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manuf acture o patlterned devi ces such as sem conductor chips and

recordi ng heads for hard drives, a crucial step is the deposition of netal

W th defined pattern onto a substrate. The accuracy and
consistency with which this nmet al deposition process takes place
Is critical to the manufacturing yield and per formance of the

device. Several techniques are known foDeg @ omet al deposition 10

process, one of which is the lift fof ft-of f process a
phot or esi st pat creFrH 8 ogch that the
areas where the netal is to be dep05| ted cont ai ns no photoresi st
and the remaining parts of the substrate are protected by a

| ayer of phot orBagkatounddiever, in order for the photoresist to be

motal fifmto 15 ° W el B patertod HEHEKH ot dosericddiblor fitgh ind e
phot or esi st st rrecqsrding rﬁauefaitlhard drives) apfucial step is the deposmmafa-aaalmtre known
to obtain the | Alift offnphotore5|st

ft-off
o ofi 1 o 1's' pandeaned Pt Shia & shstraleo: The.ArsuEscy ane Crrtency with WhIch 14
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part of the substrate 1s protected fromthe deposition of netal.
Typi cal types drerformancsaf the @mcreesS@eral techniques are knavwen far thisopetal depasitione

shown i ggFi 9. I5chddss, one of which is the TESH brd¥bs€ InGhe it Gt BreAWs  Bhotoresist

pattem is defined on a substrate such that the areas where the metal is to be

deposited contains no photoresist and the remaining parts of the substrate are
protected by a layer of photoresist. However, in order for the photoresist to be
removed after the deposition of metal a discontinuity is required in the metal film to

15 allow for the removal of the resist by the photoresist stripper. Several lithographic
processes are known to obtain the lift-off profile.

A lift-off photoresist profile is generally one that does not have a continuous
perpendicular side-wall. The preferred photoresist side-wall is such that part of the
substrate is protected from the deposition of metal. Typical types of lift-off profiles

20 used in metal deposition are shown in Fig. Il

Description of the Drawings:
The profile in Fig. | is obtained by soaking the substrate with the imaged

resist in chlorobenzene followed by development of the image. A protecting cap is
25 formed on the surface of the resist. During metal deposition the protecting cap
provides a discontinuity in the metal film that is deposited over the resist and the
substrate, therefore allowing for the photoresist to be subsequently removed. In
Fig. Il an undercut profile is obtaining by the image reversal process as described
in US 4,885,232 and US 5,399,456 and incorporated herein by reference. The
30 wider line width at the surface of the photoresist layer shadows the narrower
photoresist line width at the substrate interface during metal deposition. Thus a



The profile in Fig. | is obtained by soaking the substrate with the inaged
resist in chlorobenzene foll owed by devel opnment of the inmage. A protecting

cap is 25 formed on the surface of the resist During netal
deposition the protecting cap provi des a discontinuity in the
metal film Y deposited over the resist and the PCT/USY trate,
therefore allowing for the photoresist to be subsequently renoved. In

Fig. Il an undercut profile is obtaining 82-the i mage reversal process as
descri bed in US 4,885 ,232 and US 5, 399, 456 and i ncor porat ed
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phot or esi st | a¥;§!ceﬁ§'ﬂﬁﬁﬂé§ bbﬁ&eﬁ%ﬁe? % film over the ph_?%géigr £8d O thé Qé’oéﬁ"a\jﬁb h at

the substrate Interface during eposition.
97/ 33199 which allows for photoresist removal. The lift-off scheme in Fig. Il uses a bi-level

PCT/ US97/ 02427 . - L =23
space is for mﬁ%?ﬁe%mﬁm%o% Igyel}qflpmlgl{?&edtpﬁy "B}‘i’&'%?omtméﬂ% s%%Stt%hee
substrate and a laysh bt diazd-typephbidreidt¢d tetisisthe topmayerl . Thistopllayeriof f
schenme in Fig., 11l uses a bi-Ilevel bottom | ayer

of prei M di zedMAged; ApvRiored and shyatesasgascr 'ﬁﬁfag%??&%ah;%f‘a?moaﬁ yer
£ di Lt . . _ Thi s toD: < £
"maged. devel o O ATV TR, et f Bt ufingin 3isptipBion g ©
;\r,n\; or p(r)]r gt reg ac::;:ygen_systen'h e‘ﬁp'nincdrponaameoésﬂmen nrtg ?mmptlm;rgrld#eg _th@:lfl%b@d_ o
| \/ | . l. |
of i 11 con i nt Braches PRES B 10F aer regitant o R Il the Bottom Soniig Blerdt
nmakes the top beifgremewddyithe réativeticrietebingprdcess. Mendis altoppraeotivailaler, ayer

