
= —CH
= ° : ~/
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