- g MAR 2005 WD 02/ 23602 PCT/ US01/28568 METHOD FOR SELECTI VE METAL FI LM
LAYER REMOVAL USI NG CARBON DI OXI DE JET SPRAY BACKGROUND OF THE FNVERRIZH§
Field of the Invention This invention relates to a nethod for the selective
renoval of Qg zgg filmlayer accunulated .during "lift off' processing
of substrat e e ¥R\ udi ng wafers, integrated 5 circuits, TEYROVIEE (he | ke
using a stream of carbon dioxl de spray. Description of the Prior Art In the
processing of integrated circuits and the Iike, a comon nmethod for form ng

a patterned condMETHODSHGR SELECHVEMEPAE FIIM L AYER REMOWALh typically
I nvol ves depositing a photoresist layer on the substrate I'ch is -
patterned such that the 1JSINGICARBON:DIOXIQE JEI SPBAYhe portions of the
substrate which will not have the coating of conductor material. The

photoresi st |layer, is generally exposed and devel oped such that when a
nmetal- | ayer is subsequently -exposed over the entire surface, the portion of

t he net al . of the photoresist |ayer is

di scontin BAL F&?@ Pq‘k@l ' e rectly on the substrate (the conductor
portions). This discontinuity is 15 typically achi eved by devel opi ng the
pattern. sid V\Pt“ of the photoresist defining uncovered areas with an
under cut p#-&ﬁ-?-e—ig—%ﬁ%ﬂete the patterning process, it is then necessary
to remove the unwanted netal |ayer deposited upon the photoresist |ayer

and subsequently the photoresist |ayer itself, |eaving the conductor
portions i Aig dention relatesdaiss methas fopthersrlegivegiemevel eitiednetahfim: layes

met hods f ogccaiimMEY cﬁfrm&ﬂ ?roéla@glnp%té?{?%gét%% :hap&:'h wafe%urlhtjagha?éﬁ:h
processing. ~ Prior convent i ona S 1Nnvo soa
subst Bat esleC?@l‘fs rrawsrﬂs@rtbe like usingiatstbarm of carhanadioXidd sprayt he deS| r ed met al

| ayer coul d be -

Description of the Prior Art

In the processing of integrated circuits and the like, a common method for forming a
patterned conductor layer on a substrate is a process which typically Involves
' depositing a photoresist layer on the substrate which is patterned such that the
10 ~ photoresist layer covers the portions of the substrate which will not have the coating of
conductor material. The photoresist layer, Is generally exposed and developed such
that when a metal layer Is subsequently exposed over the entire surface, the pbrtion of
the metal layer deposited on the top of the photoresist layer is discontinuous from that
deposited directly on the substrate (the conductor pertions). This discontinuity is
15 typically achieved by devsloping the pattern side walls of the photorésist defining
uncovered areas with an undercut profile. To complete the patterning process, it is then
necessary to remove the unwanted metal layer deposited upon the photoresist layer

and subsequently the photoresist layer itself, leaving the conductor portions in tact on
the substrate.

20 The prior art reveals numerous methods for removal of the metal and'photoresist layers .
during such processing. -Prior known conventional methods involved soaking the
substrates for many hours In a suitable solution before the desired metal layer could be
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*@00002* 9 MAR 2005 WD 02/23602 PCT/ US01/ 28568 renoved so that the
solution could penetrate~the photoresist through the side walls SihMaRr 2005
acCess to the photoresist is significantly blocked by the netal |ayer.

Vari ous re taught which attenpt to increase the ed by which

t hese |ayg%‘i&§"2ﬂ%"2 renoved. For exanple, U S. Patent No"CTZ&@H? @%9

Casey et al. teaches the 5 application of an additional |ayer of materl al
whi ch has sufficiently different thernmal expansion properties on the netal

filmlayer 5083 sbndtHE SBIutibh &l e h%gt#??sust tﬁrcﬁtfb‘;\ntgsts?de\il |sm'| ayer

for i rrpr ove solvent penetration an nore 1Cl en
di ssol vi ngsingé aMSﬁﬂoﬂhﬂ pbo@reﬁlstyerslgn#mmly blacked byithe mmmamavmua:ome

| ff ly |
{erer at ur ReTERR ARG AfkedtF BblezBe BFERA LT wrt b Sr s RS Y ogen
T s e, e oty drmemuec
net a .
propePt i es@RAICYQD op?ﬂ)f‘lg‘?ﬁ étlaYe& majenal L‘J@'Q"héa ?'P'&tﬁmd'ﬁ@&%gﬂﬁmﬁbnm | e
~ cracki ngedankiBR proftrtcy &6 thel hewPiih 1By dotisabliffiRe shlebbanaRatdecdbiaine Jr.

