. . ' RTwPls Cag‘btr
METHOD- FOR_PREVENTI NG TI TANI UM LI FTI NG DURI NG AND AFTER METAL ETCHI NG
BACKGROUND OF THE | NVENTI ON (1) FIELD OF THE | NVENTI ON The present
invention relates to a fabrication technique for sem conductor integrated
circuits and nore specifically to processes used to pattern nmetal |ines.
(2) DESCRI PTION OF PRI OR ART The sem conductor industry is continually
striving to increase the performance of integrated circuits while stil
mai nt ai ni ng or reducing the cost of these devices. The trend to sub-m cron
di-mensi ons has al |l owed these objectiveg to be realized. Smaller device
features have resulted in snmaller chip size and therefore nore chips per
wafer. This in turn reduces the cost of the wafer. In addition the snaller

device feature size can amgoHu®swok FREVENTANERATS ARIDRNCARATNG FOr
exanple netal oxide sem conductor field effect transistors, (MOSFET),

exhi bit enhanced perfornmance awFRiMNG EfanreTdre MEtiaLoETOM NMOSFET

BACKGROUND OF THE IMVENTION

(1) FIELD OF THE INVENTION

The present invention relates to & fabrication
technique for semiconductor integrated circuits: and more

specifically to processes used to pattern metal lines.

{2) DESCRIFPTION OF PRIOR ART

The semiconductor industiry is continually
striving to increase the performance of integrated circuits
while still maintaining or reducing the cost of these
devices. The trend to sub-micron dimensions has allowed
‘these cbjectives to be realized. Smaller device features

have resulted in smaller chip size and therefore more chips
per wafer. This in turn reduces the cost of the wafer. In
addition the smaller device Teature size can alsc result in
performance enhancements. For exampley metal oxide
semiconductor field effect transistors, (MOSFET), exhibit
enhanced perfeormance as the chamnel length of the MOSFET
decreases, which in turn is accomplished by decfeasiﬁg the
gate structure dimension. Aother example of performance

enhancements is realized by reducing the distance between



decreases which in turn is acconplished by decreasing the gate structure

di merfsi on.* Aot her exanpl e of performance enhancenents is realized by
reduci ng the di stance between 2 active elenents on the chip, thus
reduci ng delay tinmes. This is acconplished by reducing the dinensions of of
all chip features, including via hole, netal stud and netal interconnect
width. A mgjor factor in reducing device dinensions has been the advances
wi tnessed in the photolithograpic disciplines. Mre sophisticated caneras
and nore sensitive photoresist materials have contributed to the

achi evenment of sub-m cron device inage%. Rapi d devel opnent of ot her

sem conduct or fabrication areas, such as reactive ion etching, (RIE), ion

| mpl ant akk @Ry e( b khen@BdehO¥hAT £58HY €tRNEM 8L YARCHE8PO%E HEQD, THEECVD),
have al so played a mmj or
is accomplished by reducing the dimensions of of all chip
features, including via hole, metal stud and metal

interconnect width.

A major factar in reducing device dimensions has
been the advances witnessed in the pheotolithogirapic
disciplines. More scophisticated cameras and more sensitive
photoresist materials have contributed to the achievement of
sub-micron device images. FRapid development of cther
semiconductor fabricaticon areas, such as reactive ion
etching, (RIE), ion implantaticon, (I/I}), and low pressure
chemical vapor deposition, {(LFPCVD), have alsc played & major
role irm achieving sub—micron device images, and thus higher
density integrated circuits. However the trend to smaller
features has alsc presented specific vulrnerabilities. For
2xamples to reduce delay timesy shorter distances between
device elements are needed, thus narrower metal lines are
used. One specific metallurgy practiced in the industry is
& composite of aluminum — titanium /tungsten - titanivm. The
aluminum based layer is used primarily as the major
conductive film of the compesite. The titanium/tungsten
layer is used to prevent penetraticn of aiuminum intoc active
silicon regions, when this composite is used as a contact

metallurgy. Finally the titanium layer is used to reduce



rol e Ln achi eving sub-micron device images, and thus higher density
integrated circuits. However the trend to smaller features has al so
presented specific vulnerabilities. For exanple, to reduce delay tines,
shorter distances between device el enents are needed, thus narrower netal
lines are used. One specific netallurgy practiced in the industry is a
conposite of alumnum- titanium/tungsten - titanium The al um num based

| ayer is used primarily as the major conductive filmof the conposite. The
titanium tungsten layer is used to prewent penetration of alum numinto
active silicon regions, when this conposite is used as a contact

nmetallurgy. Finally the titaniumlayer is used to reduce 3 the interface

resi st antte Gfndder RPRY il sHdUC T & HeD cingcliiite agaiut tufren twsed as a
contact netallury, or to provide adhesion to a field oxide region, when
used as ailicony; again when used as a contact metallury, or %o

provide adhesion to & field oxide region, when used as an

intercomect.

