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POST METAL ETCH PHOTORESIST STRIP METHOD

éACKGRonND_OF.THE INVENTION
'(1) FIELD OF THE ' INVENTION
This 1nvention relates to a method of fabrication used
for semiconductor integrated circuit devices, and more
'specifically‘to an improved method ‘of post-metal etch
stripping of a‘photoresist mask and removal of residual

corrosion inducing components. .

(2) nl-:scnip'rxou OF RELATED ART
- In the fabrication of semiconductor integrated c1rcuits
-metal conductor lines are used to interconnect the many
camponents in dev1ce circuits. ' Due to shrinkage in size of
-semiconductor components and increased circuit density, the
.complexity of interconnecting the many components in the
dense circuits requires that the fabrication processes usec
to define the metal interconnect patterns provide precise
dimensional control. Advances in lithography and masking
techniques and dry etching pProcesses, such as RIE (Reactive
Ion Etching) and other plasma:etching processes, allow
production of sub-micron width conducting patternslwith'
spacings also in the sub-micron range. In general, as
1llustrated in Fig. 1, the process steps used to pattern
metal conductor patterns comprise: Step 10, deposition of a

conducting layer; Step-11, formation by standard lithographic
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techniques of & photoresist mask or other mask, such as
titanium oxide, silicon oxide-or silicon oxynitride, in the
férm of the desired metal interconhection pattern; Step 12,
loéding the subétraﬁg to an etch tool} Step 13, dry etching
to femove the Eonducting layer frqm areas not covered by the
mask; Step 14, transferring the substrate.to-a photoresist
strip chamber;lstep 15, removing the photoresiét mask layer,
expo%ing the top surface of the metal layer; and then, Step
.16, unloading the substrate from the etch tool.

'As is well knowﬁlin the ihdust£y; dry etéhing processes
for metal layers composed of aluminum or'aluminum'alloy$ uSe‘
chlorine and chlorine compounds as reactive.components'iﬁ the
etchant gas. During the_etching process.the.chlorine and
.chlorine compéunds, as well as.chlorine bearing feaction
produéts, becomé émbedded in"ahd/or attached:to the masked
' patﬁern'sideWails and other surfaces on the subsﬁrate. ‘For
example, chlorine and éhlorine compounds and chlorine bearing
reaction products become embedded iﬁto thé 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_réaction products are not
remove§ or passivated before the substrate is exposed to the
atmosphere of the manufaéturing.plant,-then the residual
chlorine causes corrosion and attack of the etched metal
pattern. This corrosion_is unaccepfable, thereby reducing

the yield of the metal etch process. Additionally, if the
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' corrosion is not immediately detected, it will show up later

as a cause for a device failure or as a contributinp factor
in a reliability failure mechanism. . Therefore, it-is
extremely important that following a metal etch procesa the
residual chlorine, chlorine compounds, and chlorine bearing
reaction‘products be removed from all. surfaces of the |
substrate and sidewalls of the etched metal pattern. The
challenge in the industry is to prov1de post—metal etch
processes which efficiently and effectively strip the
photoresist mask.and, aleo, renove reaidual chlorine,-

chlorine compounds, and chlorine bearing reaction;prodncts;

"It is a well known fact that(h can be used to remove or

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 shows a

dielectric planarization process in which a photoresist layer
is deposited over a dielectric layer having topographical
features and then etching back all of the photoreSist and
enough of the dielectric layer to form a substantially planar
surface of the dielectric material. The etchback process,
using CHF; and O;, etches photoresist and the dielectric at
substantialiy the same rate. However, this patent does not
address the removal of chlorine, chlorine compounds, or
chlorine bearing reaction products following dry etching of

an aluminum interconnection pattern.
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reactive species.

U.S. Pat. ﬁo. 5,792,672 entitled “Photoresist Strip
Method” granted Aug. 11, 1998 to Lap.Chan et al. describes a
two step photoresist strip method in which after etdhing a
conducting material the substrate containing the etched
pattern is transferred to a second heated chamber and the
photoresist is stripped first in a plasma' containing C, and
H,0 and second in a plasma oontaining 0,. .While tnis process
offers an improvement to state-ofsthe—art'photoresist |
strlpplng, there continues to remain a challenge to devise
effective methods to strip photore51st masks from etched
aluminum or alumlnum-copper lnterconnectlon patterns -
subsequent to etchlng the pattern in a chlorine contalnlng
plasma and to remove chlorlne, chlorlne compounds, or .
chlorlne bearlng reactlon products follow1ng the dry etching
of the alumlnum or alumlnum-copper lnterconnectlon pattern

