T- GATE FORVATI ON Background of the Invention The present invention rel ates
generally to the manufacture of electronic devices. Mxre 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 conductor
structure is wder than the base of the gate conductor structure. Such
T-gates include, without limtation, structures that are substantially
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gate structures are required in field effect transistors for operation in ultra-high frequency ranges.

The narrow base of a T-gate structure provides a short channel length which results in increased
speed and decreased power consumption. Parasitic resistances and capacitances that limit device
speed are also reduced. The top portion of a T-gate is made wide so that the conductance of the

T-gate remains high, for example, for high switching speeds.

Recent advances in CMOS transistor architecture make use of T-gate structures where the
polysilicon gate electrode is narrowed in the gate regions and wider on top of the gate. This is
due to the ever increasing demand for scaling down semiconductor devices and scaling down

power consumption requirements.

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

i nclusive of the surface of substrate 1 exposed by the patterning of the
phot oresi st |ayers, see Fig. 1C. Photoresist layers 2 to 4 are then
removed, lifting-off the conductive material |ayer on the surface of
photoresist layer 4 in the process, to provide T-gate structure 7 on
substrate 1 as shown in Fig. 1D. However, such e-beamtechni ques suffer from
certain drawbacks. For exanple, a-beam |ithography suffers from poor
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increase the costs and complexity of the process. Accordingly, a need exists for improved

methods of forming T-gate structures.

Summary of the Invention

The inventors have found that T-gate structures may be formed using conventional UV

exposure tools using a single wavelength and with fewer processing steps.

The present invention provides a method for forming a T-gate on a substrate including
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 exposing the second
photoresist to the UV radiation through a nask and devel opi ng the exposed
second photoresist to define a second opening for a cap of the T-gate over
the first opening; and i) depositing a conductive material wthin the first
and second openings to forma T-gate. The present invention further provides
a nethod for formng a T-gate structure conprising the steps of: a)
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Additionally, the present invention provides a method for forming a T-gate structure
comprising the steps of: a) providing a substrate; b) disposing a layer of a UV-sensitive first
photoresist on the substrate; 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; and curing the patterned first photoresist; c) disposing a layer
of a UV-sensitive second photoresist on the cured first photoresist 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; €) 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. IA- 1D are a schematic

cross-sectional illustration of a conventional process for T- gate formation

usi ng e-beam Figs. 2A-2F are a schematic cross-sectional illustration of a

process for formng a T-gate according to one enbodi nent of the invention.

Figs. 3A-3H are a schematic cross-sectional illustration of a process for

formng a T-gate according to another enbodinent of the invention. Fig. 4

is a scanning electron mcrograph of a T-gate structure made by the present
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formng a T-gate structure including the steps of: a) providing a substrate;

b) optionally disposing an organic planarizing |ayer on the substrate; c)
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the base of the gate conductor structure. Such T-gate structures may have a variety of shapes

including, without limitation, T-shaped, mushroom-shaped, and Y-shaped. The articles “a” and
“an” refer to the singular and the plural. All numerical ranges are inclusive and combinable in
any order except where it is clear that such numerical range is constrained to add up to 100%.

Like reference numerals refer to like elements.

T-gate structures are formed on a substrate according to the present method using two
lithographic processes, the two lithographic processes being performed using the same
wavelength of radiation. A negative-acting photoresist is typically used as the photoresist in the
second lithographic process. An advantage of the present invention is that a single exposure tool
can be utilized instead of multiple 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; ¢) 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
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(“CBE”) and atomic layer deposition (“ALD”). These film growth techniques are well known to
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those skilled in the art. The substrates may include one or more additional layers of materials.
The choice of such substrates will depend upon the particular electronic device desired and is

well within the ability of those skilled in the art.

