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DRY ETCH FROCESS FOK TITANIUM~TUNGSTEN FILMS
BACKGKOUND OF THE INVENTION

¢1) FIELD OF THE INVENTION

The ﬁresent invention relates to a fabrication
process for semiconguctor iﬁtegrated circuits, and mare
specifically to the dry etching of titanium-tungsten films

that aire used as part of the integrated circuit.

(_E) 'DESCRIFIION OF PRIOR ART

The trend in the semiceonductor industry has
been an ongoing increase in circuit density; while the cost
of advanced semiconductor chips decrease. This has been
accomplished in part by the ability of the samiconductor
Engineeringlcommunity to decrease critical chip dimensions,
and thus bruduce more circuits per ﬁhip. The major factor in
the reduction of feature size has been the continued
development of photoclithographic eguipment and materials.
Advances in cameras,; as-well és the creation of meore
sensitivé phictoresists have allowed critical chip features to
be raduced; The steady development nffféactive ion etching
tocls and ﬁrocessesQ enabling tha.small critical images in
photore=ist to be transferred te the ﬁndérlyiﬁg layefs, have

alsc played a major role in chip size and ceost reduction.

l’ However specific semiconductor processes and
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ART' . The trend in the sem conductor industry has been an
ohgoing increase in circuit density, while the cost of advanced
sem conductor chips decrease. This has been acc ' == ==
ability of the sem conductor engineering comunitly 1ps deEreass BEEN |
chip di nensions, and thus produce nore circuits pr chigeFiAGEDm| or {if act or
in the reduction of feature size has been the contEeeg—teveropment of

pjget ol i t hogr aphi t " equi pnent and materials. Advances in caneras, as well as
t Creati CB¥oFOM®re sensitive photoresists have allowed critical chip
features to '
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materials. that have been uged in the past for chip
manufacturing, are now not as compatible with the smaller
chip features as they once were when larger dimensions were
beiﬁg used. For example aluminumy or aluminum based.
.metailizations, have been an industry standard for all levels
of intercoinects. However the decreasing features may
suggest a change to a different metéllization process. If a
conitact hole to & silicon device regions or a via hole
between two levels of wiring, is drastically reduced in sizé-
the uee of aluminum may result in electromigration failures.
The current density of the aluminum in the ﬁarrow cpening may
‘! become se large that metal migration sccurs. Anothey
shqrt:oming of aluminum, in reference to smaller device or
. via holes, is the difficulty in Tilling these openingss with
standard aluminum deposition techniiquess particularily when
the aspecf ratio isg high. Therefore the industry has looked
to other mefallizati;ﬁ-prucesses to accomadate the

advancemant to chip miniturazation,

The use of refractory metals, such as tungstgn;
or alloys of tung#ten, such és titanium -~ tungsten, (TiW),
are now tbeing develapadland used. in combination with, ar-as
& replacement for aluminum. One major advantage of tungsten
or TiW, is the ability to withstand very high current

q densities without the risk of electromigraticn failure.
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be reduced. Whel«visedy deGEORGEN®BNSAIGE reacti ve3Alé6ellc8I ng tools am
processes, enabling the small critical inmages in photoresist to be
transferred to the underlying layers, have also playeg=a—=mjec—trole in

chip size and cost reduction. Hovvever, spesiFigeTse gond Etor
processes and -d‘»’?mm—&:
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Therefore even with submicron dimensions, the current density

an these contact or via holess when using refractery

metallizations,y would not present a problem. Ales chemical

vapor dépnsitinn processes can be employed to depesit these

—
=

filme, thus resulting iv & more conformal depositicon than the

marginal conformality resulting from the evaporated aluminum

process. In addition to the electromigration resistance

advantages offered by tungsten or TiW, another major

advaritage is the absence of alumivium penetration inte the

dgevice regien when used as the contact device metallization.

When these vrefracteories are used as the underlyivg layer for
e' ' an aluminum -~ TiW met‘alizatinn, they will prevent aluminum

from reaching and penetrating the silicon device region. Thus

the directien to refractory contact metallizations: in place

of aluminum, has occurred.

Gha area needed tﬂ.be developed to accommodate
refractory metaliizations is the etching or patterning of
this metallization.. Soclutions have been offered, U.S.
4,986,018 by Mu et al, and U.85.4,997,520 by Jucha et al, show
processes that enable the reactive ion etehing of tungsten to
be accomplished. However applicaticons in which composites of
overlying aluminum and under lying Tiw. are to be patterned,
with the use of photoresist as a mask, are not disclesed.

ﬂ Whern plasma etching these :ampoﬁitesg and using photoreeist
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material s, tlgptglagmeedren GEORGE iOn SARKE past f ore3ei pé 1wed8uf act uri ng, FABe now
nQt as conpatible with the smaller chip features as they once were when
I'ar ger di nensi ons were being used. For exanple alum num or al um num based
metal | i zati ons, have been an industry standard for all levels of

I nt erconnects. However the decreasing features may e
different netallization process. If a contact hol efft Y& Sidirqag
region, or a via hole between two |evels of wiringllis ot
iﬁ-si ze, the use of alumnummay result in el ectrom grarroiria

crrent dehSPBYYBF the al uminumin the narrow opening may becone so | arge
that netal mgration occurs. Another

of an aluminum, titanium — turngsten, titanium, composite

film, comprising the steps of: on & semicenductor substrate,
having'the desired circuit ceonfiguration, depositing
 titaniums titanium - tungsten and aluminumi using standard

photolithoqraphic processing to form the desired pattern in
the overlyihg photeresists using reactive ion etching to
transfer the désired pattern in the overlying pheotoresist to
the underlying layers of aluminum. tifanium - tungsten, and
titaniums via a gas mixture of BC13, Cl& and N2 for aluminum
and 8F&. BC13, CL2, CF4 and N2 for the titanium - tungsten
ana titaniums and using standard prncéssinq to remove the

‘; masking hhotoresist and the palymér. formed on the sidewall

cf the etched metal structure.

ERIEF DESCRIPTION OF THE DRAWING

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

reference to the attached drawings that include::

Fig.1-3, schematically illustrating the cross~-
sectiohal-representation of the fabrication steps and stages

prior to the reactive ion etching of the metallurgy.

Fig.4s schematically representing the tapered

‘I | profile resulting from & reactive ion etching process without

-
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the difficulty in filling these openings with standard al um num deposition
techni ques particularity when the aspect ratio is high. Therefore the

i ndustry has | ooked to other netallization processes.to. e
advancenment to chip m niturazation. gHiESS- Ofr R BRENO] Y
nmetal s, such as tungsten, or alloys of tungsten, sych asgfitagepm -
tungsten, (TiW, are now being devel oped and used, - ; ==, or

ars“a repl acenent for alum num One mgj or advantage of tungsten or TIiW is
abi | i t JCHvRQNSt and very hlgh current densities without the risk of
electron1grat|on failure.

as the defining patterns undercutting or tapeiring can occur.
In addition selectivity between the masking pheotoresist and
the composite metals can be lows sometimes resulting in
severe eirosionm of the photoresist image during the et&hing
preocedure. Therefore the purpose of thisz invention is to
achieve the decived profile in a éluminum -TiW layer, ‘without

undsrcutf:ng o tape-;ng. whien using photoresist as the mask.
SUMMARY OF THE INVENTION

It is an object of this trvention to provide a

ﬁ method for the reactive iaﬁ.etching of metal films to bhe used

for the manufacturxtg of semiconducteor integrated circuits.

It is atnthar ocbject of this invention to provide a
methud of reactive ion etching metal films or alloyss such as
aluminums titanium - tungsten, and titanium, resulting in a
nun—ﬁapéred prefile, or without undercut in regards to the

overlying masking material.

It is still ancther object of this invention to provide
a method for the reactive ion etching of metal films or

alloys, using photoresist as a mask.

In accordance with this present

i invention, a method is described for the reactive ion etching
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these tontact or via holes, when using refractory netallizations, would —
not present a problem Al so chemical vapor deposition processes can be

enpl oyed to deposit these filns, thus resulting in a_nore_ confornal

deposition than the ' . =
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the use of N2 and UF4 as part of the etching gas mixture.

Fig.Ssy schematically representing the non-
tapered structure cobtained via use of a reactive ion etch
process which included N2 and CF4 as part of the etching gas

mixture.

Fig.b6, illustrating schematically the final
metal structure and preofile, when used as a contact

metallurgy.

Fig.7, illustrating schematically the final
metal structure and profile; when used as an interlevel

connect metallization.