process takes a shorter 15 period-of time than the prior conventional
sol vent solaKhe gneial filmdayeri for upoxed §°|Wf§ renetration and frusamere-sfiicient anshel v

| ow t-enper lb\te‘?dfégglvfnla tt?éer@%t&e% gltress The McCune process may al so

require a dryin ondensatlon after the substrate is
renoved fromthe nitrogen bath. McCune al so does not provide a nethod to

becom ng. U AN+ &1 5 s WRCtha IFiek Al BRGS Sibibotbd At iteh o
for et al to@ﬂnff&mm umrerﬁpeﬁatwes ptd@@‘hbl@zttfy méshs sfimbiersian IiPatbatt ofRyuid

4,631,250 to teaches a ess for renmoving caovering filns from
t he surfac@trese wlibus pxftame fpe als "PPRSA R0 LRYSA rmal@fﬁmwa@ted@@tal

particles. gdd p%téﬁés@tola?éﬂ%' SN@tthﬁe rcﬁﬁétbﬁteﬁtefrlﬂalcﬁx%l\%br ﬁoﬁie\‘t?eépgpﬂfét es

to renmove the 25 fi'l yers I's cool ed and accel erated by m xi ng
sanme with Piotegsistt Iayﬁe S(pl’S&@ thousubstratte c@gingartensilee scragkinge at uthener

b oy, "ThoPiotfRslBGIRRRl fheitader, MG TSGR IE M s SRR B RReL 0k
phot dibesi sperruds:litlrhed:hamths pbmtaoantbualfsab/ent doakingenethddss it Eiljeqtathic entise

282332? g?néubstrat:e °6ktre IyHEl‘g\Ka}stempera!t'ure an fh%g stlgcl)-l?f c%%tm gesnsg trﬂetl\ngcgr?et al

process may also require a drying step to remove the condensation after the substrate
is removed from the nitrogen bath. McCune also does not provide a method to dispose
of the_ metal after removal which may result in the nitrogen bath becoming saturated

20 with metal particles and thus cause the potential for metal redisposition on the’
substrate.

United States Patent No. 4,631,250 to Hayashi teaches a process for removing
covering films from the surface of a substrate by blasting the film with a spray of CO,
particles. In order to achieve the required force and abrasive properties to remove the
25 film layers, the CO, is cooled and accelerated by mixing same with N2 gas at the spray
source. The CO, particles may be further mixed with fine ice particles to increase the
abraslve properties of the spray. The method dlsclosed in Hayashi may be suitable for
removing a baked photoresist mask froma substrate surface, however, the CO; particle
bombardment disclosed in Hayashi would be far too damaging to the metal conductor
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2 - 9 MAR 2005 WO 02/23602 PCT/ USO1/ 28568 portions since would tgsd A0 005
undesirably and, indiscrimnately renmove the netal . conductor po tv g
given its force and abrasive properties. In light of the prior art

descri bed here is a need for an inproved process_to selectively
renove the%prr(gyzz*wfzayer accunul ated during lift off patteFhPHPYF ess while
5 ~ not damagi ng the conductor portions. SUMVARY OF THE INVENTION It is an
object of the invention to provide an |Inproved process to selectively

renove t hFortiGﬁé alindeaWBlild2ERHMel ah@skirablyt v, RRSCARRSAtSy fenycve ther matalt he
waf er " patterni ng process while not dafmagi ng the deposited the netal

conduct or cpreuctasportions givendisderceandalipsiye BiOPERIBECt ' of the inventi on,
there )s provided a process for selectively renoving a netal |ayer
accunul ated on a photoresist |ayer during substrate patterning process
conpri si ngn ligre of the priorragt desapibed abovattheny ia asneaskior an iMpgovedrareeaasdo Co

snow, providing,a substrate, incl udi ' skl I m
sayer on 158%".“%!% re%v&tﬂ%me&arlE@{%S&F@g}-@?tggﬁhﬁlﬁémﬁﬁE%@Jﬁg@oﬁ Oé[%'rg?'\}hg%s; sai d
met als il mot darRaging theednductot pordionguct or portions being of |ike conposition
and bei ng discontinuous fromeach other; said nmetal conductor portions
being in contact with said substrate surface; applying said streamto said

