PHOTORESI ST STRI P METHOD BACKGROUND OF THE | NVENTI ON (1) FIELD OF %219@“3 ~&
I NVENTION This invention relates to the fabrication of sem conduct of ppof
conponents and nore particularly to the formation of conducting patterns
by dry’ etching methods. Moré'“specifically, the invention is directed to an
| nproved net hod of post-netal etch stripping of a photoresist mask and
renoval of raésidual corrosion i nduci ng conponents. (2) DESCRI PTION OF

RELATED ART I:in the fabricatio & gﬂ%aﬁé ated circuits, netal
conductor lines are used to |ﬁp§ ggggggﬁht ﬁgﬂ%g%%onents i n device
circuits. Due to shrinkage in size of sem conductor conponents and

I ncreased circuit density, the conplexity of interconnecting the many

conponents in the dense circaabkcROUND OF ‘Tha! INVENTHUN cation processes

used to define the netal interconnect patterns provide precise dinmensional

control . Advances in |ithograahyrartproskirne treeeNTaeods and dry etching
processes, such as RIE (Reactive lon Etching) and other plasma etching

processes, allowrpigdiaiestioh Felates @ Wh Fapidediidiy g@tterns with
spacings also in the sub-micron range. In general, as illustrated in Fig.
1, the procsemisbafdactsedcomppaents) and more particularly to the
formation of conducting patterns by dry etching methods.
More specifically, the invention is directed to an improved
method of post-metal etch stripping of a photoresist mask and

removal of residual corrosion inducing components.

(2) DESCRIPTION OF RELATED ART
In the fabrication of semiconductor integrated circuits,
metal conductor lines are used to interconnect the many
components in device circuits. Due to shrinkage in size of
semiconductor components and increased cifcuit density, the
complexity of interconnecting the many components in the
dense circuits requires that the fabricatioﬁ processes used
to define the metal interconnect patterns provide precise
dimensional control. Advances in lithography and masking
techniques and dry etching processes, such as RIRE (Reactive
' Ion Etching) and other plasma-etching processeées, allow
production of sub-micron width conducting patterns with
spacings also in the sub-micron range. In general, as
illustrated in fig. 1, the process steps used to pattern

metal conductor patterns comprise: Step 10, deposition of a



metal conductor patterns conprise: Step 10, deposition of a - 2-
conducting layer; Step 11, formation, by standard |ithographic techniques,
of a photoresist mask or other mask, such as titanium oxide or silicon
oxide, in the formof the desired netal interconnection pattern; Step 12,
| oadi ng substrate to etch tool; Step 13, dry etching to renove the
conducting layer fromthe areas not coveréd by the mask, |eaving the netal

layer in thedmiieeind hfal?@zz,f??ll:o&gtiff WorndPidd, byodeifdaray the

substrate to a photoresis hanber; Step 15, renoving the mask | ayer,

exposi ng thel_iﬂib&'&é}li‘f@ @écﬁﬁf‘?ﬁ'@é alof % PrhoBores 16E . mBERPo2 ot HEEORISRY

the substrate fromthe etch tool. allenges in the industry are to provide

metal conducdwéh iy €1 Cdh i\ RRLES 15 N fcb) eide) £oSthe! FBEAVEE the
t hroughput and manufacturing yield and efficiency, and which-can be

utilized in ddgiredimétier aiﬁt@ﬁéammwrpm&@ptsrtéﬁmzfluwaaﬂhg |
State-of -the-art sem conduct or manufacturing equi-pment includes single

vaf er Rl E orsubser@t&ted é0eh stdol; tdp B iy €0ekied Oko PAEAEVESLhEUCh

2 conducting layer from the areas not covered by the mask,
leaving the metal layer in the form of the masked pattern;
Step 14, transferring the'substrafe‘to a photoresist strip
chamber; Step 15, removing the mask layer, exposing the top

surface of the metal layer; and then, Step 16, unloading the

substrate from the etch tool.

Challenges in the industry are to provide metal
conductor dry etching processes which have low cost, improved
throughput and manufacturing yield and efficiency, and which
can be utilized in state-of-the-~art semiconductor
manufacturing equipment. State-of-the-art semiconductor
manufacturing equipment includes single wafer RIE or plasma
etch tools for etching metal conductor patterns, such as
aluminum or aluminum-silicon-copper alloys. An example of
this type of tool is the LAM Research TCP9600 single wafer
ﬁetal etcher. Attached downstream to this metal etcher is a
chamber for stripping a photoresist mask. The equipment is
configured so that upon completion of fhe metal etch process
the wafer substrate is transferred into the photoresist

stripper chamber, commonly called the DSQ (DownStream Quartz)



al um num or al um numsilicon-copper alloys. An exanple of this type of tool
.is the LAM Research TCP9600 single wafer netal etcher. Attached downstream
to this nmetal etcher is a chanber for stripping a photoresist nmask. The

equi pnent is configured so that upon conpletjon of the nmetal etch process
the wafer substrate is transferred into the photoresist stripper chanber,
commonly cal l ed the DSQ (DownStrean1CUarrz§" -3- asher/stripper.. Maxi num

efficiency faghexy&trdppdy. | Madidim GFF ity For Sudh aaneinvibfe tool

processes are sinultaneously performed in both chanbers and when the

process ti nevrfiguratiiciad sbilihad Whemairdcessiglare simaltaneowsly he
chanbers does not stand idle while awaiting conpletion of the process in

the ot her clpexformdd rie gl chdnbeny airb whaedlio piatess neimes | foer
pattern in the netal etch chanber should require a tine approxi matel y-equa

to the tinme eatichathbBer re mppoxidatelyesq@ialnnso fiat tdige b £ hielde pat t ern

I n the downstream photoresist strip chanber. As is well known in the

i ndustry, drchamtbeErnsngigesoarstsestdmt idienlwH idyee raw ooy ecomp 1 et 1on nodn tite

al um num al | oys use ' .
process in the other chamber. For example, the process used
to etch a metal layer pattern in the metal etch chamber
‘should require a time approximately-equal to the time
.required to strip the'photoresist mask from the etched

pattern in the downstream photoresist strip chamber.

