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benefit of U S. Patent Application No. 60/715, 964,

filed SepimmberPPHPABRESRY HdeEnEGN K PHOTORESI ST
FOR SI LI CON KOH ETCH W THOUT 'SI LI'CON NI TRI DE,

i ncor por at ed BECH éYETEICE STBIGON NIFREDE of t he '
I nvention The present invention is concerned with new
photoresists for use in the manufacture of

m croel ect r OBAECKISNOCRD SHChHRINVIERggONSed in

m croel ectronmechani cal systems (MEMS). Description of
RelatdibApplicationy t It is comon in silicon etching

processes. to util.ize a_ t.hi 100- 0-n L:Li.e

e R e A SR R e
60/739084T ald Septanbask 1005, Ralifler Ned £IwiE PHOTORESBT FOR

passivating | ayer to enclose active circuitry. In the

SILIGION K QHET @H NI QU8 STLe Odb M TRHEE. opcarnetieteds by rafememee

fabrication processes
herein. p have been sel ect ed

Field of the Invention
The present invention is concerned with new photoresists for use in the
manufacture of microelectronic devices such as those used in microelectromechanical

systems (MEMS).

Description of the Prior Art

It is common in silicon etching processes to utilize a thin (100- to 300-nm)
silicon nitride or silicon dioxide coating on the silicon substrate as a mask for patterned
etching or as a passivating layer to enclose active circuitry. In the prior art, etch
protective coatings or masks for MEMS fabrication processes have been selected
primarily by using a trial-and-error method because there are no general purpose
protective coatings on the market. The etch selectivity of the etchants to various
materials is often used as a gnide for MEMS process engineers. With a much lower
etch rate than silicon, films of silicon nitride have been used as a protective layer or
hardmask during KOH or TMAH bulk silicon etching. Silicon dioxide has a higher
etch rate than silicon nitride. Therefore, it is only used as a protective/mask layer for
very short etches. Gold (Au), chromium (Cr), and boron (B) have also been reportedly
used in some situations. Non-patterned, hard-baked photoresists have been used as
masks, but they are readily etched in alkaline solutions. Polymethyl methacrylate was
also evaluated as an etch mask for KOH. However, because of saponification of the
ester group, the masking time of this polymer was found to decrease sharply from 165

minutes at 60°C to 15 minutes at 90°C.
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primarily by using a trial-and-error nethod because
there are no general purpose protective coatings on

wo b@7nsrsket . The etch selectivity of the etchaPtBUBIN06/034817

various materials is often used as a guide for MEMS

pr Q&Fgﬁﬁilgsg IQF ﬁnxg%(%?tectWe_tcBa@nw?éggﬁﬁ&e&t ﬁh&cﬁ%ﬁsﬂl@%‘? to be

silicon, silicon ave en used as a
pattpmed entst beagpligé to the phaiedivesdoating omgadk@d that thdvpditdon cén be

silicon_etching. Silicon_dioxide, has i gher .etch
tranglegrad (a5 S i R O Y Bio s onbpe s pderhe
i h¥ $kerd f Y& &
P e R R o R, R Hp Bl ap E e Ry
and lgpostelediyprotetdvd nysammasks which ormery Nidfieylbtotremowe,
har d- baked photoresists have been used as nmasks, but
they are readily etched in al kaline sol utions.

Pol ynet hyl netdaumyhatveorasiphseERyabNat ed as an etch
mask for KOH However, because of saponification of

t helhespresengyinyeption érecrenaadsi theset profelews byhirgvigigyspin-applisd,
ound.to decrease sharply from 165 mnutes at 60.C to
phole SRR obH SER s Rk a0l g AR EReie tfes fud
that@BAhASHhE heddBroKadwied dal Sithtordsib af Qe SFtedt. TIRYifVertReR@stems
patterned nust be applied to the protective coating or

protagiglevics feataes e qatosnind ithes dommsafsttacly deingrdechestching

nder. yi s%?? e wever, this can only be
P rocc% Ss?els iﬁ(ke% lugg% °4 ée‘it%hdeaqg?%lfs\é%ats Sy e coating or mask has
beemeappdritidd, provides & pHviokémgiviel dBnpaBidiod X isefis @s la0propptive
and later etch this protective layer or mask, which is
layey.e rEhegeamnosiiion qomnrisas dcbol gurnvaRly 2 ghotpagid) geveneromnd the
polymer comprises styrene-containing monomers, acrylonitrile-containing monomers,
and epoxy-containing monomers. The invention also provides methods of using these

photosensitive compositions in conjunction with a primer layer to form microelectronic

structures.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
In more detail, these systems comprise a primer layer that is applied to a
microelectronic substrate surface, and a photosensitive layer that is applied to the primer

layer.

PRIMER LAYER
Preferred primer layers are formed from primer layer compositions including a
silane dispersed or dissolved in a solvent system. Aromatic and organo silanes are
particularly preferred silanes for use in the primer layers of the invention. Furthermore,
it is preferred that the silane include at least one (and more preferably 2-3) group per

mole of compound, or per repeat unit of polymer, that reacts with epoxy groups to form
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provi di ng spin-applied, photosensitive coating systens
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and that elimnate the need for additiona

coveia b e bl AR i DT St A e ek

groufis & 4ARK ghdipl Ng deep-etching processes that utilize
concentrated aqueous bases. The invention provides a

phBteferestisilenes chusiepornaallenxysidanes Preferablyfiogt dout ¢ eto about

ayer. The ¢ sition,conmpri.se ol
Co bT0Pt HEREIY o Aha% He DaPyes diEys 28 fen more
pref&hdiyeRsmC @phidi Ui NG ABH@E), Salkagysy | dBichr oge queferdbily, nthe
_nononers, and epoxy-containing nononers. The invention
aminglaloxpsilane $es amin allspxygtl g picfraally FRBLA9QELS tojabaut Cs

A i . . iy . .
st B i BRI ELEi O el Bol Elerdfly iz
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systens conprise a primer layer that is applied to,. a
examipdeeLéctthni fOTsaRNer aitelydp f ABINOPIAPY itfmethoxysilane,

o GBSO APk BFAOL 0 L BrRe, x
phedyl@finppiopBliritiayeysilanep o3glhjcidus yproplyitdinethoxysilane,  2-(3,4-
epoxycyclohexyl)ethyltrimethoxysilane, and 3-mercaptopropyl-trimethoxysilane.

Other preferred silanes include phenylsilanes such as phenyltrimethoxysilane,
phenyltrichlorosilane, phenyltriethoxysilane, phenyltriacetoxysilane, and
diphenylsilanes such as diphenyldimethoxysilane, diphenyldichlorosilane, and
diphenylsilanediol. The most preferred silanes include 2-phenylethyltrialkoxysilane,
p/m-chlorophenyltrimethoxysilane, p/m-bromophenyltrimethoxysilane,(p/m-
chloromethyl)phenyltrimethoxysilane, 2-(p/m-methoxy)phenylethyltrimethoxysilane,
2-(p/m-chloromethyl)phenylethyltrimethoxysilane, 3,4-dichlorophenyltrichlorosilane,
3-phenoxypropyltrichlorosilane, 3-(N-phenylamino)propyltrimethoxysilane, and
2-(diphenylphosphino)ethyltriethoxysilane.

Some preferred silanes for use in the present invention can also be represented

by the general formula
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silane di spersed or dissolved in a solvent system
Aromatic and organo silanes are particularly preferred

wa@ 2000893 or use in the primer |layers of the | PUBUS2006/034817

Furthernore, it is preferred that the silane include
at |least one (and nore preferably 2-3) group per nole
of conpound, or per repgat unit of polyner, that
reacts with epoxy sroups to form _? coval ent bonds so
that adhesion to a sjlicon substrate is very strong.
Onepreferred such grbup is an am ne group. Preferred
sil anes i ncl ude aniﬁ&&lkoxysilanes, preferably from
about Clto about C8 al koxys, nore preferably from
about C to about C4 al koxys, .and even nore preferably
from ablewe: C1 to about C3 al koR§s. EveRf nore
preferably, the am noal koxysilang is /An

am noal kyl al koxysirl ane; e om about Clto
about 3 al kyl .5 %f ' .ooug#CJto
about al kyl|s) ./ e ‘pr & y from about
Clt o about al kyl s agnyl am nyal kyl al koxysi | anes

are also preferred. Sone exanpl ¢ Lhe foregoing
i ncl ude am nopropyl tri met hoxysirtane, R*

am nopropyl tri et hoxysi | ane,
N-phenylaninopropyltainethoxysilane,

Nphenyl ani nopr opyl t F\et hoxy8i | ane,

3-gl yci doxypropyl tri ngt hoxysi |l ane, 2-(3 , 4-
epoxycycl ohexyf ) et hyl yrimet hoxysi | ane, and

3- mer cgjt opr iVl et hoxyyilape. Qther preferred

wherein:

each of'1, j, and k is individually selected from the group consisting of 0 and 1,
and if one of i and j is 1, then the other of i and j is O;

each R* is individually selected from the group consisting of hydrogen, the
halogens, C,-C; (preferably C,-C,) alkyls, C,-C; (preferably C,-C,)
alkoxys, C,-C; (preferably C,-C,) haloalkyls, aminos, and C ,-Cs
(preferably C,-C,) alkylaminos;

each R’ is individually selected from the group consisting of C,-C; (preferably
C,-C,) aliphatic groups;

each R®is individually selected from the group consisting of hydrogen and
haloalkyls (preferably C,-C,, more preferably C;-C,);

each X is individually selected from the group consisting of halogens,
hydroxyls, C,-C, alkoxys and C,-C, carboxyls;

