T- GATE FORMATI ON Background of the Invention The
present invention relates generally to the manufacture
of electronic devices. More particularly, the present
invention relates to the fabrication of T-gate
structures used in the manufacture of electronic
devices. A T-gate is a gate conductor structure for a
sem conductor device in which the top of the gate
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Electron-beam (“e-beam™) is the most commonly used technique for T-gate fabrication.
Figs. 1A-1D illustrate a process for forming a T-gate using e-beam. Typically, substrate 1 is
coated with a layer of first poly(methyl methacrylate)-based photoresist 2, a layer of second
poly(methyl methacrylate)-based photoresist 3, and a layer of third poly(methyl methacrylate)-
based photoresist 4. Photoresist layers 2 to 4 are then exposed to e-beam and developed to

provide a patterned photoresist stack having generally T-shaped profile 5 as shown in Fig. 1B. A




1 layer of a conductive material 6 is then deposited on
the entire surface inclusive of the surface of
substrate 1 exposed by the patterning of the
photoresi st |ayers, see Fig. 1C. Photoresist |ayers 2
to 4 are then renoved, lifting-off the conductive
material |ayer on the surface of photoresist [ayer 4
in the process, to provide T-gate structure 7 on
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the steps of: a) providing a substrate; b) optionally disposing an organic planarizing layer on the
substrate; ¢) disposing a layer of a UV-sensitive first photoresist; d) patterning the first
photoresist by exposing the first photoresist to UV radiation through a mask and developing the
exposed first photoresist to define a first opening for a base of the T-gate; €) transferring the
pattern to the planarizing layer if present; f) rendering the pattern insensitive to the UV-radiation,

g) disposing a layer of a UV-sensitive second photoresist, the second photoresist being negative-




2 acting; h) patterning the second photoresist by
exposi ng the second photoresist to the UV radiation
t hrough a nmask and devel opi ng t he exposed second
photoresi st to define a second opening for a cap of
the T-gate over the first opening; and i) depositing a
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photoresist to the UV radiation through a mask and developing the exposed second photoresist to

define a second opening for a cap of the T-gate over the first opening; €) depositing a conductive
material within the first and second openings to form a T-gate; and f) removing the first and

second photoresists.




3 Brief Description of the Drawing Figs. I A-1D are a
schematic cross-sectional illustration of a
conventional process for T- gate fornmation using
e-beam Figs. 2A-2F are a schematic cross-sectiona
illustration of a process for formng a T-gate
accordi ng to one enbodi nent of the invention. Figs.
3A-3H are a schematic cross-sectional illustration of a
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wavelength of radiation. A negative-acting photoresist is typically used as the photoresist in the

sccond lithographic process. An advantage of the present invention is that a single exposurc tool
can be utilized instead of muliiple tools, thus reducing costs. Accordingly, the present invention
provides a method for forming a T-gate structure including the steps of: a) providing a substrate;
b) optionally disposing an organic planarizing layer on the substrate; c) disposing a layer of a
UV-sensitive first photoresist; d) patterning the first photoresist by exposing the first photoresist
to UV radiation through a mask and developing the exposed first photoresist to define a first
opening for a base of the T-gate; e) transferring the pattern to the planarizing layer if present; f)

rendering the pattem insensitive to the UV-radiation; g) disposing a layer of a UV-sensitive




4 second photoresist, the second photoresist being
negati ve-acting; h) patterning the second photoresist
by exposing the second photoresist to the UV radiation
through a mask and devel opi ng the exposed second
photoresist to define a second opening for a cap of the
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conductive material within the first and second
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catalysts, one or more cross-linking agents and one or more solvents. Such via-filling materials
are typically used to fill apertures to protect such apertures from damage during subsequent
processing steps. It will be appreciated by those skilled in the art that such via-filling materials
may also function as antireflective coatings upon the inclusion of one or more chromophores.

Exemplary via-filling materials are disclosed in U.S. Patent No. 6,461,717,
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silsesquioxane units or both phenolic units and silsesquioxane units) and acid-labile ester and/or
acetal moieties. Exemplary positive-acting photoresists are disclosed in, e.g., U.S. Pat. Nos.
6,042,997; 6,090,526; 5,929,176; and 5,492,793.

Negative-acting photoresists for sub-300 nm imaging such as 248 nm typically include a

phenolic resin or a silsesquioxane polymer or blends thereof or copolymers containing both
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at
and mbteetypiasity at@48 inem JEhe fost any/ secqnd photergsists are preferably selected such that
they are both imaged at the same wavelength of UV radiation.