As is well known in thé industry, dry etching processes
for metal layers composed of aluminum or aluminum alloys use
chlorine and chlorine compounds as the reactive components in
the etchant gas. During the etching process the chlorine and
chlorine compounds, as well as chlorine bearing reaction
products become embedded in and/or attached to the maskéd
pattern sidewalls and other surfaces on the wafer substrate.
For example, chlorine and chlorine compounds and chlorine
bearing reaction products become embedded into the
photoresist mask on top of the etched metal pattern and
attached to the sidewalls of the etched pattern. If the
chlorine, chlorine compounds, and chlorine bearing reaction

- products are not removed or passivated before the wafer is
exposed to the étmosphere of the manufacturing plant, then

the residual chlorine causes corrosion and attack of the



chl orine and chl ori ne conpounds as the reactive conponents in the etchant
.gas. During the etching process the chlorine and chl ori ne conpounds, as
wel | as chlorine bearing reaction products beconme enbedded in and/ or
attached to the nmasked pattern sidewalls and other surfaces on the wafer
substrate. For exanple, chlorine and chlorine conpounds and chlorine
bearing reaction products becone enbedddd—into the photoresist mask on top

of the etched Tl fledPdE{T Gt 2CNAL QR ftoSi S VEL | En8EcbPEaBiehed
3:, and chl ori ne bea

pattern. |f the chlorine; "chiorine conpoun _ I'ng réaction
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Therefore, it is important that following the metal etch
process the residual chlorine, chlorine compounds, and
chlorine bearing etch products bé removed from all surfaces
of the wafer substrate and sidewalls of the etched metal
pattern. The challenge in the industry is to provide
post-metal etch processes which efficiently strip the
photoresist mask and remove residual chloriné, chlorine

compounds, and chlorine bearing etch byproducts without

compromising the throughput of in-line processing tools.

It is a well known fact that Oz can be used to remove*ér
etch photoresist, as shown in U.S. Pat. No. 4,732,658
entitled "Planarization of Silicon Semiconductor Devices"
granted Mar. 22, 1988 to Eddie C. Lee, which describes RIE
of photoresist in CHFs: and 02, wherein the ratio of '
constituents is varied in order to equalize the etch rates of
photoresist and silicon oxide. However, this patent does not
address the details of a process applicable to in-line
processing tools, which would accomplish both photoresist
stripping and removal of chlorine following dry etching of an

aluminum interconnection pattern.



process the residual chlorine, chlorine conpounds, and chlorine bearing

.et ch products be renoved fromall surfaces of the wafer substrate and
sidewal | s ‘of the etched netal pattern. The challenge in the industry is to
provi de post-netal etch processes which efficiently strip the photoresi st
mask and renove residual chlorine, chlorine conpounds, and chlorine bearing
etch byproducts w thout conprom sing the {hroughput of in-line processing
tools. It is a well known fact that 02 Canh be used to renove or etch
photoresist, as shown in U S. Pat. No. 4,732,658 entitled "Planarization of
Si‘l i con Sem conductor Devices" granted Mar. 22, 1988 to Eddie C. Lee, which
descri bes Rl E of ThRoPsesenst inveatitgnahg diremtedeit® @haovel metthod of
constituents is varied in order to equalize the etch rates of photoresist
and siliconF8RP¥éngHawphetoresistpmask: faoms anoetsdedeadumiawmret ai | s of a

process applicable to in-line grocessing t ool s, which would acconplish both
phot or esi st 1BERFERRRGCEAAD, BASEEFDoFUBREREHLAE 8 r&GhdRId the-matitaFbfimn

al um num i ntergconnecti on pattern. -5-
a cﬁ?orgne conga&ngng plasma. :

SUMMARY OF THE INVENTION
One object of the present inveniion is to provide an
improved and new process for removing a photoresist mask from
an etched aluminum pattern after etching the pattern in a

chlorine containing plasma.

Another object of the present invention is to provide a
new and improved procéss for removing residual chlorine .
containing fragments from the surfaceé and sidewalls of an
etched aluminum pattern after etching the pattern in a

chlorine containing plasma.

Another object of the present invention'is to provide a
new and imprdved method of post-metal etch stripping of a
photoresist mask and removal of residual corrosion inducing
components, wherein the method is applicable to in-line

sequential processing tools.

A further object of the present invention is to provide

a new and improved-method of post-metal etch stripping of a



The present invention is directed to a novel nethod of renoving a
phot oresi st mask from an etched al um num i nterconnection pattern subsequent..
to etching the pattern in a chlorine containing plasma. SUMVARY OF THE

| NVENTI ON One obj ect of the present inventjon is to provide an inproved and
new process for renoving a photoresist mask froman etched al um num pattern
after etching the pattern in a chlorine containing plasnma. Another .object
of the present invention is to provide & few and i mproved process for
removi ng residual chlorine containing fragments fromthe surfaces, and

si dewal I's OfphatgHesied #ayK nud Relbead oft resitdunilngormesian &adyaing
chl orine containing plasma. Anot her object of the present invention is to

provi de a newmp¥hddty 0vwatkreimakeomepbod- sphancesc thet meddiln ¢ a
phot oresi st mask and renoval of residual corrosion inducing c onent s,
wher ei n t he prRIduds iyH.eld) i toadl eﬂfdcﬁ.snbynandeqsé-mll&i’acéé’g% ols. A
further object of the present invention is to provide a new and iqproved
met hod of padird®jidute) Hthetebpmedpcingathe cost of manufacture O

semiconductor devices.

The method in accordance with the jnvention comprises,
after etching a conducting material layer by vertical
anisotropic etching, transferring the substrate containing
the etched pattern of conducting material to a second heated
chamber and performing the improved photoresist stripping
method, in which a first stripping step is in a plasma

containing Oz and Hz0 and a second stripping step is 1in a,

plasma containing Oz.

BRIEF DESCRIPTION OF THE DRAWINGS
The object and other advantages of this invention are
best described in the preferred embodiments with reference to

the attached drawings that. include:

Fig. 1, which is 2 flow chart for the method of etching
a conducting 1ayér to form an interconnection pattern on 2

semiconductor substrate, using an in-line single wafer

processing tool.

Fig. 2, which is a flow chart of the method of the



-6- photoresist mask and renoval of residual corrosion inducing Conponents,
wherein the nethod enhances the nmetal etch process yield, tool efficiency
“and reliability, and tool throughput, thereby reducing the cost of :
manuf act ure of seniconductor devices. The method in accordance with the

I nvention conprises, after etching a condueting material |ayer by vertical
ani sotropic etching, transferring the sub;trate contai-ning the etched
pattern of conducting material to a secdond heated chamber and perform ng

the i nprovedppl@b@tesntlentlion?Pi Ng nethod, in which a first stripping step
Is in a plasma containing O[err] and Herr]O and a second stripping step is
in a plasnma containing 02. BRI EF DESCRI PTI ON OF THE DRAW NGS The object and
ot her advantages of this invention are best described in the preferred

enbodi ments with Féger gncwhiieh sehematdead 19r,ain@xdsisdotdoma Fig. 1,
which is a flow chart for the nmethod of etching a conducting |ayer to form
an i nt er conneepiresepiation ,0dliustriatesdac photorkaist maskidcamictinge
si ngl e waf er processing tool.

layer on a semiconductor substrate, prior to etching the

conducting layer.

Fig. 4, which schematically, in cross-sectional
representation, illustrates an etched pattern in a conducting

layer, prior to stripping the photoresist mask.