DESCRIPTION OF THE FREFERRED EMBODIMENTS

The method of obtaining non-tapered metal
structures. via the use of an enhanced reactive ien etching
process, used for contact or interlevel connect
metallizations on 5emicnnductof substrates, and containing
titanium —tungsten films, as part of the metal structure,

will viow be described in detail.,

Fig. 1 briefly illustrates the steps used in the
fabricatian-saﬁuenca of a semiconductor devices, up to the

ﬂ point of the deposition ¢f the metallurgy. In fig.i

6 This Sheet Has Been Replaced

(MDA




mar gi nal - conf &F rRik4Tiged4esul CEORGE Or GAlkEhe evaporesvBriogliusggnum processpygl n
addition to the el ectrom gration resistance advantages offered by tungsten
or TiW -another major advantage is the absence of al um num penetration
into the. device region when used as the lization.
When these refractories are used as the undéPISFHeET HYSEEENr | an al uni num -
TiWnetalization, they will prevent alum mnum fﬁ reaehlng nd penetrating
the silicon device region. Thus the direction to refractory contact

I'1'i zati pg&4-hia Pl ace of alum num has occurred. One
area needed to be devel oped to accommodate refractory netallizations is

t he etchlng or patterning of
a silicon substrate, 1, with active device regionss 2a and

2bs to be subsequently centacted Ly metallization; are shown.
The active device regiohne were formed by patterning a silicon
dioxide film to obtain silicon dioxide isiands, 3. These
islands were in turn used as a mask to create.the active
device regions, via conventicnal diffusion or ion
implantation techniques. It should be ncted that the contact
hale to device region 2b, is considerably smaller than the
contact hole to device region fa. The diameter of the
contact hole to device region 8 is about 0.5uM, while the
dimension of éhe contact hole tc device region 2a is greater

9 than 1.0uM.

Next a mﬁtalllzatxan, consisting of a composite
of t:tanlum. titanium - tungsten; and aluminum is deposited
and showﬁ schematically in fig,E. First, after a careful wet
claaning procedure applied to the deQice reéions. 2a and &b,
and the silicnn dicxide islands, 3, a Tilm of titanium, 4, is
deposited via sputfering cr physical vapor deposition, (FVD),
to a thickness ot about 400.Anqstrom5. The titanium serves &
dual purpose. Firet, the adhesion between the titanium and
the underlying oxide is excellent. Without this adhesive
layer the subsequent titanium — tungsten film would have

dxffzculty in aveiding peeling from the underlying oxide,

g during subsequent device processing. In addition, t:tanium
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this netalli ARt91gAT12080| ut REARGE Pa\RAlleen of f ereSd]14-86 31:424, 980, 018 byP1vL et
aly and U.S. 4,997,520 by Jucha et al, show processes that enable the
reactive ion etching of tungsten to be acconplished. However applications
in which conposites of overlying alum numand underlying TiW are to be
patterned, wth the use of photoresist as a mask, are _no setesed. \Wen
pl asma etching these conposites, and using phot §F

a C874-002

reduces any native oxide that may exist on the surface of
device regions 2a and 2bs thus enabling lower contact
resisﬁance to be.achieved, than would have existed with a
titanium ‘tU)gStEH interface. Next a layer of titanium -
tungstens (TiW),s 5, i= sputtered, insitu with the previous
titanium layer. The TiW is sputtered using a target of 102
Ti and 90% W. The thickness of this depcsited alloy is
between about 1000 to EOOO_Angstroms. It should be noted
that in small contact areas, such as the contact hole to
device region 2b,s the TiW completely fills the hole by
deposition on the sides of the holes, as well as filling from
‘E | the bottom. This is one of the major advantages of TilW,
since a;l the gurrent hés to pasz thiough thiez small contact
openings a large current density would exist. The
outstanding current carrying characteristics of TiW allow for
high current densities to be used without the threat of
electromigration failures.l If aluminum were used, instead of
TiW, the conformal coating capabilities of the deposited
aluminun may not result in aluminum completely filling the
contact hole. Alsc, if aluminum did compietely 111 the
small opening to device region 2h, the current density in the
hole may be too graa£ for alumiﬁum, and thus rqliability
failures, in the form of elecfromigration could occur..
Ancther advantage of TiW, in contrast to aluminum, is the

-ﬂ ability of TiW to protect against aluminum penetration into

8
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sel’ectivity between the maski ng photoresist and the conposite netals can
be low, sonetines resulting in severe erosion of th hot or esi st inage

during the etching procedure. Therefore the purpose S -1'S
to achieve the desired profile in a alumnum-Ti WI h‘fhﬂﬁf S-BEEN i
undercutting or tapering, when using photoresist as "L AGED
SUMVARY OF THE | NVENTI ON It is an object o i on

t ct;pr ovi de 54002

the active silicon device regions, 2a and 2b. However the
resistivity of the sputtered TiW is about &0 u-chm~cm and
thus to further reduce the resistance of the total metal
composiﬁe, a film of aluminum, &6, is deposited using PVD

to a thickneae of about S00Q Angstroms.

Fig.3 shows the result of standar
photolithegraphic processing, used to define the deeired
patterns 7, in the organic photoresist. As a Consequence
the e~posed regions of the composite metallization, not
covered by the overlying photoresist image, 7, will not he
subsequently removed by the fellowing reactive ion etching

‘f | procese. Fig. 4 schematically shows the result of a reactive
ion process used to dry etch the composite aluminum, Til,
titaniun layer. The aluminums &, was etched using 30 scem
of BC1l3, S0 scem of Cl2: and 10 scem of N2, ‘at a pressure of
'7.anrr., and at a temperature of betweenn about 55 to bﬂac.
It can be seen that the resulting aluminum pattern, 6. is not
undercut, and withuut'a saevere taper, in reference to the
masking photoresist image, 7a. However the etching of the
TiW, Sa, in 40 sccm of SF6, 20 scom of BC13, and 10 scem
of Cl2, at a pressure of & mTorv. and ét a temperature of
between about 55 to 6000, resulted in severe undercutting,
in respect to the overlying aluminum, &y and masking

d photoresist images, 7a. This is a result of the isotrepic

-
Sheet Has Been Replaced

T

9




met hod*f or t M@ 9144712064 | OGEGRGE 0. rRAILE netal foéd t496dlbél used for tM8
manuf.acturi ng of sem conductor integrated circuits. It is another
object of this invention to provide a method of reactive ion etching netal
films or alloys, such as alumnum titanium..tungst.en.apd-titani um
resulting in a non-tapered profile, or wthoy ..__undﬁrcuAﬁBBEm nards to the
overlying masking material . It is stnII anﬂthgﬁrpbject f this
invention to provide a nethod for t he reactixe=k . =~ metal filns
ot al l oys, using _photoresist as a mask. In

cor dance SRPCPRI s present

compovient of the etching process, using this specific
chemistry. The unprotected sides of the TiW structure; Sas
are attaﬁked during the final stages'of the TiW etching. In
addition, this etch chemistry alsc attacked the masking
photoresists 7a, due to the poor selectivity between the
photoresit an TiW. For these reactive ion etch conditions
the etch ratic of photoresist to TiW was 2 to 1, therefore
10,000 Angstroms of photoresist is consumed or erroded due to
the etching of 5,000 Angstroms of TiW. The final titanium
etch, using the same Cﬁnditiohs and chemistry as used for the
TiW etch procedure,s increases both the undercut of TiW, Sa,

‘E | as well as the erosien of the masking photoresist, 7a.

Fig.S shows the result of a specific
reactive ion etch éhemistry, introduced in this invention, on
the final profile of an TiW etructure. fAgain, as shown in
fig.4s photoresisty, 7b. is used as the mask, and again the
deeived image in the resist is tranaferred to aluminum, &,
using 1dent1cal conditions as previcusly desciibed for fig.4.
However the gas m:xture Now used for the TiW dry etch;ng
include= sbout 30 sccm of CF4, and 10 sccm of NE, in

addition tc 30 sccm of BFéb, =0 sccm of BE13, and 20 sccm of

cla.