S bei ng renoved by the reative ion etching process. Thus, a top
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layer formed as a result of isotropic oxygen plasma etching.
The disadvantage of these types of lift-off profiles is that the protection to
15 obtain the discontinuity on the substrate is at the top of the resist image and far
removed from the substrate, so that due to the non-directionality of the metal
deposition process, control of the metal line-width and its dimensions is-
decreased. In addition, metal deposition takes place on the side-walls of the
photoresist and upon removal of the photoresist metal residues are left on the
20 substrate. Ideally, the closer the discontinuity is to the final thickness of the metal
layer the greater the ¢ontrol over the dimensionality of the metal structures. The
cleanliness and increased control of any or all of the processing steps during the

manufacture of integrated circuits adds greatly to the value of these processing

steps.
25
Summary of Invention
The present invention describes a process for obtaining a lift-off photoresist
profile that overcomes the disadvantages mentioned above.
30 The present invention comprises a process whereby a lift-off photoresist

profile is obtained by imaging a bi-level system comprising a thin layer of a plasma



| ayer fornmed as a result of isotropic oxygen plasma etching.
The di sadvantage of these types of |ift-off profiles is that the protection

to 15 obtain the discontinuity on the substrate is at the top of the
resi st inmage removed fromthe substrate,Pé.p sque.to
t he non-di reﬁona?ﬁty of the netal deposi tion process, control
of the netal line-wdth and its dinensions is decreased. In

addition, netal deposition takes place on tBe side-walls of the
phot oresi st and upon renoval of the photoresist nmetal residues are left on

the 20 substrate. ldeally, the closer the discontinuity is to the
final thickness eﬂi‘habl&emﬁi@hﬁ'coated onto a substAEWith B%ing fickness IeB@ e dbout over
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above. 30° etched i A CYGEDGHTIOFRIPER: P\ PSETHA FeBSEIept F6e BOYRTR By <.
lift-off photor gsdighe P]'\lckness of this FHyQF b+= %nly%h&lﬂwrgﬁgr #n' 'tr@@lid?cﬁeé’s &ithé evel

system conprising a t | ayer 3199
PCT/ US97/ 02427 metalto be deposxted that 1s the bottom layer have athlckness |n the rangesof

et chabl e mat e | gho6PBlcHfinf HiomefsH15'abBLEo Kb TmibrdbiBh BHAERBH atck 0 A"

about
(micrometer) to about 0.3um {micrometer). in a preferred embodiment the

10 thickness of the bottom layer is greater than the thickness of the metal layer by at
least 0.1um ( micrometer), preferably from about 0.1 to 0.4um ( micrometer).
Ancther requirement of the bottom layer is that it be etchable in oxygen plasma and
further that it can not be silylated under the conditions in which the top photoresist
is silylated. The bottom layer is preferably an organic antireflective coating. Ina

15 preferred embodiment the antireflective coating comprises an imide reation product
of at least one aminoaromatic chromophore with a polymer comprising an
anhydride. The second layer comprises an alkali-soluble resin and a
photosensitive compound. In a preferred embodiment the second layer comprises
a novolak resin and a reaction product of a diazonaphthoquinone and a

20 polyhydroxyphenolic compound, and has a film thickness in the range of about
0.25 um {micrometér) to about 1 um (micrometer).

The photoresist layer is silylated according to techniques known in the art
and an example of this is in US 4,782,008. The silylation process causes silicon to
be incorporated into only the surface and sidewalls of the top photoresist image.