Y is selected from the group consisting of oxygen and sulfur;
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phenyl trichl orosil ane, phenyltriethoxysilane,
phenyl tri acet oxysi | ane, and di phenyl sil anes such as

wale@hessbzli net hoxysi | ane, di phenyl di chl orosi | aPeT/Us20d6/034817

diphenylsilanediol The nost preferred silanes include

p/ %&%J&E{?B%ﬁﬁt% Ifl}alr 2 %%&%E% gjf,]léitro gen and phosphorus; and
P/ réabR QFPRARARIATy sm&@em I3 ReoupRoHE R s eidy1 )

phenyl tri met hoxysi | ane,
2 (zfsﬂ/i eifeasitvia oxiy) g hastey p@mmﬁltm aveedingyteitheimaention is a mixture

| | | h
pc{d}r’% &ﬁlggl?ﬁﬁ{ ?l‘ll Ch(?%g gtsga %ternly%tme(%ﬁg)%glﬁ%%) and a
pheﬁ WMPX*’ bl | gehl@sthaBRilane) or, even more preferably, a

henyl am no) prop&t ri met hoxysil ane,

mlxzur(sef %hhqwlspim%%aﬁép ny;tnmﬁihémawﬁa@iaﬁgrsbﬂemethoxy-%

t r a
BB S EoBbbe2iPabil) . ol AP FEPALL NP e
parﬁ@ﬂﬁl}offffdctlvci primandyds domplomibﬂ lfc&qﬁbtoyer&ﬁimaﬁs écsmmmﬂga
group consisting of 0 and 1, and if one of i and | is

poly(styFras-corRer BB gTolymetigar alqoholpndavaier splytipg containing from

a5 4L L L0 SR, 05yl o
frorﬁl ka}bbﬁt, @1-103%( ﬂpﬁf&fahlyl yirézd - Gputal KB5PS5%)CLbL weight of

phpBiegehanIsaiss Gagn Brakpecp by Taai e d pheny ianctiol e

: I
hyd'éll?éc]% bf(%grﬁ!étféf I;glb{méﬁ'ﬁrﬁgthgi}%ﬁhﬁéj RoBIRNP £ RIS ok Ak Rnds and
establish a three-dimensional silicone coating layer on the substrate.

Another preferred silane has the formula

R’ R’

H
X3Si—-‘<R8)d—N R?

wherein:

each R’ is individually selected from the group consisting of hydrogen, the
halogens, C,-C; (preferably C,-C,) alkyls, C,-C; (preferably C,-C,)
alkoxys, C,-Cg (preferably C,-C,) haloalkyls, aminos, and C,-C,
(preferably C,-C,) alkylaminos; and

each R® is individually selected from the group consisting of C,-C, (preferably
C,-C,) aliphatic groups.

Silanes having this structure are not only compatible with styrene-containing

copolymers, but they are also reactive with ester, benzyl chloride, and/or epoxy groups,
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Cl-C4) aliphatic groups; each R6 is individually
sel ected fromthe group consisting of hydrogen and

whadogaBdsys s (preferably Cl-C8, nore preferabl ypQUuS2b)e/034817

each X is individually selected fromthe group
nS|st| of . hal o ens r OX
and B aop e s Rane o B e OB HAATY R g e withf e
scopeVTahis WM1Lfs oxygen and sul fur;Z is selected fromthe
group consisting of nitrogen and phosphorus; and each
dis individually selected fromthe group consisting
of 0 and 1. An effective primer layer conposition
according to the invention is a mxture of a
di phenyl di al koxysi | ane (e.qg., yl di met hoxysi | ane)
and a phenyl trial koxysdh ape,
phenyl t ri met Be&PsPian& 7ot
m xt ur e of dlphenyIS|Ianed|oI
phenyl tri met hoxysilane in a solution of 1-nethoxy-2-
propanol or I-propoxy 2-propanol with from about 5-10%
by wei ght water. articularly effective priner_|ayer
Thlwwp@sﬁ 3 [Iwhﬁla»flarp Eﬁmftl?tb@iﬁsd@f@r@e@@%ﬁq abowey, gnd it is
n |y cohol
com%%a&wai fy &0 n@%ﬁ%%‘%{% S ls R AR Cotniidl 00,

(p Fﬂfe%ﬂaiﬂ s}doﬁlﬁ(bﬁhlﬁbmwd uﬁ)th%@ﬂﬁleS %yexh}bnvpﬁulsgimh atalevel of from
b tr(ghenyl sil anedi ol and from about 0.1-1.0% (E)ref er ahl
abop ou

Shout Joby vepiglly pglprahdy o agput 0.2% to about 2% by weight,

and% &ﬂéé@eﬁn&%@%ﬁﬁx ngcﬁ.lg 0 g#g%rélbgﬁ‘flg)g ?Wel t, gaa%eg upon the total

weight of solids in the primer layer composition taken as 100% by weight.

preferably, a

The solvent system utilized in the primer layer composition should have a
boiling point of from about 100°C to about 220°C, and preferably from about 140°C
to about 180°C. The solvent system should be utilized at a level of from about 30% to
about 99.9% by weight, and preferably from about 40% to about 80% by weight, based
upon the total weight of the primer layer composition taken as 100% by weight.
Preferred solvent systems include a solvent selected from the group consisting of
methanol, ethanol, isopropanol, butanol, l-methoxy-2-propanol, ethylene glycol
monomethyl ether, and 1-propoxy-2-propanol, and mixtures thereof. In one preferred
embodiment, water is included in the solvent system at a level of from about 20% to
about 60% by weight, and preferably from about 20% to about 40% by weight, based
upon the total weight of the primer layer composition taken as 100% by weight.

The primer layer composition can also include a catalyst. Suitable catalysts
include any inorganic or organic acid (e.g., hydrochloric acid, sulfuric acid, phosphoric
acid, acetic acid) or an inorganic or organic base (e.g., potassium hydroxide, TMAH,
ammonia, amines). The catalyst is preferably present in the primer layer composition
at levels of from about 0.01% to about 0.5% by weight, more preferably from about
0.1% to about 0.3% by weight, and even more preferably from about 0.02% to about
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hydrol ysi s product of phenyltrinmethoxysilane) condense
to form sil oxane bonds and establish a

wo boog@3@bsrensi onal silicone coating | ayer on tP€T/US2006/034817

substrate. Another preferred silane has the fornula

0. OW) %é/%en ht s l%) n tﬁ t}o@% '\xyel GrilllJ Zo"% 148 ﬁll tﬁ%él%%e; 1) mcag%osmon

RS al ogens
takémﬁselfoeryabjrwe@ht C4) al kyI s, Cl C8 (preferably Cr C4)
alkoxys Cl1-C8 (preferably Cl-C4) hal oal kyls, aninos,
andFigalcthemsingr )@bw}w@ms&)ldeaww@ﬁpﬁa%mn@lnagr@@@hMuch

V. d 0 r elpt
o A5, oSl s OISO UG T3l
surfaasshinggch hs ECQ@SOJ(HVHﬂ:&)Ialﬁ'emI’BM) QLTT tofi onmea) (aii'laﬂ?bdb flom 3M)
st yr.ene- cont ai ni.ng copol yners ut ey are also
canchezdded, o mpkerp wafam Prﬂﬁﬁfyﬁtl%‘lhétrlﬁ é@fecéﬁ%ﬁ or epoxy
groups, and they are excell ent adhesion pronoters. One
particularly preferred silane within the scope of this
for mul a i s Thi SHE PHEOTQSENSITIVE LAYER

enyl ani.no ropyltrlnethoxy5|lane (ment i .oned
abo pho &%%anﬁl V?la ToAimed 4Tony 2 SORPPAPTLCHRRHsing a polymer
di t thesi st

R e e S R Rar i PRIGNABRer KF apoipe
congprisegetecwiingr ostyr@be mor®neds; taorydditiile Fidmpmees; gintl, monomers

0 0, H
con?ﬂn%{negri%rkl)clzt%ngf gorg]ugsbt%gtt re(é-l)ct2 /ht a?m%gso ut 2%y wei ght,

Preferred styrene monomers have the formula

R! R
1
ﬁlR? R? @
R R?
R2

Preferred acrylonitrile monomers have the formula

Rl R!
| ]
T—T (ID)
Rl C
Ii
N
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and evennore preferably fromabout 0.5%to about 1%y

wei ght, based upon the total weight of solids in the
w@eoom®sosbayer conposition taken as 100% by wei PXit/U310e6/034817

sol vent systemutilized in the pri mer | ayer

conposi tion should hayve a boLIi 0|n éron1 bouI
referted IORSTErD SQIBpLIsiag, fmg ’EB‘??P Jtharprges

. ) t
il 360 ever%%g?*%?o%%nigt%ﬂg%o%f*fé‘%%;{é"%gﬁ% T e
glyaidy apryédter einlWpefizyd nglpbidyd tetdo One axemlplﬁﬁ%aplgesmﬁb by the
based upon the total weight of the prinmer |ayer
Onﬁgﬁposition taken as 100% by wei ght. Preferred sol vent
systens include a solvent selected fromthe group
consi sting of nethanol, ethanol, isopropanol, butanol,
| - met hoxy- 2- pr opanol , efhyRéne egcoI nmonomnet hyl
et her, and | - progoxy- 2 pro ano , and m xtures thereof.