The first and second photoresists may be disposed by any suitable means, such as spin
coating, roller coating, curtain coating, dipping, and spraying. Spin coating is conventionally
used. The thickness of the photoresist layer is determined by the spin speed in the case of spin
coating, and by the viscosity of the photoresist. In general, the first photoresist layer has a
thickness of up to 500 nm, although other thicknesses may be used. Typically, the first
photoresist layer thickness ranges from 100 to 500 nm, more typically from 100 to 300 nm and
still more typically from 150 to 250 nm. The second photoresist layer typically has a thickness




The first and second photoresists nmaybe di sposed by any
sui tabl e neans, such as spin coating, roller coating,
curtain coating, dipping, and spraying. Spin coating is
conventionally wused. The thickness of the photoresist

| ayer is determ ned by the spin speed in the case of
spin coating, and by the viscosity of the photoresist.
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radiation. The pattern may be rendered insensitive by curing the patterned first photoresist. By

“curing” it is meant that the first photoresist is subjected to conditions that render it less soluble,
and preferably insoluble, in the second photoresist, the developer solution used to develop the
second photoresist or both. Such curing may be accomplished by exposure to UV radiation,

heating, or a combination thereof. A variety of exposure doses and temperatures may be used to




renmoval of the planarizing material, thus stopping at
the substrate surface, or nay optionally renove a
portion of the substrate. Such etching techniques are
conventional and are well within the abilities of
those skilled in the art. Prior to disposing the second
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10 to 120 seconds. The particular time and temperature will depend upon the photoresist to be

removed and the particular polymer remover composition.

Exemplary polymer removers include, but are not limited to, organic solvents, bases such
as tetraalkylammonium hydroxides, fluoride ion sources such as hydrogen fluoride, ammonium
fluoride and ammonium bifluoride, hydroxylamine, and alkanclamines. Such polymer removers

may contain one or more additional components such as corrosion inhibitors, solvents, water,
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pol ynmer renover conposition for a period of tinme and at
a tenperature sufficient to renove the photoresists.
Phot oresi sts are generally contacted with the pol yner
renmover at a tenperature of 10 to 90 C. Typically, the
tenperature ranges from15 to 85 C and nore typically
from20 to 85 C Exenplary contact tines range fromb5
seconds to 15 mi nutes, although shorter or |onger
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renoved. at 1's, renoving e second photoresi st by ]
first phatoiesist to iV rddiation hhrauglpoingskeandrdevaloming thesspessddivs photoresist to

conducti ve materi al that has ,been deposited.opn.the . .
defineG TPLAPEDIDE 1o Hobse B e AL DY S0 B8 (e PRGITP R Epeoroesis
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fiTst” and second openings, i.e. the T-Qg!ate_ structure,
second phatoresistsis negativetacting: d) pasitmingthe sesond phatergsiptdyezaesing the

rocess” T-gate.structur re f . [
secon® RISt i g SR 3 el an PUsTRp B L0 £ frd
photoreisttb ABAAE H§ecand apeRingdbr Acapdf e ghteiover the fisst opening; and €)
hot oresi st on the substrate, patterning the first

deposiingaspedicsye mptesirbyihingha first andiseeand orenipgsdeifamm ¢ &-gpje. The
R e
materiafl dépbsitel-cpahesurfane ofihe isevgnd protpesiste rOrecbrimors layers of antireflective

. photoresist; cC di,sposjng a |l ayer of  a -sensi, tiv
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wherein the second photoresist is negative-acting; d)
patterni ng the second photoresi st by exposing the
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photo

and Xposed“secon toresi st
The fieke phaoteresistsie cared pdpewi theddpositian ofithe séconth phdtegaist Iovier double-coat

s ik sho RSP B e SREE, BB RROHE s g
proces; @ iBst pA&Bresist and the second photoresist are the same. The substrate may
optionally be etched in the double-coat process following patterning of the first photoresist layer,
and preferably etched after patterning of the second photoresist layer. Any of the above
described etching techniques may be used to etch the substrate.

Figs. 2A-2E illustrate the double-coat process of the present invention. First photoresist

11, typically a negative-acting photoresist, is disposed on substrate 10, such as GaAs or silicon.