25 The silylation step is followed by isotropic oxygen piasma etching. This etching
process removes the bottom layer in the areas where the top photoresist is not
present. The incorporation of silicon into the photoresist during the silylation
process prevents the oxygen plasma from etching the photoresist layer and
therefore acts as a mask during plasma stching. Due to the isotropic etching of the

30 bottom layer a cavity shaped profile is formed in the bottom layer. This cavity
provides the needed discontinuous profile. Metal can then be deposited and the



O.5[err]mm croneter) and a second | ayer of photoi mageable material coated
on top of the bottom |l ayer. The second | ayer is imged,

devel oped, and silylated using an organosi |l i con conpound
Subsequently the botton1|ayer is anisotropically plasma ched in
an oxygen §¥ B8 e. An essential requirement of the botFSHPFQ@E

that the thlckness of this layer be only slightly greater than the

t hi ckness of the metal to be deppsited, that is, the bottom|ayer
have a thickness in the range of about O. 07[err]n1(n1croneter) to
about O.5[err]n1(nicroneter) preferably about 0.1pm (n1croneter)
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chr onophor e wi i g !ﬂa‘?ﬁﬁmé Li’f’%?ﬁ‘ﬂf”é??s anhydri de. The second

| ayer conprises an al kali-soluble resin and a phot osensitive
conpound. In a preferred enbodi ment the second | ayer conprises a

novol ak resin and a reaction product of a di azonephthoqui none and a 20

pol yhydroxypheﬁ%I% F%nggfagg,rgﬁ@e@Fab!gﬂgééﬁckness in the range of
about t 1 [err]m(mcroneter).

The phdQoresi st | ayHwe presentlwweaum'dpmldes dinogeltprodess fior alptaising radiftoff n the art
and an exarrpleof this.is S 4,782, 00 esll | ati 0 roce

a1 i con ro T imaging brofje" ThE sybRIER BaoRRO YR (i Vel PRRERT SRR B! | s
of the top phogs®aRéed & subsBallyremove theTéaﬁ:eﬁt | X\l efbrrd:@'es:sﬁsfsubéeauaﬁmby

i sotropic oxygen plasma_etching. This etchin ocess renoves the

bottom | ayer | $PUHRD \op ot the retiever Rad balﬁsqin@ygﬁtagﬁ@w removethe solvert. The
present. The ',sr%raegﬁyes}goﬁd tﬁl‘chgﬁ %f}nésﬁtéad&ﬁé:a?émﬂéggis%evémg E“'REQ?

silylation SS prevénts the oxygen plas from
phot or 48i st | al@yer. am imaged photoresist repiaining an the substrateds themusilylatedo | Bhena

o0 b, Lylig P ReBEh a6k By o s Rrrecm B o = c2v1 1Y
PL gvn des the ngissiedsidt Saasdamialuequirericnt of thé/iivahtioRis thatahe bémpeyiidon éfdke and
first layer be such that it does not incorporate silicon during the silylation process
and that it be rapidly etchable in oxygen plasma. Therefore, upon silylation of the
20 photoresist , no silicon is incorporated inta the first layer. The multilevet system is
then etched in an isotibpic oxygen plasma , which rapidly etches through the first
layer while the silylated photoresist layer is very resistant to oxygen plasma
etching. As a result of the isotropic etching, a cavity-shaped profile is formed in the
bottom layer as shown in Fig. IV.
25 The formation of the cavity is a requirement of this invention and is
desirable for several reasons. The cavity provides the discontinuity close to the
substrate so that dimensional control of the metal layer is maximized. Additionally,
the shape of the cavity allows for the photoresist remover to physically contact the
bottom layer and function as a release layer to remove the resist. Another

30 requirement is that the thickness of the metal is less than that of the first layer.
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phot or esi st renoved. Since the thickness of the cavity is very close to the
thickness ofgthe igfal to be deposited a much greater di nepghRiRg2eant ol
of the netal pattern is obtained, this control being very

advant ageous for the manufacture of el ectronic devices.
Additionally, any netal deposited on the sifdewalls of the 5

photoresist is conpletely renoved during the photoresist stripping process
and no metal residues remain on the substrates.
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etching, a cavi rﬁ?ﬁ@'ﬂ%ﬂnﬂﬂsﬂ Afilm fmww%on gemprising the imide reaction

product of at least one aminocaromatic chromophore with a polymer comprising an
anhydride. The aminoaromatic chromophore may be any aromatic compound

