; fge3eZW (" 6T: @WD 02/ 23602 PCT/ USO1/ 28568 METHCD FOR SELECTI VE METAL FI LM
LAYER REMOVAL US| NG CARBON DI OXI DE JET SPRAY BACKGROUND OF THE | NVENTI ON
_Field of HlashBesention This i nvrﬂmmmmmﬂm stoa rret hod lf(qt/ug(,h/es.-,%gel ective
renoval of the netal filmlayer during "lift off' processing of
_substrates including wafers, integrates=5 circuits, masks and the |ike
using a stream of carbon di oxi de spray. Description of the Prior Art In the
processing of i n(METHOD FOR SELECHVE METAL FRMLAYERREMEVM for form ng
a patterned conductor Tayer on a subsftrate is a process which typically =
i nvol ves deposi ting a fASING SARBONDIOXIH) ] HRAY ate which is
patterned such that the 10 photoresist |ayer covers the portions of the
‘substrate which will not have the coating of conductor material. The
photoresist layer, is generally exposed and devel oped such that when a
metal |ayer i s subsequently exposed over the entire surface, the portion of

"the et aBAGKGRQOUNE:OFCTHEANMENTION of t he phomr@%ﬁ"%%@ﬂﬁ

di sconti nuous fromthat deposited directly on the he conduct or
portions). This discontinuity is 15 typically ach| | opi ng the

pattern ?’@la dﬁhbslh%miiﬂﬁ phot or esi st defi ni ng uncovereé#i’®areas with an

under cut ete the patterning process, it is then necessary
to renove the unwanted netal |ayer deposited upon the photoresist |ayer and

subsequent | y. the photoresist |layer itself, |eaving the conductor E&rti ons
in tact dmig inwestionrelates to axmethod forithe selactive\remayah ofdhe maetabfing dayearor

r enoval g r Si: or
nown codoaEated i o B0 fiSeersilP KF eRbiate RN CUHIERD figratoll
in & sui toﬁ'bblm,sﬁésltsmdﬂﬁm{@u,élhgacktmamdf a@ﬂbain dieyide speay.d be - V\D
(12/23(112 PCT/ USQL/ 28~68 renoved so that the solution could penetrate t he

phot or esi st through the side walls since access to the photoresist is
signific té ) i tal layer. Various nethods are taught which
at t enpt by which these | ayers nay be . renoved. For
exanple, U S. Patent No. 4,662,989 to Casey et al. teaches the 5
application of an addltlonal Iayer of material which has suff|C|entIy

di f f er entn thee pradessingxplaintagrategrainesits iamd tha likeearmenahoh inmethbd fer famirg at o

e S&@“?oeﬁaus o5t BB . B bR R o
oy chtr GEbokAls dhRRkORohn, otdicl ! A Vot it s
pr ef@r ablpholyresishiayeptoversthe porions ohtHeedubsiraté whichdwill 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 portion of
the metal layer deposited on the top of the photoresist layer is discontinuous from that
deposited directly on the substrate (the conductor portions). This diseontinuity is
15 typically achieved by developing the pattern side walls of the photoresist defining
uncovered areas with an undercut profile. To complete the patterning process, itis then
necessary to_ temove 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 formany hours in a suitable solution before the desired metal layer could be
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nitrogen and thus extrene thermal stress so as to cause renoval of the .
unwant ed netal and photoresist |ayers due to the different thernal '
expansi vewy @@8dz2i es of the photoresist |ayer versus the spbs{¢ahgsescausi ng
tensile cracking at the photoresist/substrate interface. Al though the
McCune Jr. process takes a shorter 15 period of time than the prior
conventional solvent soaking nethods, it subjects the entire substrate to
extrenel yemheyed 8BRAEAHE Soldfidn (COUR §é|§léﬂétb0cﬁ8tprﬁ$ééﬁ§s‘fst_tﬁ% SO NPAIRSS
may al so require a drying step to renove the condensation ter the

