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BACKGROUND OF THE I NTIO

The present invention relates, in general, to the
25 field of thin film devices and processing. More
particularly, the present invention relates to a
method for forming a re-entrant photoresist lift-off
profile for thin film device processing of particular
utility in conjunction with self-aligned sputtered
30 films, such as permanent magnet ("PM") films, for use

in magnetoresistive ("MR") read heads.
"~ In the processing of thin film devices, such as
magnetoresistive heads, a "lift-off" process may be



i n"nmagnet oresi stive ("MR') read heads. In the processing of
thin filmdevices, such as magnet oresi stive heads, a "lift-off"
process my be 2 used to
selectively renove thin, sputtered filns from patterned areas on the
| ayers overlying the device substratge. In this regard, re-entrant
(or undercut) photoresist sidewalls are used to define the patterned
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defined MR el ement that, is protected by photoresj st
wherein two separate overlying layers of photoresist
may be patterned, with the lower layer being more
soluble than the upper léyer. Because of the
20 differing etch rates, exposure to a standard chemical
bath can generate a desired undercut also suitable for
limited applications.
Thin film permanent magnet layers are often
utilized with MR read heads, or sensors, to provide a
25 longitudinal bias to the active MR region in order to
provide Barkhausen noise suppression. Desirably, the
permanent magnet layers are applied through the use of
a self-aligned process in order to ensure their proper
and uniform alignment with the MR element. This self-
30 alignment is achieved by depositing a thin permanent
magnet film (in conjunction with a non-magnetic metal
or dielectric separation layer) onto a previously
defined MR element that is protected by photoresist
material. The MR element may comprise, for example,
35 a multi-layer magnetoresistive structure ("MRS") on a
suitable substrate, wherein the MRS includes an MR
layer overlying a magnetic spacing layer ("MSL"} in



material. The MR el enent may conprise, for exanple, 35 a multi-|ayer

magnet or esi stive structure ("MRS") on a sui tabl e substrate, wherein
the MRS includes an MR | ayer overlying a magnetic spacing | ayer
("MBL") in 3 conj unction
wi th an underlying soft adjacent |ayer 3 ("SAL") to provide transverse
bias to the MR el enent. The active region of the MR el enent may be
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profile for thin fi t eg eg an which is of particular
utility in c%éﬁet?rt\:gﬁéﬁwitlﬁ &F -a| ned sputtered films, such as

The re-entrant, or ercut, photoresist proflle
described above is, in this application; - extremely
useful to enable a suitable solvent to penetrate the

20 photoresist material to etch it away. This is because
if the overlying PM material conforms to the entire
resist profile, the solvent will be precluded from
reaching the photoresist and dissolving it. Moreover,
it has heretofore been extremely difficult to

25 consistently pattern undercut profiles in photoresist
using standard image reversal and double photoresist
layer processes, particularly with device features in
the range of 1.5 pm or less. It is therefore highly
desirable to provide an improved method for forming a

30 re-entrant photoresist lift-off profile for thin film
device processing which is of particular utility in
conjunction with self-aligned sputtered films, such as
permanent magnet films, for use in MR read heads.

35 SUMMARY OF THE INVENTION
The method of the present invention utilizes a
differential electron beam exposure system as an




perimanent magnet filns, for use in MR read heads. 35 -SUMVARY OF THE
| NVENTI ON The nmet hod of the present invention utilizes a
differential electron beam exposure system as an

4 adj unct to consistent generation of an undercut, or

re-entrant, photoresist profile utilizing a positive tone resist
feature. In this regard, standard 4 phot ol i t hogr aphy techni ques
may be used to defi th 5 sitive tone ipmage such as .throuygh the use
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into the photoresi shemical batha well controlled depth. A second el ectron

beamis t hen di i t.hr.o out t tir hot or.esi .
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15 = example by spin coating, upon the thin film layers
overlying a suitable substrate. Selected areas are
exposed to an appropriate energy source, such as
light, through a mask pattern and the photoresist
layer is then exposed to a suitable developer

20 resulting in photoresist regions having substantially
vertical sidewalls. An electron beam, or other
suitable energy source, is then utilized to cross-link
(or render relatively insoluble) the upper portion of
the positive tone resist image by accelerating a

25 sufficient dose of electrons into the photoresist to
a well controlled depth. A second electron beam is
then distributed throughout the entire photoresist
thickness to render the lower portion of it relatively
more soluble in a developer. The resist is then

30 developed for a predetermined time to achieve an
undercut in the lower portion of the photoresist. The
resultant re-entrant photoresist profile can then be
utilized in conjunction with subsequent device
processing steps such as thin film sputtering and ion

35 milling to produce the desired device structure.