First the addition of CF4& allews for a etch

4 . ratic of phatareéist to TiW te increase to one to one, thus

io
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-5-* - of an alum num titanium- tungsten, titanium conposite film

conprising the steps of ; on a sem conductor substrate, having the desired

circuit configuration, depositing titanium titanium~_tungsten and

al um num using standard photolithographic:processing Ifq;fi‘écjgm-t-he_mﬁd
' : l &

. 's‘\__xQ. —
pattern I n -'wﬁ:BEtN
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avoeiding the severe errosion of pheotoresist that previusly
existed when the etching mixture did not include CF4. This
alsé allows Tor'thinner recict lavers to be used, and thus
finer fesnlutions can be realized. Of extreme importance is
the addition of N2 to the reactive ion etch gas mixtures for
the dry etching of TiW. During any plasma etching procedure
an isotropic component exiets fhat can result in undercutting
of the etched material, in relation to the overlying masks
leaving a final structuée that is tapeved. The use 6f Ne for
this etching process results in the formation of a polymer,
during the etching procedure, that contains socme % N&, along

eg witﬁ other elements such as chlorine, carbon, hydreogen: etc.
This polymer, on the sidewall of the etched structure,

' prevents the attack of the iscotropic component of the
reactivé ion etch process, to.the exposed sides of the TiW,
Sbs thiuus enabliing straight walled of non~tapereds nor—
undercut structures to be achieved. Thiz is shown
schematically in fig.5. This etch chemistrys SF&, BC13, Cla8,
CF4 and N2 is also used to etch the thin titanium layer, 4.
The reactive ion etch procedure is car%ied cut at a
température qf between about 535 to bonc,-and at a pressure of
about & mTorr. The remcval of the photoresist and the
sidewall polymer is carried out at a temperature of about

o
&5 Cy in oxygen, and shown in fig. &.

”o

ot
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the overlyi ng$lﬂ:}f‘6?13§4st; GEARGE) O SALLE ve i on aaBehisog 1012 transfer they
desired pattern in the overlying photoresist to the underlying |layers of
aluminum titanium- tungsten, and titanium via a gas mxture of BC13,

Cl2 and N2 for alum num and SF6, BC13, CL2 -and e T o —thie titanium -
tungsten and titanium and using standard ﬁg:;gl ﬁ“%ﬁ% e the

maski ng phot oresi st and the pol yner, fornedlan_t f the etched
megal strucéure BRI EF DESCRI PTI ON CF THE DRAW NG

Thé- obj ect R GYPer advant ages of this invention are best explained in

the preferred enbodi nent with
This composite metallurgy can alse be used for

interlevel and 1nter:onnect Wiring as shown in fig.7. The
reactive ion etching conditions and gas etch chemistrise
would be identical te those described and shown for fig.S5.
Briefly a layer of plasma enbanced chemically vapor depbsited
sil;con oxide, 8, is deposited at a temperature of about
400 C, to a thzcvnees of about 10, OUU Angstroms. Standard
photolithugraphy and via etching is performed to epen vias 9,
to the underlying contact metallury. The composite metallur§
ef titaniums TiW, and alumznum, 'is again deposited using
conditions identical toc those previcusly shown. Again it can
be seen that the TiW completely fills the via, thus avoiding
‘é poseible electromigration problems that may have cccurred if
the via was filled with aluminum. After standard
phatolihography processing, used to define the desired
pattern of the interlevel metallization, the reactive ion
etch process, as deséribed previcusly for fig. 3, is again
used. The reactive ion etch conditionss using the gas
mixture of SF&, BC13, 612, CLF4 and N2, again results in non-

tapered TiW metal structures.

It should be noted that this invention,
"Dry Etch Pfocees for Titanium — Tungsten Filmse”" although not
chown as part of any epecific device application can be used
fors the fabrication of NFET, (n-type field effect

- - -
& tranzistors), FFET, as well as for CMDBs (complimentary metal
18 -
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reference to@addiRe@hed GEQRAE 9gSAIEEat | ncl udR$r14-96 11:43 Fi g.PR23,
schematically illustrating the cross- sectional representation of the
n steps and stages prior to the reactive ion etching of the
Fig.4, schematically represenating-the-teapered

fabricatio

met al | ur gy.

profile resulting froma reactive ion etching process Wi tieut-=

¢

Htwkﬂﬁéb
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oxide semiconductor), BiCMDS, (bipolar—-CMOS), as well as for

specific bipolar transistor applications.

While this inventicn has beenm 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 form and details may b- made without

departing from the gpirit and scope of this :nvent;on.

What is claimed is:
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6, schematically representing the non- tapered structure obtained via
of a reactive ion etch process which included h%ianézeﬁﬁrﬁﬂ-nabk~q

etching gas mixture; Fig. 6, illusttati-ag™ sehepn cal |y
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1. A method for forming metal patterns on a
semiconductor substrate comprising the steps of:
depositing a first composite metal film,

composed of a titanium underlay films, a titarnium -

w

tungsten film, and a aluminum overlay film, on said
substrates |
foermirg a firet erganic photoresist image on
part éf said Tirst composite metal filmg
anisotropically etching the exposed part of said
10 first cumpos:fe metal to from specific metal shapes;:
remeval of said first organic photoeresisti
depositing a first dielectric insulator film on
said first composite metal shapes and said substrates
using photolithoegraphy and etching, to open &
15 | via in said first dielectric insglatar film, to said
first composite metal shapes
depocsiting a secand composite metal film,
composed of a titanium underlay film, a titanium -

tungsten filmy and a alumirum overlay Tilm, on said

first dielectric insulator film and on said first

I'E

compoeite metal shapes in said opensd vias

forming a second organic photoresist image on

part of said second compesite metal filmj

14
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met al, "st r uct®r B144AH20B4 of | IGEORGREHESAILEd as an 93léBelled4 connect P24
netalllzatlon DESCRI PTI ON CF THE PREFERRED EMBODI MENTS

‘The met h(ﬁmt apered netal structures, via the use of an

enhanced r mng process, T&xeq"—f‘_ CONtETL ar interlevel
connect mmmm:“mﬂ seni conduct of] SuBst rates,. and® ont ai ni ng
titanium-tungsten M1 s, "as part of thé_aeta.l“ s'truct ure_J will now be
described in detail. Fig. 1 briefly illustrates the steps

ed in tls94-ooz

anisotropically etching the exposed part of =aid
second composite wmetal te form specific metal shapess
and

removal of said second organic photoresist.

5 2. The method of claim 1 wherein said titanium
underlay film, of said first composite metal, is about

400 Angstroms,

3. The method of claim 1 wherein said titanium -
tungsten film, of said first composite metal, is about
10 18500 Angstfnms, composed of between about & to 15 %

‘E . titaniums and betweer about BS to 95 % tungsten.

4. The method of claim 1 wherein said aluminium overlay

film, of said first compoeite metals is about S000

fngstroms.

i5 %. The method of claim 1 wherein the etching mixture
for said aluminum overlay film is about 30 scem of

BC13, about 50 scem of C12s and about 10 sccm of N2,

&. The methed of claim 1} wherein the etching mixture
for said titanium - tungsten film is about 30 sccm
20 ot SFb} about 20 sccm of BC13, about 20 scom of €12,

about 30 scem of CF4s and about 10 sccm of N2.

15
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deposition of the netallurgy. tn fig. 1 ‘a silicon
Substrates 1, with active device regions, 2a and 2b, to be subsequently

fC 8?}.";‘? gs g)allt ?Eﬂmllclgmﬂjmjﬂlllsﬂ”msmm T THIS S';-lEET HAS BEEN .rgl ons Weré

REPLACED

¢ C&94-00a

7. The method of claim 1 wherein the etching mixture
for said titanium underlay film is about 30 sccm of

&5F&,s about 290 eccom of BCl3, about 20 scem of C128,

abeut 30 scocm of CF4y and about 10 scem aof N2,

9 6. The method of claim 1 wherein said anisctropic
etchings of said first composite metal, i= performed

using said photoresist as a mask.

9. The method of claim 1 wherein said titanium
underlay film, of said sSecond composite metal is about

10 400 Angstroms.

-

10. The method of claim 1 wherein said titanium -~
tungsten films of said second composite metal is aboul
1500 Angstroms, composed of between about 5 toc 15 %

titanium and between about 85 to 95 % tungsten.