In one preferred is included in the
sol vent systen1at a l e eI f on1about 20% t o about
60% by wei ght, re era rom about 20% to about
40% by wei ght, base e total wei ght 6fDthe
primer |ayer conp05|t| n taken as 100% by wei ght. The
primer |ayer conpositi can al so include a catal yst.

Suitabl e catal ysts incljude any i norganic or organic
acid (e.g., hydrocWerigz—a®'d, sulfuric acid,
phosphori c acid, aceticl acid) or an inorganic or
organi ¢ base (e.g., potjassi um hydroxi de, TMAH
ammoni a, am nes). The talyst is preferably present
in the primer |layer c ition

In each of the above formulas (I)-(III):
each R! is individually selected from the group consisting of hydrogen
and C,-C; (and preferably C,-C,) alkyls; and
each R? is individually selected from the group consisting of hydrogen,
C,-C, (and preferably C,-C,) alkyls, and C,-C, (and preferably
C,-C,) alkoxys.

The polymer preferably comprises from about 35% to about 75% by weight of
monomer (I), more preferably from about 40% to about 70% by weight of monomer (I),
and even more preferably from about 50% to about 65% by weight of monomer (I).
The polymer preferably comprises from about 20% to about 40% by weight of
monomer (IT), more preferably from about 25% to about 35% by weight of monomer
(ID), and even more preferably from about 25% to about 30% by weight of monomer
(). Finally, the polymer preferably comprises from about 5% to about 15% by weight
of monomer (ITI), more preferably from about 6% to about 12% by weight of monomer

(ITD), and even more preferably from about 8% to about 10% by weight of monomer
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nore preferably fromabout 0.1%to about 0.3% by

wowiogisesoand even nore preferably from about OPORUS1006/034817

about 0. 03% by wei ght, based upon the total wei ght of

. . : 0
B R S Rk U RATLL] O PR e
polamentblen axf 1006 bpmaight.ngr edi ent s, such as a surfact ant

In ne i.ment rom about mto, about 1 O
lséfl}i?fggé‘? Hmtbg@eimgnhwmg LRy ag%\’&’loé@" lapWeigh) o
aboE{ {6, 9@0 BatOf to3¥ah salod ﬂafu%Hé %Mfe&% B&m égsiuﬁ%tdboﬁﬂiﬁns

a uniformprimer coating t def'ect-free.
to aPHOPOSBNT) altoXE ahAYER Hbre prﬂferabis(é’rm shone30 Q%Da]tesns to about

0@? froma conposition conprising a polyner
5 ®€d or dissolved in a solvent system A

pr eﬁ%ﬁéﬁ@rs%éfrfﬁﬁn I®onémbR {153 (YyBAd CRITREA 81sBBe present in the
recurring: styrene nononers; acrylonltrlle NONONEr S;

polaner, nﬁd@w@ds %wprcrth@rngomqmm iagthateseto thescanitaned waight of
f. d,st hav
moplhoks P @ e PN M B o ey BRG0Py weie.

andf Q6 rafRrBie FbROAUHAN P0RItS aBIIT0YS b SvditIChAsed ah ol fHRURE]
for reacting with am nes include nononmers conpri sing

weighteofdte ml):fr@eréﬁmgﬂ QQQ% B3 weighy . Exagisled efisnitaie plynaucvyners
mclgldg ﬁ;pog e.navt é&%ég%ar% 3%6913? %1 xfegét)évﬁ#}égrouf?st Qletilg pnmer layer
for achieving chemical bonding between the two layers. These monomers may have,
by way of example, haloalkyl (e.g., benzyl chloride, 2-chloroethyl methacrylate), ester
(methacrylates, acrylates, maleates, fumarates, isocyanates), or anhydride functional
groups, which react readily with functional groups such as hydroxyl, amino, or oxiranyl
groups that can be present in the primer layer.

The polymer should be included in the photosensitive layer composition at a
level of from about 90% to about 98% by weight, and preferably from about 90% to
about 95% by weight, based upon the total weight of solids in the photosensitive layer
composition taken as 100% by weight.

The photosensitive composition will also comprise a photoacid generator
(PAG). The PAG generates a strong acid or superacid when exposed to actinic
radiation such as UV light. Examples of suitable PAGs include those selected from the

group consisting of triarylsulfonium hexafluoroantimonate, triarylsulfonium hexafluoro-

phosphate, diaryliodonium hexafluoroantimonate, diaryliodonium hexafluorophosphate,
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I'n each of the above fornmulas (1)-(l111): each Rl is
individually selected fromthe group consisting of

whyarogens and Cl- C8 (and preferably Cl-C4) al kp¢BUSENE034817

each R2 is individually selected fromthe group

consi sting of hydrogen, Cl-C8 (and preferably Cl-C4)
al kyl s, and nr ef erabl y -C4) al koxys. The
pol ynmer p Tpr Nses from gpout 35%t o about
J Rer abfy from
0%y wei ght ofl nmononer (1), and
even nore prleferaljly from about 50%8to about 65% by

conprises from abut 20% t o about 40% byandei ght of
nmononer (JI), norg preferably from about 25%to about
35% by wei ght of nononmer (IT), and even nore

preef erably from about 25%to about 30% by wei gijt of

noner (I1) . Finally, the polyner preferaply

R® Gses from about 5% o about 15%y wejght o Fr—Er'l%rrer
(Ihl), ore preferably from about 6% o abhout 12% by (v)
ght nmononer (I111), and even nore pefera ly from
about 87N 0 _akout 10% by wei ght of % Each
of Fthg fe percentages by weig paseg upon t he
total gnt of fthe polyner take D0%’by wei ght
It is prefexred at Yave~a wei ght aver age

mol ecul ar weight of° from

where each R3is individually selected from the group consisting of C;H,, CsH, 5,
CH,CH,, and camphor. The PAGs of formulas (IV) and (V) are sold by Ciba Specialty
Chemicals as The CGI 13XX Family and The CGI 26X Family, respectively.

The PAG should be included in the photosensitive composition at a level of
from about 2% to about 10% by weight, and preferably from about 5% to about 8% by
weight, based upon the total weight of solids in the photosensitive composition taken
as 100% by weight.

The solvent system utilized in the photosensitive composition should have a
boiling point of from about 120°C to about 200°C, and preferably from about 130°C
to about 180°C. The solvent system should be utilized at a level of from about 70% to
about 95% by weight, and preferably from about 80% to about 90% by weight, based
upon the total weight of the photosensitive composition taken as 100% by weight.
Preferred solvent systems include a solvent selected from the group consisting of methyl
isoamyl ketone, di(ethylene glycol) dimethyl ether, propylene glycol monomethyl ether

acetate, ethyl lactate, cyclohexanone, and mixtures thereof.

-10-
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about 10,000 Daltons to about 80,000 Daltons,
preferably from about 20,000 Daltons to about 60, 000

w0593 and evennore preferably from about 3BCTD082006/034817

Dal tons to about 50,000 Daltons. Mnoners other than
nmononers (1)5 (D) be present in the
pol ynmer, if desi réﬁ%@%ggﬂﬁﬁomrs are present,
t heprgpRl @ﬁgstf'&?ésqjﬁi ué%f in'th{d %@d’e§s {dclude (’dlds)e,co sfngl dillcon.

in the polynmer is preferably at |east about
Sonyepaghicylady @rﬁrfglrred pbsirates btq/seletctmh fairouhe ZOMt @nazbtmg of Si

subirtesr S B es SR Gub DR E: o Bb S s h G pp aticon

sub@FRR! Ak OdtBEBatbd) CQudele dub@feesh az\éfmcféwgﬁt@m Fen@iddAdBstor
that can react wit groups in the prinmer Iayer for

subgiratgsesiidugeiehabiseales.bondi ng bet ween the two | ayers.

T g P B e

to fRBitRE s1Iaﬁe E(Btﬁpés)’ﬂl(ﬁi This caﬁipysélﬁb@ﬁ theBbRdppEied dnibMeALBSrate
|soc%sanat es), or _anhydride functional grou ps, which

at abu SPOT5LLY) flpi)ﬂ #nd Arofaraldy Dormabayi 40003 HUL romsTonphew,3pr90
' h
secogl:&%%glfl p?c{ggl‘é?if f@ﬂ%ﬂog%(%é@gncfsh gb? fé—;%g bgfe rt & g‘e?xg)terétﬂr[e oq’%rom

mer s EInC

aboft ek DS ASHok biveart 683180 smm@@tétbmaly&lboat 1260etondt), bfidthen at
about 90% t o about 98% by we preferably from

ht ,
aboylhl3Qr2 39064 PHabahol- 1%85089d%¥%ﬁﬁblmh@@d29 ﬁ%Cr?nfiﬂénPB%f‘éFO
coniEtlsOtHe sAhnciRblcblfied Bt NOnRAR L TR Thd: tMfonh @i surface hydroxyl

groups present on typical microelectronic substrates. That is, the hydrolyzed silane
reacts with the silanol groups present in the silicon-containing substrate and also self-
crosslinks by condensation. It is preferred that the primer layer have an average
thickness (as measured by an ellipsometer over 5 different points) of less than about
50 nm and more preferably from about 20 nm to about 30 nm.