15 having a primary or secondary aminc moiety linked thereto and may be an N-aryl
amino compound, a benzyl amine, or another aminoaromatic compound wherein
the amino group is linked to the aromatic compound by means of an intermediate
group. Preferred amino aromatic chromophores have a primary amino group. More
preferred aminoaromatic chromophores have a primary amino group linked to the

20 aromatic compound by means of a N-aryl bond. The most preferred
aminoaromatic chrofmophores are selected from the group consisting of 1-
aminoanthracene, 2-aminoanthracene, 1-aminonaphthalene, 2-aminonaphthalene,
N-(2,4-dinitrophenyl)-1,4-benzenediamine, p-(2,4-dinitrophenylazo) aniline, p-(4-
N,N-dimethylaminophenylazo)aniline, 4-amino-2-(9-(6-hydroxy-3-xanthenonyl)-

25 benzoic acid, 2,4-dinitrophenylhydrazine, dinitroaniline, aminobenzothiazoline, and
aminofluorenone. Polymers useful for reacting with the aminoaromatic
chromophore comprise any polymer having an anhydride group. Particular
examples include, without limitation, polydimethyglutarimide, poly(maleic
anhydride-co-methyimethacrylate), poly(malsic anhydride-co-vinyimethylether),

30 poly(styrene-co-maleic anhydride), and poly(acrylicanhydride), and derivatives,
copolymers and combinations thereof, Additionally, the first layer can be a non-



bottom | ayer as shown in Fig. IV. 25 The formation of the
cavity is a requirenent of this invention and is desirable for
several reasons. The cavity provides the discontinuity close to the
substrat e s@otoh@iiesli mensi onal control of the netal |ayer imcTmserodazed.

Addi tionally. the shape of the cavity allows for the photoresist
renmover to physically contact the bottom | ayer and function as a
rel ease layer to renpve the resist. Anothef-30 requirenent is that

the thickness of the nmetal is less than that of the first |ayer.
WO 97/ 33199

PCT/ US97/ 02427 absorbing non-aromaiidmayrmére siicheas pajyadrylates and pblyvinlylasgtatesn i s
conplete, netal is &e osited on th trate and t he photoresi st

. - b
r enoved. amongst ctners gzayicpgtlealq %%lfveﬁfsuﬁigﬁayaﬁ' coated onto the

substrate i s_gener aifhy pRotofdsist 58NN used to spin coét the pholdihadeedié layar shiepr ange
of about O. 07[err]m(mpcrometer) to about 8 5[err]n9|h5 i (ma?:(rorretg;),

pL ef eL abl y abogtthe fitstjayer comprisasapraiicali-solutle, syater insolable film farmingresifeder ) .
T t hi LS
doposit i - BhobSrsBXpRlRd pifa 30RELE Tyblal et dbie tpEnd Bietok g

the first | ayeand polyhydoxystgremiedyPhotosensitive compopndearibe t hat it cannot be
silyl ated under, t he 8ﬁnditions i 0 whi esi st | ayer

is silylated. AFEPPRRIHAPIUIONeE: Qe sﬂgﬁﬁ%%ﬂ%ﬁﬁyﬁe‘ﬁeﬁggt 10
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The ani noar onainhibitors, @antistriatien addgitives, pigtospeadassnhancars photalesist stabilizers,
etc. An essential requirement of the photoresist is that it can be silylated under a
set of conditions such that this layer becomes significantly etch resistant in an
oxygen plasma. The preferred thickness of the second layer is in the range of
16 about 0.25pm (micrometer) to about 1um (micrometer). More preferrably the
thickness is in the range of about 0.3um (micrometer) to about 0.6um
(micrometer).