15 i11. The methed of claim 1 wherein said aluminum

overlay film, of said second composite metals is about

8000 Angstroms,

12. The method of claim 1 wherein the said anisctropic
etching of the said second composite metal is

20 performed using said photoresist as a mask.

is Sheet Has Been Replaced '
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di oxi de fil m t% YWAEI2A64 | | GEIRGEIGXSAILE | s| ands, 08314/Bberess i S| ands werggi n
-turn used as a mask to create the active device regions, via conventional

di ffusion or ion inplantaLLQdJJﬂﬂHﬂiﬂEELh%#_5h0U|d'
contact hole to device region 2b, is considerably s
contact hole to device regi Hmmmlum [m er of th
device region 2b is about O ﬂ Fmﬂ"dlnensio
t o gdevi ce reglon 2a is greatér ‘tHan™" . -

me®al | i zat i 6AP?4cHABi sting of a conposi te of titanium titanium- tungsten,

and aluminumis deposited and shown schematically in fig. 2. First, after
a careful wet

13. A method for forming metal patterns on a
semiconducter substrate comprising the steps of:s
depositing a first composite metal film,
composed of a titanium underlay films a titanium -~
] tungsten film, ang a alumirum overlay films on said
substrates
forming a firet organic phetoresist image on
part of said first composite metal film;
'anisotropically_etching the exposed part of said
10 first composite metal, to form specific metal shapes,
ueing BL13, C18, and N2 for said aluminum overlay
f films, and SF6, BC13, CIB. CF4y, and N2 for said
titanium -tungstens and said titanium underlay Tilm.
forming a N2 containing polymers on the sides of
15 said fircet cumpasite metal film, during the
anisotrnpic etching of said first composite metal
.films
removal of said first organic photoresist and
said polymers;
a0 depositing a first dielectric insulator film on
said first composite metal shapes and on said
substrates
forming a via heles in said first dielectric

insulater film, to said first composite metal shape!
6 . -
' This Sheet Has Been R
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cl eani ng procwdar447geski ed EORGEN® SAMEce regi 083/142% tnds52b, and t hp27
siticon dioxide islands, 3, a filmof titanium 4, is deposited via
Sputtering or physical vapor deposiiion, (PVD), to a thickness of about

400 Angstrons. Th a dual purpose. First, the adhesion
bet ween t he tltanElllmmmm,llmamnm}l ying pxide.is-excellent— Wthout this
adhesi ve | ayer the subsequents tistani um - |[tynasienThidamyenlid have
difficulty in avoiding peeling fromthe u tderl Viixe: Apgmles  during

SL&sequent (BB GfyPr ocessing. I n addition

ITIITT
=TT T

depositing a second composite metal film,
compoesed of a titanium underiay film, a titanium -
tungsten film, and a aluminum coverlay films on eaid
first dielectric and on said first composite metal
S shapes in said opened viaj
forming a secend photoresist image on part of
second coemposite metal filmj
anisctropically etching the exposed part of
second composite metal, to form metal shapee, using
10 EC13, Cl12 and N2 for the said aluminum overlays and
. ©F&, BC13, Cl@2, CF4, and N2 for the titanium -
Qi | | tungsten filmy and for the said titanium underlay
Tilmsg
forming a N2 containing polymer, on the sidee of
15 .said'second composite metaly during the anisoctropic
etching of =said secovd campﬁsxte metals and

removal of ssid second organic photoresist and

said polymer.

14. The method of claim 13 wherein said titanium

el underlay films of said first composite metals is about

400 Angstroms.

____________________
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reduces any n@t PlA47I3068c t KEORGEY SMLEt on t he@3udfogcH:46 devi ce repdgons
2a and 2b, thus enabling |ower contact resistance to be achieved, than
woul d have existed with a titanium-tungsten interface. Next a |ayer of

o T 2

The thickness of* t i stdefosPtet alloy i THEl SeE dbsBEEROHO to 2000
Agstroms It should be noted tha_t i nismal I_ HEFREBED areai, such as the

tact holggdueaoa

15. The method of claim 13 wherein said titanium -
tungsten filmy of said first compesite metal, is ébaut
1300 Angstroms, composed of between about S to 1% %

titanium, and between about 85 to 95 % tungsten.

S 16. The method of claim 13 wherein said aluminum
overlay, of said first composite metal, is about

SO00 Angstroms.

17. The method of claim 13 wherein the etching mixture
Tor said alumiruum coverlay film is about 30 scem of

10 BC13, about 50 scem of ClE8, and about 10 scam of NE.

‘- _ 18. The method of claim 13 wherein the etching mixture
sa1d titanium -~ tungsten Tilm is about 30 sccm of SF&,
about 20 acem of BC13, about 20 scom of Cl&, about

30 sccm of CF4, and about 1Q sccem of N2.

15 19. The method of claim 13 wherein the etehing mixture
for said titanium undetrlay is about 30 scem of SFé6,
about BO scom of BC13, about 20 scem of ciz, about

490 scem of CF4s and about 10 scem of Na.

20. The method of claim 13 wherein said anisotropic
20 etching, of said first composite metal, is performed
using said photoresist as a mask.
-
! heet Has Been Replaced
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devi ce i eqgi on!l?ls;leGIi W CGRORGECO.cSHILE| | | s t he @B(14e86¥1:48eposi ti on oR29 he

sides of the hole, as well as filling from the bottom This_is one of the
‘maj or advantages of TiW si nt has to p ST,HKQUQ Np—t
smal | contact opening, a large curre woul d exi TF},’_‘. }
out st andi ng current carrying m‘ mﬂﬁ!“f TiWallo ﬁf"‘f::.‘.h. 1ol mﬁ.ent
densities to be used w thout ectromgration fail urﬁf"‘

al uni num wer e used, instead of * Tf W the conformal coating capabilities of

tx deposited alum nun may not result in alum numconpletely filling the
tact hol®&?* A% if al umi num did conpletely fill the small opening to

device region 2b, the current density in the hole muy be too great for

al um num and thu%unehh@bkLkLXU of claim 13 wherein the etch rate ratio

of said photoresist to said titanium - tungstens is
ahout onws with the use of the said etching mixture cof

about 30 ecem of SF6y about 20 scoca of BCL3, about

20 sccm of Cl2s about 30 scom of CF4, and about

Le

10 scem of NE.

#P. The method of claim 13 wherein said N2 containing
polymer is Tormed on fhe sides of said first composite
metal film during the said anisctropic etching of said
10 first composite metal, using a said eteching mixture of
. about 30 sccm BCL3, abeut $0 scem of Cl2, and about
¢
‘i ' 10 scem of N2y, for the said aluminum overlay film,
and about 30 scom of SF6, about 20 scom of EC13s
about 20 sccm of ClE8, about 30 scem of CFL, and
is about 10 sccm of N2, for the said titanium —tungsten

film and Tor the said titanium underlay film.

-_—
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fail urés, I n Bhe144312064f e|GEORGEOM SAIAE|I on coul é3/44498r 11:4Anot her advabP3@age
of “TiW in contrast to alumnum is the ability of TiWto protect against
‘al um-num penetration into : -9-

the active silicon device regions, 2a and 2b. However the resistivity of
the sputtered Ti Wis about 60 u-ohm cm and =S

THIS S+ T HAS BEEN
BEFLACE
& C54 -002
ABSTRACT
A method fTor dry etching a composite metal film,
consisting of an aluminum overlay film, & titanium - tungsten

filmy, and a titanium underlay film:s is described. The
process uses an organic photoresist as a mask and features
improved etch selectivity and non- tapered.sidawails. The
addition of LF4, to the etching chemistry used te pattern
titanium ~ tungsten films, increases the selectivity between
the photoresist and titanium — tungeten, allowing for thimver
resists to be used, and thus finer resclutuien to be

"; | achieved. The introduction of NZ2 to the etching chemietry
results in a N2 containing polymer to be fermed during the
étching procedure, on the sidewalls of the etched structure.
The polymer prevents the isctropic compenent of the reactive
jon etching process to attack the metal structure, thus

allowing fuir nen—tapered structures te be obtained.
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thus to furthe® PESIA064he GBOREIGNSALB the t 0b3M14/88t AIl:34 cCONPOSite, pogfil m
~of alumnum 6, is deposited using PVD to a thickness of about 5000
Angst rons. Fi g.3 shows t‘h;!4r esult of standard

phot ol i t hogr aphi ¢ processing, used to define the desired patterns, 7,
the organic photoresist. As a consequence the exposed regi ons of the
conposite netal lization, not covered by the overlying pho LT,
7, will not be subsequently renoved by the follow ng rea 3 1 O, ggﬁ.
process. Fig. 4 schematically shows the result of a reacti WeYalakaYafaYay=

used to dry etch the conposite alumnum TiW titaniumlayer. The
al um num 6, was etched using 30 sccm

L S P
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of +BCL3, 50Ts8U4ATI06¢12, GEARCELD SEUF of N2, 831496 bsSGre of 7 nieer .,
tand at a tenperature of betmeen about 55 to 60[err]C. It can be seen that —
the resulting aluminumpattern, 6, i2/4t undercut, and without a severe

taper, in reference to the nasking photoresist inmage, T ‘
etching of the TiW 5a, in 40 sccmof SF6, 20 sccm of Cmﬁs‘ﬁﬁa‘lﬂfsﬁéﬁN
of Cl2, at a-pressure of 6 niforr, and at a tenperature ¢f be?hée%“%%out 5
to 60 C, resulted in severe undercutting, in respect to the overlying

al um num 6, and maski ng photoreS|st i mge, 7a. This is a result of the
|sotrop|c
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-. 104> conBoAbM712864t he GEORGEI MgSAILECeESS, usbmgmsi H:3pecific chepasstry.
The .unprotected sides of the Ti Wstructu are attacked during the
‘final stages of the TiWetching. In a-é[ |on "this etch cheni stry al so