metal filmlayer thereby rapidly cooling said netal |ayer and causing

portions of said netal |ayer to debond, Iift and peel from said photoresist
| ayer mhiEﬂ&ﬂMﬂ&ﬂU@ﬁl&Eiﬁﬁﬂﬂiﬂﬁﬁibnductor portions Intact. 20 The
application of said streamto said-netal |ayer causes thermal shock to said
phot oresi st | ayer producing a plurality of cracks in the surface of said

met al | aydtis affbbjectof #rukiaventionda providerar iogrovgd arodesatn seledivelysemoviethal edge.
metal layer accumulated on the photoresist layer during the wafer patterning process
while not damaging the deposited the metal conductor portions.

10 In accordance with an aspect "of the invention, there. is provided a process for
selectively removing a metal layer accumulated on a photoresist layer during substrate
patterning process comprising the following steps:generating a stream of high pressure
CO, snow; providing a substrate including a photoresist layer, a metal film layer on top
of said phoforesist layer and metal conductor portlons; said métal film layer and metal

15 conductor portions being of like composition and being discéntinuous from each other;
said metal conductor portions belng in contact with said substrate surface; apblying said
sfream to said metal flim layer thereby rapidly cooling said metal layer.and causing
portions of said metal layer to debond, lift and peel from said photoresist layer while
leaving said metal conductor portions intact. - '

20 The application of said stream to sald metal layer causes thermal shock to sald
photorésist Iayer_producing a plurality of cracks in the surface of said metal layer. The
cracks typically including at least one loose metal edge. |

Preferably further steps are provided as follows: directing sald stream at said cracks
and preferably sald metal edge such that sald stream causes further portions of said
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Preferably further steps are provided as follows: directing said stream at
said cracks and preferably said netal edge such that said stream caseR 205
further portions of said -3 9 MAR 2005 WD 02/23602 PCT/ US01/ 28568 net al

| ayer to d ift and peel away from said photoresist |ayer: and

conti nui ng g%sl Cation of said spray to said~substrate REPSOI28568 ent i r e
netal |ayer is renoved from said photoresist |layer. The further step of
further continuing application of said spray to said photoresist |ayer,

t her eby regnyi surface.l aver of saj hotoresi st, | ayer and | eaying a
r enai n?/ng %@@?%&@Pnﬁa@ Qﬁgge%eavfﬂ’ydfhrgéﬁ'd priqfsﬁ'a ayer, @Bﬁf’?%‘é’ﬁ"g
treat ment giplitdtionofshicspray tosaidBidbshatuiittie itifs nidta Wfer Id¥@mved RS St
and t hus rgﬁ)ves anétheaw y ‘cross-linked layers creat'ed during the .

met al i zati pheferesist lavar.accor dance with yet a further aspect of the

I nvention, preferably the tenperature of 10 the substrate is raised and
mai ntai ned at significantly higher than environnental tenperature. By
keepi ng the substrate at this el evated tenperature, the C02 spray wll

cncour nge T tfuthetdiés SRt Gher cohiihiify Sbpifth ortSiaP oRaliind ke B,
candu@i olr ’qm{e;ahyﬁ'a?oghgaa: a?nﬂactedra?etcmﬂ gati)d {)hmt?ms% injer zind léavirugaatre?hmgt t h?t
the neta e I rec Q S SL,rate,, as 00 er cont ac
and t hus r-%sﬁ?%y?lrsmﬂ QE’Pg’r%oé?‘é{‘f]?fi]'g?re\%%t?l)é'ﬁnf'%l@%?a}%eaﬁgttng3“ WHesi st

| ayers do~QQl, seswparibies afcdesaHs pHoforosfs? ahd i ré'ﬂanl@ééﬁWﬁé’é\ﬁch%QIiﬁked and/ or

crack and peel and thus be renoved. The portions. of netal 1ayer and/or
phot or esi slBYeravEsatedduringthedpetalization peacesst in a filter. Preferably after
the metal |ayer and the surface |ayer of the photoresist are renoved, 20 a
photoresist .strip such as a sinple chem cal strip, such as acetone, NWP,
or a~ dry Inesaerdgnes withyet afuntbeeasiept ofdhe tnwentidn, preferablyrthe temperatuwe of esi st

leavifg theSURSHER!E ralciaid SIRERTa SR r%%"ﬁﬁc%rntlg q’fi&ﬂe?nt%'an environmental
temperature. By keeping the substrate at this elevated temperature, the CO, spray will
cause removal of the metal film layer upon the photoresist layer and encourage the
photoresist layer to be removed while keeping the metal conductor portions attached
directly to the substrate in tact given that the metal attached directly to the substrate
16 has good thermal contact and thus maintains its térnperature, whereas the metal and
* photoresist layers do.not and thus are caused to cool and differentially shrink, and/or
crack and peel and thus be removed. |