For the photosensitive layer, the polymer, PAG, and any other components are
dissolved in the solvent system and spin coated onto the substrate at about
1,000-5,000 rpm, and preferably from about 1,000-2,000 rpm, for about 30-90 seconds,
and preferably about 60 seconds. It is then baked at a temperature of from about
100-120°C for about 60-180 seconds (preferably about 120 seconds). The polymer
solids level and spinning conditions are typically adjusted to achieve an average coating
thickness after baking (as measured by an ellipsometer over 5 different points) of from
about 500 nm to about 3,000 nm, and preferably from about 1,000 nm to about
2,000 nm, depending upon the degree of coverage required over device topography on
the substrate. Advantageously, the epoxy or other reactive group in the photosensitive
layer polymer form covalent bonds with an amine or other reactive group on the silane

of the primer layer.
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conposition taken as 100% by wei ght. The
phot osensitive conposition will also conprise a

w@bevoaspsl generat or (PAG . The PAG gener at es BCHUBZNG034817

aci d or superacid when exposed to actinic radiation

t hose c ec?g{dv? %’@Rhtg u%éﬂ %ﬁg{is {?‘@Cﬁ té REY Y838t with a

wavielengthyd f $itolf abottABOREDOakN @cg ehontd48mat @, about 365 nm) preferably

| sul f
i ORI Tesel Luar ophpsphial oy bt L LOdon T

abo{ft‘e?< zﬁb@ﬁpfﬁa@tf@r Wikt © RRGks Rg’ljlcﬁdéx)%ﬂi%ﬂ QRHEH 41 ¥olvent for

ecte romthe group consistin

abo@H3@hhMe. Binally; drepoating i¥ hekddAGebait Zﬂe?ﬁrtol Mu(ZDQfCafmdabout
(V) are sold by G ba Specialty Chem cals as The CQ3
my¥NSR. Fan | y and The CA 26X Fam |y, respectively. The
PA%)?Z‘@M]GQO 8ni %Eééqgg PArG RS 95 88a1 drdv@is acid intiates
conposition at a |evel from about 2%to about 10%y

crossBnlghg of almjpcpiymexe@aﬁbmbryr\omﬂmowy@mps) ath thet piefodeysitive
wej ght , e on the t. t., of solids in the

lavepp g e bl es ePog ot Bt e Bl atethoss by wel ght.
The solvent systemutilized in the photosensitive
conposition should have a boiling point of from about
1200C t o about 200__011:,_3.nd preferably from about 1300C
to about 180 OC. The isol vent system should be utilized

at a level of from;ék?oul 70% to about 95% by wei ght,
and preferably fr8m abOLﬂ 80% to about 90% by wei ght,

based upon the total ht of '_{ he phot osensitive
conposition taken as 1 ght
o
\CH2

The exposed areas become substantially insoluble (e.g., less than about 1% by
weight soluble, preferably less than about 0.05% soluble, and more preferably about 0%
soluble) in typical solvent developers such as propylene glycol monomethyl ether
acetate, methyl isoamyl ketone, and ethyl acetoacetate. The unexposed areas remain
soluble in these developers and are thus readily removed during developing. As a
result, the pattern can be easily transferred with no additional etching steps to remove
the protective layer being needed.

Practicing the present invention will result in a protective layer system that
suffers little or no undercutting during etching processes. That s, the layer systems will
exhibit less than about 100 pm, preferably less than about 70 pm, and more preferably

less than about 50 pm of undercutting when subjected for about 2 hours (or even about
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Preferred sol vent systens include a solvent selected
fromthe group consisting of nethyl isoanyl ketone,

wal2qoednsbene gl ycol) di methyl ether, propyl eneP@l/ysmhe/034817

nononet hyl ether acetate, ethyl |actate,

[ .oh j f .APP I .
3 hG BURUARERE an ASoRlotlitly 303 PELS ALl Tl bE D cotution
havingal terdperatugsesl abowis3i-871 0 Ynderanting iSdatermiacd by mleasuring the
_preferred substrates are selected fromthe rogp
wid VeraRging Praeetygheter a&@%,ﬁ 5 @zﬂt%géﬁaéﬁ%g?s ed under a
coni%c I\}ﬁﬁy&% ates, SiA2 on silicon substrates, Si3N4 on
silicon substrates, glass substrates, quartz
sulfairthatresre, the imehitvesprb&rtied sstensenileapeiatevery little or no

substrates, and netal substrates. The silane and
ctchghRACEHRTSHIEHE SIRIS MPLSSHisy u?aﬁv&eﬁéu‘mtﬁﬂgforgﬁwﬂws
o e R 2o & e aquecns KO
solugion hkvini@ @& Pdfureprfiabawt 3p8 A1k thelihventive proddetive systems will

1000-3, 000 r . for about, 30-90 seconds, d
havi it BrRaEPg o] bintoloe PROL I HBRr. oof Srerran Bese drmgboyt
0.03 Z;ﬂﬁl%ﬁét perCorf of LEBBARO UWihddOotseE Gurfder a2RRibscbfe B8010X

seconds (preferably about 120 seconds), and then at
magiifetion5FES ¢ diffefent fraboptionat PBotosenstyvddayess, eflaekamtopld

. about . 120, secqgnds) . rder, to condepse the sil.ane
S T L B S R
pro@btifeAafer RUEH a/diliemtiRRieNsREENt on typi cal
m croel ectronic substrates. That is, the hydrolyzed

silane reacts with the silanol groups present in the
silicon-containing substrate and al so sel fcrosslinks

EXAMPLES
The following examples set forth preferred methods in accordance with the
invention. It is to be understood, however, that these examples are provided by way of
illustration and nothing therein should be taken as a limitation upon the overall scope

of the invention.

EXAMPLE 1
1 Terpolymer Synthesis in Cyclopentanone
A solution was made by dissolving 67.50 g of styrene, 25.00 g of acrylonitrile,
7.50 g of glycidyl methacrylate, and 1.25 g of 2,2'-azobisisobutyronitrile in 400 g of
cyclopentanone, all of which were obtained from Aldrich. The solution was heated to
65°C under nitrogen while undergoing magnetic stirring. The polymerization was
allowed to proceed at 65°C for 98 hours. The actual yield was determined by solids
analysis to be 97% of the theoretical yield.

-13-



10

15

20

25

30

by condensation. It is preferred that the prinmer |ayer
have an average thickness (as neasured by an

webdopssoet er over 5 different points) of | essPehEs2006/034817

about 50 nm and nore preferably from about 20 nmto

abo ; h hot osensitive | ayer, the
2 ooyt Yol

y Ot her conponents are dissol ved

i n fhihisgobpeeationgysdediRen?8l05 B ofpfopatead g%@&l?ren%tg}ﬁ ;glle)l; acetate
p

trate at about 1,000-5,000 rpm an | .
(P m; g?rah,@ﬂﬁliﬁlbwdr A3 fgnrOfJ:ll&b‘Gft@ﬁ@- 40 E@csdgd@mum
: . : 4 is then baked at
e P ARG YOO BRSO uigtont B LB B reneaia
to §&0dpdst (hpriedhelyater yolaﬁolutsyﬂtﬁ&é@aqgmt&b 1 oTth!ﬁs Qﬁda}rf{ﬂ’é The
lids |. I d inning conditions are typically
]EmigF%§%Bag¥§a%§RP@5gﬁﬁwﬂﬁggﬂdﬁ@nﬁﬁﬁﬁﬂﬁﬁﬂ#ﬁickness af ter
baki ng (as neasured by an ellipsoneter over 5
different points) of from about 500 nmto about 3,000

3. nm Primer Soletien Botryuléiom about 1, 000 nmto about 2,000
t he degree of coverage required

dependi . ,
oveF® A CLPBBL ARy 10H ¢ 9k Nobeviamiaoproylmmethoxysilane

(obRRANGE 98ty wereVBssBRRUAYn A m e o 188G L ¥ S | col
T Iy ar 8 R

t he photosensitive [ayer polynmer formc _
propyltcithexr{obiained fiom Geheral Cleaaicaly and802 oNdditiezéd WaRe The

the pritrer er. The, photosensitive layer is then
solytion a&@fﬁ@%ﬁ%@hémﬁwmﬁwp@mtew th a wavel ength of

from about 150-500mm (e.g., about 248 pm or about 365

nm, preferably in a dose of about 500 mJ/cnR. The

4. codtrengyation ahé Rafteraingr NegatiesPheampeisuCenthaked at

The primer solution in Part 3 of this Example was spin coated onto a silicon

wafer at 1,500 rpm for 1 minute. The primer coating was baked at 75°C for 2 minutes
and then at 180°C for 2 minutes. The topcoat solution of Part 2 of this Example was
then spin coated over the primer layer at 1,500 rpm for 1 minute. The topcoat was
baked at 100°C for 2 minutes. The coating was imaged by exposing it to UV light at
a wavelength of 365 nm in a dose of 500 mJ/cm?, baking at 130°C for 2 minutes, and
developing with acetone for 1 minute. Finally, the combination was baked at 230°C

for 5 minutes. A negative pattern was obtained.