LY

U.S. Pat. No. 5,824,604 entitled “Hydrocarbon-Enhanced

' Dry Stripping Of Photoresist” granted Oct. 20, 1998 to Ronny

Bar-Gadda describes a method of stripping photoresist using a
microwave stripper and a plasma containing an oxidizing gas,

a fluoride-containing compound, and a hydrocarbon-containing

-

The present invention is directed to a novel method of
stripping a photoresist mask from the surface of an aluminum
or aluminumfoopper pattern formed by dry etching'processes

using gaseous Cl, and BCl, etchants by using alternating steps
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for passivation and photoresist stripping which sequentially

passivate the etched aluﬁinum or aluminum-copper surfaces and

- remove the photoresist. Superior results are obtained using

a five step process which combines passiVation'and photo-
resist strlpplng in Step 1, followed by photoreslst strlpplng

in-Step 2, followed by passlvatlon in Step 3 followed by

photore51st strlpplng ln Step 4; followed by pass1vatlon in

Step 5.

SUMMARY OF THE INVENTION
It is a general object of the'present invention to

provide an-improved methodpfor_removing.a photoresist mask

from an etched aluminum or alumlnum—copper pattern after

etching the pattern in a chlorlne contalnlng plasma

Ahother object of the preéent invention is to prowide ah

improved method for removing residual chlorine containing

‘fragments from the surfaces and sidewalls of an aluminum or

aluminum-copper pattern after etchlng the pattern in a

chlorlne contalnlng plasma.

In accordance with the preeent invehtion, the above and
other objectives are realized by using a2 method of fabri-
cation of a conductive interconnection layer in an integrated
circuit comp:iéing the steps of: loading a wafer cassette,
containing substrates having a photoresist mask pattern -

formed over a conductive material layer, to a plasma etcher
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appaxatus; gtcﬁing the conductive materialllayer by vertical

anisotropic etching; transferring the substrate to a second

heated'chambef; and first'stripping, ﬁsihg a microwave

' generated plasma, the.photoresist mask in-the second heated

chamber in a first plaéma containing O, and H;0.

_ A.second embodimeﬁt_of the present iﬁventipn comprisé§
thé'steps'of;"loading-a wafér'cassette,'containing
substrates having a photoresist mask p;ttern formed over a
conduétive materia;'laye;, to a plasma etcher apparatus;'
etéhing the conductivé material layer by vertical anisotropic
etching; transferring the substrate to a second heated:
chamber; and first stripping; ﬁsing a microwave generaged
plasma, the photorésist maék in thé second heated chamSer in
a first plasma containing O, and H,0 and one or more gasés
from the group comprising nitrogen, hydrogen, fluorine,
fluorocarbons, fluorine~substituted hydrocarbons, hydrogen

bromide, forming gas and argon or other inert gases.

A third embodiment of the present invention comprises
the steps of: loading a wafer cassette, containing
substrates havipg.a photoresist mask pattern formed over a
conductive material layer, to a plasma etcher apparatus;
etching the conductive material layer by vertical anisotropic
etching; transferring the substrate to a sécohd heated
chamber; fi:st stripping, using a microwave generated plasma,

the photoresist mask in the second heated éhamber in a first
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plasma containing O, and H,0; and second stripping, using a
second microwave generated plasma, the photoresist mask in
the second heated chamber, in a second microwave generated

plasma containing O; and N,.

In a fourth embodimenﬁ of the present invention thé
initiation of_the:first stripping, using a microwave
.generated plésha; of the phqforesist mask in the second
heated chamber.in a first plésma contéiping 0. and H.0 is
ﬁrecéded by one or moré steps that occur when the_substrate
is transferred to the second heated chamber, where the one or
more steps are from the group comprising the steps of:.

a)’ heating the subétrate to a'predetermined-temperature;

b) reducing or eliminating'chlorine/ éhloriﬁe compoundé and
chloride compounds from the photofesist, sidewall residue and
metai through heatihg and/or using—gne or more gases ‘from the .
group qontainind fluorine, fluofine—substituted'hydrocarbohs,
fluorocarbons,:nitrogen, hydrogen, forming gas and argon and
other inert gases;'or-c)_stabilizing gas fiows in the second
heated chamber. |

And in yet a fifth eﬁbodiment of the preéent invention ’
the above and other objectives ére_realized by using a method
of fabrication of a conductive interconnection layer in an
integrated circuit comprising the steps of: loading a wafer:
cassette, contgining'substrates having é photoresist mask

pattern formed over a conductive material layer, to a plasma
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etchér apparatus; etching.the conductive-material layer by
#erticgl anisotropic etching; transferring the subsﬁ:ate to a
second heated chamber; first_stripping, using a microwave
generated plasma, the photoresist mask in a second heated :

chamber in a first plasma éontaining O, and H;0; and then

'fﬁrther stripping one or more times the‘photoresist mask in

the second heated chamber in a microwave generated plasma

containing O, and H,0.