In accordance with a particular embodiment of the
present invention, disclosed herein is a process for



30 -- developed for a predetermned tine to achieve an undercut in

the l*ower: portion of the photoresist. The resul tant re-entrant

phot oresi st profile can then be utilized in conjunction with
subsequent device processi ng steps such as thin filmsputtering and
lon 35 mlling to produce the desired device structure. In
accordance with a particul ar enbodi nent of t present I nventi on,
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view of a re-entrant photoresi st profile which my be furni shed
utilizing a 25 conventlonal | mage reversal rocess; Fi g.
1B illustrates a siPRLE B OF, JHE DRAWINGSSj de el evational view of

are- entrantlphotore5|stThe aforementloned and other features and objects
of the present invention and the manner of attaining
them will become more apparent and the invention
itself will be best understood by reference to the
following description of a preferred embodiment taken

20 in conjunction with the accompanyiﬁg drawings,
wherein:

Fig. 1A illustrates a simplified cross-sectional
side elevational view of a re-entrant photoresist
profile which may be furnished utilizing a

25 conventional image reversal process;

Fig. 1B illustrates a simplified cross-sectional
side elevational view of a re-entrant photoresist
profile which may be furnished utilizing dual
photoresist layers having differing solubilities;

30 Figs. 2A-2C 1illustrate a conventional self-
aligned process flow for removing selected portions of
one oOr more upper layers (for example, MSL and SAL
layers} overlying a substrate to define an active MR
region followed by a thin film PM sputtering process

35 utilizing the same photoresist to provide alignment
between the remaining PM layers and the MR region;

Figs. 3A~3C illustrate a process flow for forming



profile which may be furnished utilizing dual phot oresi st | ayers

haviing differing solubilities; 30 Figs. 2A-2C illustrate a
conventional self- . al i gned process flow for renoving sel ected
portions of one or nore upper layers (for exanple, MSL and SAL

| ayers) overlying a substrate to define an active MR regi on foll owed
by a thin filmPMsputtering process 35 éutilizing the sanme photoresi st
to provide alignnment bet ween the remaining PM | ayers and the MR
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present invention.grorize; DESCRIPTION OF A PREFERRED EMBODI MENT

15 Fig. 4 illustrates the relative dimensions of a
re-entrant photoresist profile which may be achieved
utilizing the method of the present invention; and

" Figs. SA-5C illustrate various re-entrant
photoresist profiles which might be utilized to define

20 the active region of an MR sensor and provide aligned
PM thin films for providing longitudinal bias thereto
utilizing the method of the present invention.

DESCRIPTION OF A PREFERRED EMBODIMENT
25
With reference now to Fig. 1A, a re-entrant
photoresist region 10 is shown formed by means of a
conventional image reversal process. The re-entrant
photoresist region 10 comprises a patterned portion of
30 photoresist 12 beneath which are formed undercuts 14
which, in conjunction with the interface of the
photoresist region 10 to the major surface 18 of
substrate 16, allow for the introduction and
penetration of a suitable solvent to remove the
35 photoresist 12 following its use in protecting a
desired area of the substrate 16 major surface 18. In
the approach to producing the re-entrant photoresist



25. . Wth reference nowto Fig. 1A a re-entrant

photoresist region 10 is shown formed by nmeans of a conventi onal

i mge reversal process. The re-entrant phot or esi st regi on 10
conprises a patterned portion of 30 phot oresi st 12 beneath which are
formed undercuts 14 which, in conjungtion with the interface of the
photoresist region 10 to the major surface 18 of substrate 16,
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photoresist region 20 includes a first photoresist
region 24 ("Photoresist 1") formed.on a major surface
32 of a substrate 30 together with a second

20 photoresist region 22 ("Photoresist 2") formed
thereupon. Utilizing a relatively more soluble
photoresist for the first photoresist region 24 than
that utilized in the second photoresist region 22, a
cap 26 is formed of the latter while a pedestal 28 is

25 formed in the former due to the differential in their
respective etch rates in a standard chemical bath.
The resultant structure provides a functionally
analogous re-entrant photoresist region 20 to that of
the corresponding re-entrant photoresist region 10 of

30 Fig. 1. Moreover, in addition to the more complex
photolithographic operations and processing steps
involved in producing it, it nonetheless presents many
of the same problems with respect to the inability to
accurately reproduce undercuts to facilitate

35 subsequent photoresist lift-off, particularly
following a thin film application step with devices of
the same relatively small geometries.