subst r at sirice acmessdd theguhatbeesistt is cigmifidanttly. blbcech dyatheomedadapert. farivusde a

met hod t ' f t fter | whi , It in th

o b 6 o Bl SR e S b s Bt 1 v -
tenti al t | [td t | ' t

o 1 ShodBfed= el G HE-LIS 0oty . Siblom o SHap i ITkamaR RSl

t he ssur f applicdtion slubs tadalittor2y dyersdfi matdriabwhidhThas Safficigmthadiffefer®@Rermal "
particles. In order to achieve the required force and abrasive properties
t o renovE&xparsion propertips partie matal v layer se @iscle inddcesrese AR €8UBY Cracksng

o ed i (h e At i 85 B indBYed SoivEaE oeEraiin ehyahy dhald pintleb? 3y
spray. Thgidket BrdoRirrolhethhdtordiftdyermay be suitable for renoving a baked
phot oresi st mask froma substrate surface, however, the C02 particle

bonbar dnent di scl osed in Hayashi would be far too damaging to the netal
conduct or , .2 12/ 23(} US(]I/,285G8 portipns . .since uld tend to
undesi r abl-y: gﬁt?\{‘\?h[lﬂ éﬁ#ﬁ%ﬁ&é eeftqiiemﬁﬁﬁ’ﬁﬁ .SUBWUS%”B@? gHbskatsi ven
it orc : ' | ' oV AT P11 ' :
abave, 1 2o oRRT IO TeRIRAELSS BrefbRiiy B metns SFinineRiof if o YRR br Redla.

met al | ayirogenandihas edtrdme thgrrhalfstrest Sopatd eaunsengnpovad efthewniwantéd natal
damagi ng tBe conduct o orté;oni. ntgu Y OF THE |NVENTION It is an ob{' ect
of the i A nPh%fRf%%sfpiad&rﬂ Ueh 10 niheo0 BT ohesmat @xpansivei PEIRertisfethene
netal |a : d e ¢phot ' I ugd t r

patterni ??g‘%@%%’gggl' I eﬁr}gﬁgdéﬁggiégggﬁh?’ dec%zglgl[ ed{‘%r&gemhﬁgpﬁhgnoal}cttgﬁ

por t i ons phbfbresistisulosteite daterzce. aAlthsugs theMébeneé Qvepidcess thkes @ shorter
provi ded a process for selectively renovi ngt a netal |ayer accumul ated on a
|

phdtdor esiPsfiof gfimedian the wimwnm@{ﬂqm selventsealingrasthodsnibsukipelg thenentire

ol | ow : . ; ' o
cubst 1 at S ERERS IR EREBERP IR 30RPErAH: Shd tnBb FioHiadd Syd orB S, §
phot or esipsbcdsaynay ald raglire adyiddee)s tRdve the coRUEnSBAGH aftér tHk kalstrarnd
metal 15 conductor portions being of |ike conposition and being

di scont i ftkamRoveddran dniiogen:bata MaoGing alsodaes notprovideiaomsthsed tagispose

contact w ' tface. a i said streamto said t al

cont act s el AR BL DA 280 B8 e iR Bebonith SefFoie o
saigh met ghith ARal Fartr&éw%d thdd canse Rﬁ@'pcftéﬁﬁ‘élsﬁirdrnléféltl%_ro‘?e,ziq%&ioha?ﬁrth‘@“ le
| eaving said netal conductor portions intact. 20 The application of said
stream t Gubsiratenet al | ayer causes thermal shock to said photoresist |ayer

producing a plurality of cracks in the surface of said netal |ayer. The
cracks typically including at | east one | oose netal edge. Preferably