BR'I_EF 'DESCP;IPTION OF THE DRAWINGS
The object-and other advantageé.of this invénticn-are_..
best described in'the prefefrediemﬁodiments with referehcé t6
the attached drawings_that_includé:

-

Fig. 1, which is a flow chart for the method of etching

.a conducting layer to form an interconnection pattern on a

semiconductor substrate.

Fig. 2A, which is a flow chart of the method of ocne
embodiment of the present invention. |

’Fig; 2B, which is a flow chart of the method of a second

embodiment of the present invention.

Fig. 3A, whichi schematically, in cioss-sectionél

_representation, illustrates a photoresist masked conducting _



layer on a semiconductor sﬁbstrate, prior to etching the

conducting layer. - _ _ -

Fig. 3B, which schematically, in cross-sectional "
representatidn, illustrates a photoresist masked conducting
layer on a'semiconducto:-substrateicohtaining a conducting

stud embedded in a dielectric layer.

Fig. 3C, which schematically, in cross-sectional
representation, illustrates a photo:esist.masked'conducting
layer on a semiconductor substrate containing multilevel

conducting interconnections.

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

léyer, prior to stripping the photoresist mask. )

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

layer, after stripping the photoresist mask.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The new and improved ﬁethod for removipg 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 photo-
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rééisﬁ mask from an etched pattefn in an aluminum layer or an
aluminum alloy layer, sucﬁ as aluminum-copper or aluminum-
cépper-silicon, where cbpper'is between about 0.2 and 2% and
silicon is between about 0.1:and 1%. The method can further
be used tO'Strip a.photdresist'mask from an etched pattern ip
a mulfilaye:ed?conductiné structure, which gontains an |
aluminﬁm,'aluminumécopper; or aluminum—copper;silicon layér
and adhesion, barrier and AﬁC'(Anti—Reflection Coatiné)

- layers. Examples of such conducting.layérs commonly usedlin
the industry are listed in Table 1. In such.multi-layeréd-
coﬁducting étructures.Ti is used to proVide a low_resistance

contact to doped_silicon'regions-through the formation of

TABLE 1

" Ti/TiN/Al-Cu/TiN
- Ti/TiN/Al-Cu/Ti/TiN
Ti/TiW/Al-Cu/TiN
Ti/Al-Cu/TiN
Ti/TiN/Al-Cu-Si/TiN
Ti/TiN/Al-Cu-Si/Ti/TiN
Ti/Tiw/Al-Cu-Si/TiN
Ti/Al-Cu-Si/TiN

titanium silicide and to provide adhesion to insﬁlating
laéers; TiW or Tiﬁ is used as a barrier layer to pfevent
penetration of Al into shallow silicon junctions; Al-Cu or
Al-Cu-8i is the primary conducting layer and Ti, Ti/TiwW; or
Ti/TiN under the Al-Cu or Al-Cu-Si layer serves a; an

adhesion layer; TiN on top of all the structures serves as -an
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ARC (Anti-Reflection Coating) layer to facilitate formation
of the mask pattern_in photoresist by'photolithography} . The
method can further be used to strip a photoresist mask from
an etched.pattern in the multilayered conducting struoture,
wherein the'phototesist mask comprises photoresist used for

I-line llthography or a comblnatlon of deep ultravzolet (DUV)

: resist and organic BARC (Bottom Antl-Reflectlon Coatlng)

: Only the specific areas unique to understanding the present

invention will be described in detail.