cap 26 is fornmed of the latter while a pedestal 28 is 25 formed in the

former due to the differential in their respective etch rates in a
standard chem cal bath. The resultant structure provides a
functionally anal ogous re-entrant photoresist region 20 to that of
the correspondi ng re-entrant photoresist regl on 10 of 30 Fig. 1.
Moreover, in addition to the nore conpl ex phot ol i t hogr aphi ¢

oper ati ons and processi ggeq! gRition 1 Jedegered | ?wp{:QdFQHEQ bhw2tb! a

nonet hel ess presents na ord respect to t he
inability to Seégcéiégéﬁ‘Q th%’épfbb@c@”%ﬁ?erﬁ:]{ﬁws 40 tbs shewn| felite 35
subsequent phot opgsl, Stfor lekﬁﬁp?éf1 in Rﬁfcldh@:lihé”a&h MR hedd! hawing a
thlnfllmappllcatlon steg devi ces the sane relatively snmall -
geonetri es. longitu inal bizs \ﬂpPI:‘rlSGdF‘P|"ﬂ’hé’ICtr‘é’1eeF§ﬁ&8“n5WF6° i gs.

2A-2C, a 5 sebl- mkapsedstdppodignppr cagessf| ow 40 is shown for
use, for exanple, in pr@ﬂgci){]%ceaé]s I&ﬁogregg gggﬁy as fshowlnoqg' TF'fg J\ b| as

applied to an active region pposi ng
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A re-entrant photoresist region 48 may be formed
.in  accordance with the present invention as
hereinafter disclosed in more detail providing
20 undercuts 50 adjoining the 1layers 46. As shown
particularly with respect to Fig. 2B, in addition to
defining the dimensions and geometry of an active
region of an MR device by selective removal of
portions of the layers 46, thin film layers 52 and 52/
25 may be deposited on the major surface 44 of the
substrate 42 and the upper surface of the re-entrant
photoresist regién 48 respectively as shown in Fig.
2B.
With reference particularly to Fig. 2C, utilizing
30 the same photoresist region 48 used to define the
active region of the MR device, the thin film layers
52 are inherently self-aligned with the device
structure. The undesired thin film layer 52/, since
it does not cover or intrude into the undercuts 50,
35 does not preclude the introduction of a suitable
solvent to remove the re-entrant photoresist profile
48 through the undercuts 50 even if portions of the



regi on of an MR devi ce by sel ective renoval of portions of the |ayers

46, thinfilmlayers 52 and 52' 25 may be deposited on the najor surface
44 of the substrate 42 and the upper surface of the re-entrant

phot oresi st regi on 48 respectively as shown in Fig. 2B.

Wth reference particularly to Fig. 2C, utiljzing 30 t he sane

phot oresi st regi on 48 used to define the active region of the MR

device, the thin fidid Yelg covers Be?ERdalelerily SEllsAlddicd gid " the

devi ce stru e undestred thirn
does not cover or |tm1rud¢1|lnt olayer urfeet cuitss Semoséd asjopartot obr éitaide

the introduction Ofp és%@te removal ?;9'0\63@5 t OPhEMDYLultfifrd SsHili &

phot oresi st profile hrough the undercuts 50 even |f portlons of
t he Fig, 2cC then prov1des an MR head havipgnany |asteiKeer s

the si geshof % he phegqemslﬂt ,anwd;elf-anghaantﬁuhhrrth@uelaﬁars@z reited as
part of the hot or esi,st renpoval pce e structure shown i.n
Fig. 2C then provi éi?“ﬁﬁlﬁsaﬁﬁ’é%ﬁ\a S"ﬁ‘f’\fg‘ negses p #rgrf“%if%
self-aligned thin fasdah |lasy araPty2 QeRitchr or COPtﬂi‘ay cam‘phdns@hcmt eshgawrdi ng
thicknesses of PM nptgy Saqjatlon a éi:'CQ ng{—_aPO&RJt@ as“'dzhough

not shown, a separation a er a non- ne Ic netal such

or a dielectric matd%ial d%ﬁ?%%l‘%ﬁﬁ%b)ﬁ% rﬁsﬁ/ qummumamrqeamg y

separate the@cti vedwiitiyeohsy éapaMte the acb.Q&Q tégibd 52 benend yi nal
bi asing el ements c

addi ti onal refer engbrzoarﬁio%/r?g ﬁﬁ&m‘gﬂ: maq biasmgr g?@?@ﬁfa‘f‘?wlrﬁ%ss
flow 60 for producithg dhie £i3m layensr&at (or undercut) phot or esi st

profile  in accwég:%b%ﬁd%ﬁgnﬁﬁnﬁk?ggeﬁéetHS‘W PESSPIs ] Md Ony 1S

shown. The process flo rovi of "a “sUi tabl e
substrate 62 preseman@sgnﬁ@f%wesmoms flC’W & farsr pspdusipngoBorkssi st

region 66 i g4 hen daftirad 20(or idhderctient pREGOrdBHEIET BPok Dee M) iG]
surface 64, such . . .