The optional organic planarizing layers that may be used in the present invention include,
but are not limited to, one or more layers of via-filling material, antireflective coatings and
mixtures thereof. Via-filling materials typically contain one or more cross-linkable polymers,
particularly low molecular weight polymers such as those having a weight average molecular
weight of less than or equal to about 8000 and a value of M,,/M,, of at least 1.5, one or more acid
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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upon the inclusion of one or nore chronophores. Exenplary via-filling
materials are disclosed in U S. Patent No. 6,461,717. 5 The antireflective
coating is typically an organic antireflective coating. Such antireflective
coatings contain one or nore |ight absorbing materials. Such materials may
be bound to a polynmer or may be adm xed with a polymer or incorporated by
any ot her s{he aftireflectivansatingx=etypicaltyyanl drginic aitsefidotivgcaatingr Sedhs i ncl ude,

i t hout t at h d ant h | | bstituted.
The " seratiels 5 eouine TR RS Mot NeBE iy medROraLS st THEReI Y P i ar
vavel engtiiy ©fa Jd¥mic é aa ;,I(BB adriftkell REthRA RS Bt SricofpdRdt &M%danym sGiglbRetion is

within the abilities of those skilled'in the art. Miltiple | ayers of

ant i r efrheans. |Eﬂ@rrmbaay liglf<baarhing pratesiaty mgludq;é/l'ihgétdlm@&@ﬁpw@pyl adtanthegceds j ve
1 6,472, 128;
6 as1 S orgohl B fiudh RO BEG b obariany i lepte Mg Geppads dpdiupe 0 270 D22

di spos Qﬁrti&ﬂlat Raveletasi 6fUe rhiiatamym& liiietpibtcﬁesﬁm aﬁlﬁloyedi uSichasslestidrnis awdthin n g ,
roller coating, curtain coatecq{g F ng, and spraying. .Spin coathrjg
conventtheapalitiey of o skillgd in fhecath ddu lt'tB e lpyees of antiEatiestivrFortingsmayonieralbi ned by
the spiyd SREGH.| ryfmlrgﬁe%ﬂVQEOﬁﬂé PhatePidis'a IS%QHW UL 9ahPROS i6tsps9hst he
pl anari 2| ng material conposition. In general, the planarizing lrayer,’

parti cud,4&nl128a64 210303 6f168697;\0ad 6(831,78@. | ayer, has a th| ckness of up to 500
nm al though greater thicknesses may be used. Typically, the thickness of
t he pl anari Zhegpli@eplandriitgdayedt haybe ddpoed 2AGhe substrate b atygitable meahs, om 150
to 300 nm and still npre typically from 200 to 300 nm_Fol | ow ng

deposi tsPEfhas sphiccopting: 5oles ponjingegusiainoating, dippingatnidspraigd N $RHBEE  sol vent
and t Nensifibhatly S8 YIIRUA RN oY &Héﬁz‘i‘%ﬁ 8 BGternfin Rl 13/ &B boih BA&HH Xi N0
with the sequent |y ep05|ted rst tore5|st w'de variety of

UV- senghe ¢aseofﬁpm antisg, sihd byrthebascasitgtofdlse plhmrmngsnatphaitcompesmdm Inigeterals

Posi ¢ | VEF PAETBIEIREr daney | an JrBRrAR oor ERehnt o PRt ‘R oVl BE. { ha

under gq1ﬁo@ﬁt§r&€éfltmgmﬁ§se§ hﬂ%@g@edr @ ichlBy) tmhlclda&s Bf 8RR n%g pliet ogener at ed
acid, such phot oaci d-1abil e esters or acetals. Positive ac

phot or gangss ﬁomdtOOé@ HOBIO, marei tmgﬁlh'gﬁcm ¢50 95309480, 1and stilt moeketynic oaci d
gener at oun such L um.or_sul.f.onj a al ynmer that
conpr i ¢ 2@6 t%%@; iB %IOIlIJOI'WIP% de(=pois1 1on ﬂmanzmg material 1s {yplcaﬁy ‘Dakeﬁ Qo remove

solvent and then sufficiently cured by any suitable means to prevent intermixing with the

subsequently deposited first photoresist.