Thg portions of metal layer and/or photoresist layer removed may be collected in a filter. -
Preferably after the metal layer and the surface layer of the photoresist are removed,

20 a photoresist strip such as a simple chemical strip, such as‘acetone, NMP, or a dry
ashing process completely removes all the remalining photoresist, leaving the substrate
with undamaged .conductor portions.

~ Anadvantage of the invention is that the process causes rapid removal of the metal film

layer which accumulates on the photoresist layer during the forming of patterned metal

25 conductor layers on substrates without damaging the metal conductor portions. This
is achieved withaut the inclusion of additional materlals such as an additional metal
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An advant age of the invention i$ that the process causes rapid renoval of
the netal film layer which accunul ates on the photoresist |ayer~ @u¥Ahgilhhe
form ng of patterned netal 25 conductor |ayers on substrates w thout

damagi ng ttgfogizzé?d? conductor portions. This is achieved wthout the

i ncl usi on o P¥ional materials such as an additional Tet%0V2868 . o \waR
2005 WO 02/ 23602 PCT/ US0128568 | ayer for causing m crocracks in the netal

| ayer, nor w thout exposing the entire substrate-to extreme stress such as
that causdavasyfor gaesiag Jpiciagragks Np the rpetal layaiBjos Witheyt exposing ithe: entireer t o
| ow t enper, : ' ' ess_ einjgT), oat t he
oAl otr i iaras fo g Sraft At 88 nuroRiagh t rmBlRFFRC A NITPERGS | i
met al fi | rasblecting theepntine wafer dovlew deraperstirgs.s pAcfedheradvantageeis. th@hthepr ocess

al so remy th eavi | r,0ss-linked, skin | ayer, t.extures, a i Aduces
cracks in Rrﬁéessﬁﬁﬁ'gﬁ%?ﬁ trh‘é rﬁ%ﬁf%ﬁl%gﬁr%?',‘d %lﬁélsﬁ?a‘ rﬁ??ﬁ@@dﬂ&‘@e@gﬁ‘?‘é’ﬂ?y
absor pt i orthiekthetal flintk dresxtreaelyiarrowendaieyely spiticetl mol¥ifines. THY REEHsiald
t he~dry ashin rocess above ﬁsﬁéjﬂe gqotoresi st strip, the invention
or ovi des REO¥eY, e Peanly ssaiinkest SR |B¥Am dHUiesn AN biypes; ook e ess.
Further f Qﬁfdbﬂﬂﬁgf; Bhofohésidt e brétRotiMg! fhstBEsdl@sit abB&PtioN ald tpidRGRSVR gPPar ent
in the course of the follow ng detailed description. BRI EF DESCRI PTI ON OF
THE DRAW Nbsphotorsissr When incaporating e &y ashipgdresass sbbeaias thephpteresisbd, t he
preferred | 15 I ri | | y of
Ecanpl e, v fennvntioh ploVel the Miorndatt abFafiEas dr iind B EihAReNED™ Y g
a scHénat iprocksawi ng of a typical patterned wafer after the netalization
step;

Further features of the invention will be described or will become apparentin thé’ course

of the following detailed description.
- BRIEF DESCRIPTION OF THE INGS
In order that the invention may be more clearly understood, the preferred embodiment
15 thereof will now be described in detail by way of example, with reference to the
accompanying drawings, in which:

Fig. 1 is a schematic drawing of a typical patterned wafer after the metalization step;

Fig.2is a schematic drawing shoiwing the application of CO, spray to the metal layer
of a typical péﬂerned wafer and initial stage debonding of metal film layer;

20 ° |Fig. 3 Is a photomicrograph showing a wafer after metalization prior to applying the
preferred process of the present invention;