Photoresist mask removal from an etched aluminum pattern
after etchlng the pattern in a. chlorine containing plasma
con51sts of alternatlng pa551vatlon and strip steps. An;
example of alternatlng pas51vatlon and strlp steps is shown

in Table 2. The passivation step utilizes water vapor, but

TABLE 2

PARAMETER PASSIVATION STRIP PASSTVATIONM STRIP
Pressure (Torr) 2 . 2 2 2
Power (Watts) 1400 1400 1400 1400

0, (sccm) - 3500 - 3500

H,O (sccm) ‘ 500 . - 500 -

N, (sccm) - 200 - 200
Temp. {(°C) 200-270 - 200-270 200-270 200-270
Time (sec.) 20 . 40 20 40 -

can also include ocne or more gases from the group containing
nitrogen, fluorocarbons, fluorine-substituted .hydrocarbons,

fluorine, hydrogen bromide, hydrogen and forming gas. The
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passivation step protects the metal by forming.metal oxide
(e.g. aluminum tc aluminum oxide), and reacts with metal-
chloride bonds to form ﬁetal_oxide and volatile hydrogen
chloride, resulting in the prevention of corrosion of the
alﬁmipum.pattern. The strip step utilizes oxygen, but can
also include -one or mdréygases'from'the group containing
nitrogen, fluorocarbons; fluorine-substituted hydrocarbons,
fluorine, hy&rbgen bfomide and forming gas. The_fuﬁction of
the_strip step is'mainly'photoresist and BARC removal,, but

this'strip_step,_alsd,'reacts with carbon-chlorine bonds.

Several disadvantages and deficiencies have been
observed, when using tﬁe process.sequénce.listéd in Table 2.
.First_, passivation with pure H;O and high power in the first_
step resu1ts in poor uniformity of photoresist removal.

Also, due to the high powerNthe rémaining'photoresist mask -
becomeé additionally hardened, resulting in further _
difficulty.for removal by the subsequent steps. The result '
'is that residue of the photoresist mask, in the form of
sub-micron spots, remain on the top surface of the TiN
anti-reflection coating on thé aluminum or aluminum-copper
interconnection patterns foilowing the passivation and mask
Stfipping'process. This photoresist mask residue will affect -
the adpeéion of the subsequently deposited inter-metal
dielectricilayer (e;g; silicon oxide) and is therefore

unacceptable for a reliable manufacturing process.
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Modifications to the passivation process have been
investigated and results 6f experiments to study the effect -

_ of 0, additions -to H,0 plasmas are recorded in Table 3.

TABLE - 3

0, H,O Power Strip Rate Uniformity
scem scom Watts A[mln. %
0, 500 800 16,019 7.3
"o ° 500 1400 16,527 40.5
500 500 800 16,800 3.4.
500 . 500 1400 19,425 5.3
5.6

250 500 - 1100 17,766

Refefring_ to Table 3, it is seen that addition of O, to
a H0 plas;_na causes an increase in the removal rate of
photoresist and more uniform_ removal of the ph'ot-oi:esist. The
piesenc':e of the 0, in the plasma allows effective removal of
the photores:.st before it is add:l.tlonally hardened by the

'plasma and’ the J.nc:l.dence of sub-micron photoresist residue.

spots is m:z.t:l.gated.

By initiating the photoresist stripping in an 0,/H,0
plasma (i.e. passivation and strip stép) uniform photoresist
removal is insured. The ratio of 0O, to H,O0-is between about
0.05 to 10. This is the key step in effective removal of
photéresist masks following etching of aluminum or aluminum-
copper layers in chlorine bearing et"chan_ts . Although" the,
initial passivation and strip step uses an 0./H;0 mixture, one

or more gases from the group comprising nitrogen, hydrogen,



fluorine, fluorocarbons, fluorine—eubetituted hydrocarbons,
hydrogen bromide, forming gas and argon-or other inert gases
can be added during the passivation and strip step. The
ratio of O, relatlve to each of the addltlonal gases is
between about 1 and 100. With the pas31vatlon and strlp step
es-the initial step of the photere51st strlpplng sequence,
the strip steﬁs and/or the passivation steps that follow can

be part of many sequential combinations.

Table 4 llsts an example of a sequence of flve steps for

effective pass1vatlon and strlpplng of photoresxst. Other

-TABLE 4

STEP 1 STEP 2 STEP 3 STEP 4 STEP 5
PARAMETER PASSIVATION STRIP PASSIVATION STRIP PASSIVATION
AND STRIP
Pressure (Torr) .. Al Al al al al
Power (Watts) - A2 _ a2z A2 : a2 A2
O, (scem) : 100-1000 a3 - - A3 -
H0 (sccm) a4 - ad - a4
Nz (SC@) - AS ] - AS -
Temp. (°C) a6 a6 A6 A6 A6
Time (sec.) . A7 A7 a7 . A7 a7
WHERE Al = 1 to 10 Toxr
A2 = 600 to 1800 Watts
A3 = 1000 to 5000 sccm
A4 = 100 to 1500 scem
AS = 100 to 900 sccm
A6 = 150° to 350°C
A7 = 5 to 120 sec.