A wide variety of UV-sensitive photoresists may be used as the first photoresist, such as
positive-acting and negative-acting photoresists. Chemically amplified positive photoresists
suitably contain a component that has moieties that undergo a deblocking or cleavage reaction in
the presence of photogenerated acid, such as photoacid-labile esters or acetals. Positive acting
photoresists for sub-300 nm imaging such as 248 nm include a photoacid generator compound
such as an iodonium or sulfonium salt and a polymer that comprises phenolic units (or
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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si | sesqui oxane pol yner or bl ends thereof or copolyners containing both 6
phenolic units and sil sesqui oxane units, a photoacid generator conpound such
as an iphelfit ufitodnd silsdshoiokate mith,ta, plmﬂcla genastor ¢dnmpound smgmtan iGlontuaibbre
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in the present i nvention. Exenplary second photoreS|sts |nclude wi t hout
i mi t atWithqut lmﬁ@%ewﬂakéesa@% mqldlyéwamyré@q ropigs. glxemnlyy il %Pa@vexan&errm ary

posi ti t r sent
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Shi pl eyU.Sdrasan i ppliddtioh Dox. 20AH009BeEBachusetts). Such first and second
photoresi sts may be imged at a variety of wavel engths, such as from 190 to

365 nm  TypireglUV-sershirepBgitive @siisd ghotiresist Mg ditdbly bevsetangickscald 190 to 300
nm and nore typically at 248 nm The first and second photoresists are

pr ef er #Bpipresist ithepresert inventian. Exsmplazy secppt photersgidts ingludenwithontimyaten, engt h
of W rtﬁéjﬁeﬁgﬁw%nactmg photoresists described above.

Exemplary positive-acting and negative-acting photoresists for use in the present
invention are SR™2420 and UVN™30), respectively, both available from Shipley Company
(Marlborough, Massachusetts).

Such first and second photoresists may be imaged at a variety of wavelengths, such as
from 190 to 365 nm. Typically, the photoresists are imaged at wavelengths of 190 to 300 nm,
and more typically at 248 nm. The first and second photoresists 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 nmay be di sposed by any suitabl e neans,
such as spin coating, roller coating, curtain coating, dipping, and
spraying. Spin coating is conventionally wused. The thickness of the
photoresi st |layer is determ ned by the spin speed in the case of spin
coating, and by the viscosity of the photoresist. In general, the first
phot oresi st | ayer has a thickness of up to 500 rim although other

t hi cknesses nmay be used. Typically, the first photoresist |ayer thickness
r anges of o 1@ (infer&)Dalthivuglirother thickhesads riayf suitabl{ 66 einployed) Mmiameand stil |
nore typically from 150 to 250 nm_The second photoresist |ayer typically
has a tmbedimssts the segond photgrepishiayer has 8 fyickngps pget 300 mar o himidneSses may
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well within the bilities of those skjlled in the art. Th ptoresi sts may
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al kal i ne conpositions. Exenplary aqueous alkal 1 ne conpositions include,

wi t houtdevéloper seltfians, Stitahladévieldpansobutionsnirsinde dhut des-rivh bmited tayprganicisolventsuch as
0.15 to 0.26 N tranet hyl. a nium hydroxi de ("TMAH').. Such, devel opers are
comer ARl kT RERprRHT Lo Pl s pous alind Soreriiond NG, GHREF C.
Conpanyimilaiem tétfhaﬂc?rﬁﬂ'ﬂﬁ&;imh%anfokiﬁieﬂﬁsdd%ﬂiboéiﬁomdh ad (le¢s pao.LeNn fromthe
first photoresist layer is transferred to the planar|2|n% | ayer. Such

pat t er rietramethylammepiympydroxided VEMABY ) aSuckrdeselgpess argsamaeraiaibmvatdatig framchi ng.
The et ghj P EZI NG : ' may be perforned by a variety of

met hod(sémiaﬁgty(égls ng&ﬁb%ugggiﬁ%gﬁ%@ ggr;ﬂf/lﬁgenlybhi ng such as reactive ion etching,
pl asma et chi and__ion.beam m | ling. ener u etching,step renoves
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such as by etching. The etching of the planarizing material may be performed by a variety of

methods including wet etching and dry etching such as reactive ion etching, plasma etching and
ion beam milling. In general, such etching step removes the portion of the planarizing layer
exposed after patterning of the first photoresist layer. The etching step may be stopped after
removal of the planarizing material, thus stopping at the substrate surface, or may optionally
remove 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 photoresist, the pattern is rendered insensitive to the UV-
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



renoval of the planarizing material, thus stopping at the substrate surface,
or may optionally renove a portion of the substrate. Such etching

techni ques are conventional and are well within the abilities of those
skilled in the art. Prior to disposing the second photoresist, the pattern
I's rendered insensitive to the UV- radiation. The pattern may be rendered