Fig. 5, which schematically, in cross-sectional
representation, illustrates an etched pattern in a conducting

layer, after stripping the photoresist mask.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The new and improved process for removing a photoresist
mask from an etched aluminum pattern after etching the
pattern in a chlorine containing plasma will now be described
in detail. The method can be used for stripping a
photoresist mask from an etched pattern in an aluminum layer
or an aluminum alloy layer such as aluminum—copper-silicon,
wheré copper is between about 0.2 to 2.0% and silicon is
between about 0 to 1.0%. The method can, also, be used to

strip a photoresist mask from an etched pattern in a



Fig..2, which is a flow chart of the nethod of the -7- present
invention. Fig. 3, which schematically, in cross-sectional representation,
il lustorates a photoresist nmasked conducting | ayer on a sem conduct or
substrate, prior to etching the conducting |ayer. Fig. 4, which
schematically., in cross-sectional represgntation, illustrates an etched
pattern in a conducting layer, prior to stripping the photoresist nask.

Fig. 5, whitplethaneredaconduchingostrueturenavhiebreentaanpoAn il ustrates
an etched pattern in a_conducting |ayer, after strigping t. he phobpresist
mask. DESCRMBIMERHRF F1EMBPRERERREPLENREDR MERFRURTEORBAY 2/ LLFPPoH8T ®Fr ocess

for renovin otoresistf mask fro et ched al i num pat.tern after

et chi ng t he® t£ 51 a ﬂFB??ﬁeaEnggFnkgﬁgbrgggggﬁﬁFPﬁﬁbﬂﬁ%éngéscribed
in detail. Jhe nethod can,be used for strippi.ng a photoresist_ nask f.,rom an
et ched patt%ﬁ?@#%ja_ XAWR1 A8 P a§EFﬁoF°Ba“§€ﬁﬂgniﬁgﬁF§09°W599FYéH§ﬁda§9

al um num o ¢ Sty are: Ti/TiW/Al-Cu-Si/TiN, Ti/TiN/Al-Cu-Si/TiN,

Ti/TiN/Al-Cu/TiN, Ti/AL-Cu/TiN, and Ti/Al-Cu-Si/TiN. In such
multilayered conducting stfuctures Ti is used to provide a
low resistance contact to a ddpep silicon region through the
formation of titanium silicide and to provide adhesion to
insulating layers; TiW or TiN is used as a barrier layer to

~ prevent penetration of Al into a shallow silicon junction;
Al-Cu-Si or Al-Cu is the primary conducting layer and Ti,
Ti/TiW, or Ti/TiN under the Al-Cu-Si or Al-Cu layer serves as
an adhesion layer; TiN on top of all the structures serves as
an ARC (Anti-Reflection-Coating) layer to facilitate-
formation of the mask pattern in photoresist by
photolithography. Only the specific areas unique to

understanding this invention will be described in detail.

As shown in Fig. 1, in state-of-the-art manufacturing
processes for formation of conducting interconnection
' patterns on semiconductor substrates it is customary, when
utilizing in-line single wafer processing equipment, to etch
the photoresist masked conducting layer in a first chamber
and then transfer the wafer to a second chamber, where the

photoresist mask is removed. For efficient operation and



where copper is between about 0.2 to 2.0% and silicon is between about O to
~1.0% The nethod can, also, be used to strip a photoresist mask from an
etched pattern in a -8- multilayered conducting structure, which
contains an alum num al um num copper or al um num copper-silicon |ayer and
adhesi on, barrier and ARC (Anti-ReerctLoQigpating) | ayers. Exanpl es of

such conducting layers commonly used in The’industry are: :
Ti / Ti WA - Guhfoughplut TEhTsbich ifs15hé Tebuipedit proesEiel, akie/ Al < Cu/ Ti N,
and Ti/A -Cu-Si/TiN In such multilayered conducting structures Ti is used
to provi de sihaltanebakagcpecdormetl ina bodhpetamblersQn AdGogn nidximugh t he
formation of titaniumsilicide and to provide adhesion to insulating
| ayers; Tivebfigiency apddthroughputi arel abtrinedpwheantthee perocaisisot infesA
into a shallow silicon junction; Al-Cu-Si or Al-Cu is the primary .
conduct i ng feyeeaghdchamb®r/ Are/ appoXimaAtrlynequailhe sal thatSoner ofl the
| ayer serves as an adhesion layer; TiN on top of all the structures serves
as an ARC (¢hambexs| doesonotoatand) ildgewhidef awalitiage completion of tthe
mask pattern in photoresist by
process in the other chamber. Therefore, the process time
required to strip the photoresist mask, Step 15, should be
approximately equal to the process time to etch the

conducting layer, Step 13.

When using a LAM Research TCP9600 in-line single wafer
metal etch tool with an in-line DSQ (DownStream Quartz)
asher/stripper, one recipe for stripping thg photoresist
mask, Step 15, is: 900 mTorr total pressure, 1200 Watts RF
power, 250 sccm Oz flow rate, 250 éccm H20 flow rate, an& 140
sec. process time. This recipe suffers from several
deficiencies, including incomplete removal of the photoresist
mask in the time allbtted for the process. While a solution

to this problem could be to perform the stripping process at

a higher RF power level, this is a costly solution. It is
highly desirable to effect a process which does not require
use of a higher RF power level; and, in fact, a stripping
process which requires a lower RF power level has been

invented and will be described noﬁ in detail.

Results of experimental studies of the controllable



phot ol i t hography. Only the specific areas unique to understanding this
.invention will be described in detail. As shown in Fig. 1, in

state-of -the-art- manufacturing processes for formation of conducting

i nt erconnection patterns on sem conductor substrates it is customary, when
utilizing in-line single wafer processifngoequi pmrent, to etch the

phot oresi st masked conducting layer in a first chanber and then transfer

the waf er tparameters 6ffiawbenl phessuibe RPOE%@?.' Sb2 "MW TatRIOYEH For

efficient operation and t hroughput in such in-1'ine equipnent,” processes
are sinul t afibowstyteer Ananpeoc8shot ime NRADEr 8116wed pFrescriptafoh ofency and
t hr oughput are obtai ned when the process tines for each chanber are
appoxi mat el yweesitép photbnesist pémbVWalCPRoBEEE WASEhNek SFFRetidet athiy €
awai ti ng conpletion of the process in the other chanber. Therefore, the
process ti rkowexuRF epowerst r Thes@cegpotrimental Bealiiest eAvdivednenked be
approxi mately equal to the process tine to etch the conducting | ayer, Step
13. Wen udterpuremenReofaphotdoeeHso ebehi patesngscanghactivhabietae, t 00|

with an in-l1ine DSQ (DownStream Quart z)
above parameters. Results are shown in Table 1.