Fig. 2 is a schematic drawi ng showi ng the application of C02 spray to the
netal layer of a typical patterned wafer and initial stage debondigngAg)f-
metal filmlayer; 20 ~, Fig. 3 (s a photonicrograph showing a wafer a IZ@F
netalizati rior to applying the preferred process of_the present

i nventi on; Q{?%B)z’ 9“f~4R 7005 WO 02/ 23602 PCT/ US01/ 28568 Fi RCT/USK1/28548

phot om crograph showing the initial peeling action of the CO02 snow spray as
a portion of the netal |ayer on top of the photoresist is renoved using a
pr ef er r ed Fighdde a photemicriegraphehewingithe initial peelingiagtion-ofthé €Cy spbwisprayasogr aph

orocess. oft oo LB rhTaldh U 8330 366 BrBRRGITs Mo v B ety o ©°
after the pooafssiof b presemtdisvention;he present invention and after chem cal

strip of residual photoresist; Fig. 7 is a SEM photograph of -an edge of a
gold netal conductor portion, confirmng that there has been no damage to

the devi cFigfs &y a pHbidPhibicaraphOsHIMNG Y ERdeP6utiires a5t Hils Bk eﬂ&segﬁo}gm

invention; and ~, Fig. 8 Is a SEM photograph of an edge of a ‘gol t al
condugt or FPENMNGAMPEiITe Progessof the braseatiBvertienpr ocess of the present -
I nventi on. DETAI LED DESCRI PTI ON

Fig. 6 is a photomicrograph of a wafer after the preferred process of the present
invention and after chemical strip of residual photoresist; - '

Fig. 7 is a SEM photograph of an edge of a gold matal conductor portion confirming that |
“there has been no damage to the device after subjection to the preferred process of the
10 present invention; and

Fig. 81s a SEM photograph of an edge of a gold metal conductor portion subjected to
the preferred process of the present invention.

DETAILED DESCRIPTION

Shown in Fig. 1 Is a typical wafer to which the typical lift off process is applied for
15 forming a patterned conductive layer. In the lift off process, at least one layer of
photoresist material 10 is deposited on the portions of a wafer substrate 12 which are
not to have the conductor materlal positioned on the substrate. The photoresist layer
s exposed and developed in such a way that once metal film material is deposited over
the entire substrate surface in the metallization step, the metal film layer 14 deposited
20 on top of the photoresist layer will be discontinuous with the metal conductor portlons
16 which are deposited directly onto the substrate. This will allow. for subsequent
removal of the metal film layer 14 on top of the photoresist layer while kesping the metal
conductor portions 16 in tact upon the substrate, as Is desired in the patterning process. -



Showmn.in Fig. 1 is a typical wafer to which the typical lift off pro‘fezag IS
applied for 15 form ng a patterned conductive layer. In the i T8 WA Al
prbcess, at |east one |ayer of photoresist material 10 is deposited on the
portions of a wafer substrate 12 which are not to have the conductor
material pSQ%H&d on the substrate. The photoresist | RfFUSILF8E68:y nosed
and devel oped in such a way that once netal flmmaterial is deposited over
the entire substrate surface in the netallization step, the nmetal film

I ayﬁr ﬁ4 d@@@lf&drﬁﬁgﬁﬁbmeenmefél cbdmlqgisrw?siwandmeeal_laydgHg_lsqordf'ermti I’IUOES
w t t he t,a onduct or oftlon [ re deposI e Irectly onto the
subst r at egc“:}'l‘?u‘feg qqpfyérpg @g/phﬁpr%?@am%qtgﬁﬁ)g?wﬁis {%gth%?‘éq’toqul% | ayer
14 on t Odgiinind indiieFel Sehsbf thaXabstidté 12 hses Bh Addrod JTBIB] The PRAELOT

portions 1 act upon the substrate, as I1s desired In the patterning

process. B-the-adiitigarobitesmels! @ganm%ﬁriabglemsétysawerﬁbecﬂnﬁta)aurufan@i.ty _
b : .
ch o BoBlistr O 68 AR 4 8301 A0RRI: TEVE ol GBI PR SRR

achi eved e phot oresi's ayer suc
t he phot odissortinuityibétweiendhelayenct depbsited awotal 4tdndop afthe photerdsist teyee1Gn

undercut profile. . Th ext ste s the,additiopn of the tal. copduct or

i or ol BpEe Pate! BFdUEH 2okERe b e ASeek et dE bR 1S of ¢ he
phot oresi st have an undercut profile, the desired discontinuity between
the | ayer _of dePosited net 14 on toBFof t he photoresist layer 10 and the

|
met al conBIReERY.#R EQQ@N@V%BQM’&" gPrayceysiemdnay, ke 4ispd o geaerate apdi eved. |
P f bl UMl .|| 1 . . t
< AR il I O g .