10
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photoresi st |ayers are then renoved and function as
lift-off |ayers by renoving the conductive materi al
deposited on the surface of the second photoresist. One
or nore layers of antireflective coatings and/or
via-filling materials may be di sposed between the
substrate and the first photoresist. In the
doubl e- coat process, the second photoresist is disposed
first
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a’l'ayer of second photoresist 13 is di sposed on cured
second phtsorepbtdamdé4 Ste Hig. 2E. SBee fistandzarondeboterrsistioire e regroved by

hen tterned to defi
contact g U sV 5F AR e By p ey el R P g o e
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bei ng the sane as that used to expose first photoresist

17 on substrated 0t #scHustealed| i8 FigagFsecond photoresist  13. The

patterning of second photoresist 13 is perforned in
nmmsecondembasitnens (sfatsddo e%a @riilaygr progesn Ay Tregteatrupiers rﬂrﬁufpmed

str ted | C.  Suc n
sccorffieia Boad ineldg Bt o s Dyifi p Sibatty G e a tayerofa
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he device wth a polyner renover. The second
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UV radiation through a mask and developing the exposed second photoresist to define a second
opening for a cap of the T-gate over the first opening; and e) depositing a conductive material

within the first and second openings to form a T-gate. The second photoresist is then removed.

In one embodiment of the present bi-layer process, the first photoresist is positive-

acting. In another embodiment of the bi-layer process, the first photoresist is negative acting. In

11



gate netallization |ayer covering the surface of the
second photoresist | eaving T-gate structure 17 on
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profi lepmnmtasadah FiGH. @tlﬁﬁﬁlmdﬁ&tmh lof: fubstsata 10 exposed by the first and

il sesqul oxane nt aj toreS| st avai

SeconGAPSIINgs g‘ﬁfgﬁ‘? ggtealbé ge 6,;»}1]}1@1{ ISﬁH%% UN lgsir-eﬁslurﬁ%grcuttmg
the opRRihf & fiffedRniteldaBRg mpﬁrgfaw @etﬂﬂz&lhﬁn%@? fof8udtive ﬁiatenal) 27is

photoresist to UV radiation through a mask using a
then depsBsd witBmghe first and second openings as well as over the surface of the second

photoresist layer. See Fig. 3G. The second photoresist and the antireflective coating are then
removed by contacting the device with a polymer remover. The second photoresist functions to
lift-off the gate metallization layer covering the surface of the second photoresist leaving T-gate

structure 28 on substrate 10, as illustrated in Fig. 3H.

The following example is expected to further illustrate various aspects of the present
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tool and then devel opi ng the exposed first photoresist.
See Fig. 3B. Antireflective coating 20 is then etched
to formfirst opening 23 for the base of the T-gate and
then first photoresist 21 is renoved, such as by
contact with a fluoride-based pol yner renover such as
PRx417 avail able from Shipley Conpany. Negative-acting
second photoresist 24 is then spin coated to a
t hi ckness roxl 0.nm on patterned

inventign; byt ds mfée@tm@ Hm“ntga X Et?' EvSEUonInaRY 2¥PeEy . 3D,
An exenpl ary second photoreS|st is UYNT"' M 30,
avai | abl e from Shi pl ey Conpany. Second photoresist 24
is patterned to define second opening 25 for the top of
the T-gate by exposing sBxamplephotoresist 24 to
UV-radi ati on through a mask, the UV-radi ati on being the
sAn®yensf idpative-atsiag phoIonaxqsn(iBfIﬂ ™ 30, Spipdﬂydicaspasw) Wwas spimepated on

sl g BRSSPSR B R o
panen%%\rol ggos%ﬁ%riﬁv SRERIoNGt 288 fid hrB G mEkAR AU PASS IB0I300 tool

trated in Fig. 3E. Optionally, a portion of
followsd b; tie\aaﬂ@nlemt esmg)Q a6 NoYMiAbforr i1 f secondto psexideepropiampield 50 nm

oot 5GBS 3B, PSPt SR PRt b BBk o

200 m¢$ %bi‘diﬁi‘n@t 1/5 YOBSEol®h &l by Reatih@at 1118Yefor 60 Qenduds. i ﬂeecond layer of
mat eri al 57 is then deposited within the first and

a negatise antgppeterestss (HYNIWKI30) ¥as mje coatertog thickusss pf appgximately 700
con a
om on AL A 21 B s AT s D85 s
same W&}ﬂn\tﬁd filky phaofesist layeg (24861m)em idefinend teloomd qipwlnmffor the top (or cap)
renover. The second gpotore3|st functions to .&h-off
of the {Trgate,ees thedirst apeniag; Next, a galp metallizating a@fﬁfewgﬁﬂepg%! &y vapor
. r u

depositnBES gzﬂg nﬁﬂﬂ’lﬁﬁﬁﬁ? raﬁgrt *%%H%B}?gﬁlﬁ) %_'013 Ngitf gﬁ ﬁg% agg second
photonemautpyees weregzpevdddry cootatting them with a/EMAdT-containing pelymer remover.