Lo ey SR Sy ALAP Ao e o ] e BB Gy P
por t i ons coverirg timsfrom 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
abrasive properties of the spray. The method disclosed in Hayashi may be suitable for
removing a baked photoresist mask from a substrate surface, however, the CO; particle

bombardment disclosed in Hayashi would be far too damaging to the metal conductor
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WO 02/ 23G112 PCT/ USO1/28S18 netal |ayer to debond, lift and peel away from
sai d photoresist layer; and continuing application of said spray to said
_ substrat eygnbikeobhe entire netal layer is renoved from saipgdRRG|SR$1 St

| ayer. The fUrt her step of further continuing application of said spray to
- said photoresist |layer, 5 thereby renoving a surface |ayer of said
phot oresi st |layer and |eaving a remaining . resist |layer may al so be
provi ded. f ! O] nhn@finbilderifiividtane ravnblie GAZ metaW.
parti cl g@@dg@eghﬁogﬁoﬁr@;ggﬁ%ﬁht ugnrelrr;ove's any ﬁgavi |y cross-1linked -
| ayers ebaatedr gortiong diven iefate aadiamagive pesperties. accordance with yet a
further aspect of the invention, preferably the tenperature of 10 the
-substrate is raised and naintained at significantly higher than

envi £ onTEnt Al of GPGALAY BosBibdiPBBbNG iR BUBHIGER! forain eyl pYgsed to

t enper at cause renoval of the neta il mlayer upon
-t he photRy&sively reatee the thetaciayepgecurhdatetadurimeslifsoff batterning prasessmivied

whi | e keeping the netal conductor.portions attached directly to the

sulist r atretidamaging thevegndugiar RATHOR®t al attached directly to the substrate
15 has good thermal contact and thus maintains its tenperature, whereas the
netal and photoresist |layers do not and thus are caused to cool and
differentially shrink, and/or crack and peel and thus be renoved. The
portions of netal |ayer and/or photoresist |ayer renoved nmay be collected
ina f”w&lﬂ!@ﬂl@& netal |layer and the surface layer of the
phot oresi st are renoved, 20 a photoresist .strip such as a sinple chem cal
strip, such as acetone, NWP, or a dry ashing process conpletely renoves all

the remay ol N0 REOLRFUSS In nti&lﬁlg?c?’ hﬁﬂid@ﬁ@'\ M@Vé@?%d@s&*ﬁo peldatingy teraovelthet or

portions. "An advantage of t vention i's that the process causes rapid
renoval wietdl heyereicatimiuiated lomythe phivitertesist tayendutieg tiwm Weler PRIETBINGNTOEC Ty er
during the form ng of pstterneg aﬁ%?l 5‘ coHduE:tor l ayers on substrates :
wi t hout Whikegrhdamagingdng depostia ”ﬁi@tqoé‘ UCIOFROLNS: 5 chi eved wi t hout t he
inclusion of additional materials such as an additional netal -4 WO

112/ 23(r112 PCT/ US111/28SG8 | ayer for causing mcrocracks in the netal

| aygr, npl aebbriante axiBedmGspbet efittheeinseiid, athere ds eprovidied 8t prosessfoh as

that caused by immersion in an N2 bath or subj eﬁtin ,tCe entire %g{rtto
| ow t enpeelectivaly remroving eneetabl@ygnaeginulataden ap etor§$'5 layer dyring S$HASUES he

| i pger d veil ' LEh ' hi ck
Total 11 PRESEIaRBreREtg TR RGNS AORRELEPES gBhomuRE fbtredr bt fibh pfEssard 1 o
al so rempxesHE pheAding ¥ subrSretd intkirling & iphotargsist layex taumetal filmtayien doders

cracks in the underlying photoresist, thus pronotin fastﬁ%1 sol vent

absor pt i ohsaiddhotoresist layet and sretaheonsiusterrastians; spibmetaldiniaverandgmeid dary

ashi_ng process aboye as the t i TN i i (PTolVA he
o g 11 cGAnadoaRuHgRS BendceTBe S BbiRisRiorir Bhind BpcoRtfdo et tifer
features afdhﬁ@@{; Srpbritbd bdiRg fiesuitadtedthasaidéibstizte soraceapphying said t he
course ofg.t e followng detailed description. ) i
stream to said metal film 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 said metal layer causes thermal shock to said
photorésist layer 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 said stream at said cracks