I nsensitive by curing the patterned first photoresist. By "curing" it is
meant that the first photoresist is subjected to conditions that render it
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devel oper. sal ution used to vel he ..secon hot or esi.st _or .bot h. Such
curi ng i Sggseﬁé%ﬁ'ﬁll éa’_“g@‘v&%ﬁ%%ﬂ% Ths W&Q&rgﬁlﬁm}'be AR or a
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used to 8 cure the first photoresist. For exanple, exposure doses of 10 x Eo
to 20 thewphotragsisiés hpgted forsto 309Isecands.doses that are higher and | ower than

this. The first photoresist may be heated at a tenperature of 100 to 130 C,
al t hough hi §¥ten aandgan@eanarieimgdayat isuesd, teyiaemanay, allematfeely bakendetet e
photoresist..is heated f.or 5 10 36Q seconds. VWen an organi c planari zing
Paver (R o Sapahor i TAY o G RPF (g d Prer B RER e Lo ¢ he
W r aditrd fiRfphdtdredistlts pRasider fafternbB®padriAlgayed. Shéh plhmiizinghyd id tfyiedllydy
renoving the first photoresist to provide a patterned planarizing layer.
Such plingsasitive tad)V sadeations Thy first ahotgresistiaasnleg rempued wsinganysyitahle esist The fir st
phot or egi [ | any suitable resist stripper, such as

t hose ggisp?%ﬁ’g%éagg?oggv@%ggfdﬁél%ri ety of conductive materials nmay be used in
the present jnvention, .such as netals and caondyctive polyners. Metals are
preforred adtIgorige o8 FrPeVenalits Py Repsedn s preEntiByStSh ERE “ui t nout
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pl ati num gold, silver, _(%le,r mani um al um nu copper, titaniumplatinumgold,
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be adv OYUSh Ve ti l.als.:are daposi ] on the
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contacting themw th a
sputtering, physical vapor deposition, and chemical vapor deposition.

In the present invention, the first and second photoresists may be removed by any

suitable technique. For example, the photoresists may be removed by contacting them with a
polymer remover composition for a period of time and at a temperature sufficient to remove the

) photoresists. Photoresists are generally contacted with the polymer remover at a temperature of
10° to 90° C. Typically, the temperature ranges from 15° to 85° C and more typically from 20° to
85° C. Exemplary contact times range from 5 seconds to 15 minutes, although shorter or longer
times may be used. Typically, the contact time is from 5 to 300 seconds and more typically from
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 alkanolamines. Such polymer removers

may contain one or more additional components such as corrosion inhibitors, solvents, water,



pol ymer renover conposition for a period of time and at a tenperature
sufficient to renove the photoresists. Photoresists are generally contacted
with the polyner renover at a tenperature of 10 to 90 C. Typically, the
tenperature ranges from15 to 85 C and nore typically from20 to 85 C.
Exenpl ary contact tinmes range from5 seconds to 15 m nutes, although shorter
or longer tinmes maybe used. Typically, the contact tinme is from5 to 300
seconds and nore typically from 10 to 120 seconds. The particular tine and
t enper atetting agbﬂti; adtifvenze aggnts) andhihiqkhming agepiss tPotymep eemeenvare germenallyt he
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the conductive material that has been deposited within the first and second
openi ngsqordlngtoatmethiﬁd el welingt the steps ef; a) providing astubstrateo ) dispusingraciigsriofd t o as
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phot oresi st by exposing the first photoresist to UV radiation through a

mask afgfioes Bisbppaningfaea basg of dbe Tigatet angdrrariog theipgttemed figpb photeregist ) st opem ng
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| sposin sens second ot oresi st e cured

phot or esdontl phbtefeeisms tnh@tlvsaeﬁngzl dppartearingsths tsedoﬁd pb@atesmeb)aatpbﬂgg thd)
patterning tge second, phot oresi st by expog the second photoresist to the