apply the or snow essuri ze Iquid
car btth di sleretkiniaseuroe éahki throagh @jetepraynkzaie and gtifice dssembiy alytheabove and

The meana 060 Rs@bingq BRKSre, B0 G BF BE TR BT SRR Cand AGIIRE i o
Ui Fod St at e Patont Hor B aiE o e O e St e ar. Pt ot ceon & eani n
By et SpPSPIAIFSaH (i desibd inbise Stees Htadiie; g a qreq Bystems °2 "
" Envi r onnpsiiréciSion 0168niMPBR Ut Stsray VEHICOnitddestatesi RElGt No? 51328, 56t5éritiieg of the

present invention, the contents of ich are incorporated herein by

r ef ef2nce ENPABGHHR! CRplel ARparatus’sv hiéihaew assighafl fytheassignee sktherpieseritay al so
be utilizggehn, HiFchitARESAVAE e iﬁcflﬁ'por'%f‘éoq"ié?e_ih BYF&¥btdNee. Although these

patents teach cleaning assemblies, they may also be utilized for the processing of the

herein invention.

In particular, the process of the herein invention was tested using an ECO-SNOW™

_20 © GO, Jet Spray System namely the ECO-SNOW™ ACS 1600 Jet Spray System of the

' " assignee. During said test, a GaAs wafer was maintained at 60 degrees Celcius. The
tested wafer included a bhotoresist layer in the neighbourhood of .97 microns thick and

a metal layer comprised of titanium (250 Ang) platinum (500Ang) and gold (5200 Ang).

Shown schematically in Figs. 1 and 2, the substrate 12 is preferably disposed in the

25 cleaning assembly (not shown). A nozzle orifice assembly 19 which emits the snow
spray is directed at the surface of the substrate and its metal film layer 14, preferably .

_ orlented atan angle of 30 degrees. The angle may be varied within the range of 10 to

40 degrees. The carbon dioxide spray 20 causes a mismatch in the thermal coefficient

T



In particular, the process of the herein invention was tested u5|ng an

ECO- SNOMM 20 ~ 002 Jet Spray System namely the ECO SNOMM ACS 1690"ARe2005
Spray System of the assignee. During said test, a GaAs wafer was maintai ned
at 60 degrees Ceicius. The tested wafer |ncluded a photoresist |ayer in
the nei ghbolPR¥BE%f .97 nicrons thick and a metal |ayePCEEMIRPERY of
titanium (250 Ang) platlnunl(SOOAng) and gold (5200 Ang). Shown
schematically in Flgs. 1 and 2, the substrate 12 is preferably disposed in

e o2 b EABAPER ] b B B bt AogBra G 10 BEBREBR Rt 1 "

metal fi |6ﬂth§¥ﬁétaﬂéyerﬁb&fe@bﬁ@lfrbm therplﬁt&reasﬁhyemoarrmeemine?ﬁmdewnem The
angl e may be-.varied w thin the range of 10 to degrees. The carhon

o oxt do. Jbepondhe Gasmaticies Of e gprey: 201tk dehanded Todet BYPLRRMONS 1480 AR
2005 WO 0gy, e %%6%3@5 Srihs ?lé’ﬁaﬁ'tﬁé‘]g%%wtﬁ@b%tofésllép b%\% 14 and

photoreS|st causin ortions | ayer debond

fromf he ings Bewidstar aheto @ogranbsnﬁhemabwaferaagﬂmctedéql}ﬁa@!ﬁpatt@nlgas
particl es_ of lg 4! vveeps
Phe. deboniibgehdfiaRAdns Sondtishi MERRRRHS, PRI 14 BoRdilaters 367 ric
Shown ~ i 4 ||R_:lS§'8t683h0.mitlal paelmgoﬁnibnmfcblne)gagphewmpram acpstthnedféhe g@tal

subj ect ed, f I, g (i ncluding conductor
portions %er %Pétto hgﬁ%%éﬁ&%&g%yeya 'gf}%ﬁ@e@ Fig. 4 illustrates the
initial peeling action of the CO02 snow spray as a portion of the netal