sequences which provide effective passivation and stripping

. of phbtoresist include Ebut are not restricted_to):
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1) passivation and strip - strip
2) passivation and strip - passivation

e 3) passivation and strip -~ strip - passivation

4) passivation and strip - passivation - strip

5) passivation and strip -~ strip - passivation ...where
‘the strip - passivation sequence is repeated more
than once. . Co '

6) passivation and strip - passivation - strip ...where
the passivation - strip sequence is repeated more
than once.

7} pass1vatlon and strlp ~ strip - pa531vatlon -
-passivation - strip

In each case_effective and.efficient photoresist mask removai:
is obtained by iniﬁiaﬁing fhe‘photeresist mask removal in a
combined'passivation'and strip step, then followed Ey various
strip steps and passlvatlon steps. Additionally, the .
comblned pa531vatlon and strip step can also occur at least
once more- in the photore51st stripping sequence after 1ts

1n1t1al step appearance.

In the example giveh in Table 4, photoresist strippiné
is first initiated using an O;/H;0 plasma, which simultan-
eocusly begins the passivatioh'process.due to the presence of
H,O in the plasma. In this first step the flow of O, is
maintained at between about 100 and 1ooo"sccm; This
relatively low flow of C& permits initiation of photoresist
removal without attenuating ﬁhe H,O0 passivation process. The
ratio of O, to H,0 is between about 0.05 to 10. Then follows
alternating steps of photoresist stripping in an 0,/N, piasﬁa

and passivation in a H,0 plasma. In these stripping steps
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the flow of Oz.is_maintained between about 1000 and 5000 sccm

'ahd the ratio of Q, to N, is between about 1 and 100.

Now referring to Fig. 2A, the basic steps 50, 51, 52, _
53, 54, 55 and 56, of an example of the metho@ of the present_
invention are summarized. Thgse'steps will be described .

'_below in conjuﬁctioh with Figs. 3-5.

?ig, 3A, schematically in,cfoss—secﬁional representa-
tion, de?icts_a portion of a semiconductor device. The _
substrate 31-is conventionélly a.monocrystalline_semiconduc-
tor substrate érovided with an overlying dielectric layer 32.
At least oné contact opening 34 is formed in the dielectric
layer 32 for making_contact to a doped regién 33 in thé
suﬁstﬁaté 31. In fabricating integrated_circuit semi-
conductor devices, the substrate 31 will conventionally have’
ffabricated_therein.vérious active and passive devices which
are not illustrated in Figs. 3-5, since they.are not pért of
the present invention. The devices may include metal oxide
semiconductor field effect transistor, MOSFET, devices of
either NFET or PFET types and/or complimentary CMOS as well
as BiCMOS devices. Conducting layer 35 is formed over thé
dielectric layer 32 and into the contact opening 34.
COnﬁentional lithographic techniques are used to define the

photoresist pattern 36 on top of the'conducting layer 35.
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Figs. 3B and 3C, schematically in cross-sectional
representations, depict alternate examples of interconnegtienf
schemes used in integrated circuits. 1In Fig. 3B, the
substrate 31 is conventionally e monocrystalline semi-
conductor substrete provided with an overlying dielectrie |
1a§en 32. Contact is made to a doped regicn 33 via a contact
opening in-iayer 32 filled with-a:barrier metal bilayer of
Ti/TiN ;0 and tungsten 41. After-depositidn of the banrier

metal bilayer of Ti/TiN 40 and tungsten 41 a CMP (Chemical

'.Mechanlcal Planarlzatlon) process is used to pollsh away

excess tungsten and Ti/TiN leav1ng a conductlng stud embedded_
in the-dlelectrlc layer 32. Fig. 3C deplcts BEOL (Back-End-
Of-Line) multilevel interconnections, where substrate 42 is a

dielectric'layer. Dielectric layer'42 may contain other

. mlcroelectronlc layers (not- shown) comprlslng dielectric,

conductor, polysilicon and other materlals.* Formed on the
dielectric layer 42 is an etched multilayer conductor pattéern
43. An inter-metal dielectric layer 39 is formed over the
multilayer conductor pattern 43 and contact is made to the
multilayer conductor pattern 43 via a contact opening'in
layer.39.filled with a barrier metal bilayer of Ti/TiN 40 and
tungsten 41. After deposition of the barrier metal bilayer
of Ti/TiN 40 and tungsten 41 a CMP (Chemical Mechanical
Planarization) process is used to polish away excess tungsten
and Ti/TiN leaving a conducting stud embedded in the _
dielectric layer 39. Theatoplmultilayer conducting layer 44