accordance with a method of the present invention is
shown. The process flow 60 begins with the provision
of a suitable substrate 62 presenting a major. surface
64 thereof. A photoresist region 66 is then defined
20 in a conventional manner on the major surface 64, such
as through spin coating, to achieve a relatively thin
(on the order of 2.0 um) uniform photoresist film on
which a positive tone image is then formed by
projecting a mask pattern and exposing the photoresist
25 film through the mask to harden desired areas.
Undesired portions of the photoresist film are then
removed to leave the photoresist region 66 shown. In
a preferred embodiment, the photoresist region 66 may
be formed of AZ Hoechst Celanese 4000 Series

30 photoresist.
The photoresist region 66 presents an upper
surface 68 displaced distally from the major surface
64 of the substrate 62 as well as substantially
vertical side walls 70 extending therebetween. The
35 substantially vertical sidewalls 70 of the photoresist
region 66 may be conveniently formed utilizing a
vertical 1lithography process developed by Electron



as--through spin coating, to achieve a relatively thin (on the order
of 2.0 [err]m uniform photoresist filmon whi ch a positive tone

i mage is then formed by projecting a mask pattern and exposing the
phot oresi st 25 film through the mask to harden desired areas.
Undesired portions of the photoresist filmgage then renoved to | eave
t he photoresist region 66 shown. In a preferred enbodi nent, the

phot or esi st reglonvﬁﬁlaﬁchrporaggbﬁorned of AZ Hoechst Cel anese 4000
Series 30 phot oresi s hot oresi st re sents an
upper surface 68%HF§p?%’él‘é’oc‘ﬂ}r%rt arlelf;?rFPSﬁ PRY H8; g‘r u.‘%f'aég 64
of the substrate 6praviveslyadesuabibedy i théyphotoresysttregiosi dé wakls 70
ext endi ng t herebet I er; I 70 of
t he phot oresi st Besh Prlgsségg as 3 g %gﬁég%|§%P£ 1%{%% Hﬁbggpﬁ2|n

verti cal I|tﬁograpﬁyeéﬁoé§§§5§évépoééahbyfEP@thGneXP°Sure system an

10 Vi si on Qﬁéﬁoéﬁél&i"ssolved in a qu‘éhBléaaéir@yél%r rgqfv%gn%enow to
Fig. 3B, and as

tevi pusl ri ptoresj ion 66 has
been processed as Seﬁﬁéng?éﬁFﬁﬁ% 3@“&&8}é¥nvﬁ glc { snﬁﬁﬁ@gg SexBosed to
light fromthe expasﬁisssyslennﬁnnibeam dosen3R &sethes shirwedtedntawandt abl e

CEVELOBE! 910 L, wosr AFPHSATE, oSS HhSLAANL Rl S

wal I s 70. ron se 7
t he upper sdPface 8e8celerateden o axestetergiioedecwand ggflned aterptiherdat ed to

a predeterm ned, wehbrdetiped ﬁf‘é)télz@te@ﬂlactron be&be&%é% sbigek! £51

el ectron bean1dose 72 serves to render relatively
i nsol uble, a f|rstcr°ss'11ﬁbpe?rpSPpﬁﬁﬁ EFlﬁﬁévﬁhﬁtéPéQFBPl?egPoﬁ15§Fmeen
t he upper Supf)éﬁepﬁﬁtﬁﬁﬂ afpitaae photorresddtbyeytienddpthedhetne 15

In a preferred enbqdi nent t.ron S

conducted at a nodePBte ?‘&/é %ltmfl %‘iane dg?ilg}'?e%fb%&g §?$€?‘fi§h{ err]
at 10 kV inia chanﬁaraewwaﬁﬂnntd(nmbedlmenﬁsrﬂhﬂrfirst electronAbeamond
el ectron beam dosegddai §2t 18N YHIIRLd at a moderate level of on the

order of 300 uC/cm? at 10 kV in a chamber evacuated to

25 mTorr,
A second electron beam dose 74 is then applied
20 through the entire photoresist region 66 to a depth of
d,. This serves to solubilize a second portion of the
photoresist region 66 between the plane at d, and the
upper surface 64 of the substrate 62, In a preferred
embodiment, the second electron beam dose 74 may be
25 conducted at 50 uC/fcm® at 17 kv in a chamber evacuated
to .25 mTorr.