s of. the present nvention
The sqiFRERtaRerotis INerReq Fie LE o FmEvng i el meRfeatigp taverthat
was dﬁ)%ﬁi?&ltoveﬁf@ RuiE e tRYREor phoRPesist gerd CltHeﬁasullh@'Dgﬁs siicture,
UVNT'" 30, Shipl ey Conpany) was spin coated on

shownglalPIlg &nh@rasﬁmn@ efiapproxamately 208 nphua@rzm@sofcsipprommately 600 nm,
The photoresi st was atterned b

a“da§§§§ agp "WigygpPon a? 248 nm t hr ough g mask u5|né

a PA555001300 tool followed by devel opment using 0. 26

N TMAH for 10 seconds to provide approxi matel yl 50 nm

openi ngs for the base of the T-gate. The phot oresi st

| ayer was then cured by flood exposure of 200 mJ

(approximately 15 x Eo) followed by heating at 115 c

for 60 seconds. A second |layer of a negative acting

phot oresi st (UYNTm 30) was spin coated to a thickness

of approxi mately 700
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nmon the cured first photoresist |layer. The second
phot oresi st | ayer was then patterned in the sane way
as the first photoresist |layer (248 nm to define a
second opening for the top (or cap) of the T-gate over
the first opening. Next, a gate netallization |ayer was
deposited by vapor deposition. The gate netallization
| ayer was titaniumplatinumgold. Next, the first and
second . photoresi st |ayers were renoved by contacting
Whatigglammed ish, a TMAH contai ni ng pol ymer remover. The
second photoresist | ayer actfed_as.a |Lft-off |ayer.. )
L Ehegvessqt inNentighpeoigas m?tg%{ fo5 forming4 Tigpigon agyBstmatc including
meswﬁggpsited over the surface of the second photoresi st
ayer. The resulting T-gate structure, shown in Fig.

4. had . .approximately 200 nm a cap CD of
aZBpr oﬂrﬁg?}é}%;ysggﬁg#m IOIOand a tot Z\I hei ght of P

r oxi nat 500, nm 13 What i.s. claimed,is: The
IR S e
T-gate_on a sybstrate_jncl.udi t he steps of: a
p‘i)gvi dlisppsips B%etrf’g"l‘ E’E\)'WS‘BEST‘ E%ﬁﬁﬁ‘qq?/reﬂf“sgosi ng a%

organi ¢ planarizing | ayer on the sybsirate;, ¢ -
dé)s postatigrnang the &irst @hotarwmpim&@wff{r?t Oﬁﬁ%l%Pe‘é‘r’g‘t“?‘a“"“
) L | ' i ' ErePLids for a base
rougfl B S o i ke P QRRELSh QUoMIRPRT it 1o
of the 'epaed; opi ng t he exposed first photoresist to define a
first opening for a base of the T-gate; e)
t eyansf @drisfoling the pRiedrh 6 the planatidnglagsraf preseny | ayer if
present; f) rendering the pattern insensitive to the
Ul- 1 adicalidring thépat@ismesisitide & tha YA -radiationlV- sensi ti ve
second photoresist, the second photoresist being
nggat i yies | NGy . ' Sresist, theQk&na phétoresist
b@gexp%agqﬁgfgtﬂgyesrggg% %ﬁgﬁgggesc:bgfpﬁ the WV radi%ati on
being titgadughctmgmrask and devel opi ng t he exposed second
photoresi st to define a second opening for a cap of
the T-gafeminyhe sédoad bhotetesispimnixpasingithe segond photeresishty the UV
_conductive materjal within the fi rs&aﬁnd s.ecogig d
radiatigp dpygls? mask and dexelepigg the exposed serand phqiprgsiskto defipga gecon
openiﬁfg;lﬁgh'ﬂ) $f1Re Paterflleibl Hst Rpenifg; WAY €l ength of 190 to 300

i) depositing a conductive material within the first and second openings to form a T-

gate.
2. The method of claim 1 wherein the UV radiation has a wavelength of 190 to 300 nm.

3. The method of any one of claims 1 to 2 wherein the step of rendering the pattern

insensitive to the UV radiation comprises curing the first photoresist.