Suitable substrates include silicon, aluminum, polymeric resins, silicon
dioxide, doped silicon dioxide, silicon nitride, tantalum, copper, polysilicons,

20 ceramics, aluminum/copper mixtures; gallium arsenide and other such group IW/iV
compounds. _ )

Silylation of photoresist is known in the art. A process that can be used, but
not limited to, is described in US 4,782,008. The imaged photoresist pattern is
soaked in a solution of hexamethylicyclotrisilazane and xylene. The temperature of

25 the solution and the length of soaking time effect the rate and extent of silylation.
The longer the soaking time and the higher the temperature of the solution the
greater the incorporation of silicon into the photoresist. Typical temperature used
are in the range of about 20°C to 100° C, preferably 35° C to 80 °C. Silylation
times can range from about 30 seconds to 30 minutes, preferably one to fifteen

30 minutes. Other silicon agents and solvents can also be used. Other silicon

containing compounds that can be used are octamethylcyclotetrasilazane, 1.3-



15 having a primary or secondary am no noiety |linked thereto and may
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novol acs rate of about 0.02 liters per minute. A plasma is formed in the oxygen gas by
coupling radio frequency power of about 0.02 kilowatts to the plasma and is
15 continued for about 10-250 minutes. Other gases can be included in the reactive

chamber, e.g. argon or other oxygen-inert gases or hydrocarbon gases. During the
plasma etching process the bottom layer is etched rapidly whilst the top silylated
photoresist layer remains essentially intact. At the conclusion of this processing
step, a lift-off profile, with a cavity in the bottom layer is obtained, as is shown in

20 Fig. IV.

Metal may then be deposited on the composite. The thickness of the
deposited metal is less than the thickness of the bottom layer. The photoresist
layer is then stripped with a chemical photoresist remover . When a chemical
photoresist remover is used the solubility of the unsilylated bottom layer assists the

25 ease and cleanliness of the photoresist removal process, thus providing the
process of this invention with another important manufacturing advantage.

The foliowing non-limiting examples are presented to illustrate the present
invention.
30
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e1dni g TREBAYrafiattie %atﬁ%%o?ﬁ’t%hﬂ@ 1Ly %%ﬁ"e? to a silicSh (aldf by

incorporation of silicon intot photoresist. Typi enperature used
are in the rangpinspatingak3020mm.oThecoatingwastuaked bt/ 1708 Cder 60 seqandgonfadiot | C.

ot ef er abl y one Pl PRI igfas'of 15 BRicPitialbn s RRENAT, o fhsid 4 o
sol vents can alsyer bAZB 4805 fEsist(a diazonapmthoguinone-novolakoesist avaligbiedrpounds
that can be us ?—%egl'rls% C?e?atn%geerch lo%t(l:oln?ﬁﬁh%?érles?iétaﬂr%duésf was coated over the
156 antireflective coating at 4000rpm and baked at 110°C for 60 seconds on a hoiplate
to give a coating of 0.5um {micrometer). The second layer was exposed through a
mask using an exposure dose of 100mJicm sq. and developed using AZ® 400K
Developer (potasium hydroxide solution available from Hoechst Celanese
Corporation, AZ Photoresist Products) diluted 1:4 with water for 60 seconds. The
20 photoresist was then flood exposed with 2,000mJ/cm sq. of UV radiation from a
mercury lamp. The substrate was soaked in a solution of 5%
hexamethylcyclotrisilazane in xylene containing 0.5vol% N-methylpyrollidone at
40°C for 2 minutes and subsequently spun dried. Plasma etching of the first layer
was carried in a plasma etcher using oxygen at a pressure of 6 torr, flow rate of
25 1,000 cubic cm/sec and power of 250 watts for 8 minutes to give an isotropic profile
for the first layer.
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di chl or odi et hyl di phenyl di sil oxane, 1,7- dichlorooctanethyltetrasil oxane
and wioarasms hyl di sil azane. The preferred sol vents arcxusswezdrhat.
di ssol ve the silicon cont ai ni ng conpound, are non-reactive with
this conmpound, are aprotic, and do not attack or dissolve the
bottom | ayer. Typical organic solvents are b%ﬁzene, toluene, 5

xyl ene, ethers, and acetates. An optional step of flood
exposi ng the photoresist filmprior to silylation can be

i ncorporated i n Whatjselgsad iBnventi on. Fl ood exposure is carried out by
ultraviolet light, specifically ultraviolet Iight that will photolyse the
phot osensitive conmpound present in the photoresist conposition