A problem encountered with the aluminum-—
titanium/tungsten — titanium composite is the increased risk
of titanium lifting during specific fasbricatien sequernces,
such as photoresist removal processes or simply water rinses.
The sidewall attack of titanium, specifically with very
narrcew metal line widths, can result in severe adhesicn
losses. The mechanism for the adverse titanium reaction is
believed toc be, in the case of the resist remaval process,
evalution of chlerine, during oxygen ashing, resulting in
sidewall corvosicon, and subsequent lifting of the titanium
layer. For the water rinse case the reaction of water and
titanium result in a titanium hydroxide film formation, which
in turn results in an adhesion leoss, Qf lifting, Trom the
underlying material. Therefore specific treatments are
needed to protect the titanium sidewalls of the metal
cemposite; during subsequent device processing. Kadomura, in
U.S. Pat No. 5,314,576, and U.S. Pat. Na. 5,310,456 describes
a process in which a protective layer of éNx is used.

However this process is costly and riot zastly adaptable to

all applications. This invention will describe several



i nterconnect. A problemencountered with the alum num titanium tungsten -
titani um conposite is the increased risk of titaniumlifting during
specific fabrication sequences, such as photoresi st renoval processes or
simply water rinses. The sidewall attack of titanium specifically with
very narrow netal line wdths, can result in severe adhesion | osses. The
mechani sm for the adverse titaniumreaction is believed to be, in the case
of the resist renoval process, evolution of chlorine, during oxygen ashing,
resulting in sidewall corrosion, and sybsequent lifting of the titanium

| ayer. For the water rinse case the reaction of water and titaniumresult
in a titanium hydroxide filmforfmation, which in turn results in an

adhesi on it t i@nd idft ia @ S ivie uRdeT] W TRbLEr il Lowl hefefade cpeci fic
treatments are needed to protect the titaniumsidewall, of the netal

CONpoSsi t &somitd iNge MESAGUAIHuORW 8, W IOEESSH tih i dfdofadal ayd), UHat Rad No.
5,314,576, and U. S. Pat. No. 5,310,456 describes a process in which a
protectiwvest aart1gf, Sdsyl Tcusahlement, and compatable with mest

semiconductor fTabrication processes.

SUMMARY OF THE INVENTION

It is an object of this invention to eliminate
the lifting, or adhesion loss, of titanium from an underlving

material during subsequent semiconductor processing steps.

It is another object of this invention to
provide a layer to protect the sidewalls of titanium from

subsgquent semiconductor processing steps.

It is vet ancther cbject of this invention to
form a pretective laver of titanium oxide, or titanium

Nitride, on the sidewalls of titanium.

In accordance with the present invention. &
method is described for fabricating & metallurgical composite
layer, to be used for integrated device applications. The
steps consist of depesiting a composite of an underlying
layer of titanium, a barrier layer of titanium - tungsten,
and & top layer of an aluminum based material, on a

semiconductor substrate which has the desired patterning

needed to form the required circuit design. Standard



Fbmever this process is costly and not easily adaptable to al

appli'cations. This invention will describe several 4 iterations of a
protective layer, that will allow the use of conposite netal structures,
with titaniumunderlays, that is not costly, easy to inplenent and

conpat able with nost sem conductor fabrication processes. SUMVARY OF THE
FNVENTION It is an object of this invention to elimnate the lifting, or
adhesion | oss, of titaniumfroman underlying material during subsequent
sem conduct or processing steps. It issanother object of this invention to
provide a layer to protect the sidemalls of titaniumfrom subsequent

sem conduct or groce53|ng st eps. I s, yet another object of this invention

to formRprot BT Vet e P ‘:T??’af'r'ﬁ uhf d5F%, torf 17t affiqiresired

pattern in the photoresist. The desired pattern is
transferred tc the metal composite via reactive ion etching.
Reactants, containing nitregen, can be chasens to etch
specific layers of the compoasite, that form a protective
titanium nitride film on the expeosed undevlying titanium
sidewxlls. FRemaoval of the photoresist layer can be berformed
in & oxygen — steam ambients that will alsc form a
praetective titanium oxide film on the exposed titanium
sidewalls, if the sidewalls were noct first prepared to form

the titanium nitride sidewall.