is formed over the dielectric layer 39 and conventional
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lithographic techniques are used to define the photoresist

pattern 36 on top of the conducting layer 44. -

- The substrate is tﬁen loaded into an in-line etch tool
such as a Lam Research TCP9608, Lam’Reséarch PTX or Applied
Materials DPS Centura'and-the conducting layer 35 is etched
(Step 50 in Fig. 2A) in a plasma containing Cl, and BCls, as
shown schemaéiéally in‘cross-éedtibnal representation in.f
Fig. 4. Alternate etch plasmas.may.contain Clz; BCl; and
-:nitrogen, Cl,, BCls and CHF;, or Cl,, BCly, CHF; and nitrogen. -
Durihg tﬁis etch stép_tﬁe-unmasked_regions-of the-conducting
layef 35 are rembved and thin sidewall layers 37 coﬁtaining
redeposited photorésist and chlorine'containihg substances
(or chlorine and fluorine containing substanceé if CHF, is

used) are deposited onto the etched pattern in layer 35.

The substrate is then ﬁrénsferréd (Step 51 in Fig. ZA)-
to.a second chamber, which is heated.in the range between
about 100° and 400°C., for removal of the remaining photo-
resist'mask, This sécond chamber may be an additiocnal
chamber incofporated in an in-line etch tool or may be a
separate microwave photoresist stripping chamber, such as )
Fhose manufactured by Gasonics,lMattson, and other photo-
resist stripper tool manufacturers. Referring to Fig. 2A,
the photoresist etch process is-é five-step process in which
the first step, Step 52, etches the photoresist mask in én

0,/H,0 microwave plasma containing 0, at a flow between about
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100 and 1000 s&&m and H,0 at a flow bétween about 100 and
1500 scem, at a total ﬁreséure between about'l and 10 Torr,
-and with the 0./H,0 microwave plasma having a frequency of
‘about 2. 45 GHz and applled power between about 600 and 1800
Watts. The ratlo of Oz to Hgo is between about Q. 05 to 10.
‘The seeond step, Step 53,_etches the photoresist mask in an
0,/N, microwave plasma containing ég at a floﬁ between abont
1000 and 5000 ‘scem and_' N, at a .f]'.ow between about 100 and 900
sccm, .at a total pressure between.about 1_and.10 Torr, and
with the 0./N, microwave_plasma'having'a frequency of about
2.45 GHz and applied power.between about 600 and 1800 Watts.
The ratio of O; to N, is between about 1 and 100. The third
step, Step 54, etches the photoresist mask7in*a'HgD.microwave
plasma containing H,0 at a flow between about 100 and 1500
scem, at a total pressure between about 1 and 10 Torr, and
with the H£>mucrowave plasma hav1ng a frequency of about
2.45 GHz and applied power between about 600 and 1800 Watts.
The fourth step, Step 55, etches the photoresist mask in an
0./N, microwave plasma containing .'02 at a flow between about
1000 and 5000 sccm and N, at a flow between about 100 and 900
scem, at a total pressure between about 1 and 10 Torr; and
with the 0./N. micfowave plasma having alfreqﬁency of about
2;45 GHz and_appliedapower between about 600 and 1800 Watts.
The ratio of O, to N; is between about 1 and 100. _The fifth
step, Step 56, etches the photoresist mask in a H,0 micfowave
plasma containing H,0 at a flow between about 100 and 1500