UV r adissgndphetaresishte the Hysrdiafien teayigh apnask andidevelopinedhe smosstsecoitbt or esi st
to def Ipﬂsto?esfs%%ﬁnea)@évoﬂ@ o{)é?ﬁngafof' 2BarPéf tﬁmt%fe%@ﬁhem o%;&ﬁn% andk) opem ng;

and e) ~ depositing a conductive materi al In the firs secon
openi nglspesatirfgarqonductivg ataterialwahin the first and second openings to form a T-gate. The

photoresist layers are then removed and function as lift-off layers by removing the conductive

material deposited on the surface of the second photoresist. One or more layers of antireflective
coatings and/or via-filling materials may be disposed between the substrate and the first

photoresist.

In the double-coat process, the second photoresist is disposed on the first photoresist.
The first photoresist is cured prior to the deposition of the second photoresist. In the double-coat
process, the first photoresist is preferably negative-acting. In one embodiment of the double-coat
process, the first photoresist 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.
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photoresist |ayers are then renoved and function as lift-off |ayers by
renovi ng the conductive material deposited on the surface of the second
photoresi st. One or nore |ayers 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
on the first photoresist. The first photoresist is cured prior to the
deposition of the second photoresist. In the double-coat process, the first
phot or &éistgthotogespst &1 érthen gxposgsltpiUNe-ratiationgsuch as 2Afenra mashitione through atrpask

doubl e- coat rocess,. the.fi resi o esist are
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defi ne 1Ri TRE patRREAE Bsedénd SHoforkdi& 1838 FerRimbd'B almBde® tShrovidb Y&cdnd Sdidgl 9. 2A.
First photoresist 11 is then cured usln% heat and |light and a | ayer of
second lgtheviog es ilsderae piofilelassifusteatiedoin Figi2€d Surh wndegivd profideassistsin the ldee Fi g.
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t hr oughyyahdMskandtsbeondNpemtdpsis ie@Red eillGgratddebyTaddes BSwhithls UisehtédinPigose
first p%btoresisp 11, and then devel opi ng second photoresist 13. The

pat t er RiDha§ usflersutting theppening asfizst p@orpﬁstdgr (Catevaetailigationaysd b (¢andpethgi de

d ' i ng.: fil ' in Fig 2C
Socon (RS9 ek BeRNAT i HOSRS i Rl BBl WS SRRl 2
conductsesoad photerasiat layéoBi GeakFigy 2E aThefitst ol setorslghotoresists 4r@ tleenpermedkd Hyy t he

first and second, openings i.s etched as_illustrated by_ recess Lch is

i 1 ust rcafl%ﬁfqgﬁﬂﬁfa}ce VL L BOMERTCEI P ﬁ&eﬁff@néa_@wpw {SV fynetignsfo éﬁ‘é%‘}‘%si st 11.
Gat e nehalhdififLdion 1dy2Y &verifg (HeQRAMEJ iR seBBHdPhbfdrdsist foal i 'T-?ﬁ@&ﬁichﬁ'g wi thin
the first and second openings as well as over the surfacé o second

phot or dFiontsubstnater101 & iligstenatéd ig FigRF. The first and second photoresists are

then renoved by contacting the device with a polyner renover. The second
phot or esi st I ap&bhderabédimentf (teferkéd tbfae “bi-layer process™), T-gate structures are formed

according to a method including the steps of: a) providing a substrate; b) disposing a layer of a
planarizing material on the substrate, disposing a layer of a UV-sensitive first photoresist on the
planarizing material 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 planarizing material layer, and
optionally removing the first photoresist to provide a patterned planarizing material layer; c)
disposing a layer of a UV-sensitive second photoresist 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; 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
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gate netallization | ayer covering the surface of the second photoresi st

| eaving T-gate structure 17 on substrate 10, as illustrated in Fig. 2F. In a
second enbodi nent (referred to as "bi-layer process"), T-gate structures are
formed according to a nmethod including the steps of. a) providing a
substrate; b) disposing a layer of a planarizing material on the substrate,
di sposing a layer of a UV-sensitive first photoresist on the planarizing
material |ayer, patterning the first photoresist by exposing the first