BRIEF DESCRIFTION OF THE DRAWINGS

The object and other advantages of this
invention are best explained in the preferred embodiment with

reference to the attached drawing that include:

Fig. 1, schematically representing a cross-
secticnal view of a semiconducter device, prior to

metallization.

Fig. 2, schematically showing & cross—sectionxl
representation of prior arts in which lifiing of the titanium

urderlay has cccured.

Fig. 3 —4, schematically showing a cross-



nitride, gn the sidewalls of titanium In accordance with the present
I nvention, a nethod is described for fabricating a netallurgical conposite
| ayer, to be used for integrated device applications. The steps consist of
depositing a conposite of an underlying layer of titaniuma barrier |ayer
of titanium- tungsten, and a top |ayer of an al um num based material, on a
sem conduct or substrate which has the desired patterning needed to formthe
required circuit design. Standard 5 photolithographic processing is used
to formthe desired pattern in the phaoresist. The desired pattern is
transferred to the netal conposite via reactive ion etching. Reactants,
containing nitrogen, can be chosen, to etch specific |layers of the
conposi tesed hgn& brmne@ esoatiestive df tapuwnesd rsadbetidm on the exposed
underlying titanium

titanium lifting phenomena, via the use of a nitride

pratective laver.

Fig. S - &6, schematically showing & process
sequencse that results in a sclution of the titanium lifting

phencomena, via the use of an oxide protective layer

DESCRIPTION OF THE FREFERRED EMBODIMENTS

The method for preventing titanimum lifting, or
titanium adhesion loss, when used as part of a composite
metaxllurgy in the fabrication of semiconducter devices, is

now described in detail.

Fig. 1, briefly illustrates the key stages and
steps used in the fabrication sequence of a semiconductor
device, up to the point where the contact metallization is to
cccur. In Fig. 1, semiconductor substrate, 1, for this case
consisting of P type silicon, with a <100> crystallographic
erientation, is used. A silicon dioxide layer is patterned
to form islandss 2, to be used as a diffusion mask in order
to create active device regicnss; 3, shown as N type areas in

Fig.1l.

Fig.2y, illustrates prior art, in which a

metallizaticon pattern is constructed to contact the active



sidewalls. Renoval of the photoresist |ayer can be perforned in a oxygen -
steam anbi'ent, that will also forma protective titaniumoxide filmon the
exposed titaniumsidewalls, if the sidewalls were not first prepared to
formthe titaniumnitride sidewall. BRI EF DESCRI PTI ON OF THE DRAW NGS The
obj ect and ot her advantages of this invention are best explained in the
preferred enbodinent with reference to the attached drawi ng that include:
Fig. 1, schematically representing a cross- sectional view of a

sen conductor device, prior to netallization. Fig. 2, schematically show ng
a cross-sectional representation of prior art, in which lifting of the
titani umunderlay has occured. Fig. 3 -4, schematically showi ng a cross-

regions, 3, and traverse the silicon oxide layer, &, of
substrate, 1. A metallization consisting of & compesite of
titanium, 4, & titanium — tungsten alley, S, and & aluminum
based laver,; &, is deposited, and patterned, using standard
photelithegraphy and reactive ion etching. and completed by
remaval of the pattening photoresist. During this process,
several steps cccur that are deleterious te the tiatnium -
silicon dioxide interface, creating the loss of adhesion, or
lifting, illustrated by area, 7y in Fig. 2. For example the
removal of photeresist, via an oxygen plasma or wet
techniques, can result in the evolution of chlerine. The
effect of the chlorine can be evidenced as an attack of the
titanium at the silicon dicxide interface, shown as area 7,
in Fig. 2y or an corresion reaction with the aluminum layer.

&y shawn as area B, in Fig. 2.