sccem, at a total pressure between about 1 and 10 Torr, and
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with the H,0 midrowave plasma having & frequency of about
2.45 GHz and applied_power_between about 600 and 1800 Watts.
'The.benefits_of the five-step photoresist etch process are to
use an 0,/H,0 microwave plasma, Step 52, to begin.removal of
chlorine, chlorine compounds, and chlorine bearing reaction
products which are embedded into the photoreSLSt mask -on top
of the etched pattern ‘and’ attached to the s1dewalls of the
etched pattern'following the conductor layer Cl./BCl; etch
process and simultaneously.initiate uniform stripping of
photoresist before it is further hardened'by-exposure to |
plasma proce551ng " Then subsequent alternating steps, Steps f
53-56, of strlpplng photore51st in an 0,/N; plasma followed by'
passivation in a Hzo plasma complete the photores:.st mask
removal.process. Alternatlvely, the passivation and strrp
step, Step 52, can. be preceded by one or more steps that'
occur when the snbstrate is transferred to the second heated
chamber (Step 51 in fig..ZAJ. The aforementioned one or more
steps would not strip the photoresist, but would function to
cause one oOr more of the'following results: a) Heating the
substrate to a predetermined temperature; b) Reduction or
elimination of chlorine, chlorine componnds and chloride
compounds from the photoresist, sidewall resioue'ano metal
through heating and/or using one or more gases from the group
containing fluorine, fluorine-substituted hydrocarbons,_
fluorpcarbons, nitrogen, hydrogen, forming'gas and argon.and
other inert gases; c¢) Stabilization of gas flows in the

second chamber.
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Alternatively, in another embodiniént of the invention
the combined passivation and strip step, Step 52, may not be
implemented as the initial sﬁep of the photoresist stripping
process, but is inserted one or moré times after aJSeparate_
' fifst.step or after a further.one'or ﬁore steps after the

) first step of the photeresiSt stripping process.

Alﬁernaéivaly( the process fiéw, as éﬁown in Fig. 2R, .
may consist of the following'sequenge: Step 60, where dry
etching of photoresist masked éonducting lines takes p;ace in
a metai.efcher tool; Stép;Gl, where'theISubstrate is
transferred_to.a microwave photoresist stripper Chémbér;

Step. 62, wheré_the fgmainiﬁg’photo:esist mask ié removed
using combined passivation and strip step(sf, strip step(s)'
énd passivaﬁion.steps(sf carried ocut in the microwave phéto-

resist stripper chamber.

While the invention has been particularly shown and
described with reference to the preferred embodiments
thereof, it will be understood by those skilled in the art
that various changes in fqrm-and details may be made without

departing from the spirit and scope of thé.invention.

What is claimed is:
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1. A method of fabrication of a conductive

‘interconnection layer in'an.integrated circuit

comprising:
" loading a wafer cassette, containing substrates

having a photoresist mask pattern formed cver a

- conductive material layer, to a plasma etcher apparatus;

etching said conductive material layer by vertical

-anlsotropxc etchlng,_

transferrlng said substrate tc a second heated _
chamber, and.'

flrst strlpplng, us1ng a- mlcrowave generated :
plasma, said photoresist mask in sald second heated

chamber in a first plasma-contalnlng C&_and Hg).'

2. The method of claim 1, wherein said second

heated chamber is contro;led in the temperature range

. between about 100° and 400°c.

- 3. The method of claim 1,.wherein said first .
stripping of said photoresist mask is in a microﬁave
plasma containing O, at a flow between about 200 and
1000 sccm and H,O at a flow between about 100 and 1500
sccm,_at a total pressure between about 1 and 10 Torr,
and said microwave plasma has a frequency of about 2 45

GHz and applied power between about 600 and 1800 Watts.,
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4. The method of claim 3, wherein said first
stripping of said photoresist mask is in a microwave
plasma containing O, and Hzo, where the .ratio of O, to Hzo.

is between about 0.05 and 10.

5. The method of claim 1, wherein said conductive

material layer is Ti/TiN/Al—Cu/TiN.

6. The method of claim 1, wherein said conductive

material layer is Ti/TiW/Al-Cu/TiN.

7. The method of claim 1, wherein said conductive

‘material layer is Ti/Al-Cu/TiN.

8. The method of claim 1, wherein said conductive

material layer is Ti/TiN/Al-Cu/Ti/TiN.

9. The method of claim 1, wherein said first
microwave plasma containing O; and H,0 further contains

one or more gases from the group'comprising nitrogen,

hydrogen, fluorine, fluorocarbons, fluorine-substituted

hydrocarbons, hydrogen bromide, forming gas and argoen or

other inert gases.

10. The method of claim 9, wherein the ratio of O,

relative to each.of the additional gases is_between'

about 1 and 100.

23



*

10

15

20

11. The method .of claim 1, wherein after first
étripping, using a microwave generated plasma, said
photoresist mask in said second heated chamber in a -
first plasma containing O, and H;0 said photoresist mask
is fur._'thei: strii:ped in said second heated chamber in a

second microwave generated plasma containing O, and N,.