appl i cat | GANBORRPRIBSLEYRD Ihg ol e Fiion ecml3Hok e RSBV EURAT | ayer

10 wyg ch wwh&ehds fbaéai@ell Paeraekeﬁkény ﬂi\eﬁl‘]ﬂor‘ﬂBﬁ@leﬂmtrePtl'iéﬁﬁltlhﬁééel affher the,
initial pees of the ' neta Typically these | arge cracks Include
iqyggyracks

a netal e#mgpsaliayer a4 Tipieally these nglmﬁ@m%al@dspam twhighibpearaythe co2
o ooy oo e Bigtrally dfaGielt 2SO0 shbfin IEHRIINI ¥t 1 TBieRle ke Earfiinl® |
of netal amﬂah layari attthe praférrach angle rof 38l degireqs, causing saird peeling of séfpaining Shawn
In Fig. portions of metal and initiation of the removal of portions of photoresist."Shown in Fig.
15 § Is a photomicrograph of a portion of the test wafer 30 after the metal layer has been
removed usingthe process of the herein inventlon. Further continued application of the
CO2 snow will erode the photoresist layer 10 and remove any crosslinked layers

developed during the metallization process.

Remaining portions, of photoresist layer 10a may be removed by a photoresist strip
20 which may be a simple chemical strip such as acetone completely removing all the
rei'naining photoresist portions. This may also be at least partlaliy achieved by the .
further apphcatlon of CO, spray. ShowninFig.8isa photograph of the metalized wafer
surface of the test wafer after applicatlon of the CO, spray and after chemilcal strip of
‘residual photoresist. - The photoresist strip may also be achleved by dry ashing, a
25 process known to those skilled-in the art which ensures that recondensation dees not
oceur on the substrate surface. If in fact the dry ashing process Is utilized as the
photoresist strip, the process is completely dry, thus enhancing the processes
efficlency: | '



15 5'i.s a photom crograph of a portion of the test wafer 30 after. II}& n@gfl
I ayer has been renoved using the process of the herein invention. rt
continued application of the €02 snow will erode the photoresist Layer 10
, and rermve an%q crosslinked | ayers devel oped during the netallization
process. #8 portions, of photoresist layer 10a meRFHEWAHed by a
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be at | easAs pppasedltb yprevidusekrevrbyafen eleahingt gretessps)| duringi the entirdbrdcesy ay .
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Further in accordance with the preferred process, the debonded and peeled metal
20 portions may be collected by a high efficiency particulate alrfilter (HEPA) or an ultra low |
' particulate -air (ULPA) filter for remdval and disposal. ‘Likewise so to may the
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It will bg appreciated that the above description relates to the preferred embodiment by
way of example only. Many variations on the invention will be obvious to those

25 knowledgeable in the field, and such obvious variations ‘are within the scope of the
invention as described and ¢laimed, whether or not'expressly desctibed.
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VWHAT | S'.CLAIMED AS THE INVENTION I'S: 1. A process for selectively renovin

a netal layer accumul ated on a photoresist |ayer during a substrateMAR 200
patterning process conprising the follow ng steps: generating a stream of
hi gh pressure C02 snow, 5 providing a substrate including a photoresist

| ayer, a netal filmlayer on top of sai d photoresist |ayer, and netal
conductor portions in contact wwth said substrate surface, said netal film,

| ayer and conductor portions being of |ike conposition and bei ng
di sconti nuod et ED) ASITHE IMVENTION f8d streamto said. netal film
| ayer, thereby rapidly cooling said netal 10 film|layer and causing
portions of 1saigﬁ\\metal filmlayer-to debond, |ift and peel fromsaid .
phot or esi st 1t ayeh pratiese foremieotigely 2boRy alm - Lons intact. 2.