and preferably said metal edge such that said stream causes further portions of said
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BRI EF DESCRI PTI ON OF THE DRAWNGS In order that the invention may be nore
clearly understood, the preferred enbodi nent 15 thereof will now be
descri bedwowxist@ | by way of exanple, with reference to tperass@spanyi ng
drawi ngs, in which: Fig. 1 is a schematic drawi ng of a typical patterned
wafer after the netalization step; Fig. 2 is a schematic draw ng show ng
the application of CO2 spray to the netal |ayer of a typical patterned

f
bhot om o SALEKBLIE PG e Rk el byl By sl PGSRsi v E: Sppitaritinge
preferre fgncmmf@‘and Bprav oSedid subytPate iUl thedentirdh8idl BbE i&removed from
PCT/ US01/ 28SC8 Fi g Is a photom crograph showing the initial peeling

action ofsatm@h@clewdﬂb’@'pray as a portion of the netal |layer on top of the
photoresist is renoved using a preferred process of the present invention;
Fig. 5 is a photom crograph show ng the undercut area that has been exposed
by 5 applying a preferred process of the present invention; Fig. 6 is a
phot oni crograph of a wafer after the preferred process of t he pr esent

i nventi-of f@tfdrthért&tepoﬁfurthmlcostmmpg@rpphemnouhmﬂsammpmy%said pHetorest layes, SEM

hot dge d f h
P ey TRmoh i, S R By aE of bad Pl TRl Taven end S ing aestaininey
process %sn&{\ﬁyéﬁnﬂ?%@d‘ﬁe gﬁ‘d\ﬁﬂéd OPrefafibl LPE P@He(ﬁ g%@ﬁﬁ%iomm %[l Be %tgan

edge of 'a go nmet alf conduct or por |on S referre proces

of the prGBgsiow paﬂmemodﬁéwpﬁadﬁmﬂim rehwvesiah ﬁ@vnﬂncréssahﬁkseﬂl cal
wafer to which the th_i ca‘a lift off process is applied for 15 formng a
pat t er ned@¥e5h giRated during dhe mefalization process. process, at | east one |ayer of
photoresi st material 10 is deposited on the portions of a wafer substrate
12 which are not to have the conductor material positioned on the

subst r at én adtsrdahes withsyeita fupther aspe&wwmvéﬁﬁoﬁ%féms@ thé téﬂ?@ra%ub@%‘f
that once netal filmmaterial is deposited over the entife substrate

surflace |Ihetshlbs#reteals raised ;and megintainesl absignificantlyl higher Jthaueepwmmemal on

port§ ons ERARORES Ehikteadiandttaie ol GRAeuAR Snbistatuia dr SR snimwil "
al | ow forca§§@$&ﬁé%|toﬁ tﬁ@%@‘cal(ﬂmtlﬁ‘i‘er@ogi tHe %%ﬂg%sﬁétp%ﬁepan& %TigBl & :tgte}

phot oresi st | ayer while keeping the I oNns
upon the ptlotm'eslat leyeuato be rdewived dvhile Rdwmmtl'teemetai@opducmmpom@s attathed

112/ 23(i 1 CI/ 50/ 8 h8 d t t al duct
vort | ons STECEND TErsHEStERpn feT vyt AL MR mptal GiAShEd dRpoll P Jhamgubsisate
h
Cincoy é?Z15'9‘“3rdé’?é’qﬁ?ﬁ?ﬁ'&i‘ﬁﬁ‘é&%’*&fte*ﬁ'ﬂﬁﬁ";@eﬁiFﬁﬁe'ﬁér e WieToas i B ey,
is the- a@dnotoreslsbﬂayenaedammmanddhulsxatmcau@detblcadol dﬂmﬁﬁéreﬂtlameshrﬁm@ apiior e

surf ace. Be et e wall s of the photoresist have an under cut
profile, q é@ncpt%us be removed. P