Figs. 3 - 4, show a sclution te the titanium
lifting phencemena. In Fig. 3:; a layer of titanium, 4 is
depasited using r.f. sputtering. or conventional evaporation
techniques; to a thickness between about 200 ta 2000
Angstroms. This layer pravides an adhesion film for the
subsequent metél composite to the underlying silicon dicoxide
layer, as well as a film needed to reduce'the interface
resistance between the active device regions, 3, and the

subsequent metal compasite. Next the depcéﬁtion of &



6 -sectional representation of a process solution to the titaniumlifting
phenonena,” via the use of a nitride protective layer. Fig. 5 - 6,
schematically showi ng a process sequence that results in a solution of the
titaniumlifting phenonena, via the use of an oxide protective |ayer
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The net hod for preventing
titanimumlifting, or titanium adhesion |oss, when used as part of a
conposite netallurgy in the fabrication of sem conductor devices, is now
described in detail. Fig. 1, briefly iélustrates the key stages and steps
used in the fabrication sequence of a Sem conductor device, up to the point
where the contact netallization is to occur. In Fig. 1, sem conductor
substrat itanifor—t bitsgebtee tensistEngiefperfypesdi ¥EEoa, "with a <100>
crystallographic orientation, is used. A silicon dioxide |ayer is patterned
to form BBHARESING, £6 BENVMSBAIES2A BVRPESPSACRRSRCMRIBHESr

This layer consists of between about B8 to 12 %4 titanium, and
between about 88 to 92 % tungsten. The thickness of this
layer is between about © to 3000 Angstorms, and is used as &
barrier to prevent penetraticn of aluminum to the active
device regions, 3. Finally an aluminum based layers &, is
deposited using between about ¢ to 2 4 coppersy to & thickness
between about 4000 to 10000 Angstromss using v.f. sputtering.
Standard photclithographic procedures are then performed to

create the desired patterns, 9, in the photeresist.

The above pheoteresist patterns are then used as
a mask to enable the transfer of the desired image to the
underlying metal compesite. First reactive ion etching of
the aluminum layer is performed using BC13, Cla, and NZ.
Next the reactive ion etching of the titanium - fungsten
layer cccurs using SF&, or a CF4, BC13 and Cl2 mixture.
Finally the patterning of the titanium layer takes place in
an reactive ion etching ambient of between about 10 to
80 sccm of SF6, and between about 5 to 80 scmm of N2, and at
a temperature between about 43 to 7ODC. The addition of the
N2 results in the creation of a titanium nitride sidewall

filmy 10. The titanium nitride film will protect the

titanium layer 4, from being subjected to subsequent process



to create active device regions, 3, shown as N type areas in Fig.1l. Fig.2,
Illustrates prior art, in which a netallization pattern is constructed to
contact the active 7 regions, 3, and traverse the silicon oxide |ayer,
2, of substrate, 1. A netallization consisting of a conmposite of titanium
4, a titanium- tungsten alloy, 5, and a alum num based | ayer, 6, is
deposited, and patterned, using standard photolithography and reactive ion
etching, and conpl eted by renoval of the pattening photoresist. During
this process, several steps occur thaf are deleterious to the tiatnium -
silicon dioxide interface, creating the | oss of adhesion, or lifting,

illustrated by area, 7, in Fi 2 For exa le the removal of photoresist,
via an o %Hg Pt IS t Feshl 379 PHHRERDT Ut i on of
chl orine.

cgygrine evolution and attack; as well as deletericus water
rinses, and avoiding the adhesion loss or lifting, previcusly
observed in the prior art. The result of this reactive ion

etching sequence is depicted in Fig. &.

Figs. § — &y show & sécand soluticn to the
titanium lifting phencmena. Fig. S again shows the metal
compasite on the semiconductor conductor substrate, again
patterrned with photoresist, and again subjmcted to = reactive
ion etch procedure to transfer the desired image in the
photoresist, 9, to the underlving metal composite. However
in this case the titanium was reactively ion etched in SFé,
without the use of the N2 addition, thus leaving the titanium
sidewalls unprotected. However the stripping of photoresist
now i1s being performed in a mixture of H20 and 02y consisting
of between about S00 to 4000 scem of H20, in a 20 to 100 %
oMygen ambievnt. This mixture reduces the effect of chlorine
evoluticen, and the deletericus effect it has on the
unprotected titaniums. as well as on the unprotected aluminum
sidewalls. This ambient alsoc creates & titanium oxide
sidewall film, 11, as well as an aluminum oxide sidewall
film, 12, which offers pratecticn in the form of titanium
liTting or aluminum coerrosions resulting froem subsequent

process steps. This structure is shown schematically in

Fig. &.