phot or asfughertembblimentaki tht biclaydripranessh the firetphotndistl s\pekityeagtingmderpamed fi r st
photoresi st to gue.ine a first orgeni ng for a base of the T-gate,
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bi -1 ayer process; the first photoresist is positive- acting. In another
enbodi rtepteverit inthmniling|veithesubsaquenslysappli¢tephiotaresistyp hiGrss phespeesisi 21 i epjatcpated
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si | sesqybsitiveagingPhboreskst Gifch a8 SR3IMDAN0I WG EH i3 agilidiquibkaneapatainifPplatsrendt t he
present invention. A |layer of a po%rrerl c antireflective coating 20, such

as ARTNaibble frera ShipjeyrCampany a Seeligr Hin Bt phetpresishibisppttemned toglefingoat ed to a
t hi ck te. ik

ant 1 r orPaeitr 2280 shibsf Tuf BdRe 8 U9 skl SO AR inph paS SO
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coating 20 is baked and sufficiently cured_to preyenf inferm xing wth
subseqduft #5hed pired TtmeeBne 28 eidhe base of Tisifoets G UEn bt photegsist st ed  on
ant i r efk@glddv SuchAgby Behta? with Aidride bR&ADoRmer Ferfbver SR hta8 PRRA1 T4VailiBIE St
phot oresi st 21 maybe a positive-acting photoresist such as SRTM2420 whi ch
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S Fig.,. 3A. _First t Jst 21 .1 tt d fi . 22 b
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PAS550Q4x8fplary second photoresist is UVN™ 30, available from Shipley Company. Second
photoresist 24 is patterned to define second opening 25 for the top of the T-gate by exposing

second photoresist 24 to UV-radiation through a mask, the UV-radiation being the same as that
used to expose first photoresist 21, and then developing second photoresist 24. The patterning of
second photoresist 24 is performed in a manner to provide second opening 25 having an undercut
profile as illustrated in Fig. 3E. Optionally, a portion of substrate 10 exposed by the first and
second openings is etched as illustrated by recess 26 which is shown in Fig. 3F as undercutting
the opening in antireflective coating 20. A gate metallization layer (conductive material) 27 is
then deposited within the 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 oping 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
Shi pl ey Conpany. Negative-acting second photoresist 24 is then spin coated
to a thickness of approximately 900 rimon patterned antireflective coating
20, as illustrated in Fig. 3D. An exenplary second photoresist is UVNTM 30,
avai | alvenfién) BuiSEnpl iaendanpainit thSeespe @f thelintenties irsdny24pécs patterned to
define second opening 25 for the top of the T-gate by exposing second

phot oresi st 24 to UV-radiation through a mask, the UV-radi ati on being the
same as that wused to expose first photoresist 21, and then devel opi ng
second photoresist 24. The patterni pg,ahle Second photoresist 24 is perforned
in a manner to provide second openi ng having an undercut profile as

illustrated by the
first and é%@%gggnﬁéhlﬁgs g?ﬂ@%h%mt as il @E?ﬁgﬁfgaﬁb&ﬁigg%%)gé&ﬁﬁf y
shown iargaffiugh arshidesubsichér owithickigess bf‘appccpmnataly 200 nant ThegfHoemesistavas oat | ng 20

A gate netal ation | cond ter aI 27 is osited

Wi ©hi n PRREnE 1'?Y§qxp'aﬂae a‘ﬁxﬁaé ¥ maéﬂx?eé&h d L lbwag' 3 ﬁeﬁgfébrﬁ@&o@% the
second g 1&8%&%@%»&5 pthé@¥ @ing 6% »FmAﬁ ®r ﬂif},eco%a@ Woﬁh@h?ﬁr@%&ftelﬁl%@ nhhe

antlref ectiv coatlng are then renoved y contactin device with a
pol yneroperngsver the Phase of dhrohgatohdhe peatorssistflayer wias ﬁ@ntcoredlhyfﬂoocifef{pqsn@ dat e