4, The method of any one of claims 1 to 3 further comprising the step of removing the
second photoresist.
5. The method of any one of claims 1 to 4 wherein the second photoresist layer has a

thickness greater than that of the first photoresist layer.

6. The method of any one of claims 1 to 5 wherein the organic planarizing layer is chosen

from a via-filling layer and an antireflective coating layer.
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3. The nethod of any one of clains 1 to 2 wherein the
step of rendering the pattern insensitive to the W
radi ati on conprises curing the first photoresist. 4.
The nethod of any one of clainms 1 to 3 further
conprising the step of renoving the second
photoresist. 5. The nmethod of any one of clains 1 to 4
wherei n the second photoresist |layer has a thickness
greater than that_of the first photqresist_.layer. 6.

7. Thacthadderiomming T8 sERctesPRRNSINg MesteRRatei n t he
organi c planarizing layer is chosen froma via-filling
|l@yer modding aghbstraés;| ective coating layer. 14 7. A
method for formng a T-gate structure conprising the '
sheps difposing ) lgyeoof alivgseasiSubSist phatoresiyt o the sidistretegpatterning

| ayer of UV-sensitive . first ph resi.st.on the
the e SoreRtEy gubeBR My ilene By Ol ot el Jnack and
develdBitipARé Bpotdierifsi piivkorBiR e d&Fiest firktopelying 6t BdsO0f tHDYGL; and
a mask and devel oping the exposed first photoresist to

curingdhd patermgd flirstphoomsisiing for a base of the T-gate; and
curing the patterned first photoresist; c) disposing a
| gyer dfpoaingi-lsyensf 4 vesensition secphdplorterssisttondhe cured bt ed

fi.rst hqt or esi s erein the second photoresist is
photorgsisf lf‘*\‘?@" sergyd @f}l\‘)g%f‘fs? BeE Vefaﬁgn%e cond phot or esi st

by exposing the second photoresist to the radi ation
(Hr oughtismirgsthe awan@eg@%&ﬁ TRES B §%‘iﬂ’“g§E‘6tﬂEFS‘S? to'the' UV
jati ' L | et Héecond
radieiB SR ke BV O g U RO sRORIRore St 6 doBRe
openingdiodaicdp ofdhafitgate cover thi findt opertineg; f i r st and second
openings to forma T- gate; and O renoving the first
ag)d sedspositing o tondasiied mateBal within thetfirsdnd fecohdibperiings to form a T-
wherein the first photoresist is negative acting. 9. A
gate; aidt hod for forni ng a T-gate structure conprising the
steps of. a) providing a substrate; b) disposing an
of)gani emevinBdhe firshend segend pbgtorgistssupst rat e, di sposi ng a
| ayer of a UV- sensitive first photoresist on the
8.  ofamethopbficlaini Z whereirnthe first photoresist ig gegative peting
phot or esi st by
9. A method for forming a T-gate structure comprising the steps of:

a) providing a substrate;

b) disposing an organic planarizing layer on the substrate, disposing a layer of a UV-
sensitive first photoresist on the organic planarizing layer, patterning the first photoresist by
exposing the first photoresist to UV radiation through a mask and developing the exposed first
photoresist to define a first opening for a base of the T-gate, transferring the first opening to the
organic planarizing layer, and removing the first photoresist to provide a patterned organic

planarizing layer;

c) disposing a layer of a UV-sensitive second photoresist on the patterned organic

planarizing layer wherein the second photoresist is negative-acting;

d) patterning the second photoresist by exposing the second photoresist to the UV
radiation through a mask and developing the exposed second photoresist to define a second

opening for a cap of the T-gate over the first opening; |
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exposing the first photoresist to UV radiation through
a mask and devel opi ng the exposed first photoresist to
define a first opening for a base of the T-gate,
transferring the first opening to the organic

pl anarizing | ayer, and renoving the first photoresist
to provide a patterned organic planarizing |ayer; c)

di sposing a | ayer of a UV-sensitive second photoresi st

Ot RSB h ol L iy S B Boma

quahEe second phot oresi st by exposing the second
Y

otoresist to the UV radiation through a mask and

gévelgghmgmﬁﬁﬁag%&ﬁﬁﬁgkﬁgﬁgnd photoresi st to define a

con opé or a cap of the T-gate over the first

0 R BBy LT SRR L FBRRNEL (YLl A o

248 na€novi ng t he second photoresist 10. The nethod of any

one of clainse 7 to 9 wherein the UV radi ati on has a
wavel ength of 248 nm 16