The 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 remaining 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 without the inclusion of additional meterials such as an additional metal
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di scontinuity between the | ayer of deposited netal 14 on top of the

phot oresi st layer 10 and the netal conductor portions 16 applied directly
_to the suRplhatri s achieved. Preferably an ECO- SNOMM QO3 cdaisoHpdsay Syst em

may be used to generate and apply the carbon dioxide jet spray or snow by

feeding pressurized liquid carbon dioxide 10 stored in a source tank '

through a jet spray nozzle and orifice assenbly at-the above noted
pr edet er kyaeiIpEaLsing enicrperagks i (tae dneiah dayffa MOT FWQJHE rRRasing, ths @ntire

P Dan noPWiTEEE 4P K RuBE AfeSOSINE B8 RAC TRlEEy My BRMEHIaN IhGhrCRS bathor o e
No. 5, 31§ut7,8@cirg1tﬁé badre Sirbem iow teinperaums. O Adfurther Bdvaatagspisathat dinel
rUnited States Patent No. 5,326,560 entitled 15 "Environnental Contr ol

Appar at uptocehs eliminatea ths oetal stringeie and ypiimaeually asseciated with metablift-pEef t he

t f whj ' i ted h in b f . A h th
«pat et s kol iy Ao dESaREIREBy SRk FoRal sreat piRtalinds, dASFEpotsico
processi pgmales fife MIEQIN dray&Rke skihnl(%@rti&mr@é; ahBeinALess radks tehe
herein invention was tested using an ECO- SNOMM 20 C02 Jet Spray System

nanel y t had&ihghpitresies thieo promotirgpiaater Sphtemtrabsorptionzarsl mapicrermoval i0f

vator e ShPisuston FhelaccBapiPolRe chbasing Mbcs A 4 b cep SR
thick an i E1Lan) NgdinA! t.dﬁ%ib

an:j gol dgt(r@zg@éZﬁ\é%ﬁY%Lg&g\ﬂgéigﬁgtsﬁégﬁ%ﬁl %d@rétéé@lﬁaﬁ%mg,ét%e su@%ﬁ?g) 12
i s 1or ef eppdregsdi sposed in the 25 cleaning assenbly (not shown). A nozzle

orifice assenbly 19 which emts the snow spray is directed at the surface
of the substrate and its netal filmlayer 14, preferably oriented at an

angl e of [ : ; o EAel e : 40
dear ces. FREEERRERs of 8% RSAEIRH 58 Rk BlibE o Wibeto b arER Fhns e
coeffici gfthe followMgQidthéd deddrbtidrl/ U S111 /28518 of expansion of the netal
filmlayer 14 and photoresi st layer 10 causing portions 14a of the netal

| ayer to debond fromthe photoresist |ayer 10. The nonentum transfer

bet ween the gas particles of the spray 20 and debonded netal |ayer portions
1l4a sweeps the debonded netal portions 14a fromthe surface of the

phot or esingESﬁEg@Rﬁp'rerﬁi@p.T@E DIRAWINGS phot omi crographs of the test

waf er 307 subjecte o Il off patterning processing (including conductor
portions 16, netal 14 and photoresist layers 10). Fig. 4 illustrates the

initial peeljn i on of, the 2 snow spray as .a portion_of the netal

| ayer 14 oardestndlithe fvegiiondraihe marg psdwgnders @aBl fn Prettiad piBhoament

appjd cati A S iHaduc.e : Sd er
R LA e e i S T el R
initial peedtmpényihg drawiigd, iyehichd. Typically these |arge cracks include a

netal edge 34, at which the spray is then preferably directed. The C02
streamis directed at the cracks in the remaining netal |ayer at the

o ot Tigid e BinginaBE ARG TP BAerRARLER ot KETRIERIPBIOR A,

Fig. 15 5 is a photom crograph of a portion of the test wafer 30 after the

metal |ayer has been renoved using the process of the herein invention.
Furt her &dht3 waechaipatie drawing showing theapmisation of C&.curiay R thendets! dayest