effect- of the chlorine can be evidenced as an attack of the titaniumat the
silicon di'oxide interface, shown as area 7, in Fig. 2 or an corrosion
reaction with the alum numlayer, 6, shown as area B, in Fig. 2. Figs. 3 -
4, show a solution to the titaniumlifting phenonena. In Fig. 3, a |layer of
titanium4, is deposited using r.f. sputtering, or conventional evaporation
techni ques, to a thickness between about 200 to 2000 Angstrons. This |ayer
provi des an adhesion filmfor the subsequent netal conposite to the
underlying silicon dioxide layer, as wghl as a fil mneeded to reduce the
interface resistance between the active device regions, 3, and the

subsequent et al Conpgs%hsrd é&u%h%nd%eoihtIQthkxam 11§t1nﬁanH

tungsten | ayer, 5, or ne : sput ering, “or vEhti ona

evaporat@Q@mﬁ@ﬁhﬂh%”@%sxan phercmena can be a combination of the
previcus twce scluticns. That is the etching of the titarium
in & N2 ambient to create a titanium nitride sidewall, and

photoresist removal in & 02 - H20 ambient to prevent alumirum

degradation.

It should be noted that this inventien that
describes a methed for preventing adhesion loss of titanium,
during the metal etching procedure. although nct shown as
part of any specific device applicaticn can be used for the
Tabrication of NFET, (n type field effect tramsistors), FFET,
(p type field effect transistors), as well as for CMOS,
fcomplimentary metal oxide silicon), amd EBiCMOS, (bipolar-

CMOS) , type devices.

While this invention has been particularly shown
and described with reference to the preferred embadiments
thersof, 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 this tnvention.



This |l ayer consists of between about 8 to 12 % titanium and between about
88 t0.92 % - tungst-er. - The-thickness of this |layer is between about 0 to

3000 Angst or i - a barrier to prevent penetration of alum num
to the acti V%H@B Mﬁﬂj ﬂFB Finally an al um num based | ayer, 6, is
deposi ted usi 0 to 2 %copper, to a thickness between about

4000 to 10000 Angstrons, using r.f. sputtering. Standard photolithographic
procedures are then performed to create the desired patterns, 9, in the
phot oresi st. The above photoresist patte{ns are then used as a mask to
enable the transfer of the desired inmage to the underlying netal conposite.
First reactive ion etching of the alum numlayer is perfornmed using BCl3,
Cl2, and N2. Next the reactive ion etching of the titanium- tungsten |ayer
occurs using SF6, or a CF4, BCl3 and Cl2 m xture. Finally the patterning of
the titanium |l ayer takes place in an reactive ion etching anbi ent of

bet ween about 10 to 80 sccm of SF6, and between about 5 to 80 scmm of N2,
and at a tenperature between about 45 to 70 [err]. The addition of the

What is claimed isa:



N2 results in the creation of a titaniumnitride sidewall film 10. The
titaniumnitride Tilmw || protect the titaniumlayer 4, from being

subje ﬂumn t process 9 situations, such as photoresist
r emov chlorlne evol uti on and attack as well as
del et eri ous ‘watter sr'| and avoi di ng the adhesi on | oss or lifting,

previ ously observed in the prior art. The result of this reactive ion
etching sequence is depicted in Fig. 4. Figs. 5 - 6, show a second sol ution
to the titaniumlifting phenonena. Fig2 5 again shows the netal conposite
on the sem conductor conductor substrate, again patterned with photoresist,
and again subj ect ad Ko matheactrve ruPhidhCheRbeCedERerhe bansfer the

desired image in the photoresist, 9, to the underlying netal conposite.
“However in this casmildieduictar $BDWRT tRaACkinpeli) 1ngN teleC kadpish o$h6,
depocsiting & titanium layer on said substrates
depositing a layer of titanium - tungsten on
said titanium lavyer:
depositing & layer of an aluminum based layer on
said titanium - tungsten layer;
ferming & photoresist image on said aluminum
based layer:
anisctropically etching the exposed part of said
aluminum based layer:
antisotropically etching the sxposed part of =aid
titanium - tungsten layer;
anisoctroepically etching the exposed part of said
titanium layer,; using nitrogen as one of the
reactantss
forming a titanium nitride film on said titanium
sidewall, during the said anisctropic etshing of said
titanium lavyers; and

removal of said photoresist.