’ TABLE 1
RF Power Pressure 02 Flow H20 Flow Etch Rate
Watts mTorr sccm scem A/min
1200 . 900 - 250 4130
1200 1200 - 250 4642
1200 1200 - 400 3959
1200 900 250 - 10069
1200 1200 250 C - 12159
1200 1200 600 - 19934
1200 1200 800 - , 12124
1200 900 60 ' 250 4160
1200 900 250 250 4436
1200 1200 250 250 6387
1200 1200 600 250 - 5452
1000 1200 550 - 13040
1000 1200 600 - 18130
1000 1200 650 - 13990
1000 1200 900 - 16594
1000 1100 600 - 13394
1000 1200 600 - 18130
1000 ’ 1350 600 - 13290
1000 1500 600 - 12782
1000 2000 600 - 12442
1000 3000 600 - 7156
1000 1200 250 250 4004
1000 1200 600 - 15184

The following conclusions may be drawn from the
expefimentaliresults: 1.) An Oz plasma eﬁches_the
photoresist much faster than the combination of 02 and Hz20
Plasmas; 2.) Among the different 02 flow rates, the 600 sccm

flow rate of 02 produces the most dramatic photoresist etch



asher/stripper, one recipe for stripping the photoresist nmask, Step 15, is:
.900 nforr total pressure, 1200 Watts RF power, 250 sccmO[err] flow rate,
250 seccmHerr]Oflowrate, and 140 sec. process tine. This recipe suffers
from several deficiencies, including incoEPIete removal of the photoresist
mask in the time allotted for the proceSs.” Wile a solution to this problem
could be to performthe stréggingmfrocess at a higher RF power |evel, this

is a costl|F&kRutidpeut 20,0Q0nk ?-d%%i$EBQeWF5g§fR§CPOHe§rééés&eMMﬁﬂﬂ
does not rgﬂﬁiée use_of a higher RF power |evel: and, in fact % stripping
process whith 999,818, 99Qeh/min p Ak 1900 Wakke BEcROWATant dd )af@eR®l | be
described now.in detail. Results_of ex riHEEtal studi es_of the

control | abl¥® MOt 35t %gaﬁi%?%‘i@e%‘l"etgfal’ presestet RECBokare 08 flow
rate, Herr]O flowrate, and process tine, have all d prescription of a
two-step p %ﬁ%%ﬁ%tl?eﬁ%%a?aggﬁc%%gwﬁﬁﬂcﬂgssggfk9§$?W$g§F°a | oner RF
power. These experinental studies involved the nmeasurenent of photoresist

etch rates as a function of the.. above paranmeters. Results are shown in

Tabl'e 1. Additional studies have shown that the presence of Hz0

in the photoresist etching plasma causes the removal of
chlorine and chlorine compounds and chlorine bearing reaction
products, which are embedded into the photoresist mask on top
of the etched metal pattern and attached to the sidewalls of

the etched pattern, following the aluminum etch process.

Now referring to Fig. 2, the basic steps, steps 17, 18;
19, and 20, in the process of method of the present invention
are summarized. These steps will be described below in

conjunction with Figs. 3 - 5.

Fig. 3, schematically in cross-—-sectional representation,
depicts a portion of a semiconductor device. The substrate,
21, is conventionally a monocrystalline semiconductor
substrate provided with an overlying dielectric layer, 22.

" At least one contact opening, 24, is formed in the dielectric
layer, 22, for making contact to a doped region, 23, in the
substratg, 21. In fabricating integrafed circuit

semiconductor devices, the substrate will conventionally have

fabricated therein various active and passive devices which



TABLE 1 RF Power Pressure 02 Flow H20 Fl ow Etch Rate Watts mror r

-sccm . sccm Almn 1200. 900 - 250 4130
1200 - 1200 - 250 4642 1200 1200 - ‘
400 3959. 1200 900 250 - : 10069 1200
1200 250 - 12159 12042 - 1200 600 -

934 1200 2 800 . - 2124 1200 900
ég | 3580n°% gglﬁfésaff@oin Figsgpd - 9. ié?ce they dgqot . 4436
. 2 : 2570 . 6387.1200 . 1200 . 600
%ggo ' ééggtiﬁgge %%rtiQthhe ?ngg@tlon. The devices fay) ingkude
1200 . -, 18130 .10 200 . 650 -
13990 100038931 ?3dde semiggpductor £ield effec%a@@énﬁyﬁFOr' (MOSRET) ,
600 18130

1000 gggaces of6ég%%%r1%%%T or P}%gofgggﬁ %aafor comgii?entar%oo

- 1254851008 we11 28°Bicmos 880ices. conducting Tayer, 25, is

formed over the dielectric layer, 22, and into the contact
opening, 24. Conventional lithographic techniques are used
to define the photoresist mask pattern, 26, on top of the

conducting layer, 25.

The substrate is then loaded into an in-line etch tool
such as a LAM Research TCP9600 and the conducting layer, 25,
is etched in a plasma containing Clé and BClis, as shown
schematically in cross-sectional representation in Fig. 4..
During this etch step the unmasked regions of the conducting
layer, 25, are removed and thin sidewall layers, 27,
containing redeposited photoresist and chlorine containing
substances, are deposited onto the etched pattern in layer,

25.

The substrate is then transferred to a second chamber,
‘which is heated in the range between about 200 to 300°C, for
removal of the remaining photoresist mask. The photoresist
etch process is a two-step process in which the first step
etches the phototesist mask in an H20/02 plasma containing Oz

at a flow between about 200 to 400 sccm and H:20 at a flow



1000 3000 600 - 7156 1000 . 1200 250
250 4004 1000 1200 600 - 15184 The fol |l ow ng
conclusi ons nmay be drawn fromthe experinental results: 1..) An 02 plasma

etches the photoresist nuch faster than the conbination of O[err] and
Herr]O pl asmas; 2.) Anong the different, ,§2 flow rates, the 600 sccm flow
rate of 02 produces the npst dramatic photoresist etch rate: about

20, 000 A/ M betwleeh?@Botit! 200REPAGY st peitee rtota ) G ssurd, DOOwdénmi n.
at 1000 watts RF power; 3.) There is not a strong dependence of photoresi st

etch rate oabputsd100® ito WED0 aMprmectamratdCh tRF e vd twedn dabowtal
st udi es have shown that the presence of HzO in the photoresist etching

pl asma caus850t e A4S0y alatdfs.chlThre rsecomll Ellep ietchaspthe gshetoredist i ne
beari ng reaction products, which are enbedded into the photoresist mask on

top of the esaskednra Plasaia exontaichiaig Ozhet tap flow dakowedn sabdut hB0@t thed
pattern, followi ng the alum numetch process. Now referring to Fig. 2, the
basi ¢ st eps 1080esschy,, at8a presmautre hetiwedrhahpuwr d00®torel 600 m‘.rorhe
present invention
and at an RF power between about 850 to 1450 Watts. The
benefits of the two-step photoresist etch process are to use
an H20/02 plasma, Step 19, to effectively remove the chlorine
and chlorine compounds and chlorine bearing reaction
products, which are embedded into the photoresist mask on top
of the etched metal pattern and attached to the sidewalls of
the etched pattern, following the conductor layer Cl2/BCls
etch process; and then to use an Oz plasma, Step 20, to etch
photoresist at an accelerated rate, thereby requiring.less
‘time and/or lower RF power, to completely remove residual
- photoresist. Fig. 5, schematically in cross-sectional

representation, shows an etched pattern in conducting layer,

25, after removal of the photoresist mask.