netal lizati.on | aye ov ri e of ond ho or esi,st Ie vin

T ot o 20 e tibRor L ERSohlFed thhaite M 11508 oy p SeSi oy SV
foll OWiaﬂﬁﬁzﬁKz@%&'i mt&mmmd) Wak BSih cbatbd ol d tBicRnass oF thﬁoﬁﬁﬁﬁ#)t $ooof t he
present 2 invention, but is not intended to limt the scope of the

i nvent inghon theawyd fisyspbetoresisklaysl dhas¢capd phajerepistdayer was ghenipagephdindhesi st
(UVNTM ubstrate
to a tinkna0elbF hr IBOM S GB ur AR £ Reeofs Mk B 2 S6EIE Ear 05 by
eXPOos Urof tHedT-kife bedtitld ﬁx@f\o;&hln§481em enghta mextdg izatiokBkr wWad depositddoRpey 300 t ool
fol |l owed by devel opnent using 0.26 N, TMAH for 10 seconds to_provide

appr oxi4BAsEIoN @egﬁfemeﬁ& %PH&)%’GT yps tpupplaingm-gold. Neghihe ﬁrﬁ'ﬁé’drﬁﬁ'"cﬁ"ér esi st
| ayer fo MR ﬁ@%ﬁ Eo
fo?ll ow\gﬁ&%égﬁma #E\g@gﬁé&g&f;ﬂ%ﬁﬁ&ggﬁ%@g@n g}?@% secgﬁlg Eﬂig érXe&lnegatl 3/e
act i ng Thestwné phatorefisMhffdriadnld ana b ftsyff layer pemeding cheagatdinetatiezatiomfayer that

approx Iwrg%tdglloc}/sitzg gver the surface of the second photoresist layer. The resulting T-gate structure,

shown in Fig. 4, had a stem CD of approximately 200 nm, a cap CD of approximately 600 nm,
and a total height of approximately 500 nm.
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rimon the cured first photoresist |ayer. The second photoresist |ayer was
then patterned in the sanme 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 layer was titaniumplatinumgol d. Next,
the firgh.eRdl8650Rd photoresist |layers were renoved by contacting them
with a TMAH cont al ni ng pol ymer renover. The second photoresist |ayer acted

Geposi t b ovlie EHEhe b FIRA RN JGLE A SPIRRIEEH R0 R TostihellR | g

T-gate tewupiofte, shown in Fig. 4, had a stem CD of approximately 200 rim
a cap CD of approximately 600 rim and a total height of approximtely 500
rim 13 Whata)i s GIredidmg aisGbstlate; The present invention provides a nethod for

formng a T-gate on a substrate including the steps of. a) providing a

substrate; b)) optdpaBadilyVdishosiReah Bekaffd pMrdARLE |9EARPhE ZLbrateayer on the
substrate; ¢) disposing a layer of a UV-sensitive first photoresist; d)

patterning tRe fif nhat i ¢ d 1 first photoresist to W
radi ati on throug 1ﬁygs1ﬁgg&8§g§f%g\yg%éggﬁggﬁ{sﬂgéé%%gtéd first photoresist to
define a firgt openi . - Y {7l e
pattern to t9e piianarg B i PRRGerS o Aodlo ¥l first phofoFAREI Y il
i nsensi thirotgh tagndsk andevebupigs the Bxpoged flissphasoragstao Heffrera fidst epebivgSensbdse ve
second photoresist, the second photoresist being negative-acting; h)
patternpﬁbefrr@tes'econd phot oresi st by exposing the second photoresist to the
UV radiation through a nmask to create an_undercut profile and devel opi ng
t he exposed ®ecorftrnsigiggdhepattern togheplansrizing laxar dheressptini ng for a cap of the
T-gate over the first opening; and i) depositing a conductive materi al
wi thin the fi)rst randtringtrpitiomansengitive tv thoiV-rdibtioggat e. 2. The net hod of
claiml1l wherein the UV radiation has a wavel ength of 190 to 300 rim

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

being negative-acting;

h) patterning the second photoresist by exposing the second photoresist to the UV
radiation through a mask to create an undercut profile and developing the exposed second

photoresist to define a second opening for a cap of the T-gate over the first opening; and