2. The method of claim 1y wherein said titanium laver

is between about 200 to 2000 Angstroms.



W t hout —t-he—use—of -the N2 addition, thus |leaving the titanium sidewalls
unprotected. However the stripping of photoresist nowis being performed in

a mixt u“!ll&"mml%m”ﬂm consi sting of between about 500 to 4000 sccm of
H20, in ygen anbient. This m xture reduces the effect of
chlorine evol utidn, San8l the deleterious effect it has on the unpr ot ect ed
titanium as well as on the unprotected al um num sidewalls. This anbi ent
al so creates a titaniumoxide sidewall film 11, as well as an al um num

oxi de sidewal | film 12, which offers,;protection in the formof titanium
lifting or alum num corrosion, resulting from subsequent process steps.

This structure ig shoun SCRRIRLICANIY A 1 Fidhelsn =4 AddAg, ol ution to

the titaniumlifting and al um num<corrosi‘on phenonena can be a conbi nati on

of the tungsten layer is compased of between about 8 to 12 %
titamium, and between about B8 ta 92 % tungsten,

depscited to a thickness between about O to 3000

Angstroms.

4, The method of claim 1, wherein said aluminum based
layer is 100%4 aluminum; depcosited to a thickness

between about 4000 to 10000 Angstroms.

3. The method of claim 1, wherein said aluminum based
layer contains between about O to 2 4 copper, and is
deposited tc a thickness between about 4000 to

10000 Angstroms.

6. The method of claim 1, wherein said anisctropic
etching of the said alumirnum based layer occcurs in a
mixture of between about 20 to 100 sccm of BLC13, and

between about 20 ta B8O scem of Cl2.

7. The method of claim 1, wherein sald amisciropic
etching of said titanium -~ tungsten layer cccurs in

between about 10 to BO scam of SF6.



previous two solutions. That is the etching of the titaniumin a N2 anbient
to create a titaniumnitride sidewall, and photoresist renoval in a 02 -
H20 anbi e ' I m num degradation. It should be noted that this

i nventi onmnm]llﬂm‘mg met hod for preventing adhesion |oss of titanium
during the*netalt et®thi*ng*procedure, although not shown as part of any
specific device application can be used for the fabrication of NFET, (n
type field effect transistors), PFET, (p type field effect transistors), as
wel | as for CMOS, (conplinentary netalj,oxide silicon), and Bi CMOS,

(bi pol ar- CMXS), type devices. Wile this invention has been particularly

shown and descri Bedrit fotREE ERoe1Lont o RhELeLhedacabodl gBpl ot ber eof, it

wi || be understood by those skilled in the art that various chahgés in form

and dfFai|S may QQ:R&QS wrt BeutbnderaitlBg teelrthenspikivkedandnscaepe of this
I nventl1 on.
10 to 80 scem of SF&, and between about S toe BO scem

of NE2.

2. The method of claim 1s wherein said titanium
nitride filmy, on sidewall of said titanium layer: is

between about 10 to 100 Angstroms.

10. The method of claim 1, wherein said photoresist is

removed via plasma ashing in 100% cxygens at
o
a temperature between about 100 ta 300 C.



11 \What. is clainmed is: 12 1. A nethod for form ng netal patterns on a
sem conduct or substrate conprising the steps of: depositing a titanium

| ayer og”l ,1q gydepositing a |ayer of titanium- tungsten on said
titaniu um m)m’ﬂmg a layer of an alum num based | ayer on said
titanium?® tungstén kayer; formng a photoresist inmage on said al umi num

based | ayer;
based | ayer;

ani sotropically etching the exposed part of said al um num
ani sotropically etching the exposed part of said
15

11. & method for forming metal patterns on a
semiconductoyr substrate, comprising the steps of:

depositing & titanium layer on said substrate;

depcsiting a titanium -~ tungsten layer on said
titanium laver;

depcesiting a aluminum based laver on said
titanium - tungsten laver:

forming a photoresist pattern on said aluminum
based layer:

aniscotropically etching the exposed part of said
aluminum based layers:

anisctropically etching the exposed part of said
titanium - tungsten layer:

anisctropically etching the expased part of said
titanium layers;

removal of said photoresist in an oxygen — steam
plasmas and

fermation of a titanium oxide film on the
sidewall of said titanium, during said photoresist

removal process.

12. The method of claim 11, wherein sxid titanmiuvm

layer is between about 200 to 2000 Angstrams.