1ﬁ nb which i 1Af t ﬂp@éﬂ for bbtainirtgfaalift;orfd Tmf 'I lrtgaprbﬁle Ml’mbh mpﬁ?ﬁmwstepsnﬁ

chanber which is . eyacuated and fi wi t h oxygen. e pressure
in the reaction @hanb@'?""ldéng)? %rtsh{.gyerOQp?asma etc g’e’?"a@f"a'l@%ﬂ”i said Fnag?ﬂ?fﬁ??e

gas i's introduced Intgﬁirﬁﬁ-\imig |e|9§'trﬁhadﬂeﬁf0.5hn?(rrfiér9mﬁter); rate of

about 0.02 liters per mnute. plasma Is formed 1 n the oxygen gas by

coupling radi o fb}queptyidinga secsndiayen comprisinga pbotaimageable mategrbemiopafid i s
15 conti nued forth%bfogﬁtﬁ%eg: 250 m nutes. Ot her gases can be included in
the reactive A Y, e.g. argon or other oxygen-inert gases or

hydrocar bon gaseg) Dufdnmihg dpattern in said secont &fyePwhich Rbinprisésibestegssf bott om
| ayer is etched rapidly whilst the top sil phot or esi st

[ I |.at ed
| ayer remains essenti SFIEGIvelY Spesingan %V%%?m%i%mm a8 s processing

step, a lift-off gyrofid q\ﬂ{ekg \ i i - &g Obt ai ned, as
I's shown in 20 & Fi&%tln V e%oﬁ@léyéﬁﬁmtﬁ‘aﬂ&@aﬁﬁllicgﬁdﬁagﬁétlhéérzd be deposited

on the conposi te.e)Theetd%iMéﬁﬁ layer isetropically in an oxygep etmesphiersst al i s | ess
than the thickness of the bottom |l ayer. The phot oresi st | ayer is
.then stripped with a chem cal photoresist renover. Wen a chem cal

phot oresi st reno2er i Fhepescessacsortingtd Claim dfwhebain thesfirktiapdrasdmprisesan!| ayer
assists the 25 .ease ncgl cl eanl 1 ness of the photoresist renoval
process, thus pr&&g?ﬂ'chﬁmlrﬁ@e vecoaling.  ,ygcess of this invention with
anot her inportant manufacturing advant age.

3. The process according to Claim 1 wherein the first layer comprises an imide

reaction product of at least one aminoaromatic chromophore with a polymer
comprising an anhydride.

4, The process according to Claim 3 wherein the polymer comprising the
anhydride is a copolymer comprising a first repeat unit having an anhydride group
and a second repeat unit having an ethylene group with at least one substituent.

§..  The process according to Claim 3 wherein the aminoaromatic chromophore
is selected from the group consisting of 1-aminoanthracene, 2-aminoanthracene,
1-aminonaphthalene, 2-aminonaphthalene, N-(2,4-dinitrophenyl)-1,4-
benzenediamine, p-(2,4-dinitrophenylazo) aniline, p-{4-N,N-
dimethylaminophenylazo)aniline, 4-amino-2-( 9-(6-hydroxy—3-xanthenonyl))-benzoic
acid, 2,4-dinitrophenylhydrazine, dinitroaniline, aminobenzothiazoline, and
amincfluorencne.

L



The following non-limting exanples are presented to illustrate the present
I nvention. 30 WO 97/ 33199
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Exanpl e 1 wo9733199 To a sol uti of RAB.ATEgr ans ¢f pcr/Us9TO2427

pol y(vi nyl met hyl et her - nmal ei ¢ anhydri de) and
cycl ohexanone, 28.2 grans of N (2,4-dinit g)phenyl) 1, 4-
benzenedi am ne were added. The sol ution "heated at 140[err]C for 4

9 grans

hours. The 5 conplete imdization of the reaction was nonitored by
I nfrared spectrosc ‘Fy The solution was adjusted to give an
antiref | ecti veScoat ThRpreeesaackeiding (i Glainplmberein hesecond layer complises BD

Ex le 2 10

Examp) & 2 10 alkalsoluble, wetef PSoiBle] ARL4cRfiG YEsifi 4Rl agﬁogasgg%gﬁem@d\dms

coating was baked at 170[err] C for 60 seconds on a hot pl ate. '
ti t hi ck 0. 25 ' t ta b

Cayer of Azferf] 1500 PEGHS AR G BH Ruber oA SO PR lonlST 3 aii}aavfyable |

from é&w&&;o% %ep?sséfeemahbiaras fufthePhgbphiedintdhaduedd . vas

coated over the 15 antireflective coating at 4000r pm and baked at
110[err] C for @yekseconds on a hotplate to give a coating of
O.5[err]m (mcroneter). The second | ayer was exposed through a

mask using an exposure dose of 100mJ/cm sq. and devel oped using AZ[ err]
400K 8DeV eTwpprocéssodacrsrdimg toyClainx 1 déersinh tHe polyrnerds hablelak resin or

Hoechst Cel anes
a?'nyroxystyrene polymer.