12" ‘The method of claim 11, wherein said second

3 microwave generate_d plasma containing O. and N, comprises

O; at a flow between éb'g:ut 1000 and 5000 sccm and N at a

flow between about 100 and 900 sccm, at a total pressure

between about ‘1 and 10 Torr, and said second microwave

' generated plasma has a frequency of about 2.45 GHz and

applied power between about 600 and 1800 Watts. .

- 13. The method of claim 11, wherein said secbnd

-microwave generated plasma containing O, and N, comprises

| O, and N;, where the ratio of 0, to N. is between about 1

and 100.

14. The method of claim 11, wherein said second
microwave generated plasma cohtaining 0, and N, further
contains one or more gases from the group comprising
hjdrogen, flubrine, fluorocarbons, fluorine-substituted

hydrocarbons, hydrogen' bromide, forming gas and argon or

other inert gases.. :
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15. The method of claim 14, wherein the ratio of O,

relative to.eaCh-of the additional gases is between

about 1 and 100.

.16. The method of claim 1, wherein the initiation

of said first Stripping; using a microwave generated .

plasma, of said'photoresist mask in said second heated

.c"'hamber 'in_ a first plasma. containing O, and ﬁzo is

preceded by one or more steps that occur when the

substratg is transferred to the second heated chamber,

' where said one or more steps are from the group

‘comprising the steps of: a)'heatiﬁg the substrate to a

prgdetermined temperéture; b)'reducing_or éliminating

chidrine, chlorinefcompounds and-chloride compounds from

‘the photoresist, sidewall residue and metal through

heating'and/or using one or more gases_frqm the group

‘containing fluorine, fluorine-substituted hydrocarbdns,

fluorocarbons, nitrogen, hydrogen, forming gas and'argon

and other inert gases; or c) stabilizing gas flows in

the second heated chamber.

17. The method of claim 1, ﬁherein after first
stripping,'using a microwave generated plasma, said
photoresist mask in said second heated chamber in a

first plasma containing'cg and H;0 said photoresist mask

is further stripped one or more times in said second

-25-
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heated chamber in a microwave generated plasma

containing O and HO.

18. The method of claifn 17, wherein the further

stripping one or more times in said second heated

.chamber takes place in a microwave generated plasma

containing O, at a flow between about 200 and 1000 sccm

and H,0 at a flow between about 100 and 1500 scacm, at a

' total pressure be-_tween about 1 and 10 Torr':ﬂ, and said

microwave plasma has a fr_equehcy of about 2.45 GHz and

 applied power between about 600 and 1800 Watts.

19. The method of claim 18, wherein said further
stripping one or more té.mes. of said photoresist mask is

in a microwave plasma containing O and H,Q, where the

ratio of O, to H,0 is between about 0,05 and 10.

20. The method of claim 1, wherein after first
stripping, using a microwave generated plasma, said
photoresist mask in said secoﬁd heated chamber in a
first plasma containing O, and HO, said phot'oresis.t mask
is further stripped in said sécond heated chamber in a

second microwave generated plasma containing H,0.

21. The method of claim 20, wherein_ said second

microwave generated plasma containing H,O comprises H,0

at a flow between about 100 and 1500 sccm, at a total
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pressure Bétween about 1 and 10 Torr, and said second

_microwave'generated'plasma has a frequency of about 2.45 .

GHz and applied power bétween_about 600 and 1800 Watts.

22. The method of claim 20, wherein said second
microwave generated plasma containing H;O0 further:
contains one or more géses from the group conprising'_

hydrogein,” fluorine, fluorocarbons, fluorine-substituted

‘hydrocarbons, hydrogen bromide, forming gas and argon or

other inert gases.

. 23, Thé'method.oflclaim 1, wherein after first
stripping, using a microwé&e*generated plasma; said
phétorgsist mask in said second heated chamber in a
first plasma cbntaihiﬁg 0, and H;0 _said photoresist mask
is further stripped in said second héated chamber in

subsequent two or more microwave generatéd plasmas -

containing O,, N;, and EO.

24. The method of claim 23, wherein said sécond
microwave generated plasma contaiﬁing 0., N;, and H,0
further contains one or more gases from the group
comprising hydrogen, fluorine, fluorocarbons,

fluorine~substituted hydrocarbons, hydrogen bromide,

forming gas and argon or. other inert gases.

27-
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25. The method of claim 1, wWherein said plasma
- containing O, and H,0 is implemented to further strip
said photoresist mask one or more times after the first

step or after more than one step from the start of the

5 photoresist stripping.
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