- attacked the masking photoresist, 7a, due to the_poor selectivity between
- the photoresit an TiW For these reactive ion] /e Qh ‘conditions the etch
rati o of photoresist to TiWwas 2 to 1, therefq’re i@h@@@ Angsl;roms of
photoresist is consuned or erroded due to N& Z'ﬁ‘(\k;'—::t, ;
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the ttching oF S14UBIR%Agst [GBARSELY. SANE The fiesdididst nggim etch, uspgg the
same conditions and chem stry as used for the TiWetch procedure,

i hcreases both the undercut of Tiw 5&/4as well as the erosion of the
maski ng photoresist, 7a. Fig. 5 shows the resuj __of a
specific reactive ion etch chem stry, introduced i {ion, on

the final profile of an Ti Wstructure. Again, - Q\M[JTMP\“T' .4\‘

photoresr st, 7b, is used as the nask, and agai THE ™ des%rea,J,M in the
resist is transferred to alumnum 6, using idg nLrﬂe:aifcoﬁdr tions as
previously described for fig.4. However the gaS m xture now used for the .
TiWdry etching includes about 30 sccmof CF4, and 10 sccmof N2, in
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. 4 5B
B 7 T
6 | \ e
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addi"'\t-'i"on' to 36 sccm of SF6, 20 sccm of BCl13, and 20 sccmof Cl12.
‘First the addition of CF4 allows for a etch ratio of pq _ore5|st to TiWto

~“o-—. [ -"_-.’

increase to one to one, thus REPLACEMENT N ]
avoi ding the severe errosion of photoresist that previugly 2 é‘abj ;gg“f it
|
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2 DRY ETCH FROCESS FOR TITANIUM~TUNGSTEN FILMS
BACKGROUND OF THE IN?ENTIUN

¢1) FIELD OF THE INVENTION

The present invention relatee to a fabrication
Proceass for semiconductor integrated circuits, and more
specifically to the dry etching of titanium-turgsten films

that are used a= part of the integrated circuit.

(2) DESCRIPIION OF PRIOR ART

The trend in the semiconductor industry has
been an ongoing increase in circuit density, while the cost
nf advanced sem1c0iducta. chips decrease. This has been -
accomplished in part by the ability of the semiconductor
engineering community to decrease critical chip dimensions,
and thus ﬁroduce more circuits per chip. The major factor in
the reduction of feature size has besn the continued.
deveinpment of photolithegraphic equipment and materiasls.
fidvances in camerass as well as the creation of more
sen=zitive photoresists have allowed critical chip features to
be reduced. The steady:development of reactive ion etching
tools and p}ocesses, enabling tha.small critical images in
photoare=ist to be transferred to the underlying layers, have

also played a major role im chip size and cost reduction.

However =pecific semiconductor processes and



exissted when the etching m xture did not include CF4. This also allows for
thinner resist layers to be used, and thus finer resgkuttens—carHge—"
realized. OF extrenme inportance is the addition of NJ| REPLAGEWENTSHEET fin
etch gas mxture, for the dry etching of TiW Duringd} any plasma etching
procedure an isotropic conponent exists that can resu| Dateng. 7 #-NQ

of the etched material, in relation to_tgq_overlying NS+ 2$g;gg;%ﬁgﬁ???al
structure that is tapered. The use of N2~eor this etching process results
in the formation of a polynmer, during the etching procedure, that contains

some % N2, along wth other elenments such as chlorine, carbon, hydrogen,
~etc. This polyner, on the sidewall of the etched structure, prevents the

~attack of thg 3@y LeR) CeRQEMPIG belh LS in the past for ehip

manufacturing, are now not as compatible with the smaller

chip features as they once were'when larger dimensions were
being used. For example aluminum,; or aluminum bazed
metallizations, have been an industry standard for all levels
of interconnects. However the decreasing festures may
suggest a change to & different metallization process. If a
contact hole to & silicon device regions or a via hole
between two levels of wiring, is drastically reduced in size,

- the use of aluminum may result in electromigration failures.
The current density of the aluminum in the narrow opening may
become so large that metal migration occurs. Ancther
shortcoming of aluminum, in reference to smaller device or
via holess; is the difficulty in Tilling these openings, with
atandard aluminum deposition techniques, particularily when
the aspect ratio iz high. Therefore the industry has looked
to other metallization processes to accomadate the

advancemant toc chip miniturazation.

"The useg of refractory metals, such as tungstqn;
or alloys of tungsten, such as titanium - tungsten, (TiW),
are now being developed and useds in coembination withy o as
a replacement for aluminum. One majoar advantage of tungsten
or TiW, is the ability to withstand very high current

densities without the risk of electromigration failure.



reaétive ion etch process, to the exposed sides of the TiW 5b, thus
.enabling, straight walled or non-tapered, non- undercutms#FHEFHF§§”Fﬁ*‘e
achieved. This is shown schematically in fig. 5. Thills #éfchcE heﬁf?ﬁ#?'
BC13, Cl2, CF4 and N2 is also used to etch the thin tltazngnmbpyﬂ?g
The reactive ion etch procedure is carried out at a |t BAgSrat-u-e-0 »bet
about 55 to 60[err]C, and at a pressure of about 6
the photoresist and the sidewall polyner3i-s carried out at a t enperature
of about 65[err]C, in oxygen, and shown in fig. 6.

Therefore evern with submicron dimensions, the cdrrent-denaity
in these contact or via holes, when using refractory
metallizationsy; would not preeent a prubleﬁ. fleo chemical
vapor deppsition processes can be employed to deposit these
filma, thue resulting in a more conformal deposifion than the
marginal cenformality resulting from the evaporated aluminum
process. In addition to the electromigration reﬁistance
advantage=: offered by tungsten or TilWy; ancther major
advaritage is the absence of aluminum penetration into the
device region when used as the contact device metallization.
When these refractorie= are used as the underlyirg layer for
an aluminum -~ TiW mefalizatinn, they will prevent aluminum
from raaching and penetrating the silicon device region. Thus
the directicen to refractory ceontact metallizations,; in place

of aluminums has pccurred.

One area needed to be develoaped to accommodate
refractory metallizations is the etching or patterning of
this metallization. Sclutions have been offered, U.S.
4,980,018 by Mu et al, and U.5.4,997,520 by Jucha et al, show
processes that enatle the reactive ion etching of tungsten to
be accomplished. However applicaticns in which compeosites of
overlying aluminum and underlying TiW, are to be patterned,
with the use of photoresist as a mask, are rot disclosed.

When plasma etching thess composites, and using photoresist
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interl evel

of about

and interconnect wiring as shown in fig.7. T
etching conditions and gas etch chem stries would be

descri bed and shown for fig. 5. Briefly a layer of pl
chem cal ly vapor deposited silicon oxide, 8, is deposi

This conposite netallurgy can al sg,_be used for

en‘Tlfc___rg
thﬁh

(hpabaﬁgyﬁfil(ﬂwzv
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t A renperat-u
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400[err]C, to a thickness of about 10,000 Angstroms, Standard-

photol i t hography and via etching is perfogned to open via, 9,

as the defining patterns undercutting or tapering c&n occcur.
In addition selectivity between the masking photovesist and
the composite metals can be low, sometimes resulting in
severe erosion of the photoresist imaée during the etching
prncédure. Therefore the purpose of this iﬁvention is to
achieve the decired profile in & aluminum -TiW layer, without

undercutting or tapering, when using photoresist as the mask.
SUMMARY OF THE INVENTION

It is an object of this invention to provide a

method for the reactive ion etching of metal films to be used

for the manufacturing of semiconducter integrated circuits.

It 3= anothar'object of this invention to provide a
method of reactive ion etching metal fiims or alloy=,s such as
aluminums titanium - tungsten, and titanium, resulting in a
non—-tapered profile, or without undercut in regards to the

overlying masking material.

It is still another object of this invention to provide
a meothod for the reactive icn etching of metal films or

alloyss using photoresist as a mask.