The photoresist region 66 is then developed for
an appropriate time, as shown particularly in Fig. 3C,
to produce a re-entrant photoresist profile 76 having

30 undercuts 78. Utilizing the photoresist previously
described, the development step may be undertaken
utilizing AZ 400K developer for a period of
substantially between 1-2 minutes. An 0, ash step may
further be performed at this point to remove residual

35 organic materials from the structure within the
processing system. The desired pattern may then be
etched into the substrate (and/or MRS structure) by,



20- .through the entire photoresist region 66 to a depth of d2.
Thi s serves to solubilize a second portion of the phot or esi st regi on
66 between the plane at d[err] and the upper surface 64 of the
substrate 62. In a preferred enbodi ment, the second el ectron beam
dose 74 may be 25 conducted at 50 [err]C{cnferr] at 17 kV in a chanber
evacuat ed to .25 mrorr. e photoresist region 66 is

then devel oped for e 2PRK OPhh Ak £1 1148 opratiiewn particularly in
Fig. 3C, tofBFogﬁgga ere ent r ant phor{@er epg%st pro vi_ng 30

undercuts 78. Utilizi ngtt mbopié pesnetedr dadustie Sdmlxﬂ%%c? t he
devel opnent step mMaychadqendsiel akenmore 1ayutslmaInrdEEGHENY(Hnaﬂnmhydfcw a

period of sub anti al | en 1 ut_es h .s may
further be perfor rrgﬂi t rﬁ?n%%mt%rﬂvi'ﬂ r‘éﬁ/?d:e al%dum#] %ﬁwgu&aarﬁﬁp
materials fsom thhe sereotuant phbhunesme profile pfockeitthquikiznd The
desired pattern maytpgp, B¢y desc¥1ﬁ%&*¥31ﬂfﬂf&éﬂ@iysBPS&ﬁéEeaﬁaﬁﬂlégadqu

structure) by, or exa an ion mllin
't shoul d be not edhendt wikh sebSraaignes Rythin £l el epeemo

| ayers as previouskyré¢espbhlefly separal\tickh r a&g@tts)t OfErQSpraﬁa&ﬁuj ara IVRS
structure) with

£ ant t or esi ing utilized
as therein descri beﬂngégﬂfitlpﬁgt %f‘?sp? % %ﬁf‘]ﬁﬁ %? e rlglgﬁead with
sel f-alignedoPMthin fiwdtnl mmx(@ndamltlonallyconcwsm&w sdpardti on

| ayers) for provi dw_&}?ﬁem tlvgongbngkggﬁt bi eﬁo{&ég&@ctﬂ,y@fg@u D

regi on. érence addi tional | now
represent atl ve re- prpdunedpist dassrdangeoMith gp method ?)goﬁu%eﬁr?'?ient

accordance with a ggiadish tfe sﬁ{cﬂ&?nt The phot@yestisen profilewso 15 he

phot or esi st proflle 80 is once agai o]

presenting a 15  TORBEgr Wa%%a’éh ‘t‘ﬂ%‘?eﬁf “%ﬁﬁgf%geézst %’%"S%‘{sﬁtﬁ‘ t%er ned
on the majoussurfamajdd sudfate &t dtredeofe Whitoresist 86 isepahtegied

di sclosed herein, 3.Cqp PYLIION A8 dsvd UdBkha, in 2QUSHdAAY RiBpUERS A

portion 90. .
technique disclosed herein, a cap portion 88 is formed
overlying a pedestal portion 90.

Given the following:
20
R, = dissolution rate of pedestal portion 90
R, = dissolution rate of cap portion 88
and
x = width of the re-entrant photoresist
25 profile 80 at the cap portion 88
a = pedestal portion 90 width
t = photoresist 86 thickness
b = ledge thickness of cap portion 88
8 = angle of ion milling operation
30
MRSy = (X-2c¢) (Equation 1)
as can be seen: a s (x-2c) and
a =z x/3
35
Since: tan 8 = (t-b)/c

il

c {t-b}/tan 8



Gven the follow ng: 20 Rlerr] = dissolution rate of
pedest al - portion 90 Rlerr] = dissolution rate of cap
portion 88 and _ X = width of the re-entrant
phot or esi st 25 - profile 80 at the cap portion 88

= pedestal portion 90 width 12 t = photoresist 86 thickness
b = | edge thickness of cap portion 88 [err] = angle of ion
mlling operation 30 SRSttt ing( fo2Ck in Equation 1
(Equation 1) as can be seen: ?%rr] (x-2c)
and aferr] x/3 35
Since: tan [err] = (t-b)/c MRSypm = Xx-2({t-b)/tan 8) {Equatiox 29
(t-b)/tan 8 12
Substituting for ¢ in Equation 1 MRS[err] = x-2