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

tungsten layer is between about O to 3000 Angstroms.



tltanlun1- tungsten layer; anisotropically etching the exposed part of said
titanniumlayer, using n|trogen as one of the reactants; formng a titanium
nitrid ani um sidewal |, during the sai d ani sotropi ¢ etching
of sai alllmmlln["ﬂﬂuﬂ !I and renoval of said photoresist. 2. The nethod of
claim1,* mherelnnsas Itanium | ayer is between about 200 to 2000

Angst r ons. 13 3. The nethod of claim1l, wherein said titanium- tungsten
| ayer is conposed of between about 8 to 12 % titanium and between about 88
to 92 % tungsten depsoited to a thickngss between about 0 to 3000

Angst rons.

4. The

based laver is 100% alumirium,

thickness between about 4000 %o

15,

The methed of claim

method of claim 11, wherein said aluminum
and deposited to a

10000 Angstroms.

11, wherein said aluminum

based layer contains between about O te 2 % copper s

and is depesited to a thickness between about 4000 to

10000 Angstroms.

16. The
etching
mixture

between

17. The
etching

betweern

18. The

etching

10 to BO

method of claim 11, wherein said anisctropic
of said aluminum based layer cccurs in a
between about 20 to 100 scom of BC13, and

about 20 to 80 sccm of Cl2.

method of claim 11, wherein said anisctropic
of said titanium - tungsten layer cccurs in

about 10 to BO scem of SFé6.

method of claim 11, wherein said anisctropic
of said titanium layer eccurs in between about

scecm of SF6.



4. The method of claim 1, wherein said alum num based | ayer is 100%
al um nunt deposited to a thickness between about 4000 to 10000 Angstrons.

5. The i , Wherein said alum num based | ayer contai ns
betmeenTEB Iﬁ‘ lﬁtﬁm pper, and is deposited to a thickness between about
4000 to ' sonk. 6. The nmethod of claim1, wherein said anisotropic

etching of the said alum num based | ayer occurs in a mxture of between
about 20 to 100 sccm of BC13, and between about 20 to 80 sccm of Cl2. 7.
The nmethod of claim1, wherein said grisotropic etching of said titanium -
tungsten layer occurs in between about 10 to 80 sccm of SF6. 14 8. The

met hod of claim 1, wherein said anisotropic )
19. The method of claim 11, wherein said photoresist

is removed . in a plasma, containing between about
I00 to 4000 sccm of HED,. and between about 20 ta 10D %

c
‘of 02, at a temperature between abcut 100 to 300 C.

20. The method of claim 11, wherein said titanium
oxide films: forming on said titanium sidewall is

between about 10 to 100 Angstroms.



N

etchihg of titaniumlayer occurs in between about 10 to 80 sccm of SF6, and
bet ween about 5 to 80 sccmof N2. 9. The nethod of claim1, wherein said

ti taalnma‘ﬁﬁ"mwm on sidewall of said titaniumlayer, is between about
10 't o [N 0. The method of claim1l, wherein said photoresist is
removelt Vi a'pl dsmd akhing in 100% oxygen, at a tenperature between about
100 to 300 C. 15 11. A nethod for formng netal patterns on a

sem conduct or substrate conprising the steps of: depositing a titani um

| ayer on said substrate; depositing a.titanium- tungsten |ayer on said
titanium |l ayer; depositing a alum numbased | ayer on said

21. A method for forming metal patterns on
a semiconductor substrate. coamprising the steps of:

depositing & titarium layer own said substrates

depositing a titanium - tungsten layer on said
titanium lavers;

depositing an aluminum based layer on said
titanium - tungsten layer:

forming a phatufesist pattern on said aluminum
based layerj

anisctiropically etching exposed part of said
aluminum based laver;:

anisatropically etching exposed part of said
titanium - tungsten layer;

anisotrepically etching exposed part of said
titanium layer, using N2 as one of the reactants;

forming & titanium nitride film on sidewall of
said titanium layer, during the said anisctraopic
etching of said titanium laver;i and

remcval of said photoresist in a oxygen - steam

plasma.