ot ol 11 288 PORPISE RNy bR AR WA Stach B RoR G o RRR LY Bet "0 oy e

renmoved by a photoresist strip 20 which nmay be a sinple chemcal strip such

as acetone conmpletely renoving all the o . .
20 ° Fig. 3 is a photomicrograph showing a wafer after metalization prior to applying the

preferred process of the present invention;




remai ni ng photoresi st portions. This may al so be at |east partially:
achieved by '"the further application of C02 spray. Shown in Fig. 6 is a
phot ogr apw®é2/13& net al i zed wafer surface of the test wafepcaik@igses
application of the C02 spray and after chemi cal strip of residual

phot oresi st. The photoresist strip may al so be achieved by dry ashing, a 25
process nO\é{/g%lto t hose skill esgpi n the art which ensures that recondensation

does _nf)ft G dup p&@tqrﬁ\éprggi@gpr g, EE'.a' Peeling @%ﬁ_@ﬂ affee l@rqu SHOW AP BScess
enhanci né Topaon Ah B IALR faeTlorbtdy 8 e ngiEPadSt s saB R e Pidferdas

opposed pmagess\af this pkesemt invrdionc! eani ng processes, during the entire

process described above, the substrate is preferably heated to
approximately 60 degrees Celsius and is nmaintained at said tenperature

the 1 ost 8301 B et RAoOs Y She rad: atbantiat Bafhesh SRBASOL Y ce
on Bhe supplyirat £ préfempinsrotsss RNBYIBsEtaNAntRh: € evat ed tenperature

facilitates the thermal stress necessary to initiate cracking and debondi ng
of the metal filmupon the photoresist w thout causing disruption of the

of the nelhie 1 PENOERNG ST S B el anar (B prtedBieatoh the BraseRange
of 30 t oinl/BRtieks anacsm<rtnanmisal s Bprési%é%b&rgbﬁvat ed tenperature, the

selective renoval of the filmlayer wo not be éffective given that the
differential in thermal expansi on between the photoresist |ayer and the

metal |ayer.is i,ceabl y epnhanced where the difference between the carbon
di oxi de F@c 7§%?§%M8ﬁ8&%?988?%83%%9§@ galdametahpendudierparion gonfiraning gt of
100 degr S - fal: i : [ [OC of
the herer e s b nolduibasta M8 BlicBistler ShBRcln Id el SlsaiadinBrer e
i ntl@ct apresentimvegéidndand ng metal filmrenoval process described above. For

exanple, Fig. 7 and 8 are scanning el ectron m crograph (SEM phot ographs
showi ng that gold conductor portions 36 on the test wafer have been

subj ect eg: L i ntign _and are unda ed.

Furt her |18 S8 A ENEERRoRER A arPeda Bla Bl Rt bofieRe BoHit R s dpea
net al 20theoprieferhed FRocdse ofahé pedsemit Mventibhoh efficiency particulate air
filter (HEPA) or an ultra low particulate air (ULPA) filter for renoval and
di sposal . Likewi se so to may the photoresist |ayer renoved by the C02
spray. It will be appreciated that the above description relates to the
preferred enbodi nent by way of exanple only. Many variations on the

i nvent i opDETAILEDEDESCRIFTION t hose 25 know edgeable in the field, and such
obvi ous variations are wthin the scope of the invention as described and
cl ai med, whether or not expressly described. g WO 02/ 23Q02

PCT/ USOL i.8 Eor ,exanmpl e gt he r ni,c materials_such as. nitrous _
oxi de, a é%ﬁ%a{ﬁﬁgeﬂdﬁ an\Fp'ﬁ a‘%{leé%?r&‘a'ﬁﬁé the &ypicay @\ af Presessaispappli|chiarde

i N4Br act fopimirey bhgatké | i T f 0 be
processed nan§/g bes?ranlﬁgglrl%?ﬂedgjéﬁgéé y l'i/vaii/"et I gﬁ%fﬁ)’(l)gm%s 'o?E i%sgét?ﬁl[ea%}regr?gval
of the neheioresistmaterial 10ts$ Hepteitenl orgtheopoitions of & warfet subvstrate 12aghichAg

