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

¢1) FIELD OF THE INVENTION

The present 1nventxun relates to a fabr1cat1nn
prncaa* for semiconductor 1ntegrated 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.

However specific semiconductor processes and
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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

being used. For example aluminumy or aluminum based.

metallizatioris, 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 failurés.
The current density of the aluminum in the ﬁarrow cpening may
become se large that metal migration sccurs. Anothey

shortcoming 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 aspect ratioc ig high. Therefere the industry has looked
to other metallization processes 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

dansities wifhout the risk of electromigration féilure-
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filme, thus resulting iv & more conformal depositicon than the

margiﬁal cenformality resulting from the evaporated aluminum

process. In addition to the electremigration 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.

Hhen these refractories are used as the underlying layer fov

an aluminum - TiW mepalizatinn, they will prevent aluminum

from reaching and penetrating the silicon device region. Thus .

the directien to refractory contact metallizations: in place
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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

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.

Whern plasma etching these :ampoﬁitesg and using photoreeist
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of an aluminum, titanium — turngsten, titanium, composite
film, comprising the steps of: on & semicenductor substrate,

having the deszired civrcuit cenfiguration, 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

profile resulting from & reactive ion etching process without

-
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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 or tapering, whien using photoresist as the mask.
SUMMARY OF THE INVENTION

It is an object of this trvention to provide a
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

invention, a method is described for the reactive ion etching
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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

point of the deposition ¢f the metallurgy. In fig.i
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a silicon substrate, 1. with active device regionsy 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 noted 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 2b is about V.5uMs while the
dimension of éhe contact hole tc device region 2a is greater

than 1.0uM.

Next & mﬁtalllzatlﬁng consisting of a composite
of t:tanlum. titanium - tungsten; and aluminum is deposited
and shown 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 sputtering or 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,

during subsequent device processing. In addition, t:tanium

7 This Sheet Has Been Replace

LT Ill




T 9144712064 GEORGE 0. SAILE 0371496 11:40 P17

Fi‘\l a{:‘ﬁﬁ

| Tris GHE
ﬁ

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
the bottom. This is one of the major advantages of TilW,
since all the current 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

ability of TiW to protect against aluminum penetration intoc

8
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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 be

subsequently removed by the fellowing reactive ion etching

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
o

'7.anrr., and at a temperature of between about 5% to &40 C.

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, Sas in 40 sccm of SFe, 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
photoresist images, 7a. This is a result of the isotrepic
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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
adgitinn, this etch chemistry also 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 Angstrems of photoresist is coensumed o 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,

as well as the erosion of the masking photeresist, 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

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

i0
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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
aﬁ isotropic component exiets fhat can result in undercutting
of the etched material, in relation to the overlying masﬁ,
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
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. &.
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This composite metallurgy can alse be used for
interlevel and'iﬁter:onne:t 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
silicon oxide, 8, is deposited at a temperature of about
4OOQC, fn a thitknese of about I0,0GO Angstroms. Standard
photolithugraphy and Qia etching is performed to cpen via, 9,
to the underlying contact metallury. The composite metallur§
of titanium, TiWy, and aluminum, is again deposifed using
tonditions identical fﬁ those previcusly shown. Again it can
be seen that the TiW completely fills the via, thus avoiding
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, Cl2y CF4 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

transistors), FFET, as well as for CMDB, (complimentary metal
12 [
This Sheet Has Been

s




4

T 9144712064 GEORGE 0. SAILE 0371496 11:43 P22

CE94~007

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.bé made without

departing from the epirit and scope of this invention.

What is claimed is:
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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

s

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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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 1500 Angstfnms, composed of between about 5§ to 19 %

‘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.
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7. The method of claim 1 wherein the etching mixture

for said titanium underlay film is about 30 scem of

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

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

6. The method of claim 1 wherein said anisctropic

etchings of said first composite metal, i= performed

using said phatoresist as a mask.

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

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.

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

performed using said photoresist as a mask.
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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
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 firet composite metal films during the
anisotropic etching of said first composite metal

.films
removal of said first organic photoresist and
said polymers;

0 depositiné a first dielectric insulator film on
said first composite metal shapes and on said
substrates

forming a via hele,; in said first dielectric

insulater film, to said first composite metal shape!
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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 cnmpﬁsxte metals Bﬁd

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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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.
-
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21. The method of claim 13 wherein the etch rate ratio
of said photoresist to said titanium - tungstens is
abhout onw: with the use of the said etching mixture of

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

Le

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

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 scem BCL3, abeout &0 scem of Clé. and about
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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