In accordance with this present

invention, a method is described for the reactive ion etching



to t'the underlying contact netallury. The conposite netallury of titanium
TiW and alumnum is again deposited using conditions identjical to those

“previously shown. Again it can be seen that the Ti Wconpletel
via, thus avoiding possible electronigration problens that;n

occurred if

o
.

the via was filled with alumnum After standafd 28%)’

phot ol i hogr aphy processing, used to define the desired pat ‘of-t-fe-..
interlevel netallization, the reactive- 8 etch process, as descr

It the -
ITé.S; Hanidrifny

.
RS R

~previously for fig. 5, is again used. The reactive ion etch conditions,

usi ng the gas

.tapered TiWnetal structures.

of an aluminum, titanium — tungsten, titanium, composite
film, comprising the steps of: on a sehiconductar substrate,
baving the desired circuit coenfiguration., depoesiting
titanium, titanium -~ tungsten and aluminumj using standard
phatalithoqgraphic prdcessing to form the desired pattern in

the overlying photoresist; using reactive ion etching tao

tranasfer the desired pattern in the cverlying photeresist to

- the underlying layers of aluminums titanium — tungsten, and

titanium, via a gas mixture of BC1l3, Cl2 and N2 for alumirum
and SF&. BC13, CL2s CF4 and N2 for the titanium - tungsten
and titaniumi and using standard processing to remove the
masking photorezist and the polymer, formed on the sidewall

of the etched metal structure.

BRIEF DESCRIPTION OF THE DRAWING

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

reference to the attached drawings that include:

Fig.1-3, schematically 1llustrating the cross~
sectional representation of the fabrication steps and stages

prior tc the reactive ion etching of the metallurgy.

Fig.4s schematically representing the tapered

profile resulting from a reactive ion ét:hiﬂg process without

m xture of SF6, BCl13, Cl2, CF4 and N2, again results in non-



It should be noted that this invention, "Dry Etch Process for Titanium -
Tungsten Fil ns" although not shown as part of any specific deV|ce
C§ Cacer |

application can be used for, the fabrication of NFET, (n-

transi stors), PFET, as well as for CMOS, (conplinentary ne dﬁcFLA“E“’ ™~

- 13 - . oxide sem conductor), Bi CMOS, (bipolar-CMOS), as weII %@ pb;] W
-6 -

the use of N2 angd CF4 as part of the etching gas mixture.

Fig.5s schematically representing the non-—
tapered structure obtairied via use of a reactive ion etch
process which included N2 and CF4 as part of the etching gas

mixture.

Fig.b, illustrating schematically the final

metal structure and praofile, when used as a contact

metallurqgy.

Fig.7, illustrating schematically the final
metal étructure and profile, when used as an interlevel

connect metallization.

DESCRIPTION OF THE FREFERRED EMBCODIMENTS

The method of obtaining non-tapered metal
structures, via the use of an enhanced reactive ion etching
process, used for contact or interlevel connect
metallizaticns on semiconductor substrates, and coﬁtaining
titanium —tungsten films, as part ot the metal structure,

will row be described in detail.

Fig. 1 briefly illustrates the steps used in the
fabrication sequepce of a semiconductor device, up to the

point of the depcsition of the metallurgy. In fig.ti



specific bipolar transistor applications. VWhile this invention has
been particularly shown and described with reference to the preferred
enbodi ments thereof, it will be understood by those SkILLPd—+H~FhP—4H4~—n:1
that various changes in formand details nay be nade mntwongrudny@EmTagEET;
fromthe spirit and scope of this invention.
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a silicon substrate, 1y with active device regions, 2a and
2bs to be subsequently centacted Ly metallization, are shown,.
The active dévice regions were formed by patterhihg a silicon
dioxide film to obtain silicon dioxide islands, 3. These
jelande were in turn used as a mask to create the active
device regions, via conventional diffusion or ion
implantation techniques. It should be noted that the contact
hole to device region 2b, is considerably smaller than the
contact hole to device region 2a. The diameter of the
contatt hole to device region 2b is about 0.5uM, while the
dimension of the contact hole to de§ice region 2a is greater

than 1.0uM.

Nexti & metallizations consisting of a composite
of titanium, titantum ~ tungsten; and aluminum is deposited
and shown schematically in fig.2. First, after a careful wet
cleaning procedure applied to the device regions, 2a and 2b,
and the silicen dioxide islands, 3, a film of titanium, & is
deposited via sputtering or physical vapor depositien, (FVD)
to a thicknese of about 400 Angstrome.  The titanium serves &
dual purpose. First, the adhesion between the titanium and
the urnderlying oxide is excellent. Without this adhesive
layer the subsequent titanium — tungsten Tilm would have
difficulty in aveiding peeling from the underlying oxide,

during subseguent device processing. In additions titanium



VWhat in clained is: - 14 - 1. A nethod
for formng netal patterns on a sem conductor substrate conprising the
.steps of: depositing a first conposite netal film -=gonposed of a _
titaniumunderlay film a titanium tungsten film and a akgpifum ovetlay.
film on said T

Los:g. 00t ... |

reduces any native oxide that may exist on the surface of
device regions 2a and aﬁ, thus e@nabling lower contact
resistance to be achieved, than would have existed with a
titanium -tungsten interface. Next a layer of titanium ~
tungsten, (TiW), 5, is sputtered, insitu with the previous
titanium layer. The TiW is sputtered using a target of lﬁﬁ
Ti and 90% W. The thicknese of this deposited alloy is
between about 1000 ta 2000 Angstroms. It should be noted
that in small contact areas, such as the contact hole to
device region 20, the TiW completely fills the hole by
deposition on the =ides of the hole, as well as filling from
the bottom. This is one of the major advantages of Til,
since all the current has to pass through this smzall contact
opening: a lafgn current density would exist. The.
outstanding current carrying characteristics of TiW allow fer
high current densities to be used without the threat of
electromigration failures. If aluminum were used,; instead of
TiW, the conformal coating capabilitises of the deposited
aluminun may not result in aluminum completely filling the
contact heole. Alsoes if éluminum did completely Till the
=mall opening to device region 2b, the current density in the
hole may be too great for aluminum, and thus reliability
failures, in the form of electromigration could cccur.
Another aanntaga of TiW: in contrast to alumipum, is the

ability of TiW to protect against aluminum penetration inte



substrate;

said first conposite netal film ani sot r opi cal
part of said

form ng a first organic photoresist image on part of

first conposite nmetal to fromspecific

renoval of said first organic photoresist; depogitin

dielectric insulator filmon said first conposite net

substrat e;

...........

usi ng photolithography and etching, T

said first dielectric insulator film ta-3&d first conposite netal shape!

depositing a second conposite netal film conposed of a titanium underlay
film a titanium:-""

the éctive silicon device regions, #a and 2b. However the
res;stivity of the sputtered TiW is about 60 u-chm—-cm and
thus to further reduce the resistance of the total metal
compesites a film of aluminum, &, is deposited using FVD

to a thicknese of about S000 Angstroms.

Fig.3 show= the result of standard
phetolithographic processing, used to define the desired
pattern, 7 in the organic photoresist. As a consequence
the exposed regions of the composite metallization, not
covered by the overlying photoresist image, 7, Qill rnot be

subsequently removed by the following reactive ion etching

procesa. Fig. 4 schematically shows the result of a reactive |

ion process used to dry etch the composite aluminum, TiW,
titaniwn layer. The aluminum, &, was etched using 30 sccm
of BC13, S0 sccm of Cl2s and 10 sccm of NE, at a pressur: of
7 mTorv., and at a temperature of between about 55 to &0 €.
it can be seen that the resulting aluminum pattern, &6y is not
undercuts and without a severe tapef, in reference to tﬁe
masking photoresist image, 7a. However the etching of the
TiW, Sa, in &40 sccm of SF&6, 20 sccm of BC13, and 10 scem

of C12, at a pressure of & mTorr. and &t a temperature aof

o
between sbout 55 to 60 C, resulted in severe undercutting,

in respect to the overlying aluminum, &, and masking

photoresist image, 7a. This is a result of the isotropic



tungsten film and a alum numoverlay film on said first dielectric
insulator filmand on said first conposite netal shape, gkn—saLd opened

Vi a; formi ng a second organi c photoresist inmage agh &
second conposite netal film ’ tﬁgﬁ“kp&éﬁ%‘gﬁ

Date :

............................
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comporent of the etching processs using this specific
chemistry. The unprotected sides of the TiW structure, 5a,
are attacked during the final stages of the TiW etching. In
addition, this etch chemistry alsc attacked the masking
photoresists 7ay due to the poor selectivity between the
photoresit an TiW. For these reactive ion etch conditions
the etch ratio of photoresist to TiW was 2 to 1, therefore
10,000 Angstrems of photoresist is consumed or erroded due to
the etching of 5,000 Angsatroms of TiW. The final titanium
etch, using the same conditions and chemistry as used faor the
TiW etch procedure, increases both the undercut of TiW, Sa,

as well as the erosion of the masking photoresist, 7a.