Referring again to Fig. 2, in the preferred embodiment,
the duration of time for the second photoresist etch process,
Step 20, is longer than the duration of time for the first
photoresist etch process, Step 19. The preferred duration of
time for the second photoresist etch process,_Step 20, is

between about 50 to 100 sec. For maximum efficiency in the

preferred in-line etch tool, the total time permitted for



are summari zed. These steps will be described below in conjunction with
Figs. 3 -5 Fig. 3, schematically in cross-sectional representation,
depicts a portion of a sem conductor device. The substrate, 21, is
conventionally a nonocrystalline sem conductor substrate provided with an
overlying dielectric |layer, 22. At |east one contact opening, 24, is forned
inthe dielectric layer, 22, for making contact to a doped region, 23, in
the substrate, 21. In fabricating integrafléd-circuit sem conductor: devi ces,
the substrate will conventionally have fabricated therein various active
and passi ve devi ces which - 12 - are not illustrated in Figs. 3 - 5,
since they d .constitute part . of the invention. The devices may include
met al oxi de g%ﬁ?%%ﬁ uﬁﬁ%rgﬁ?EgﬂeéifEc%stPﬁﬁg?SFoFPOPWCSDEﬁn 184y ismms, of

ei ther NFET or PFET types and/or conplinmentary, CMOS, as well as Bi CMOS
devi ces. Conducting layer, 25, is fornmed over the dielectric layer, 22, and

into the contact in 24, Conventional |ithographic techniques are used
to define the phoﬁ@gggﬁg#h?méﬁyfﬁﬁ}%PhFa%ePe%B Paptaculpzrly shown and

described with reference to the preferrad embodiments
thereof, it will be understood by those skilled in the art
that various changes in form and details may be made without

departing from the spirit and scope of the invention.

What is claimed is:



. too esear ch TCP9600 and the conducting | ayer, 25, is etched

co;ﬁiﬁ_rﬁi‘75§5?7‘25T‘The substrate is then | oaded into an in-line etch
in dy mL ng Gz and BCl3, as shown schematically in
cross-sectioflal Srepresentation in Fig.. 4.. During this etch step the

unmasked regi ons of the conducting | ayer- 185; are renoved and thin sidewall
| ayers, 27, containigg redeposi ted photoresi st and_chloripe contain'ng_

substances, are depostt ed dMEhedLlfARRRGARIAR rPflrlaI : ‘fc%‘.’eTHé ©
ange betveen AGURRSRIOGH SORARTY B (OTESRVAR SHTHEE, SRR ERGEst T e
Wi ch the first step MAKHS it et erthaorfatbiid FibPEPAEss "
O™ bt woen. MBS0 R ERAPLhRn ik PR AR FEERER oTER Ben about
e st oo g ieifs R S AP By 8F ] VES " BPRYnE 0e et EhpdPhtas; T
etching said conducting material layer by vertical
anisotropic etching; |
transferring said substrate to a second heated
chamber;
first stripping said photoresist mask in said
second heated chamber, in a first plasma containing O2
and H20; and
second stripping said photoresist mask in said

second heated chamber, in a second plasma containing

0z2.

2. The method of claim 1, wherein said conductive

material layer is Ti/TiW/Al-Cu-Si/TiN;

3. The method of claim 1, wherein said conductive

material layer is Ti/TiN/Al-Cu-Si/TiN;

4. The method of claim 1, wherein said conductive

material layer is Ti/Al-Cu-Si/TiN;



ﬁﬁ§K‘Fﬁ7§jﬂ7ﬁﬂanxﬂneurnng 02 at a flow between about 500 to 1000 sccm at

bout 1000 to 1600 miforr, and at an RF power between
ab ﬂniﬁ ﬂﬁlﬂﬁm{g@mﬁtts The benefits of the t wo- st ep photoresi st etch
proeess at an Herr]OQO[err] plasma, Step 19, to effectively renove
the chlorine and chl ori ne conpounds andlﬁglorlne beari ng reaction products,

whi ch are enbedded into the photoreS|st ask on top of the etched netal

pat tern and attached §.0 ey skl |9 WLALE £5 WEGE IG5l EOhARMRYe! e

conductor | ayer C1[err]/BC1[err] etch process; and t to use an

plasma, Step 20 mpdteEtLn Prasinst  ol-eayeogel erated rate, thereby
requiring less time and/or | ower RF power, to conpletely renove residual

photoresist. Pig. 5, schematically in cross:sectional representation, shows
an etched pattern in conducting |ayer, 25, after renoval of the photoresist

mask. Referring agairg.t o THey - method dfhecluin €1 | atherdidli $81d . cohgudtinki on
of tinme for the second photoresist etch process, Step 20, is longer than

the duration of Materifall Idyer isiTiiTiwABQa/BiRh process, Step 19. The
preferred duration of time for the second photoresist etch process, Step
20, is between about 50 to 100 sec. For maximumefficiency in the preferred
in-line etch tool, the total time permtted for

7. The method of cla1m 1, wherein said conductive

material layer is Tl/TlN/Al—Cu/TlN‘

8. The method of claim 1, wherein said vertical
anisotropic etching is performed in a plasma containing
Clz and BCls for etching TiN and aluminum alloys, and

SFe and BClis for etching TiW and Ti.

9. The method of claim 1, wherein said vertical
anisotropic etching is performed in a plasma containing
Clz and BCls for etching TiN and aluminum alloys, and

CF4« and BCli for etching TiW and Ti.

10. The method of claim 1, wherein said second
heated chamber is controlled in the temperature range

between about 200 to 300°C.

11. The method of claim 1, wherein said first
stripping and said second stripping of said photoresist

mask are performed in a single wafer etch chamber;



- 14 - etc i toresist is between about 90 to 180 sec. Wiile the

. inv articularly shown and described with reference to the
pre mmgﬁ ﬁf thereof, it will be understood by those skilled in
t he artct changes in formand details may be nmade w t hout
departing fromthe splrlt and scope of the invention. Wat is clained is:

- 15 - 1. A nethod of fabrication of a copgluctive inter- connection |ayer
in an integrated circuit conprising: loading a wafer cassette, containing
substrates having a photoresist nmask pattern forned over a conductive
material layer, to a flZasheemetdhodamiarciaim ¥k chwherein dsabddsingbe
~material layer by vertical anisotropic etching, transferring said substrate
to a second heat Wafexaeteh chamber is heated in the temperature range

between about 200 to 300°C.

13. The method of claim 11, wherein said first
stripping of said photoresist mask is in a plasma
containing 0z at a flow between about 200 to 400 sccm
and H20 at a flow between about 200 to 400 sccm, at a
total pressure between about 1000 to 1600 mTorr, and at

an RF power between about 850 to 1450 Watts.

14. The method of claim 11, wherein said second
stripping of said photoresist mask is in a plasma
containing Oz at a flow between abouf 500 to 1000 sccm,
at a pressure between about 1000 to 1600 mTorr, and at

an RF power between about 850 to 1450 Watts.