((t-b)/tan [5rr]) ( EAsaanoex®)ple, 3f x = 1. 0 4, dn=egadple, H=0.2 1.0
[errlm t = 0.8 [e[f!;l]_mob6 pnpa%d g = 7gkerrfmiflerr] 0.6 [err]mand [err]

75: b([err]m [err] 0.2 0.4 0.6
10 MRS[err] .68 .78 .89 a .33
.33 .33 Table 1: .16 .11 .05
b(sm) -~ 0.2 0.4 0.6
10
MRSyzomm .68 .78 .89
a .33 .33 .33
c .16 .11 .05
15 Thus, with the accurate reproducibility of the

re-entrant photoresist profile 80 shown, very narrow
MR read head geometries may be produced.
With reference additionally now to Figs. 5A-SC,
some representative re-entrant photoresist profiles 80
20 are shown produced in accordance with the foregoing
equations (and corresponding to the entries in the
preceding Table 1} to produce an active MR region of
an MR head utilizing a conventional MRS structure to
be followed by a self-aligned PM film sputtering step.
25 The structure corresponding to that previously
described with respect to Fig. 4 is like numbered and
the foregoing description thereof shall suffice
herefor.
While there have been described above the
30 principles of the present invention in conjunction
with specific thin film devices, such as MR sensors
utilizing aligned PM layers to provide longitudinal
bias thereto, the foregoing description is made only
by way of example and not as a limitation to the scope
35 of the invention. In this regard, the method of the
present invention 1is applicable to any thin film
processing application utilizing photoresist wherein



15 . Thus, with the accurate reproducibility of the

re-‘entrant photoresist profile 80 shown, very narrow MR read head
geonetries may be produced. Wth reference additionally nowto
Fi gs. 5A-5C, sone representative re-entrant photoresist profiles 80
20 are shown produced in accordance with the foregoing equati ons
(and corresponding to the entries in the 1 preceding Table 1) to

produce an active NR L ead_u i Ziy i ona
MRS structure to 2 éﬁﬁ??%)ldﬁ%d vasrgRFr %ﬁliF Mﬁg ?ﬁ%ggé??gring :
step. 25 The psbvidédr eo cdacddpdate ng;uhsethehn&t remevabugify the
described with re n t he foregoing
description theregggeé %%& %ﬁ%l%ééié O%eahggggéggeagglvent' VWil e there
have been descri bed above the 30 principles of the present invention in
conj unction with specific thin filmdevices, such as MR sensors
utilizing aligned PM I ayers to provide | ongitudinal bi as thereto,

t he foregoing description is nmade only by way of exanple and not as
alimtation to the scope 35 of the invention. |In this regard, the
met hod of the present invention is applicable to any thin film
processing application utilizing photoresist wherein a
re-entrant (or undercut) profile is desirably provided to facilitate
subsequent renoval of the photoresist by neans of a suitable sol vent.



14 ) CLAI M5 1. A process for faC|IltaL__g___L¢i4‘{#4——-—
of -, . photoresist patterned on a substrate in conjunction “““
phot ol i t hographi ¢ processing of said substrate to defi rﬁ“ m,l &“

feature, said process conprising the 5 steps of: = c¢pattefnihg ™
sai d photoresist on a major surface of said substrate to define a
patterned area; cross-linking ¥ first portion of said

phot or esi st distal to said substrate; 10 solubilizing a
second portion of said photoresist proxi mal to said substrate; and
devel opi ng sai d peehgmesi st to create an undercut in said

phot oresi st peripherally surroundi ng said patterned area. 2.
The process of claim1l further conprising the step of:

etching sai d photaresi & apdosess nefar sdetidétating coifdmioffsubSfrate to

define Sa'dtﬁurfagﬁoESQEgﬁgt patterndd onTQeé%%%%@%%eoﬁdﬂd%d?dﬁd&ﬂbhher
conpri sing

str y sai.d pho oreS|st
4.  The process @ﬂt@lahﬁgﬁlv%R99§§Phﬁﬁ Brefess iﬁe sald %T Qﬁ %
carried out by thee¥tigRSaOkurface feature ceaﬁdngreaeﬁbsuhgnnauagwthh sai d

phot oresi st to forma photoresist |ayer; 5 projecting a
mask patterﬁ ont o SSEP§ BﬁOtoreS|st | ayer corresponding to said
patterned area; patternmipgssaiy phiofophsist ewi &t mpigvrsunfase efer gy