g B ANl RouRId OB e ipsistim « b

The process | t i laim 1 wherern the a

sai d netal 4"“?13%5‘@"@&69%%%@@@% PeterAing) Pragass icomprisingdhe Falbwiressteps: | ayer
produci ng a pl urgdnietatingd steé=a4 6% high ' l..fi|lmlayer surface; and 1 ~
further5 conpri s;qrj}gwtgﬁg st eps of digr C?ﬁsﬁgé@g?gngwr eam at said cracks such

that said stre §SWWE%WCMim Dpbotofeststiaoret Aot lnMdy8Y 85 tdiPor
ebond, i f saj@my i otoresi st tayer; and confinuin

appl i cati on %If rpggfibg&s'sptrlggé% %ﬁg g?‘%faé ﬁ@ﬁqﬂ reOQFh?’H In; prntagitwithe said tsubsfratem

| ayer is ref¥{asa $3idmetal fimihypéraaresmstal bévdictorgfritbns DGy Bf A& Sndiec! t ed

inclaim?2 | sing the step of further contiurng nggﬁqsgm on
of sai'd sprg’glg%%ﬁ%éfgg@h&%g?g@@?acﬁ‘aﬁg?? t hereby renoving a surface |ayer
of said phot or @plying sejcstreard td eati My resist layer. 4.
The pﬁgcessﬁ,ﬁﬁa);eggh gd i.n .claim3 fﬂ??]ﬁié?%r%lg%bﬁggélﬁwmgﬁ@ps%gnﬁéﬂl yi ng
a plhot orgsi St stitﬂﬁ) ?%S‘E%Pam_f:’@ﬁﬁfﬁﬂl%@etﬁhfﬂnﬂaysﬁtsk:lebbmj/,ﬁft_,agufpawif&gn§§1;'Hd
met al conduyghotaresigdayernihiRs t . remving ,said remaining
Dhot or 651 St sayer . _ﬁl iRBaviAg 5481 met%f‘c?d’n%%tor%gﬁions%tagf.

2. The process as recited in claim 1 wherein the application of said stream to

said metal film layer cause's_ thermal shock to sald photoresist layer producing a plurality

of cracks in said metal film layer surface; and

15 further comprising the steps of dlrecting sald stream at sald cracks such that said

_stream causes further port'ions of sald metal film layer to debond, lift and peel from sald
photoresist layer; and

continuing application of said spray to said substrate until the entire metal film
layer Is removed from said photoresist layer.

20 3.  Theprocessas recifed in claim 2further comprising the step of further continulné

application of said spray to said photoresist layer, thereby removing a surface layer of
sald photoresist layer and leaving a remaining photoresist layer.

4, The process as recited In claim 3 further comprising the ‘step of applying a

photoresist strip to said remaining photoresist layer, leaving said metal conductor

25 'portlons in tact, thereby removing said remaining photoresist layer.
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5. ' "The process as recited.in claimd4~wherein said photoresist strip is.a
chem cal strip, 6. The process as recited in claim~ wherein saBdvAR 2005
chemi cal strip is acetone. 7. The process as recited in cialm4 wherein
said photoresist strip conprises a dry 5 . asking process. 8. A process as
recited in claim1l whereby said substrate is disposed in an enclosed

. processi ng assenbly. 9. A process as recited in claim1l whereby said
debonded netal # <!m|ayer portions are collected in a filter. 10 10, A
process as recited in claim1l where the tenperature of the substrate is

I sed d ey ' . f, th  I; 1~1
orocess g r oot LA e PRt e RREL b Eal Ao VL S K ghenien

Cel sius. #P. A process as recited in claim1l where said tenperature is In
the. range of 30 to 100 degrees Celsius, 15 13. "A process as' recited in
claiml1l where said streamis appiled to said netal film layer at an angle

in the rafige cfhelprocess@s degedds clalid 5 whepsifGaib clismMIEAGHIER axbibnel @i m 1
where said streamis appiled to said nmetal film |ayer at an angle of 30

degrees. -12
7. . The process as reclted in clalm 4 whereln sald photoresist strip comprises a.dry

§.  ashing process.

8. A process as recited In claim 1 whereby sald substrate Is disposed In an
enclosed processing assembly. '

9. A process as reclted in claim 1 whereby sald debonded metal film layer portions
are collected in a filter. h

10 10, A .proces's as recited In claim 1 where the temperature of the substrate is ralsed
and maintained ahove the temperature of the environment.

1. Aprocess.as recited in claim 10 where sald temperature Is 60 degrees Celsius.

12, Aprocess.as recited In claim 11 where said temperature Is in the, range of 30 to
100 degrees Celslus,

15 13. 'Aprocess as; recited in claim 1 where said stream is applled to said metal film
fayer at an angle in the range of 10 to 40 degrees.

14. A process as recited In claim 1 where sald stream is applied to sald meta'l film
layer at an angle of 30 degrees. '
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