15. The method of claim 11, wherein the duration of
time for said second stripping of said photoresist is
longer than the duration of time for said first

stripping of said photoresist.

16; The method of claim 15, wherein the duration of
time for said second stripping of said photoreéist is

between about 50 to 100 sec.



firs toresist mask in said second heated chanber, in a
.first plasm contalnlng 02 and H20; and second stri pping said photoreS|st
mask iﬁﬂﬂ"ﬂl“ﬂﬂﬂ’ﬁ“!ﬁat ed chanber, in a second plasnma containing 02. 2.
The wherein sald conductive material layer is
Ti/ Ti WAl - Cu- S|/T|N 3. The nethod of claim1, wherein said conductive
material layer is Ti/TiNNA -Cu-Si/Ti N~ 48 -The nethod of claim1l, wherein
said conductive material layer is Ti/Al-Cu-Si/TiN, - 16 - 5. The nethod
of claim1, wherein said conductive material layer is Ti/A-Cu/TiN, 6. The
met hod of claim 1, whgreThesmethednefictlaemmMiler whlkrledwethieS duration of
TI/TIWA -Cu/TiN, 7. The method of claim1, wherein said conductive
materi al | ayer tim@i £6rNsALidCsecohl 8trippéngevifodadtl pheitorksisgterigi n said
verti cal

longer than the duration of time for said first
stripping of said photoresist, and the total time for
said first and second strippings of photoresist is

between about 80 to 180 sec.

18. The method of claim 17, wherein said duration
of time for said second stripping of said photoresiét is
between about 50 to 100 sec., and the total time for
said first and second strippings of photorésist is

between about 90 to 180 sec.

19. A method of fabrication of an aluminum
containing interconnection layer in an integrated
circuit comprising:

loading wafer cassette, gontaining substrates
having a photoresist mask pattern formed over a
Ti/TiW/Ai-Cu—si/TiN layer, to a single wafer plasma
etcher apparatus;

etching said Ti/TiW/Al-Cu-Si/TiN layer by vertical
anisotropic etching in a plasma containing Clz and
BCls for etching TiN and Al-Cu-Si, and BClis and SFs

or CF¢ for etching TiW and Ti;



ani-sotropie—etehing—ts perforned in a plasm containing Cl12 and BA 3 for
. etchln T|N and a| num al | oys, and SF[err] and BO[err] for etching TiW
and ﬂd of claim1l, wherein said vertical anisotropic etching
asma containing Cl[er] and BCl[err]3 for etching Ti N
and alun1nun1alloys and CF4 and BC 3 forégtchlng TiWand Ti. 10. The
met hod of claim 1, wherein said second he chanber .is controlled in the
tenperature range bet wremsflenrting0Gaid JMjstrdte thl.a Becom Hosatédcl ai m
1, wherein said first stripping and said second stripping of said
phot or esi st nask singleewafereektich chambgrg waf er et ch chanber; - 17 -
12. The method of claim 11, wherein said single wafer etch chanber S
heated in the tenperalfu-rl'@tr Stydppdnge s idh photoesic t30@sk rijrC.sdixd The
met hod of claim 11, wherein said first stripping of said photoresist nask
isin a plasm céﬁFﬁpﬁlhgaﬁzdaﬁlagﬂﬁoWﬂ&ﬂﬂmgéﬁ t i@ tfire plasma
containing 02 and H20; and
second stripping said photoresist mask in said
second heated single wafer chamber, in a second plasma

containing O:z.

20. The method of claim 19, wherein said Ti/Tiw/-
Al-Cu-Si/TiN layer has a total thickness between about

5,000 to 14,000 Angstroms.

21. The method of claim 20, wherein said Ti/Tiw/-
Al-Cu—Si/TiN layer has thicknesses of Ti betwaen about
200 to 500 Angstroms, TiW between about 600 to 2,000.
Angstroms, Al-Cu-Si between about 4,000 to 10,500

Angstroms, and TiN between about 200 to 1,000 Angstroﬁs.

22. The method of claim 19, wherein said second
heated single wafer etch chamber is heated in the

’ temperature range between about 200 to 300°C.

23. The method of claim 19, wherein said first
stripping of said photoresist mask is in a plasma

containing 02 at a flow between about 200 to 400 sccm



and H20 at f en about 200 to 400 sccm at a total pressure
. bet vve\e/u MH ﬁaﬂi 600 mlorr, and at an RF power between about 850 to
1450 c N hod of claim 11, wherein said second stripping of

said photoresist mask is in a plasma containing 02 at a flow between about
500 to 1000 sccm at a pressure between -aB8ut 1000 to 1600 nmTorr, and at an
RF power between about 850 to 1450 Watts. 15. The nethod of claim 11,

wherei n the dur @andrHz® atne flow etwean akpwt r200i hg 4P0saramphatopesi st
is longer than the duration of tine for said first stripping of said
photoresi st. 16.totwl iexessure ketwesn Rbaier 000 ke Hﬁggtm ArE; fpfeator
sai d second stripping of said-photoresist is between about 50 to 100 sec.

- 18 - 17. The rﬂ:‘!fﬁ;@ rawer betveen ghout BIGetut 480 Wabtseine for said
second stripping of said photoresist is |onger than the duration of tine
for said first stripping of said photoresist, and the total time for

24. The method of claim 19, wherein said second
stripping of said photoresist mask is in a plasma
containing 02 ai a flow between about 500 to 1000 sccm,
at a pressure between about 1000 to 1600 mTorr, and at

an RF power between about 850 to 1450 Watts.

25. The method of claim 19, wherein the duration of
time for said second stripping of said photoresist is
longer than the duration of time for said first

stripping of said photoresist.

26. The method of claim 25, wherein the duration 6f
time for said second stripping of said photoresist is

‘between about 50 to 100 sec.

27. The method of claim 19, wherein the duration of
time for said second stripping of said photoresist is
longer than the duration of time for said first
stripping of said photoresist, and the total time for
said first and second strippings of photoresist is

between about 90 to 180 sec.



said~#+LsL_aﬂg_§gggngiirippings of photoresist is between about 80 to 180

. sec. 18. The netho | aim 17, wherein said duration of tinme for said
seco wmnm i d photoresist is between about 50 to 100 sec., and

the t "”HW Wzd first and second strippings of photoresist is

bet ween boht ™0 € 0+180 sec. 19. A method gf fabrication of an al um num

contai ni ng interconnection layer in an ihtegrated circuit conprising:

| oadi ng waf er cassett tain ates_havi a. hothe |st mask
pattern fornmed over 53r/¥£ kggd nggp 8%§ 3o mm
sai d.

et cher apparat us;

h T N I
ani sot ropi ¢ et ch? ﬁg£$ﬂéngBFa§ﬁﬁgc8ﬁF3PﬂlﬁgU&Ppéﬁé B8 %@FF]¥W5${tlca if N
d Al-Cu-S F 4 h d T -
ig - transf;rrﬁzg gg%%ﬁsu 2 ?a § %gribggégﬁﬁ hég egh% %QQ&I'%Q% ¢ for
said first and second strippings of phqtore51st is

between about 90 to 180 sec.