5. Etching of Silicon Wafer

The wafer prepared and patterned in Part 4 of this Example was etched in
30% KOH aqueous solution at 85°C for 1 hour. The silicon was etched 70 um deep in
areas without the polymer coating. The polymer-coated areas remained intact. The
pattern was transferred to the silicon wafer in essentially the same manner as is the case

with prior art silicon nitride masking methods.
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about 110C to about 130C for about 2 m nutes, and
devel oped with a solvent for about 1 mnute. Finally,

WO b@7o8@b3 Ng i s baked at about 2000C to about PEDOR0MW@034817

about 5 m nutes. Exposure to light causes the PAGto
generate an acid, and %8%3“@?%9 initiates crosslinking
of the polyner (prefer a“t he epoxy groups) in

1. therT @ﬁ@g@ﬁﬁmymmayﬁuipgﬁﬁu The crosslinked epoxy groups
wi |l have the structure The exposed areas becone

subAtsahition Wag magls biy disselving 29.07 ¢ @fﬁgrrcmﬂm@@@qf agidmytrile,
3. Og\g Pg@&cﬁﬁl n%%ilgd a{e gég Of%bqv dgc%fﬂ}/ﬁ p%g}x@s f(ﬂ%:fnéﬁcp é(ﬁm Aldrich)

in 16@igcsl PedATANt TH@‘éSﬂuﬁ@@fvﬁasShé@fédat% PIOoRY hde Mtr¥E@ while
nononet hyl et her acetate met hyl isoanyl ketone, and

undgrgae agels sdrmee Thapalymerisation wes @ucgwgl tp prmwd%émm for
h t .
24 Yk 8 RS 008 Po Merlifed VSl Wil 8 TR 500 of the

theereitdl yidld.ansferred with no additional etching steps to
remove the protective layer being needed. Practicing
the present invention will result in a protective

2 'aYPﬁx§Xﬁ§ﬁﬂ%JJ¥%nﬁ%ﬁ££¥s little or no undercutting

during etching processes. That is, the |ayer systens
wi | In tieix pidpiatation psockduan, 4804 PKENIEANand (. Eif4ey Gl WI-6E%Svere

addsg s D8 o B e go e sSgsies Bub by SR BR ExamPiSy e
sol&t%v@é’s 1RO Gy I %?%L p%—ﬁ?‘b@ﬂtef n an approxi mately

- 35% by wei ght™ aque ol ut1on

3. Preparation and Patterning of Negative Photoresist Coating

The primer solution of Part 2 of Example 1 was spin coated onto a silicon wafer
at 1,500 rpm for 1 minute. The primer coating was baked at 60°C for 5 minutes and at
180°C for 2 minutes. The topcoat solution from Part 2 of this Example was then spin
coated onto the wafer at 1,500 rpm for 1 minute. The topcoat was baked at 100°C for
2 minutes. After the coating was imaged by exposing it to UV light at 254 nm in a dose
of 500 mJ/cm?, it was baked at 130°C for 2 minutes and then developed with PGMEA
for 1 minute. The coating was finally baked at 230°C for 5 minutes. A negative pattern

was obtained.

4. Etching of Silicon Wafer

The wafer prepared and patterned in Part 3 of this Example was etched in
30% KOH aqueous solution at 80°C for 1 hour. The silicon was etched 58 um deep in
the areas without the polymer coating. The polymer-coated areas remained intact. The
pattern was transferred to the silicon wafer in essentially the same way as with prior art

silicon nitride masking methods.
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having a tenperature of about 83-87C. Undercutting is
determ ned by neasuring the wi dth of overhangi ng

w@e@rmstshye | ayer at the edge of etched areas BST/US2006/034817

observed under a confocal nicroscope. Furthernore, the
I nventive protective s experience very
little or no etchant pé%%@&gkggn during etching

1. pr oCessBener BnifesiVEPGHUR ected for about 2 hours (or
even about 3 hours) to etching in an approxi mately

30- 35 WipRarasTadsduiedisse gL 6560 gtof styrdnay 8410 ga)f acrylomtnle

263 STRELRI oo BRAM anll ¥ g i rRroRid ol e ROV
Thefolstidisw isticatedan d2TE hadeorbiti chewails haderghiay Ena%n&r‘b stlmng

nhol es per cn? of substrate, when observéed under
Thgr?@?/@é@%%@na’(aswxwég% proceask 4t dR0° (Ttﬁ¢r328 kouds.f The e¢tt1a1 yleld

0 ich
wag FOBUPG, SLE AP L BERTNS ¥F OB n e FEte g ves
pretipeatpd iafsisomepmfol,aﬁlseeaa aAd erigd @xteelﬁ%htvmleﬂy@nuﬁpmoa@. a
silicon nitride |ayer. EXAMPLES The fol | owi ng exanpl es
set forth preferred methods in accordance with the

i nv under st ood, however, that these
& exaﬁ%ktgﬂ%¥%ﬁ%ﬁ{?y? 3 ‘%y way of i1lustration and
not Inithig ptdperation psdtxedhr@ 3e8 pakae tﬁ‘pol@m‘let BYritidsiZ20 iNPAD 1 of

f the inventio
this ﬁ]x%n%\fee vrvgll‘el dlSSS((:)P\J%S ircl) 146 0gof PGMEA and 40.0 g of ethyl acetylacetate.

Next, 6.0 g of UVI-6976 were added, and the solution was filtered through a 0.1-pm

membrane filter.

3. Primer Solution Formulation

To prepare a primer solution, 2.04 g of N-phenylaminopropyltrimethoxysilane
were dissolved in a mixture of 77.50 g of propylene glycol propyl ether (PnP), 120.14 ¢
of deionized water, 0.51 g of acetic acid, and 0.03 g of FC4430 (a surfactant). The
solution was stirred magnetically for more than 2 hours. It was filtered through a 0.1-

pm membrane filter.

4. Preparation and Patterning of Negative Photoresist Coating

The primer solution prepared in Part 3 of this Example was spin coated onto a
silicon wafer at 1,500 rpm for 1 minute. The primer coating was baked at 110°C for
1 minute and then at 205°C for 1 minute. The topcoat solution from Part 2 of this
Example was spin coated over the primer layer at 1,500 rpm for 1 minute. The topcoat
was baked at 110°C for 2 minutes. The coating was imaged by exposing it to UV light
ata wavelength of 365 nm in a dose of 500 mJ/cm?, baking at 130°C for 2 minutes, and
developing with PGMEA for 1 minute. Finally, the combination was baked at 230°C

for 5 minutes. A negative pattern was obtained.
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EXAMPLE | 1. Terpolynmer Synthesis in Cycl opentanone A
sol ution was nmade by dissolving 67.50 g of styrene,
wQ@3200003@90f acrylonitrile, 7.50 g of glycidyl PCT/US2006/034817
nmet hacrylate, and 1.25 g of 2,2
/ - azobi si sobutyronitrile in 400 g of cycl opentanone,
all of which were obtained fromAldrich. The sol ution
5. was Breaiesf JiRchDWefernder nitrogen while undergoing
magnetic stirring. The pol ynerization was allowed to
pr od@evaier mspaes fod poterthed i PaifHeofithiuBkamplel wasnetshed in

] al i lysis to be .97% of the
30 S oRESl 3P ob 75 FoBe § T e R PRSPPSO e
in tHei a¥cap vEifRUAHe PO LRAQCRAMAE, TREpOImEr-8batft] ALY kERSned intact.
gl ycol nmethyl ether acetate (P , Cener al Chew1cﬂﬁ
Thg paftern w3s fansferred) to gemiliqoa waferdn péseutialiyrthesame manner as prior
i -..aphot oaci d generat or obtai ned
aﬂ??%ﬁﬁ%&ﬁ%ﬁ%ﬁ?%gggﬁﬁgpg added to 50.03 g of the
terpol ynmer solution synthesized in Part 1 of this
Exanpl e. The resulting solution was filtered through a
0.1 -mmnenbrane filter. 3. Primer Sol ution
Formul ati on To make a prinmer solution, 1.02 g of
N- phenyl am noproyl tri nmet hoxysi | ane (obtained from
Celest) were dissolved in a mxture of 120.4 g of
propyl ene gl ycol propyl ether (obtained from Genera
Chemical) and 80.2 g of deionized water. The
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solution was filtered through a 0.1 -mm nenbr ane
filter. 4. Preparation and Patterning of Negative

we@h@vo8wses st Coating The priner solution in ParCT/BSDHNG6/034817

this Exanple was spin coated onto a silicon wafer at
“k%%% QO rpmfor 1lmnute. The prinmer coating was baked at
“for 2 mnutes and then at 180 OC for 2 m nutes.
The topcoat solution of Part 2 of this Exanple was
then spin coated over the priner |ayer at 1,500 rpm
forl-1l nimupkotosergitive pecitosiiioy Begbdldanta pogfectiveofaygr, said

corfloitofiSompiiing QLA WFa RIS i BHR ARG brifbetdéa in

a sahuent sRteniakidn®laherldthpisingt 2 m nutes, and devel opi ng
with acetone for 1 mnute. Finally, the conbination
was baked at 230 0C for 5 minutes. A negative pattern
wa btai ned. 5. [Etching of Sifticon fer The wafer
prepared and pattlerned in Part| 4 of this Exanple was
etched in 30% aqueous sol g1 5 C for 1lhour.
The silicon was etche L 70 mm deep i nJareas w thout the
pol ymer coating. The RoR§wer -e Bf eas renmai ned
intact. The pattern was trapsfertgd to the silicon

wWth prior art silicon nitFide
2 1. Terpol yner SynthesR§ in PG

b

R2
(H) RI RI
| ]
C—C
B
R C
IN' ; and

() amonomer comprising at least one epoxy group,
wherein in (I) and (ID):
each R! is individually selected from the group consisting of
hydrogen and C,-Cs alkyls; and
each R? is individually selected from the group conmsisting of
hydrogen, C,-C; alkyls, and C,-C; alkoxys.