Fig.S shows the result of a specific
reactive ion etch chemistry, intfoduced in this invention, on
the final profile of an TiW structure. Again, as shown in
fig.4s photorasist, 7h. is used as the masks and again the
desired zmage irnn the resist is transferred to aluminums &,
using identical conditions as prevzou*ly described for fig. 4.
However the gas mixture NoW used for the TiW dry etching
includes sbout 30 sccm of LCF4s and 10 sccm of N2, in

addition to 30 sccm of 8F&; BO scem of BC13, and 20 sccw of

cla.

First the addition of CF4 allows for a etch

ratio of photeoresist to TiW to increase to one to one, thus



anisotropically etching the exposed part of said second conp05|te nmetal to

formspecific netal shapes; and renoval of @%ﬁ# 1] u aﬁ%c
i st. 2. The nmethod of claim1l wherein said {i :gﬁ%&gg $E§

. phot or esi st

film of said first conposite netal, is about 400 Angst

‘method of claiml wherein said titanium- tungsten f d? said-first
conposite netal, is about 1500 Angstroms, conposed of between about b‘ro
15 % titanium and between about 85 to-9H % t ungst en.

avoiding the severe errcosion of photoresist that previusly
existed when the etching mixture did nct include CF4. This
also allows for thinner resist layers to be used, and thus
finer resclutions can be realized. Of extreme importance is
the additioﬁ of N2 to the reactive ion etch gas mixture, for
the dry etching of TiW. During any plasma etching procedure
an isotropic comporient exists that can result in undercutting
qf the etched material, in relation to the overlying mask,
leaviiig & final stiructure that is tapered. The use of N2 for
this etching process results in the formation . of a polymer,
during the etching procedures that containe scme % N&, along
with other elements such as chlorine, carbon, hydregen, etc.
This polymers on the sidewall of the et;hed structure,
prevents the attack of the isotropic component of the
reactive ion etch precess, to the exposed sides of the TiW,
Sb, thus enabling straight walléd or nﬁthapered, non—-
undercut structurez toc be achieved. This is shown
schematically in fig.5. This etch chemistrys, SFé&, BC13, Cla,
CF4 and N2 is also used to etch the thin titanium layer, 4.
The reactive ion etch procedure is carried ocut at a
temperature of between about 55 to bODD, and at a pressure of
about & mTorr. The femoval of the phaotoresist and the
sidewall polymer is carried out at a temperature of about

o 1
45 C; in oxygen, and shown in fig. &,



conposite netal, is about 5000 Angstrons. 5. The nﬁtmERLAﬁEMENNEHEﬂ
- wherein the etching mxture for said aluninun1overla‘ [
. sccmof BCl3, about 50 sccmof Cl2, and about 10 sc
met hod of claim1 wherein the etchlng m xture for safd A 5
filmis about 30 sccm of SF6, about 20- 3gacin of BCl3, about 20 sccnlof C12,
about 30 sccm of CF4, and about 10 sccm of N2.

o-‘i

4. <The nmethod of claim1 wherein said al um num over | ay==f-=r—ot=sarc-s#-1 st
0|
i

This composite metallurgy can also be used For
interlevel and interconnect wiring as shown in fig.7. The
reactive ion etching conditions and gas etch chemistries
would be identical to those described and shown for fTig.S.
Briefly a layer of plasma enhanced chemically vapor deposited
silicon oxide, 8, is depdsited at a2 temperature of about
400aC, to a thickness of about 10,000 Angstrems, Standard
photolithegraphy and via etching is performed to cpen vias, 9
to the underlying contact metailury. The composite metallury
of titanium, TiW, and aluminum, 1s again deposifed using
corditions identical tc those previcusly showr. Qéain it can
be seen that the TiW completely fills the via, thus avoiding
poseible electromigration problems fhat may have occurred if
the via was filled with aluminum. After standard
photelihography processing, used to define the desired
pattern of the interlevel metallization, the reactive ion
etch process, as described previcusly for fig. S, is again
used. The reactive ion etch conditions, using the Qas

mixture of SF&, BC13s C1&, CF4 and N2, again results in nen—

tapered TiW metal structures.

1t should be noted that this invention,

"Ory Etch Procees for Titanium = Tungsten Films" although not

ehown as part of any epecific device application can be used

fors the fabrication of NFET, (n—type field effect

transistors)s FFETs as well as for CMDSs (complimentary metal



- 16 - 7. The method of claim1l wherein the etching mxture for said
titaniumunderlay filmis about 30 sccmof SF6, about
about 20 sccmof 2, about 30 sccm of CF4, and about
: The method of claim 1l wherein said anisotropic etchin
- conposite netal, is perforned

E E:%‘Fﬁ-"% Nf F—’“Ts
o3k, 2&8 ACTi 9%
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oxide semiconductor), BiCMOS, (bipolar—-CMOS), as well as for

specific bipolar transister applications.

While this invention bas been particularly shown and
described with reference toc the preferred emboediments
thereof. it will be underetoad by those skilled in the art
that various changes in form and detzils may be made without

departing from the epirit and scope of this inventicn.

What is claimed is:



ustng said photoresist as a mask. 9. The nethod of claim1l wherein said
titanium underlay film of said second conposite netal is about 4000
Angst r omns. 10. T m,mmum)mm m 1 wherein said titanium.. _fungsten
film of said seco , ﬂu s about 1500 Angit f@sie gﬁfﬁ_
bet ween about 5 to 15 & tit*anisunmrand between about 85 o 95 ungs? =

11. The nmethod of claim1 wherein said alum num overla 1'5th rﬁ{)ﬁ]’ q%gj
second conposite netal, is about 2000 _Apgstroms. Il T

l. A method for ferming metal patterns on a
semiconductor substrate comprising the steps of:
depositing a first compoasite metal film,
composed of a titanium underlay Tilm, & titanium -~
tungsten films and a aluminum overlay film, on said
substrates; |
forming a first organic photoresist image on
part of said first composite metal film;
anisotropically etching the expoeed part of said
first composite metal to from specific metal shapes:
removal of said first crganic photoresisti
depositing a first dielectric insulater film on
said First composite metal shapes and said substrates
using photolithegraphy and etching, to apen a
via in said first dielectric insulator film, teo said
first compusite metal shapel _
deéositing a second compesite metal film,
composed of a titanium underlay film, a titanium -~
tungsten film, and a aluminum overlay film, on said
Tirst dielectric insulatar film and on said first

compoeite metal shapes in said opened viajs

forming a second erganic photoresist image on

part of eaid second composite metal Tilms



12. The method of claim 1l wherein the said anisotropic etching of the said

second conposite metal s performed using said photoresi
- 17 -

13. A et tal patterns on a sﬂﬁ$nmmﬁﬂEMDBHE£T
subst ra_te conprisin m ﬂ "mﬂ“ra depositing a fijrst conposite
|

et a

Dateg-.p- (LT 1005
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anisotroupically etching the exposed part of =aid
second composite metal to form specific metal shapes;
and

removal of said second organic photoresist,

2. The method of claim 1 wherein said titanium
urderlay film, of said first composite metal, is about

400 Angstroms.

3. The method of claim 1 wherein said titanium -
tungster films of said first compozite metal, is about
18500 Angstroms, composed of between about & to 1S %

titaniums; and between about 85 tec 95 % tungsten.

4. The method of claim 1 wherein said aluminum overlay

Tilm, of said first compoeite metals is about S000

Angstroms.

%. The method of claim 1 wherein the etching mixture
for said aluminum overlay film is about 30 scem of

BC15, about S50 scem of €12, and about 10 scem of N2.

4. The methed of claim 1 wherein the eiching mixture
for =aid titanium - tungsten film is about 30 sccm
ot SF&6, about 20 sccm of BC13, about 20 scom of €12,

about 30 scem of CF4, and about 10 sccm of N2.



conposed of a titaniumungertayfrim—=a titanium- tungsten film and a
al um num over| ay f|In1 on_sa te; formng a first organic
phot oresi st i mage on tl ll i i l! t conposite netg .
ani sotropi cal ly etchi t of said firs oSt '

formspecific netal shapes, u5| ng BCl3, Cl12, and N2 f Sals
overlay film and SF6, BCl13, Cl2, CF4, and N2 for sai L 1= Uk

-tungsten, and said titaniumunderlay Lijgn formng a N A=
polymer, on the sides of said first composite netal film durlngthe

7. The methced of claim 1 wherein the etching mixture
for said titanium underlay film is about 30 sccm of
SF&, about 20 sccm of BCl3, about 20 scem of Cl2,

about 30 scem of CF4, and about 10 scem of N2.