29. A method of fabrication of an aluminum
containing interconnection ;ayef in an integrated
circuit comprising: '

loading wafer cassette, containing substrates
having a photoresist mask pattern formed err a
Ti/TiN/Al-Cu-Si/TiN layer, to a-single wafer plasma
etcher apparatus;

etching said Ti/TiN/Al-Cu-Si/TiN layer by vertidal
anisotropic etching in a plasma containing Clz and
BCls;

transferring said substrate to a second heated
single wafer etch chamber;

first stripping said photoresist mask in said
second heated single wafer chamber, in a first plasma
containing 0z and H20; and

second stripping said photoresist mask in said
second heated single wafer chamber, in-a second plasma

containing O2z.



s.néf—~§£?EF“EFEH‘Eﬁaﬁﬁer first stripping said photoresist mask in said
seco u jw’m”mw fer chanber, in a first plasma containing 02 and

" H20; ﬂupang sai d photoresist mask in said second heated

single waf ef charber; in a second plasma containing 02. 20. The nethod of

claim19, wherein said Ti/TiW- Al -Cu-SL/2Bi N | ayer has a total thickness
bet ween about 5,000 to 14,000 Angstrons. 21. The nethod of claim 20,

wherein said Ti/Ti W- Ao Crhd mEthddyws diasin BTk nisaesinfsdid bei e/ -
about 200 to 500 Angstrons, Ti Wbetween about 600 to 2,000. Angstrons,

Al - Cu-Si between AlswWu-BiIHIN daydsHasA\g ot tlaickdéds deé tween adibott 200
to 1,000 Angstroms. 22. The nethod of .clai m19, wherein said second heated

si ngl e waf er etch 4gl80@ero ilst /00 Amgstridmes .t enperature range between about
200 to 300[err]C. 23. The nmethod of claim 19, wherein said first stripping
of said photoresist mask is in a plasma containing Oz at a fl ow between
about 200 to 400 sccm
31. The method of claim 30, wherein said Ti/TiN/-~
Al-Cu-Si/TiN layer has thicknesses of Ti between about
200 to 500 Angstroms, TiN between about 400 to 2,000
Angstroms, Al-Cu-Si between about 4,000 to 10,500
Angstroms, and top TiN between about 200 to 1,000

Angstroms.

32. The method of claim 29, wherein said second
heated single wafer etch chamber is heated in the

temperature range between about 200 to 300°C.

33. The method of claim 29, wherein said first
stripping of said photoresist mask is in a plasma:
containing 02 at a flow between about 200 to 400 scem
and H20 at a flow between about 200 to 400 sccm, at a
total pressure between about 1000 to 1600 mTorr, and at

an RF power between about 850 to 1450 Watts.

34. The method of claim 29, wherein said second
stripping of said photoresist mask is in a plasma
containing 02 at a flow between about 500 to 1000 sccm,

at a pressure between about 1000 to 1600 mTorr, and at



- 26—=an P0 at a flow between about 200 to 400 sccm at a total pressure

. bet\ ‘“mlwuufﬁoo mlforr, and at an RF power between about 850 to
145%“ m‘H“‘ thod of claim 19, wherein said second stripping of
sai d otoresi ¢t fask is in a plasma containing 02 at a fl ow between about

500 to 1000 sccm at a pressure between abqyt 1000 to 1600 nmforr, and at an
RF power between about 850 to 1450 Watts.™ 25. "The net hod of claim 19,

wher ei n t he duraat iREh pdwer rbeetfwaens bbby B o r14%0 nfabttssai d phot oresi st
is longer than the duration of tine for said first stripping of said
photoresist. 26. The nethod of claim 25, wherein the duration of tine for

said second stripping of said photoresist is between about 50 to 100 sec.

27. The method of cl3mTe nekhed of elafima2? orwbereinether dusagionc o4d

stripping of said photoresist is |onger than the duration of tine for said

first strippindise o gaid econd stRiPRIRI 1 0f afaid pheberesiats st and
second strippings of photoresist is between about 90 to_180 sec.
longer than the duration of time for said first

stripping'of-said photoresist.

36. The method of ciaim 35, .wherein the duration of
time for said second stripping of said photoresist is

between about 50 to 100 sec.

37. The method of claim 29, wherein the duration of
time for said second stripping of said photoresist is
longer than the duration of time for said first
stripping'of said photoresist, and the total time for
said first and second strippings qf photoresist is

between about 90 to 180 sec.

38. The method of claim 37, wherein said duration |
of time for said second stripping of said photoresist is
between about 50 to iOO sec., and the total time for
said first and second strippings of photoresist is

between about 90 to 180 sec.

39. A method of fabrication of an aluminum

containing interconnection layer in an integrated



claim?27, wherein said duration of tine for said

.secon sai d photoreS|st I s between about 50 to 100 sec., and
t he tt"m ”’mwﬁ d first and second strippings of photoresist is
bet ween abo 0 sec. 29. A nethod of fabrication of an al um num
containing interconnection layer in an inbggrated circuit conprising:

| oadi ng waf er cassette, containing substrates-having a photoresist- mask
pattern formed oedrcuill /comMyrilsi®@g:Si/ Ti N | ayer, to a single wafer plasma
etcher apparatus; etching said Ti/TiNA -Cu-Si/TiN | ayer by vertica
ani sotropi ¢ et chi ng i noadilms vafemtorssettel antth BANErsubstrapesgerri ng
said substrate to a second heated single wafer etch chanber; first
stripping said phavingsias tphutsie a i staimi she paick dmnt fokmed gbwemad er chanber,
in a first plasnma
Ti/Al-Cu-Si/TiN layer, to a single wafer plasma etcher
apparatus;
etching said Ti/Al-Cu-Si/TiN layer by vertical
anisotropic etching in a plasma containing Clz and
BCls;
transferring said substrate to a second heated
single wafer etch chamber;
first stripping said photoresist mask in said
second heated single wafer chamber, in a first plasma
containing Oz and H20; and
second stripping said photoresist mask in said

second heated single wafer chamber, in a second plasma

containing O2z2.

40. The method of claim 39, wherein said
Ti/Al-Cu-Si/~TiN layer has a total thickness between-
about 4,400 to 12,000 Angstroms.