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 | 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 I 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 nmethod of any one of clains 1 to 2 wherein the step of rendering the
pattern insensitive to the UV radiation conprises curing the first
photoresist. 4. The nethod of any one of clainms 1 to 3 further conprising
the step of renmoving the second photoresist. 5. The nethod of any one of
claims 1 to 4 wherein the second photoresist |ayer has a thickness greater
than that of [ OF 85 BYE ﬂﬂ@ { pod of any one of clains
| to Shaheré(}ﬁl%ﬁ]ﬁgf%f%gﬁ]?gta gnggtl}uzcllt ng ?mgl Sﬁgsen froma via-filling

| ayer and an,anti ating |ayer. 14 7. A nmethod for formng a
T-gate struc urepgcgfﬁﬁrggé S%%trgﬁé steps of: a) providing a substrate; b)

di sposing a layer.of .a S ore on.th strate

pat Lerni ng Bhe FisPorteAVEF S GV Gy bledliaf Mt PR ET pf ki PEREHE: o L
radi at ige ﬁtshpﬁm&las@t ByRssodfilthe dRstphoptIBt eV eamamdhlfouglsa nfabloamt esi st to
define a first openi ng or a base of the T-gat and rendering the

pat t er rdeyelpping thesxpossa B stPhotorrsish g qul\?@afléstg?ﬁqﬂ%&jfoatalbé?ﬁo fethedi-&eandg a

| ayer Orfen@enugt bl firs BB RIALAKASL HUGRadififorl 1 7T pROT Of @81t wher ein
t he secon

eS|s I's neg atlve aC|n d) attérnlngthe second

phot or esi st exposi.n Si th a ation

t hrough a e k téi (?P%gg%tlaé’ﬁr Uy rcu pro ?ndsphog??%se%g)flo enErSté\%torgsg%osed
second WMQh@}see@b@idﬁ}@tcﬂ@ﬁgtmegaﬁ@cmdgppem ng for a cap of the T-gate over
the first opening; e) depositing a conductive material wthin the first and
second opemd)gs tatdRindthe s]écommorém b kxpRIMRMhE bR phdibrebistad thesamend
phot oresi sts. The nmethod of claim7 wherein the first photoresist is
negat i v@Va@dlatm}p throggh Amask froufedtoan ﬂmﬂemuhgrOéilﬂar@ateéelgpmgéhemrxeoxpdwpcmnd| ng the
st eps 8‘2}1‘10{(“%5152 Ingtageco EUbgﬁl Ol'g c?éofj{h% ate E-I:'lt eo llgta peﬁm@l anari zi ng

| ayer I'S 05| et VSt i r st

hot t th the f t

Phot or esi ot Gy - depoutig ERBdEats Mﬁ@fngﬁ%? GoRERRsTgn 4 Riadh a
mask anghisdaygl opi ng the exposed fi rst

f) removing the first and second photoresists.
8. The method of claim 7 wherein the first photoresist is negative acting.
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 same
UV radiation through a mask to create an undercut profile 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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photoresist to define a first opening for a base of the T-gate, transferring
the first opening to the organic planarizing |ayer, and renoving the first
photoresi st to provide a patterned organic planarizing |ayer; c) disposing
a layer of a UV-sensitive second photoresist on the patterned organic

pl anari zing | ayer wherein the second photoresist is negative-acting; d)
patterni ng the second photoresist by exposing the second photoresist to the
same UV radiation through a nmask to create an undercut profile and

devel opi ng tRhe exposed se ols! [ esj.st fi con ning.for a
cap of the T~ gat ed%B(\’/Sétrmgc %cce()%p ?Crtlsvlt% nga;t%%haﬁ ?\Vét?“nltgg QES? ed;%sc ????Pge%g%(sz gogfé)ﬁrgta?rv'e

mat er i agateMahdhi N the first and second openings to forma T- gate; and f)
renovi ng the second photoresist. 10. The nmethod of any one of clains 7 to 9

wherein the gV r%a&ihgmem%@mmsﬁﬂgth of 248 nm 16

10.  The method of any one of claims 7 to 9 wherein the UV radiation has a wavelength of

248 nm.
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