2. The composition of claim 1, wherein said monomer (1IT) is selected from

the group consisting of glycidyl methacrylate, glycidyl acrylate, and vinylbenzyl

glycidyl ether monomers.
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A sol ution was made by di ssolving 27.07 g of styrene,
10.00 g of acrylonitrile, 3.08 g of glycidyl

worediasesys at e, and 0.51g of di cunyl peroxi de ( okt BURBU6/034817

fromAldrich) in 160 g of PGVEA. The sol uti on was

heat ed t%‘120 C under_nitrogen whi] e undergoi ng

magret i ¢ (98 PIRPRRonfeHEI Y h@rf@tsalémmglea&%mh@ fprmula
proceed at 120Cfor 24 hours. The actual yield was
determ ned by solids analysis to be 95.5% of the
theoretical yield. 2. Topcoat Solution Fornulation In
this preparation procedﬂ e, R4. 54 g of PGVEA and 0.114 ¢
of UVI-6976 were added tlo 5]/03 |g of the terpolyner

sol ution synthesi zgd 1n {Par ‘IjﬁT this Exanple. The
solution was filtered throu p 0.1 -mm nenbr ane
filter. 3. Preparati d Patterning of Negative

Phot oresi st Coating The [primer solution of Part 2 of
Exanpl e 1was spin coate onto a silicon wafer at 1,500
rpmfor 1m nute. The prilmer coating was baked at 600C
for 5 mnutes and af’ ocRfor 2 minutes. The topcoat
solution fromPart 2 of [this Exanple was then spin
coated onto the wafer aj\ 1,500 rpmfor 1 m nute. The
topcoat was baked at 1900C for 2°m nutes. After the
coati ng was i naged by exp85ing it toUV light at 254 nm
in a dose of 500 mJ/cnR, it was baked at 130 C for 2

i nivhessinggagh Rhisindisidanysdeonid fronPivitoup consisting of hydrogen

and C,-C, alkyls.
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for 1mnute. The coating was finally baked at 230Cfor

5 mnutes. Anegative pattern was obtained. 4. Etching
w@boogiobisedn WaAf er The waf er prepared and patt eP@BUSI006/034817

Part 3 of this Exanple was etched in 30% KOH aqueous

sol gti on Sk

o Heep TH R0 oMM L, RSl Bl cfted
fromahy grenp comsistiogaif @dayiselfaiine Gheicaﬂmnctantlﬂﬂmaamatriaeylmlﬁ\mmrn

transferred to the silicon in essentlalg%yth X

onium

hexaflarozplipspliatey twaﬁflwépmé}m @1 FPARIMOPRS: md

heﬁﬁf‘&g Rosp ﬁgg@l\/PLE 1. Terpolymer Synthesis in PGQVEA A
UtTon was made by dissolving 168.0 g of styrene,

5 84.0 g of acrylonitrile, 28.3 g of glycidyl
met hacrylate, and 7.0 g of dicunyl peroxide in 1,120 g
of PGVEA. Thessol ution was heated t@ 120 0C under
ni trogen 10 magnetlcsﬂtwrlng The
pol yneri za owed=tonprocead—att 120(0QC for 28
hours. Thexa S found byl solid analysis to
be 97.5% of tflhe th The terpol yner was
precipitated|in |spropanol filtered, and dried
over ni ght under vgguum at 500C. 2. Topcoaa[“dSoI ution
Formul ation In thild preparation procedure, 32.8 g of

wherein each R? is individually selected from the group cousisting of C,H,,

CeH,,, CH;C(H,, and camphor.

10
5. The composition of claim 1, wherein said polymer comprises from about
35% to about 75% by weight of (I), from about 20% to about 40% by weight of (II), and
from about 5% to about 15% by weight of (f[[), based upon the total weight of the
polymer taken as 100% by weight.
15
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WORN0a/0adeed,

this Exanple were dissolved in 140.0 g of PGVEA and
40.0 g of ethyl acetylacetate. Next, 6.0 g of UVI-6976

0.1 -mm nenbrane filter. 3. Prinmer Solution

Formul ati on To prepare a prinmer solution, 2.04 of

N- pheny llametbpd oyfy farniing tsh oxigielcaenigestEIciiTEs éfl.\%e gethpd
a.mxture of 77.50 g of propylene glycol propyl ether

COMPPBRBF  120. 14 g of deionized water, 0.51 g of acetic

acipthvidiAg a riBdelc@bnitGAkkd@te a surfactant). The
sofution was stirred magnetically for nore than 2

houwpplyingta prieerflayer &y ed subsiseigrsail myimer layar GRWBTISIRE 2 silane

filter. 4. Preparati : jng of Negative

Phot or eélilsg fSE‘gg ‘iﬁg‘sgd%wheﬁ%?sf)ﬁ%%{%q%%i on prepared in
Parghpigingfa fHotSseiamPlageio Saidprima 0ate, daithilotasessitive buger
waf er at 1,500 rpmfor, 1 mnute. The priper cqatin

Was. bakeamarsingepEolossid Feiraat BaRPYREIIsRerSg 8t e vad
1 m nut t ' n:Part 2 of this
Exanpl e(?%;g&gﬁét%egtg%f gaé@%@&i;n%?ﬁcgrﬁ%ﬁnﬁ%r | ayer at 1,500
rpmfor 1m nute. The topcoat was baked at 1100C for 2
m nutes. The coatj ng mas i maged by exposing it to W
l'i ght atDa wavel ength]of 365 nrn in ajdose of 500

mJ/ cn®, baki ng oCcfer—2¢ - and devel opi ng
with PGVEA for 1 m nu1 e. Final]ly, the¢ conbination was
baked at 230 0C R! R2 R>
R2 R2
R? ;
(I I‘{l ll‘l
I
R! C
{Il\ll ; and

() amonomer comprising at least one epoxy group,
wherein in (I) and (1I):
each R! is individually selected from the group
consisting of hydrogen and C,-Cj; alkyls; and
each R? is individually selected from the group
consisting of hydrogen, C,-C; alkyls, and C;-C;
alkoxys.
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for 5 mnutes. A negative pattern was obtained. 5.
Etching of Silicon Wafer The wafer prepared and
w@adormssesl in Part 4 of this Exanple was et chePCT/nSB08034817
KOH aqueous sol ution at 750C for 4 hours. The silicon
was~ et ch [ '
s "SRG S6R 6 R UFAROHL I L roms
group cawdistinglod ghaidye methaes/ldte, ahridil aaglatd ahbd eirsileneyzlycidyl
wafer in essentially the same manner as prior art
ethel MPRYRETHi t ri de nmasking nethods. W claim 1. A
phot osensiti ve conposition useful as a protective
| ayer, said conposition conprising a polymer and a
5 pho8.oaci Thgerthodtodiclain s eheeth said toamaes@d) has the formula
sol vent system said polynmer conprising: (DT) a
nononer conprising at | east one epoxy group, wherein
in (1) and (I1): each RL is individually selected from
the group consisting of Rhydt'ogen and C1-C8 al kyls; and

each R2 is indivi ually[sel cteéd fromthe group
consi sting of hyd —CEL= yl's, and C1-C8
al koxys. 2. The c nposidionlof claim1,wherein

10 sai dnononer (JS) isoeFecte’l fromthe group consisting
of gl ycidyl nethacrylaté, gl ycidyl acrylate, and
vi nyl benzyl o]
Ri~—C—~R!
15 ©

wherein each R! is individually selected from the group consisting of hydrogen

and C,-C, alkyls.

22-



gl yci dyl ether nononers.3. The conposition of claim

1, wherein sai dnononer (HT) has the fornula wherein
we@awhR14593 | ndi vi dual |y sel ected fromthe groupPCT/US2006/034817

consi sting of hydrogen and Cl1-C8 al kyls. 4. The

coggosition of claim 1, wherein sai dphotoacid generator

i's

el edthegmethgshof letaing e Nyhersim §31d phaigagif generalor is selected

' sul f.oni ' . ) .
fonh 2 S O R 0 B BB Bimgpate, ey fonium
hexhfudabiphossiand,i ntinstiedordinar yhaxaflosroamimonate, diaryliodonium

hexaf | uor ophosphate, wherein each R3 is individually
hexgfBioserhogpaiem t he group consisting of C3H7, C8HL7,

5 CH3C6H4, and canphor. 5. The.conposition of claim1,

wherei n said polyner conprises from about 35%to about
75% by wei ght_ of (T), from about 20%to about 40% by
wei ght of and fresabout 5%t q about 15% by

wei ght of > totakl wejght t he

pol ynmer ta 38 199&~by fel g t.g. ﬁ§¢hod @? form ng
a mcroel ec I Cf , said t hod conpri sing:
providing a ficroe|lectronic substrate; applying a
primer |ayer'to sg)jd substrate, said priner |ayer
conprising a silarjg dispersed or di ssol védin a

sol vent system applying a photosensitive |layer to
sajd priner layer, said photosensitive |ayer 4

R3—8S5—0 0—S—R3
[ |
0 e} 9
F F
FF NN ToF ’
0 0

wherein each R’ is individually selected from the group consisting of C;H,,

CgH,,, CH,C.H,, and camphor.