S The process according to Claim 8 wherein the photosensitive compound is
selected from the group consisting of diazonaphthaquinones, onium salts and
triazines.

10. The process according to Claim 9 wherein the diazonphthaquinone further
comprises a reaction product of 2.1.5, 2.1.4, or 2.1.6 diazonaphthoquinone or
mixtures thereof, with tri- or tetrahydroxybenzophenone or
trishydroxyphenylalkanes, or mixtures thereof,

11.  The process according to Claim 1 wherein the thickness of the second layer
is in the range of about 0.25um (micrometer) to about 1 um (micrometer).

12.  The process according to Claim 1 wherein the exposing radiation is in the
range of about 200 nanometers to 450 nanometers.

13.  The process according to Claim 1 wherein the developing step uses an
aqueous solution of tetramethylammonium hydroxide.

14. The process according to Claim 1 wherein the organosilicon material is
selected from the group consisting of hexamethylcyclotrisitazane,

as Been Replaced

LT T [




Cor poration, AZ Photoresist Products) diluted 1:4 wth waterfor 60 seconds.

The 20 phot oresi st was then flood exposed with 2,000mJ/cm sq. of W
radiation froma mercury |l anp. The substrate was soaked in a

sol uti on of VBO®7/33199 hexamet hyl cycl otrisilazane.in xyl EBFEUSEFR24Eni ng
0.5vol % N-net hyl pyrol | i done at . 40[err]C for 2 m nutes and
subsequently spun dried. Plasma etching of 44he first layer was
carried in a plasm etcher using oxygen at a pressure of 6 torr, flowrate
of 25 1,000 cubic cnfisec and power of 250 watts for 8 mnutes to give

A o D" Slthmethylcyclotetrasiiazare, 1 Edichioradimathyi diphenyldisioRgie, 172~
is claimed is: dichlorooktamethyitetraéiRRand aid RbiariehyMisifizhhé.t - of f 1 magi ng
profile which conprises the steps of a) providing a first |ayer of

pl asma etchabl e material wherein said material has afilm

t hi ckness | ess an -ﬁpé) clcslrdf )+ ; If,Ng a
second | ayer colrirtg)'ri Sl ngwg%% Ol naéeiagﬂ%eﬁng%%'%ﬁagtﬁpﬁgg%? ex;%s% tﬂb t he
first |ayer, secooyl layef priori to geatipg saidrsecond laperdvithearoondjahesiliconvdonmpound is
conprises the steps of .. sel ectively exposing and devel opi ng the
second | ayer; in m&?‘“%"@a@?i%eﬁﬁe second | ayer with an organosilicon
mat eri al ; and e) etching the first layer isotropically in an oxygen
at nosphere.

'



2. The process according to Claim1 wherein the first |ayer conprises an
organic antireflective coating. 3. The process according to Claim
1 wherein the first |ayer conprises an im de reaction product of at

| east one agiowmsmeati ¢ chronmophore with a pol yner COPQI/USS0Z22N -
anhydri de. 4. The process according to Caim3 wherein the pol yner
conprising the anhydride is a coppf yner conprising a first repeat unit
havi ng an anhydri de group and a second repeat unit having an ethyl ene
group with at | east one substituent. 5. The process according to
Claim 3 wherein the am noaromati c chronophore is selected fromthe
group consisting of 1-am noanthracene, 2-am noanthracene,
1- am nonapht hal one, : apht hal ene, N- (2,2 HiggtT ophenyl)-1, 4-

benzenedi am ne, p- (23 = jro ani | N,JNdercut profile
di,met hyl am nophenyl azgdgni ffi ne,BFlﬂé%n@%:% resist prot
Xy = 3= anthenonyl))-benzoig1_ cid,