228. The method of claim 21, wherein said
anisctropic etching of said titaniiam layer occcurs in
betweerr about 10 to B0 scem of SF6&, and between about

S to BO scem of N2.
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titanium - tungsten layer; form ng a photoresist pattern on said al um num
based | ayer; -ani-setropi.cally etching the exposed part of said al um num
based Iay jsotropically etching the exposed part of said titanium -
tungsten Mmﬁ'g ,mLcally etching the exposed part of said titanium

| ayer; toresist in an oxygen - steam plasma; and
fornatlon of a titaniUm®xide filmon the sidewall of said titanium during
sai d photoresist renoval process. 12. The nethod of claim 11, wherein said
titanium |l ayer is between about 200 to 2000 Angstrons. 13. The nethod of

claim1l, wherein said titanium - tuhﬁ%ten | ayer is between about 0 to 3000
Angstrons.

23. The method of claim 21. wherein said titanium
nitride film, on sidewall of said titanium layer is

between abocut 10 to 100 Angstroms.

24. The method of claim 21, wherein said photoresist
is removed in & plasma containing between about

500 to 4000 scem of H20, and betweern about 20 to

100 % oxygen.



16 14. The nmethod of claim 11, wherein said alum num based |ayer is 100%
al um num and deposited to a thickness between about 4000 to 10000
Angstroms. 15. The nethod of claim 11, wherein said alum num based | ayer
cont ai ns between about 0 to 2 % copper, and is deposited to a thickness
bet ween about 4000 to 10000 Angstronms. 16. The nethod of claim 11, wherein
said anisotropic etching of said alum num based | ayer occurs in a m xture
bet ween about 20 to 100 sccm of BC13, and between about 20 to 80 sccm of
Cl2. 17. The method of claim 11, wheret;n said anisotropic etching of said

titani um METHOD GRREPREVENGINCO @SN Uk 1. 1R 8 ME BORARON D 1P 1EL Mﬁ‘i’).L %‘%gﬂn‘&f SF6.

18. The nmethod of claim 11, wherein said anisotropic etching of said
titanium |l ayer occurs in between ghotéacT

A process for forming metal composites, using a
titanium underlay &s part of the composite, with reduced risk
of titanium adhesion loss or lifting:. has been developed.
Several sclutioens, resulting in protective layers being
Tormed on the exposed titanium sidewall, have besen éhown.

One solution features the addition of nitrogen, as part of
reactive ion etching chemistry, during the patterning of the
underlying titanium layer. The resulting titanium nitride
foermation; on the exposed titanium sidewallQ pratects against
subsequent processing steps that may degrade the adhesion of
titanium to an underlying material. A second sclution
describes the formation of a titanium oxide Tilm on the
exposed titanium sidewall. This formation cccurs during a
phatoresist plasma strips using an oxygen — steam ambient.
The titanium oxide film again results in protection of the
titanium interface. during subsequent processing steps.

(Fig. 6)



10-to 80 sccm of SF6. 17 19. The ng;?g? of claim 11, wherein said
photoresist is renoved in a plasm, c ni ng between about 500 to 4000
sccm of - H20, and between about 20 to 100 % of 02, at a tenperature between
about 100 to 300 C. 20. The nmethod of claim 11, wherein said titani um oxide
film formng on said titaniumsidewall is between about 10 to 100

Angst r ons. 18 21. A nethod for formng nmetal patterns on a sem conductor
substrate, conprising the steps of: depositing a titanium/layer on said
substrat e;

N+ N+
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N+ N+
1
!
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depositing a titanium- tungsten Iayﬁ; gf said titanium | ayer; depositing
an alum num based | ayer on said tita 76 - tungsten layer; formng a

phot oresi st pattern on said al um num based | ayer; anisotropically etching
exposed part of said alum num based | ayer; anisotropically etching exposed
part of said titanium- tungsten |ayer; anisotropically etching exposed
part of said titaniumlayer, using N2 as one of the reactants; formng a
titaniumnitride filmon sidewall of said titaniumlayer, during the said
ani sotropic etching of said titanium/layer; and renoval of said photoresist
In a oxygen - steam plasma. 22. The nethod of claim 21, wherein said

ani sotropic etching of said titanium/layer occurs in
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bet ween about 10 to 80 sccm of SF6, and between about 5 to 80 sccm of N2.
19 237 Thé nethod of claim 21, wherei@£& d titaniumnitride film on
sidewal | of said titaniumlayer.is between about 10 to 100 Angstrons. 24.
The nethod of claim 21, wherein said photoresist is renoved in a plasna
cont ai ni ng between about 500 to 4000 sccm of H20, and between about 20 to
100 % oxygen.
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