source through Sa@%l@?%?@@@&%@&”toaggk ne aiﬁigterngasﬁféﬂkng portions of

sai d photoresist [rayer surroundi ng atterned ar.ea. 5.
The process of clai m 1oxesseilinking astféESGfP"rtmn of; 833 RhAEEESiStcarri ed

out by the steps Qistal to said sdbS€estérg said substrate and patterned
area tn an solubilizing a second portion of said photoresist
proximal to said substrate; and
developing said photoresist to create an undercut
in said photoresist peripherally surrounding said
patterned area.
2. The process of claim 1 further comprising the
step of:
etching said photoresist and said major surface
of said substrate to define said surface feature.
3. The process of claim 2 further comprising the
step of:
stripping away said photoresist.
4. The process of claim 1 wherein said step of
patterning is carried out by the steps of:
coating said substrate with said photoresist to
form a photoresist layer;
5 projecting a mask pattern onto said photoresist
layer corresponding to said patterned area;
exposing said photoresist layer to -an energy
source through said mask pattern; and
dissolving portions of said photoresist layer
10 surrounding said patterned area.
5. The process of claim 1 wherein said step of
cross-linking is carried out by the steps of:
disposing said substrate and patterned area in an



15 . at nosphere of substantially 25 niforr or |ess; and

exposi ng 'said first portion of said photoresist of sai i '
area to an el ectron source of substantially 300 [err] Cﬂmﬁqﬂm]ﬂﬁml‘l“‘“i
vol tage of substantially 5 10 kV. 6. The processs Ofc Cltal m 58 *
wherein said step of solubilizing is carried out by the step of:
further exposing said first and second porti&8ns of sai d photoresi st

of said patterned area tgo an 5 el ectron source of substantially 50
[err]Ccnierr] at #tRAsPhgre of subgkantiplinm? ATr £y g6/ 3nd an

at mosphere  of S higodingalshid. 23r8¥opbrtion of daid photidhedisti | m

devi ce produced ty a_;Rrocess conggisi ng the steps of: £

furni shing a subst %k ¢S24 patterned  ared Lo anq ciqitEole BPURSE ¢°
substrate with 5 suhsterdriedilyt 300 fOfan’aaphotaridsiget of aywsstantially
projecting aJmask H.aot tkq;n on sai d photoresi st | ayer corresponding to

a patterned area; : exposi ng sai d photoresist |ayer to an energy
source through sai é.nasheatpreeessi0of claim 8i s@eireiing geoid | sbep obfsai d

photoresi st layer gso1unii9Yihguidi Barsabd HRE L NGk %rtgposezdefi ne a

surface feature on sald substrate; | . ss-linking a first
portion of said photor efiudither expoging;saidafitshetindrRCUS PArtisnsai d
substrate; 15 of saflulphdtairagiatsasongdapar tpatteehedaizedhot®r asi st

of said patterned area proxinmal to sai ubstrat e; deyel opi ng
sai d photoresi st t&XGEXOR ﬁﬂ“ﬁﬁﬁe?fili“g’sganglaﬁyéaq dcf)ﬁ‘th 5Fe%iv§ﬁ\£age
perihpheral !é SErromd! nﬁuBft&rt;iaally paotgmed ﬁiea'anandtdﬁasp}_z(ejre of
et chi ng sai d phot oresi st _qf; | tterned area and sai d ngjor
surface of said suk?s“?qs}taé&tl&iggf |2§ niory. said surface feature. 8.
The thin filmdevi o of &l &hdn7 grhidsucdevibgea producedr duess f priocess

corrpri sing the st e%o%ﬁ:irising the steﬁ@pafi ting athin filmlayer overlying
sai d furnishing a substrate;
coating a major surface of said substrate with
5 photoresist to form a photoresist layer;
projecting a mask pa{:iiern on said photoresist
layer corresponding to a patterned area;
exposing said photoresist layer to an energy
source through said mask pattern;

10 dissolving portions of said photoresist layer
surrounding said patterned area to define a surface
feature on said substrate;

cross-linking a first portion of said photoresist
of said patterned area distal to said substrate;

15 solubilizing a second portion of said photoresist
of said patterned area proximal to said substrate;

developing said photoresist to create an undercut
in said photoresist peripherally surrounding said
patterned area; and

20 etching said photoresist of said patterned area
and said major surface of said substrate to define
said surface feature.

8. The thin film device of claim 7 produced by a
process further comprising the step of:
depositing a thin film 1layer overlying said

®



16 - . phot oresi st of said patterned area and said nmgjor
of said substrate. 9. The thin filmdevice of clai mmq)wﬁmg 9“'
a process further conprising the step of: *

sai d photoresist and said thin filmlayer overlying said patterned
ar ea. 10. The thin filmdevice of claim9 wherein said maj or
surface of said substrate further conpri seslsan overlying MRS

structure and said surface, feature ri ses an l\/lstrel n.