4-am no- 2- (9- (6- hydrg
2, 4-di ni trophenyl hydﬁg’_‘l"ﬁe

dinitroaniline, am nobenzpthi azoline, and
am nof | uor enone. ; ;

e=daC eSS accordi ng t

t he second | ayer conpLisastian JdEE gl ubl e, m ng
resin and a photosensitive conp h _ .
Fig. 1 Fig. Il
) protecting cap
Top Resist “~ obtained by silylation
1-10 pym
Thick Bottom :
RBasist L ayer | metal
substrate
Fig. Il
metal\“
photoresist
cavi
/ ty

bottorn Iayer\ | metal
supstrate
Fig. v




7. The process according to Claim6 wherein a dissolution Enhi bi t or.

capabl e of deconpopi R i} the p:ﬁesience of an acid is furth EPMEEMEN‘P"‘SHEEY‘

into the second | aye r%eess according to d ai mg%y@grﬁ t he
he

resin is a novolakjresin or a hydr ystyreng .pol ynmer. pro efs
according to d ain} 6] wiet & 1958 ph tosensitive corrpound I's selected from
the group consi stipgjof di azonaphtijhaqui nones, onium salts and tiazines.

Fur ther compri a8 b ao% 5@?%%5“%@92@'@% S el LSRR aRRE o

di azonapht hoqui raikati-solubles water msolubler filof-forming negim and arphotosensxtlve compound.

t et rahydr oxybenzophenone or trishydroxyphenyl al kanes, or m xtures thereof.
11. The process according to Claim1l wherein the t hi ckness of the second
llayer is in thez angeh®proabes dcclrdi] !é@lhﬁﬁé%éféiﬁ@ﬂ%"sbluﬁéh iARBHGr chpalsie bf M
(mcroneter). 12. The process according to Caim1l wherein the exp05| ng
radi ation i s i ndesempesitige inthepsespnce @han arieiefudher 'ﬂ@@%t%ﬂ‘@m sgeend 13
The process accgj yg*. ng to Claim1 wherein the devel oping step uses an
aqueous sol ution“of tetranethyl anmoni um hydr oxi de.

8.  The process according to Claim 6 wherein the resin is a novolak resin or

a hydroxystyrene polymer.

S. The process according to Claim 6 wherein the photosensitive compound is
selected from the group consisting of diazonaphthaquinones, onium saits and
triazines.

10. The process according to Claim 9 wherein the diazonphthaquincne further
comprises a reaction product of 2.1.5, 2.1.4, or 2.1.6 diazonaphthoquinone or
mixtures thereof, with tri- or tetrahydroxybenzophenone or
trishydroxyphenylalkanes, or mixtures thereof.

11.  The process according to Claim_ 1 wherein the thickness of the second layer
.. isinthe range of about 0.25pm (micrometer) to about 1 pm (micrometer).

12 The process according to Claim 1 wherein the exposing radiation is in the
range of about 200 nanometers to 450 nanometers.

13. The process according to Claim 1 wherein the developing step uses an
aqueous solution of tetramethylammonium hydroxide.

14. . The process according to Claim 1 wherein the organosilicon material is
selected from the group consisting of hexamethylcyclotrisilazane,

L



14. The process according to Caim1 wherein the organosil

sel ected fromthe group consisting of hexanethyl 6 ri Iﬁﬁgm’
97/ 33199 %¥ q%
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oct anmet hyl cycl o silazane, 1.3-dichlorodineth di phenyl di
di chl or ooct anet ﬁt{ft rasi | oxHTRED ATRLACEUAL RRGPERTY O ':’y 'F?i‘}do
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(57) Abstract

A process for obtaining 2 lift-off imaging profile which comprises the steps of: a) providing a first layer of plasmn etchable material
wherein said material has a film thickness less than about 0.5 pm (micrometer); b) providing a second layer comprising 2 photoimageable
N material on top of the first layer; ¢) forming a pattern in said second layer which comprises the steps of selectively exposing and developing
the second layer; d) reacting the second layer with an organosilicon material; and &) etching the first layer isotropicaily in an oxygen