41. The method of claim 40, wherein said
Ti/Al-Cu-Si/TiN layer has thicknesses of Ti between
about 200 to 500 Angstroms, Al-Cu-Si between about
"4,000 to 10,500 Angstroms, and TiN between about.200 to

1,000 Angstroms.



containing O[err] and H err])GO and second stripping said photoresist mask
) in sai d single wafer chanber, in a second plasnma contai ni ng
-22 - ﬁmﬁthod of claim 29, vvherein said Ti/TiNN- Al-Cu-Si/TiN

_Iayer ﬁ“‘“ﬂ‘\u ness between about 4,800 to 14,000 Angstrons. 31.
The ne

wherein said Ti/TiN- Al-Cu-Si/TiN |ayer has
t hi cknesse$ of Ti between about 200 to 500 5Angstronms, Ti N bet ween -about 400
to 2,000 Angstroms, Al-Cu-Si between about 4,000 to 10,500 Angstromns, and
top Ti N bet ween about 200 to 1,000 Angstrons. 32. The nmethod of claim 29,
wherein said second heateghei mgthRodaber ciadin GogMadleriednhelidd setdnd
tenperature range between about 200 to 300[err]C - 33. The nethod of claim
29, wherein sai dhéate@ singppi wgfetr etich phambessist heatled dn rthe pl asma
containing 02 at a flow between about 200 to 400 sccm

temperature range between about 200 to 300°C.

43. The method of claim 39, whérein said first
stripping of said photoresist mask is in a plasma
containing 0z at a flow between about 200 to 400 sccm |
and H20 at a flow between about 200 to 400 sccm, at a
total pressure between about 1000 to 1600 mTorr, and at

an RF power between about 850 to 1450 Watts.

44. The method of claim 39, wherein said second
stripping of said photoresist mask is in a plasma
containing Oz at a flow between about 500 to 1000 sccm,
at a pressure between about 1000 to 1600 mTorr, and at

an RF power between about 850 to 1450 Watts.

45. The method'of claim 39, wherein the duration of
time for said second stripping of said photoresist is
longer than the duration of time for said first

stripping of said photoresist.

46. The method of claim 45, wherein the duration of
time for said second stripping of said photoresist is

between about 50 to 100 sec.



and“FTe*%}CLaLﬁg\%ngLgetmeen about 200 to 400 sccm at a total pressure

. bet about 100 600 mlorr, and at an RF power between about 850 to
145§ﬂ thod of claim 29, wherein said second stripping of

sai Wl s in a plasma containing 02 at a flow between about
500 to 1006 stc a pressure between about 1000 to 1600 niforr, and at

- 23 - an RF power between about 850 to 1428 Watts. 35. The nethod;of claim

29, wherein the duration of tine for said@ Second stripping of said
photoresist is longer than the duration of time for said first stripping of

sai d photoresist. 36.4Fhernst Redhel skacuaidh 39)eidied ikt thie aurt Wn df1
for said second stripping of said photoresist i.s between about 50 to 100

sec. 37. The net bgsleofoe! s8ali2Becohdr stk ippénduod! isaido pHottr ddistsaigl

second stripping of said photoresist is |longer than the duration of tine

for said first silohgernghah theddnbatdoasost timed fore sadidlfitigte for
stripping of said photoresist, and the total time for
said first and second strippings of photoresist is

'between about 90 to 180 sec.

48. The method of claim 47, wherein said duration
of time for said second stripping of said photoresist is
between about 50 to 100 sec., and the total time for
said first and second'strippings of photoresist is

between about 90 to 180 sec.



said first and second strippings of photoresist is between about 90 to 180
~sec. 38. The nethod of claim 37, wherein said duration of tinme for said
second stripping of said photoresist is between about 50to 100 sec., and
the total tine for said first and second strippings of photoresist is

bet ween about 90 to 180 sec. 39. A nethod of fabrication of an al um num
containing interconnection layer in an integrated -24- circuit

conpri sing: |oading wafer cassette, cqp%ghping substrates having a

phot oresi st mask pattern formed over a Ti/A-Cu-Si/TiN layer, to a single
waf er pl as o etching said Ti/Al-Cu-Si/Ti N | ayer by
verti cal m&%\,%uuﬁ#@f)n a plasma containing Cz and BC [err];
transferring said substrate to a seco(gepegepd single waf er etch chanber;

An improved metnod for removing a photoresist mask from
an etched aluminum pattern after etching the pattern in a
chlorine containing plasma has been éreated. The method is a
two step process, in which a first stripping step is in a
plasma containing 02 and Hz0 and a second stripping step is

in a plasma containing O2.

(FIGURE 2 IS SUGGESTED FOR PUBLICATION)



first stripping said photoresist mask in said second heated single wafer
chanber, in a first plasma containing 02 and H20; and second stripping said
phot,oresi st mask in said second heated single wafer chanber, in a second

pl asma containing 02. 40. The nethod of claim 39, wherein said

Ti/A -Cu-Si/-TiN |layer has a total thickness between about 4,400 to 12, 000
Angstrons. 41. The method of claim40, whefgn said Ti/A -Cu-Si/TiN | ayer
has t hi cknesses of Ti between about 200 to 500 Angstroms, Al-Cu-Si between
about 4,000 to 10,500 Angstrons, and Ti N between about 200 to 1,000

Angst r ons. - 25 - 421 The_nethod.of . clalm 39, wherein sald secdnd heat ed
singl e wafer etch chanbpr i sDiRRESITithi QR t%ﬁpe@&t%ﬁé-‘?atnb@%et n about
200 to 300[erri@ -43. .Mtk pf chal o Demhaondeaa Ydrrst skripping
of said photoresist mask is in a pl as@,bstrate

Formation of Photoresist
Mask Pattern by Lithography

11\———“’

Load Substrate to In—Line
Etch Tool

12 |-

13~ Dry Etch Conducting Layer

14 - Transfer Substrate to

Photoresist Strip Chamber

15 —0p Dry Etch Photoresist Mask

6 Unload Substrate From In—Iine
S Etch Tool

FIG. 1 — Prior Art



containing 02 at a flow between about 200 to 400 sccmand H20 at a flow

bet ween about 200 to 400 sccm at a total pressure between about 1000 to

"~ 1600. mTorr, and at an RF power between about 850 to 1450-Watts. 44. The

met hod of claim 39, wherein said second stripping of said photoresist nmask
Is in a plasma containing 02 at a flow between about 500 to 1000 sccm at a
pressure between about 1000 to 1600 mTorai and at an RF power between &about
850 to 1450 Watts. 45. The nethod of cl &/ 39, wherein the duration of tine
for said second stripping of said photoresist is |onger than the duration
of tinme for said first sfrippi ' ' l of

claim45, wherein the dufation i E(H Fﬁﬁ%.@ 8% Er' pping of |said
hotoresist is ween out 5&9?3} 1gtsec.--x - §20 4@. {I'he met hofl- of .
o ?? atioMcoskdadeC«mndewéténgdbuyemngofEl

claim 39, wherein t U
photoresist is longer thian the duration of tine for said first
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2nd ‘Heated Chcmber
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stripping of said photoresist, and the total tinme for said first and second
stri ppi ngs of photoresist is between about 90 to 180 sec. 48. The net hod of
claim 47, wherein said duration of tine for said second stripping of said
phot oresi st is between about 50 to 100 sec., and the total tine for said
first and second strippings of photoresist is between about 90 to 180 sec.
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