8. The method of claim 1 wherein said anisetropic
etchings of said first composite metal, is performed

using said photeresist as a mask.

9. The method of claim 1 wherein said titanium
underlay film, of said second compocsite metal is about

400 Angstrom=.

10, The method of claim 1 wherein said titanium -
tungeten films of said second composite metal is about
1500 Angstroms, composed of betwaen about S ta IS %

titanium and between about 8% te 95 % tungsten.

11. The method of claim 1 wherein said aluminum

pverlay film, of said second composite metal, is about

BOOO Angstroms.

12. The method of claim 1 wherein the said anisotropic
etching of the said second composite metal is

performed ueing said photoresist as a mask.



ani-sot r.opi c etching of said first conposite netal film rermval ~of
said first organlc pnororesiat‘and sai d pol yner; ==
haaemam;m wEdB 15

dielectric Im M Q! IEjd first conposite netal
substrat e; hole, in said first dielegftric
film to sai d 41 st ﬂ tal shape; Date : Zﬂwt‘ﬁ @

- 17 -

13. A method for forming metal patterns on a
semiconductor substrate compriSing the steps of:

depositing a first composite metal film,u
composed of a titanium underlay films, a titanium -
tungsten film, and a aluminum overlay film, on said
substrates

forming & firet organic phetoresist image on
part of said first composite metal film;

anisotropically etching the exposed part of said
first composite metal, to form specific metal shapes,
using BC13, Ci2, and N2 for said aluminum overlay
film, and SFé, BC13, Cl28, CF4, and NE for said
titanium —-tungsten, and said titanium underlay Tilm.

forming a N2 containing polymers on the sides of
said first composite metal films during the
anisotropic etching of said first composite metal
films;

removal of said first organic photoresist and
said peolymer;

depesiting a first dielectric insulator film on

said firsf composite metal shapes and on said

subetrates’

forming a via heles in said Tirst dielectric

insulator film, to said first composite metal shapes



.-

- 18 - 1E¥m§»%+ﬁg~a—setﬁﬁa'conp05|te metal film conposed of a

R i T e

in said opened vi a second photoresi st |i mage on part of

second conposite met al f|In1 ani sotropically etc |9@ethe exposed .....
part of second conposite netal, to formnetal shapes, uUSIng 7 3
- 18 -

depositing a second compesite metal Tilm,
composed of a titanium underlay film, a titanium -
tungsten film, and a aluminum overlay films on said
first dielectric and on said first compesite metal
shape, in said opened viaj

forming a second photeresist image on part of
second composite metal film;

anisctropically etching the exposed part of
second composite metal, to form metal shape=; using
BC13, Cl2 and N2 for the said aluminum overlay, and
§F6, BC13, C12, CF4, and N2 for the titanium —
tungsten filmy and Tor the said titanium underlay
Tilms

forming & N2 containing polymer, on the sides of
said second composite metals during the anisctropic
etching of =aid second composite metal: and

removal of ssid second organic photoresist and

said polymer.

14. Trhe method of claim 13 wherein said titanium

underlay film, of said first composite metal; is about

400 Angstroms.



BCL3, Cl12 and N2 for t—he—sai-d—al*um‘ﬁu’rﬁ’o_erlay, and SF6, BC13, Cl2, CF4,

and N2 for the titanium - and for the said titanlum
underlay film mm miﬂg\u ai ni ng pol yner [for—the st des. _,_,t.—"si
sai d second corrposi'te @ ani sotropic etcﬁl‘ﬁg@“@f"** 'éoEd

conposite netal; and renmoval of said second orgghic |19
"sai d pol yner. 14. The nmethod of claim 13 wherein said Plakban-l U underr__y

film of said first conposite netal, ix1Agout 400 AngstTons.

Lrn

<

1S5. The method of claim 13 whereir said titanium -
tungsten film, of said first composite metal, is about
15Q0 Angstroms, composed of between about S to 1% %

titanium, and between about 85 to 95 % tungsten.

16. The method of claim 13 wherein said aluminum
overlay, of said first compoeite metal; is about

SO00 Angstroms.

17. The method cof claim 13 wherein the etching mixture

Tor said alumirium overlay film is about 30 scem of

BC13. about 50 scem of ClE, and about 10 scem of NE.

186. The method of claim 13 wherein the etching mixture
s5ai1d titanium — tungsten Tilm is about 30 scem of SF&,
about 20 scem of BC1l3, about 20 sccm of Clgy about

30 scem of CF4, and about 1Q sccecm of N2.

19. The method of claim 13 wherein the etching mixture
for said titanium undetrlay is about 30 scem of SFé,
about 20 sccm of BC13, about 20 scem of Cla, about

30 scem of CF4, and about 10 scem of N2,

20. The method of claim 13 wherein said anisotropic
etcﬁing, of said first composite metal, is performed

using said phetoresist as a mask.



- 19- ‘15. The nethod of claim 13 wherein said titanium - tungsten f| | m of
said first conposite nmetal, is about 1500 Angstrons, COIIO T |
about 5to 15 % titanium and between about 85 to 95 o &

met hod of gl ﬂm“jﬂlmmmns'"m, d al um num

- 20 -

21l. The method of claim 13 wherain the etch rate fatia
oT said photoresist to said titanium - tungstens is
about one; with the use of the sald etching mixture of
about 30 sccm of SF6y zbout 20 scom of BCL3, about

20 seccm of Cl2, about 30 scem of CF4, and about

10 scem of NE.

22. The method of claim 13 wherein said N2 containing
polymer is formed on the sides of said fir=t composite
meetal film during the said anisotrapic etching of said
first compouzite metal, using a said etching mixture of
about 30 sccm BCL3, about 80 scem of ClZ2y and about

10 scem of N2y, for the said aluminum overlay Tilm,

and about 39 scem of SF&, about 20 scem of BC13,

about 29 z=ccm of Cl2, about 30 scem of CFY, and

about 10 sccm of N2s for the said titanium —tungsten

film and feor the said titarnium underlay film.



‘overlay, of said first conposite netal, is about 5000 Angstrons. 17. The
nmet hod of claim 13 wherein the etching mxture for said aITu_a"n_a-“__“____!
filmis about 30 sccmof BCO 3, about 50 sccmof Cl12, and awqmw:NéﬂMENFSHELT'?
N2. 18. The method of claim.13 wherein the etching nixtur; !
- tungsten filmis about 30 sccm of SF6, about 20 sccm of Bk .. ahOull 2053
'sccm of Cl2, about 30 sccmof CF4, and about 10 sccm of NZL-——— ------- :

met hod of clai m13 wherein the etching ABSERAEE for said tltanlun1undetrlay

i's about 30 sccm of SF6,
DRY ETCH PROCESS FOR TITANIUM-TUNGSTEN FILMS

A method for dry etching a composite metal film,
consisting of an aluminum overlay film, & titanium - tungsten
tilm, and a titanium underlay films 3is described. 7The
Frocess uses an organic photoresist as a mask and features
improved etch selectivity and non- tapered sidewalls. The

‘addition of CF4, to the etching chemistry used to pattern
titanium - turgsten filmss increases the selectivity Eetweén
the photoresist and titanium - tungetern, allowing for thirwer
resista tuv be useds and thus fimer resoclutuion to be
achieved. The introduction of W2 to the etching chemigtry
results in a M2 containing pelymer to be formed during the
etching procedure, on the sidewallé of the etched structure.
The polymer prevents the isctropic compovient of the reactive
ion etching process to attack the metal structure, thus

allowing fur non—tapered structures to be obtained.

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)




abou} 20 sccm of BC13, about 20 sccm of .C 2, about
about 10 sccm cf N2. 20. The nethod of .claim 13
etching, of said first conposite nmetal, is perfor

phot oresi st as a mask.
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21. The method of claim 13 wherein the etch rate ratio of said phptoresist

to said titanium- tungsten, is about one,
etching m xture of

sccm of Cl12, about 30 sccm of CF4, and about

met hod of claim 13 wherein said N2 cg;hfining pol ymer
I°m during the sai e
using a said etching m xture of

sides of said first conposite netal
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and about 30 sccm of SF6, about 20 sccm of BC13, about 20 sccm of C 2,
about 30 sccm of CF4, and about 10 sccmof N2, for the said titanium
-tungsten filmand for the said titaniumunderlay film :
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