apparatu e used t eliver. the required cryogeni c_spray, not
necessarﬁ?@ﬁ@%@@%ﬂ@?t%@ %%'{’@f‘q%‘i/gf‘ he stbslatep &hemkicioresist hayer
process fexbbs idawi tid : ectively
N Eh var e Dosefeng dbvekRtih s ioa ey st SR Ak heb st odinielonsE,
and may the antiré substrate surfanedn the metallizatiorcstepy iheatet fimmayerHiali By al
kn%/to ge%sonfs ski ll ed i,r}the a,[t . . )

n top of the photoresist layer will be discontinuous with the metal conductor portions

16 which are deposited directly onto the substrate. This will aliow for subsequent
removal of the metal film layer 14 on top of the photoresist layer while keeping the metal
conductor portions 16 in tact upon the substrate, as is desired in the patterning process.



|

10 of semi conductor manufacturing. The process of the herein invention may
furt her be utilized with negative devel opnent, positive devel opnent and

"Low K" F\bBt()E/rZF@bSt | ayer and any other permnissible photorp%smﬁ"/h,gx@r known
to persons s led in the art of sem conductor manufacturing. -10 WO

) (12/23I112 PCT/ US111/ 28~1i 8 WHAT IS CLAIMED AS THE | NVENTION | S: 1 A
process for selectively renoving a netal |ayer accunul ated on a phot oresi st

| ayer dUhentiscordimaity batveeqmmetal nonguq:toopemsnsdﬁmndsne’@l IalyerMisi pmfergbs/t eps:
generatinﬁ a stream of high pressure C02 sno upst r at "

i ncl udi AghigVEA&YARMYIRY th%wtore@ﬁ#ﬁyﬁr speh Fhat&gﬁw 9Hvac"§|38c9 %%Photoremst
phot or e%gﬁﬁmpﬁxﬁéovegéli’ PRl tﬁQEﬁH&{ré{% AN Oeoaﬁ yhﬁe&%?h?cﬁ[le Wrha r@‘?& Gie

'substra ace et al ayer an con or portions Poei ng

of | ke j& ¢tep @iditiom ofiitise peétal cohdeetar imatevial HéF@smp bvet ties enéirplsuifagesai d
streamto said netal filmlayer, thereby rapidly cooling said netal 10 film

| ayker ar!aﬁcaaaelfrh@ piclet walls fothgaphpt@eewt havenaray!adetqut dupiiled thei desieed

| f whi |, d
Dot on PR BSRUH B RS alBpad B3 3% o T B 10
appl i catgngnheimesl @oﬁéﬁzﬁ@ﬂFbﬁnoﬁ@% llédrmﬁe%ltl}/fté kHB S5avstFat6 38 868iel/88r MRl
shock to said photoresist |ayer producing a plurality of cracks in said

nmetal filmlayer surface; and 15 further conprising the steps of directing
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for Precision Cleaning By Jet Spray” and United States Patent No. 5,326,560 entitled

15 “‘Environmental Control Apparatus” which are assigned to the assignee of the present

invention, the contents of which are incorporated herein by reference. 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 CO, 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 photoresist 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
6riented at an 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
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WO 02/ 23302 PCT/ 11501/ 28SG 5. The process as recited in claim4 wherein
sai d photoresist strip is. a chemcal strip. 6. The process as recited in
claim5 who @/36®ai d chemical strip is acetone. 7. The prpeeesoagsdseci t ed
in claim4 wherein said photoresist strip conprises a dry 5 ashing process.
8. A process as recited in claim1l. whereby said substrate is disposed in
an encl osed proceSS| ng assenbly. 9. A process as recited in claim1l V\/nereby
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3&10%& ( -fI R 3&810% (& () -f EMIE, #2&10% & () 1&10% & ()- @
- 1 oq &Y ip-2 photgguicrograph of a portion of the test wafer 30 after the metal layer has been
removed using the process of the herein invention. Further continued application of the
CO, snow wil erode the photoresist layer 10 :and remove any crosslinked layers

developed during the metallization process.