10
10.  Themethod of claim 6, wherein said polymer comprises from about 35%
to about 75% by weight of (1), from about 20% to about 40% by weight of (II), and from
about 5% to about 15% by weight of (IIT), based upon the total weight of the polymer
taken as 100% by weight.
15
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W@ 0y 0BI59E ONpri si ng:

conpri sing aphotoacid generator and a pol yner
di spersed or dissolved in a solvent system said

one epoxy group, wherein in (lI) and (I1): each Rl is

nydt bpen arde et o5 oapyt SRl R SANRED Lt seeripd

fromehegibepl coasivtinglo€ gr oup consi sting of hydrogen, Cl-C8

al kyl s, and C1-C8 al koxys. 7. The nmethod of claim 6,
wherein said nononer, (IH) js selected fromthe group
consi sting of glyciéyk né@hacrylate, gl yci dyl

acryl ate, and vinylben%yl gl yci dyl ether nonomers. 8.
The(Mipt hod of claim6, Iwherein said nononmer (TS) has
the formul a wherein ea# Rli’s individual ly sel ected
fromthe group consisting of hydrogen and Cl-C8

al kyl s. 9. _The nethod of claim®6, wherein said

phot oaci #h§&ierator is sel ected fR%m t heRgroup

consi sting of triarylsulfoni um hexaf!l uoyoanti nonate,

triaryl sul foni um hexaf huagr o3 phospha
hexaf | uorpant i ablel (diarylifoeloni
hexaf | uor ophosphat € i | ;0 d

RG

R4 R*
d
H
R4 R4

each of i, j, and k is individually selected from the group consisting of

wherein:

0 and 1, and if one of i and j is 1, then the other of i and j is 0;

each R* is individually selected from the group consisting of hydro gen,
the halogens, C,-C; alkyls, C |-C; alkoxys, C,-C; haloalkyls,
aminos, and C,-C, alkylaminos;

each R” is individually selected from the group consisting of C;-C,
aliphatic groups;

each R® is individually selected from the group consisting of hydrogen
and haloalkyis;

each X is individually selected from the group consisting of halogens,

hydroxyls, C,-C, alkoxys and C,-C, carboxyls;

-24-
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wherein each R3 is individually selected fromthe

group consisting of C3H7, C8Hl17, CH3C6H4, and canphor.
wdaeoo7/obs9sret hod of claim 6, wherein sai dpol ynePCT/US2006/034817

conprises from about 35%to about 75% by wei ght of

(1), fraom about 20%to about 40% by_wei ght of (I1),

G 11 o T g g5omh HBatD SoNsiRYE BT HisEn GrS syl

based u I ' ; t i
100% by A ohced Fo Y BLaD iR AR R GRS oS aud
si | ane havh ai iaditiunaily seletdddodne thefgraup doneisigmpafd and 1; and

consi sting of where: wherein: each of i, j , and k is
individually selected fromthe group consisting of 0
5 and 1, and if one of i andrRj .is 1Rr’then the other of

and | is 0; each R4 is indi¥X dual/y selected fromthe
group consi sting of hydroge =€ hal ogens, Cl1-C8

at k ,-Cr C8 alk S, Qal ké; s, am nos, and
Cl- aIkyIanﬁ%§T@% c ua

1y sel ected
fromthe group consisting o al i phatic groups;

each R6 is individually sel gcted\fromthe group

consi sting of hydrogen R7 R?
10
wherein:
each R’ is individually selected from the group consisting of hydrogen,
the halogens, C ;-C; alkyls, C,-C; alkoxys, C,-C; haloalkyls,
aminos, and C,-C, alkylaminos; and
15 each R ® is individually selected from the group consisting of C,-C,
aliphatic groups.
12.  The method of claim 6, said silane being selected from the group
consisting of aminoalkoxysilanes, phenylsilanes, and diphenylsilanes.
20

13, The method of claim 12, wherein said silane is selected from the group

consisting of aminoalkylalkoxysilanes and phenylaminoalkylalkoxysilanes.

-25-
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and hal oal kyl s; each X is individually selected from
the group consisting of hal ogens, hydroxyls, Cl-C4

wa@bkdanysoand Cl- C4 carboxyls;Y is sel ected froPetT/li82006/034817

group consisting of oxygen and sulfur; Z is selected

fr th ro .St f.ni n.an ;
R g R RSB Ryl S50 SR RS B o

con§i8flfi Std MOainPremirimetive ywWlaiegi Nim@@pFor3liridhoxysilane,
i ndi vidual ly selected fromthe group_ consisti

ng of
N-phyulylagéroprepidtriardgalsilang, r m@hanwymompﬁgl%rg%w&ape,

Cl-,C8 hal eal kvl s, .aninos, - L: :
g R Sl r Bl 7 ARy P B B S
3-meRAptopidpRBtfetkehysifand| inhbayliringheuane] Dhehjieichidrbsithne,

of claim®6, said silane being selected fromthe group
pheaplisicthaxygilane.anp bl kipegtoryaiiase. pREMyldimetaoXysaigne,

ipfRIERNGLLRIEE, finelaRiELARE L pheAn B iR R ne,
p/madir}ilﬁﬂjléihléyjfl&ﬁin@&miyhi&ﬁ&s gifeh-bromophenylirimethoxysilane,(p/m-

phenyl am noal kyl al koxysi | anes. 14. The t.hod of claim
chlorgmethpbplguylidmpirosysiang 2 @uandbuPhensie mgthgysilane,

2-@%%&&5&1@%{3@%@ R i otx%i%%r@l—ﬁﬁzihkcﬁ@ﬁlenyluichlorosﬂane,

aim nopr op oXysl | ane;

3-plitnphemybeitdichb@ositpkt r 3-@tfierylamimn)propyltrimethoxysilane, and
N Dh | ami . ,
2-(diph%n?f;%o&)ﬁn%ggﬂﬁg%ltﬁorxggﬁa%g.X ysilane,

15. The method of claim 6, further comprising baking said primer layer after
said primer layer applying.

16.  Themethod of claim 15, wherein said primer layer further comprises a

catalyst, and said primer layer baking results in crosslinking of said silane.

17. The method of claim 6, further comprising baking said photosensitive
layer after said photosensitive layer applying.

18.  Themethod of claim 17, wherein said baking causes the polymer of said

photosensitive layer to covalently bond with the silane of said primer layer.
19.  The method of claim 6, further comprising exposing a first portion of
said photosensitive layer to actinic radiation while a second portion of said

photosensitive layer is not exposed to actinic radiation.

20.  Themethod of claim 19, wherein said first portion of said photosensitive

layer crosslinks during said exposing.

-26-



10

15

20

25

3- gl yci doxypropyl tri met hoxysi | ane, _
2- (3, 4- epoxycycl ohexyl ) et hyl t ri nmet hoxysi | ane,

W@2002/08@ps opr opyl -tri met hoxysil ane, _ PCT/US2006/034817
phenyl tri met hoxysi | ane, phenyltrichlorosil ane,

h |t t hoxysi | ane henyl tri acet oxysj | ang, .
i peny| drFSIRRRCElh 20, Grbrsioptarioug B esRgRbotosensitive
layet pfe RYlddxbadedicictidichi@aNdet hyl tri al koxysi | ane,

p/ m chl or ophenyl tri met hoxysi | ane,
p/ m br onophenyl t ri met hoxysi | ane, ( p/ nchl or onet hyl )

hepyl t r ihet ho il ane,. . . . .
g- ( g%n me o%ﬁ%ﬁeﬁ Ié?%l%@i E‘B“ih%x%wr% developing  said
ph&ofepbinve Myer.omet hyl ) rhenyl et hyl t ri net hoxysi | ane,
3, 4-di chl orophenyl trichl orosil ane,

3-phenoxypropy|trichIO{osiIanﬁ, . ;

3- he 1:ha) pr ri et hoxy ne, an )

e R B Pl Bt W iy scon

portieh b dfhotdsahsiiifs lafer bEig Eu&%ﬁiﬁllﬂeﬁ%v@@%ﬂ% said developing
sai dprimer layer after said priner |ayer applying. 16,

Steprfi@ 2pni} FRIE ®etagh Hichrding 2 phetossngitivailelyep having al pajtern formed

#fther conprises a catalyst, and said prinmer |ayer
theié)égf{i ng results in crosslinking of said silane. 17. The

met hod of claim6, further conprising baking sa: d
hot osengj tive | ayer after said photosensitive |ayer
gp p%:i n gﬂ"‘i@.@t HQ}(?}@%% fthez icamprising beling edidpketpsknsitive

Halg : fhhe polyner of said photosensitive |ayer
layto ggsaéf@gﬁvtsel?@‘%%nd wWth the silane of said priner

| ayer.
25.  Themethod of claim 23, further comprising etching said stack with KOH

so as to transfer the pattern of said photosensitive layer to said substrate.

26. The method of claim 25, wherein said photosensitive layer exhibits less

than about 100 pm of undercutting during etéhjng.

27. The method of claim 25, wherein said photosensitive layer exhibits less

than about 0.1 pinholes per cm? of substrate.