11. The thin fil m BEGFeECSISE| anfmsw%%%?‘ﬁ-' ed garea an h?%l‘? i PAYPRyer
conprises a PM | aysurface of d&id Auybsazage.for formng a thin filmdevice
utilizing at | east one photoresist region having a re- ent r ant
profile, said process conprising the steps of: patterning a
phot or esi st regi on%en aTkebthint §118 devhaei of ackmimors sprédieed hey eof ;

differentially proPegéégg %&gpcgdypeqlsghgr €HeO0Btep of; O Create a first

portion thereof atively insoluble to a developer and a_second
portion thereof relativet§ipping §8F¥|blsélflo rhqtpres/stopnd spid 18hin

devel opi ng said phewﬁemﬁéy_—|dwaﬁm§dndje‘¢allapgati;etned area. pr edet er m ned
time to create saigre-%tr fiile

phot or esi st . Bt(?'sﬁ‘gr 1n device 1‘29\,\,{?3,9& g'{hgeg%%ré' gglgf sai d

processing is carrmagopusubfacdeotispid cfubstrate furtherosemprikesgansaid
first portion Ofové@ig MR§hQE9ﬁ§€xthlvea% Olkali8 &ildﬂcéa'fgafchiét

portion of 5 said oresi s I nsoluble 1 n a devel oper;
sol ubilizing sai dC°§B€b$1%F o MR Fegion. saj d phot oresi st region to

re_ngegI sa: d secondi1portted €hin film aew]gicareiﬂ)regé% 1l aﬁéyegu &ahub}e to
sal evel oper. rocess ,0r Cla erein sai st ep o
okipe s chhinhin Loy renrdges: PR 1aydr!

cross-linking is c di sposing said
substrate and sai diphot®r esxrstess for refg:mnm an dhimspifdim oBievice

substantially 25 nﬁgiiiﬂng at least one photoresist region having a re-~
entrant profile, said process comprising the steps of:
patterning a photoresist region on a substrate
5 having a major surface thereof;
differentially processing said photoresist region
to create a first portion thereof relatively insocluble
to a developer and a second portion thereof relatively
soluble to said developer; and
10 developing said photoresist in said developer for
a predetermined time to create said re-entrant profile
in said second portion of said photoresist.
13. The process of claim 12 wherein said step of
processing is carried out by the steps of:
cross-linking said first portion of said
photoresist region to render said first portion of
5 said photoresist relatively insoluble in a developer;
solubilizing said second portion of said
photoresist region to render said second portion of
said photoresist relatively soluble to said developer.
14. The process of claim 13 wherein said step of
cross-linking is carried out by the steps of:
disposing said substrate and said photoresist
region in an atmosphere of substantially 25 mTorr or



| ess; and exposing said first portion of said photoresist

of $aid patterned area to an el ectron source of R%£9§£§DLL3LL¥*399"
[err]C/cnerr] at a voltage of substantially 5

process of claim 12 wherein said step of patter ni ‘ \“ﬁﬂ“\

by the steps of: coating said substrate with Wr @si st
to forma photoresist | ayer; 5 projecting a mask pattern
onto sai d photoresj | ayer corresponding to said patterned area;

exposi ng said phot% ?%%1 A9 ayer to an energy source through said
mask pattern; and exposinglisaddl fiimgtpporitdns of said photoresist | ayer

10 surroundi ngygaig, jat perp & Pazen, o 2P oThee FoACEele Chgi M 12

wherein said step O erentia roceSS|ng sai d_phot or esi st
region is cabstantially 3t0ﬁe#%i<§bsa§fa voltage of S“Bé&épéiaihﬂg a
first eIectrQn beafan§e into said 5 first portion of said photoresist
regi on; and exposing said first and second portions of said
phot or esi st regi onl%o dkecBREceseCPfoflgddm pskherein said step of

patterning is carried out by the steps of:
coating said substrate with said photoresist to
form a photoresist layer;
5 projecting a mask pattern onto said photoresist
layer corresponding to said patterned area;
exposing said photoresist layer to an energy
source through said mask pattern; and
dissolving portions of saill photoresist layer
10 surrounding said patterned area.
16. The process of claim 12 wherein said step of
differentially processing said photoresist region is
carried out by the stéps of:
accelerating a first electron beam dose into said
5 first portion of said photoresist region; and
exposing said first and second portions of said
photoresist region to a second electron beam dose.