Remaining portions of photoresist ldayer 10a may be removed by a photoresist strip
20 which may be a simple chemical strip such as acetone completely removing all the
remaining photoresist portions. This may also be at least partialiy achieved by the
further application of CO, spray. Shown in Fig. 6 is a photograph of the metalized wafer
surfacé of the test wafer after application of the CO, spray and after chemical strip of
residual photoresist. - The photoresist strip may also be achieved by dry ashing, a
25 process known to those skilled-in the art which ensures that recondensation dbes not’
occur 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
efficiency. |
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10 described above, the substrate is preferably heated to approximately 60 degrees
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of the metal film upon the photoresist without causing disruption of the metal conductor
portions situated directly on the wafer. Selective removal of the metal film will be
effective if the wafer is maintained in the range of 30 to 100 degrees Celsius. Without

10 this elevated temperature, the selective removal of the film Iayef would not be effective

)FL

given that the differential in thermal expansion between the photoresist layer and the

metal layer is noticeably enhanced where the difference between the carbon dioxide

jet spray temperature and substrate temperature is in the range of 100 degrees Celsius.

The test wafer subjected to the preferred process of the herein invention showed that
15 the metal conductor portion remained intact and undamaged during metal film removal
process described above. Forexample, Fig. 7 and 8 are scanning electron micrograph
(SEM) photographs shoWing that gold conductor portions 36 on the test wafer have

been subjected to the process of the present invention and are undamaged.

Further in accordance with the preferred process, the debonded and peeled metal

20 portions may be collected by a high efficiency particulate airfilter (HEPA) or an ultra low
particulate air (ULPA) filter for removal and disposal. Likewise so to may the
photoresist layer removed by the CO, spray.

It will be 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 claimed, whether or not expressly described.
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process of the herein invention has been demonstrated to work effectively with various

metals such as gold, silver, platinum, titanium, and copper and may be utilized to

remove film layers comprised of any suitable metal know to persons skilied in the art

10 of semiconductor manufacturing. The process of the herein invention may further be

utilized with negative development, positive development and “Low K" photoreéist layer

and any other permissible photoresist layer known to persons skilled in the art of
semiconductor manufacturing.
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layer during a substrate patterning process comprising the following steps:

generating a stream of high pressure CO, snow;

5 providing a substrate including a photoresist layer, a metal film layer on top of
said photoresist layer, and metal conductor portions in contact with said substrate
surface, said metal film layer and metal conductor portions being of like composition
and being discontinuous from each other,

applying said stream to said metal film layer, thereby rapidly cooling said metal
10 film layer and causing portions of said metal film layer to debond, lift and peel from said

photoresist layer while leaving said metal conductor portions intact.

2, The process as recited in claim 1 wherein the application of said stream to said
said metal film layer causes thermal shock to said photoresist layer producing a plurality
of cracks in said metal film layer surface; and
15 further comprising the steps of directing said stream at said cracks such that said
' stream causes further portions of said metal film layer to debond, lift and peel from said
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. The process as recited in claim 2 further comprising the step of further continuing
application of said spray to said photoresist layer, thereby removing a surface layer of

said 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 portions in tact, thereby removing said remaining photoresist layer.
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5. ashing process.

8. A process as recited in claim 1 whereby said substrate is disposed in an
enclosed processing assembly.

9. A process as recited in claim 1 whereby said debonded metal film layer portions
are collected in a filter.

10 10. A process as recited in claim 1 where the temperature of the substrate is raised
and maintained above the temperaturé of the environment.

11. A process.as recited in claim 10 where said temperature is 60 degrees Celsius.

12. A process a recited in claim 11 where said temperature is in the range of 30 to
100 degrees Celsius.

15 13. A process a recited in claim 1 where said stream is applied to said metal film
layer at an angle in the range of 10 to 40 degrees.

14. A process a recited in claim 1 where said stream is applied to said metal film

layer at an angle of 30 degrees.
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