28. The method of claim 6, wherein said substrate is selected from the group
consisting of Si substrates, Si0, substrates, Si,N, substrates, Si0O, on silicon substrates,
Si;N, on silicon substrates, glass substrates, quartz substrates, ceramic substrates,

semiconductor substrates, and metal substrates.
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19. The nmethod of claim®6, further conprising exposing
a first portion of said photosensitive layer to

wW@eao7/080593 adi ati on while a second portion of sBETUS2006/034817

photosensitive |ayer is not exposed to actinic

r adjioat i %mlgxge]feg tp%@urgtzoxﬁ ﬁél 19, wherein said
firstportion of said ot osen |t| ‘e layer crosslinks
duraimlgrwdncctomcmbstraye 21 The nmet hod of claim 20,
further c ris bakj n said photosen3|t|ve | ayer
af@epngﬁi P%ﬁ“t%ﬂ dy EtisHpte: S5l Rpimsy . layy | coprising a
met hod Q§m£hﬁk&m§%ﬁefurther conprising devel opi ng said
phot osensitive |ayer. 23. The method of claim 22,

wher giotossasitivel dayet aq]gacaglt isdeprtrBeri laydrheaid grhotwsepatitd ayer
of said hotosen3|hh%% erbeing substantially
renoved prﬁﬂgﬁép Bﬁﬂé step so as to forma
stack including a photosensitive |ayer having a
pattern forned thereign. 24. T nmet hod of claim 23,
further(Bonpr|S|ng baring sai lphoto ensitive | ayer
after said deve : of claim 23,
further conprising et hing saijd stack with KOH so as
to transfer the patt D sensitive | ayer
to said substrate. %’ clai m 25, wherein

sai d photosensitive Iayer 5 | ess
R? R?
R? ;
II)
R! R!
-
[ ]
R' C
IILI ; and

(II) amonomer comprising at least one crosslinked epoxy group,
wherein in (I) and (II):
each R' is individually selected from the group
consisting of hydrogen and C,-C, alkyls; and
each R* is individually selected from the group
consisting of hydrogen, C,-C; alkyls, and C,-C;
alkoxys.
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t han about 100 nm of undercutting during etching. 27.
The nmet hod of claim25, wherein said photosensitive

wo ayen3dsahi bits | ess than about 0.1 pinhol es pereT/TER0EO034817

substrate. 28. The nethod of claim®6, wherein said

subgt r atg,.i,S; - St VRPN

S uggt r a?gg Iﬁlg?%&g{?ggt grtgu?{e%é 8 F%F\lﬁ uz’séfj gglt%?égt? é%l?%fé?“&%]ed
epoxsi grogoeomspitiesr at es, Si 3N4 on silicon substrates, glass

substrates, quartz substrates, ceram c substrates,

sem conduct or substrates, and netal substrates.29. A

m croel ectronic strijct ure conprising: a

m croel ectronic subdtrate; a prinmer |ayer adjacent

sai d substrate, SM\mi mer layer conprising a

crosslinked silafe; a ghot osensitive | ayer adjacent

said prinmer layer, said photosensitive |ayer

conprising a pol ynmer b#mqri sify: (TTT) a nonomer

conprising at |east one cfdsslimggd epoxy group,

wherein in (1) and (I11): e|ach Rl is individually

sel ected fromthe group cdhgisti ng of hydrogen and

Cl-C8 al kyls; and each R2 i stHzndividually sel ected

fromthe group
’\<H®

31. The microelectronic structure of claim 29, wherein said silane comprises

an amine, and the polymer of said photosensitive layer comprises an epoxy group

covalently bonded with said amine.

32. The microelectronic structure of claim 29, wherein said polymer
comprises from about 35% to about 75% by weight of (I), from about 20% to about
40% by weight of (II), and from about 5% to about 15% by weight of (III), based upon
the total weight of the polymer taken as 100% by weight.
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consi sting of hydrogen, Cl1-C8 alkyls, and C 1-C8
al koxys. 30. The m croel ectronic structure of claim 29,

wob@reBisIzai d crossli nked epoxy group conpri SeERCBUS20061@34817

m croel ectronic structure of claim?29, wherein said

si | e C@H@fﬂi&%@le@t?orﬁé@tﬁﬁhu@@ﬁléiﬂlewo%ngé%eg‘%vﬁ%ja%rmula

phot osensitive [ayer conprises an epoxy

selevteddi@ntheygroomdedtisting bf sai d ami ne. 32. The

m croel ectronic structure of claim?29, wherein said
pol ymer conprises from about 35%to about 75% by
wei ght of (T), from about 20% to about 40% by wei ght
of (IT), and from abOLﬁ\S%/t% about 15% by wei ght of
(EIVD) based upon the tot&' weight of the polymer taken
as 100% by wei ght.33. Thed m croel ectronic structure of
claim 29, said silane haVithg a fornul a sel ected from
the group consisting of wherein: each of i, j , and k
is individually selected fromthe group consisting of
0 and 1, anthé®: one of i and j is 1R‘then tgfe ot her of
i and j is O0; each R4 is individuall W\ selefted from

the group consisting o ydr ogen,
al kyls, C,-C8 alKo - hAls
Cl1- C8 al kyl am nos; 4 i I ;

R

R4 R4

R4 R4
B= R5 R4
d
R4 R4

each ofi, j, and k is individually selected from the group consisting of

wherein:

0 and 1, and if one of i and j is 1, then the other ofi and j is 0;

each R* is individually selected from the group consisting of hydrogen,
the halogens, C,-C; alkyls, C ;-C; alkoxys, C,-C; haloalkyls,
aminos, and C,-C; alkylaminos; |

each R’ is individually selected from the group consisting of C;-Cq
aliphatic groups;

each RS is individually selected from the group consisting of hydrogen
and haloalkyls;

each X is individually selected from the group consisting of halogens,

hydroxyls, C;-C, alkoxys and C,-C, carboxyls;

-30-



each R5 is individually selected fromthe group
consisting of Cl-C8 aliphatic groups; each R6 is

wo pa7osdomnl | y sel ected fromthe group consi stiPgr/og2006/034817
hydr ogen and hal oal kyl s; each X is individually

sel ecteq, frgm r | St )
hydr oxyﬁi{sl,S S gt%gﬁgglktgg so(ﬁg%gh%%%@;{? E%ny ?& %(fuf’s
sel ect e if septddTeorg fRpouparoakistingef mito gexygé phespbiorus; and
sulfur; Zis selected fromthe group consisti o% and
ni t r ogemachrHis prbedraibyiselectsh foay ﬁg@upgow%iwiogaav {s an
sel ected fromthe group consisting of 0 and 1; and
wherein: each R7 is individually selected fromthe

5 group consisting of hydrodén, theRhal ogens, Cl-C
al kyl s, Cl-C8 al koxys, C1-C8, hafoal kyls, am nos, and
C -C8 al kyl am nos; and each/R=8\s individually

sel ed fro he [grbu 7C1-C8 aliphatic
grgﬁgi. 34, $%§1n1@?2£Fect ructure of claim 29,
sai d silane being sel ected he group consi sting
of ami noal koxysi |l anes, phenyl sil anes, and

di phenyl sil anes. 35. The ri’croel eBfronic structure of

10 claim 34, wherein said silane is sel ected

wherein:
each R’ is individually selected from the group consisting of hydrogen,
the halogens, C,-C; alkyls, C,-C; alkoxys, C,;-C;, haloalkyls,
aminos, and C,-C, alkylaminos; and
15 each R ® is individually selected from the group consisting of C,-Cy
| aliphatic groups.

34.  The microelectronic structure of claim 29, said silane being selected
from the group consisting of aminoalkoxysilanes, phenylsilanes, and diphenylsilanes.

20
35. The microelectronic structure of claim 34, wherein said silane is selected

from the group consisting of aminoalkylalkoxysilane and

phenylaminoalkylalkoxysilanes.
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fromthe group consisting o f am noal kyl al koxysi | ane
and phenyl am noal kyl al koxysi | anes. 36.

wqa b@miosrseel ect roni ¢ struct ureof cl ai m 34, wher ePCT/582006/034817

silane i's selected fromthe group consisting of

%ggg?g tﬂro!g{mt hox¥[3| | a08¢ claim 34, wherein said silane is selected
fronN:h@Eﬁﬁh |c@ﬁ@1§’tﬁi§ro@§mirbbfdﬁ?ﬁnﬁhﬁ&&&k&sﬁ% ammopropyltnethoxysﬂane
enyl am nopropyl tri et hoxysi | ane,
N—pge@yly@pmypylgwpthop(ﬁ@ﬂm y ¥ -|p§g@ylam1nopropy1tr1ethoxys11ane
1) I X
3-gl 018§X)%)r§ o%%g%l;f/ X%lralngrr’e i % g?ﬁ ﬁ)P a)ﬁcé/cg% )Yyﬁ lthyﬁ]trlitne’thoxysﬂane

3-mpleepishioplyPRinhaKySisllake ,ph@ﬂﬁﬁyhéthomnmea SpHeafi@richlorosilane,

phenyl tri et hoxysi| ane, phenyltriacetoxysil ane,

phegylirefprasHarhoxpBeNahiacei BrReyPdi ditsnyldimeteoxysilane,
dlpﬁéngf&%}a |Gkl Qﬁgl Ohipfie 210213% S43Y| RN At ARox ysilane,

orophne

p/mpdhibﬂmphﬁﬁjdhémﬁﬁd}dyﬁﬂimxyﬁhi B Gt a1 i@l @Bk Y lahe, (p/m-
phen Itr|nethox si | ane
chlozomﬁt %\ﬁémtaet RyPipimgtheragphanylghyltrimethoxysilane,

2- @%ﬂ&ﬂ%%lﬁ?ﬁl?%%ﬁ@kﬁ}q}%l a5 eFlch g&b%ﬁg%%ﬁ-ﬁﬁﬂb?%h&lﬁ?&ﬂomsﬂane,
3-pinphgropylpriaborbitane hl B)J(quﬂeayleminc;)prlopyltrimethgxysilane, and
enyl a ropyl ri met hoxysil ane, an
Z(dgméﬂﬂgﬂeﬁ§mﬁﬂ%§ﬁ%f Ptriethoxysilane. 37. The
. mcroelectronic structure of claim 29, wherein said

substrate is selected fromthe group consisting of S
suB3§t r atle, niiroRlestuiind statasre oFichidh 29, vdterait asid sBb&ipateis

i.con_substrates, n silicon substrates, glass
selog, EERbHE ETouR FAE 3G Bt h HPTAeS, STUBSBit O R USRI AteS,
SiOS & GIABSH GLBdtraBdb KNt &5 si1Rdd SkRhtes UDSLS" &itRRates, quartz

substrates, ceramic substrates, semiconductor substrates, and metal substrates.
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