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DRY ETCH PROCESS FOf\ TITANIUM-TUNGSTEN FILMS 

BACfc::GkOUND OF THE INVENT I ON 

(1> FIELD OF THE INVENTION 

The pre~ent invention relates to a fabrication 

prDC~$S for semiconductor integrated circuits, and more 

•pecifically to the dry etching of titanlum~tungsten films 

th~t ~re used as part of the integrated circ~it. 

<2> DESCR1P1ION OF P~IOR ART 

The tnmd in the semic:onduc:tc•r ind1Jstry has 

been an ongoing increase in circuit density, while the cost 

of advanced semiconductor chips decrease. This ha~ been 

acc:eomplu;hed in part by the ability of" tt'1e semiconductor 

engine~ring community to decrease criti~al chip dimensi~ns, 

Pl0 

and thus produce mc•re circuits p~r chip. The majDr factor in 

the reducti~n of feature size h~s been the continued 

development of pnotolithographic equipment and materials. 

Advances in cameras, as,· well as the c:racation of mc•re 

sensitive phc•tore~ists have allowed critical chip fea.tureso to 

bar reduced. The steady development o·f ··reac:tive ion etching 

tc•ols and prc.ce5iDeG~ enabling the small critical images in 

photo1·esist to be traiisferrad to ths underlying layers, t"1avs 

alsc• played a major role in chip size and cost reduction .. 

However specific semiconductor processes and 
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materials, that have been u~ed in the past for chip 

chip ·feature&> as they once were when lar-ger di1r1ensions were 

being used. For- example al1-1minum, or alMminum based 

PU 

metal l i:zations, have been an industry standard f'or al·l levels 

of i 11ter c:c•nnscts. However t1""1i=l' decreasing 'fea.tL1res:; may 

SL\ggest a change to a different metallizatic•n proces.e. If a 

contact hole tv a silicon device region, or a via hole 

between two levels of wiring, is dra~tically reduced in size, 

th&1 use of aluminum may result in electrc:im:igr-ation failures. 

The curremt dens1 ty pf the ah.1minum in the narrow C•pening may 

become so large that metal migration occurs. Another 

shortcoming of aluminum, in reference to smaller devicfa or 

vi~ holes, is the difficulty in filling the5~ openings, with 

~tandard aluminum deposition tect"1niqu5'is, partic:ular i l y when 

the aspt>ct ratio is high. Therefc:•re the industry has looked 

to other met.all i zation processes to ar:c::pmadate the 

advancwm~nt to chip minitura~ation. 

The use of refractory meta.ls,. such as tungsten. 

or alloys of tungsten, Sl-\ch as titanium - tungsten, <TiW), 

ara now being develc•pad and used~ in cc1mbination with, C•r as 

a replacement for aluminum. One major advantage of tungsten 

or TiW, i~ the ability to withstand very high current 

dansitieG without the risk of electromigrati~n failure. 
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Therefc:0re even with submicrcm dimensions, the current density 

in these cont~ct or via holes, wh~n u5ing r~fractory 

metalli%ations, would not preBent a problem. Also chemical 

vapor deppsition processes can be employed to depo&it these 

'films, thus resulting irr a more c:onformal deposition than thR 

marginal CQnformelity resulting from the evaporated aluminum 

procees. In addition to the electromigration resistance 

~dvantages offered by tung5t~n or TiW, another major 

advantage is the absance of aluminum penetration into the 

device region when used as the contac::t device met.alli:zatio1l. 

t.Jhem thesF. rp,fra.ctories are used as the underlying layer for-

an aluminum - TiW metalization, they will prevent aluminum 

from reaching and pen~trating the silicQn device region. Thus 

the direction to refractory contact metallizat1ons, in place 

Df aluminuru, has occurr•d· 

One area needed to be developed to accommodats 

refractory metallization• is the etching or patterning ~f 

thh• metalli~ation. Solutions l"iave been offered, U.S. 

4,990,010 by M1.1 10?t al, and u.s.4~997,520 by Jucha et al, show 

processe» that enabie the ~~active ion etchinq of tungsten to 

be accomplished. Huwever applicati~ns in which compp5ites of 

overlying .alumi-num •nd underlying T~W. are to be pattermad, 

with the use of photoresist a!S a mask, are riot disc:lc•Sed. 

When plasma etching these compo»ites, and uaing photoresist 
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of an aluminum, titanium - tungsten, titanium, composite 

film~ comprising the steps of: on a semiconductor substrate, 

having the desired circuit c~nfi~uration, depositing 

titanium, titanium - tungsten anr.:I all.1mim.1m; using standard 

photolithographic processing to form the de~irad pattern in 

the overlying photoresi5t; using reactive ion etching to 

transfer the desired pattern in the overlying photoresist to 

the underlying layers of aluminum~ titanium - tungsten., and 

titanium, via a ga& mixture of BC13, Cl2 and Ne for aluminum 

and SF6~ SC13, CL2, Cf-4 and N2 for the titanium - t1.mgste11 

And titanium; and using standard processing to remove the 

masking photoresist and the polymer, formed on the sidewall 

C•f the etched metal !iitruc:::ture. 

~RIEF DESCRIPTION OF THE DRAW1N6 

The object and other advantages of this 

invention are best explained in the pref~rred embodiment with 

reference tu the attached drawin~s that include: · 

Fig.1-3, schematically illustrating the cross-

sectional represpntation of the fabrication steps and stages 

pric•r to the reactive ion etching 01· the metallurgy. 

~iq.4, 5~hematically representing the tapered 

proTile resulting from a re•ctlv~ ion etching pr~c&s$ without 
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as the defining pattern, undert:utting c..r tapering can oc:c:ur., 

In addition selectivity betwe~n the maskirig photoresist and 

the co~pDsite m~tals can be low, sometimes resulting in 

SEVliiJre erosio1-, of the photoresi!St image during the etching 

procedure. Ttaer•f"orEt the pLtrpose t:of this invention is to 

ar.:hieve the desired profile in • aluminum -TiW layer, :witho'-''t 

undP.rcutting or tapering, when using photoresist as the mask. 

SUMMARY OF THE INVENTION 

It is an object of this invention to provide a 

method fpr the rGactive ictn etc:hin9 o·f metal 'films to he used 

for the manu'fac:turing of semiconductor integrated circuits. 

It i~ anoth~r object of this invention to provide a 

method of reactive ior1 etching metal films or alloys, such as 

aluminum, titanium t1.1ngsten, and titanium, .resulting in a 

non-ta~ered profile, or without undercut in regard$ to the 

overlying masking mater1al. 

It is stil 1 anc•ther object of ttiis irwentittn to provide 

a mothod for th~ reactive·ion etching of metal films br 

alloys, using photoresist a5 a ma$k. 

In accurdance with this present 

inventJCm, a method is described for t_he r-eactive ion etching 

4. 
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the use of N2 and t::F4 as; part of the etching gas miMture. 

Fig.5, schematically representing the non-

tapered structur~ obtained via ~se of a reactive ion etch 

proce5s which included N2 and C~~ as part of the etching ga-

mi :.:tur·e. 

Fig.6, illustrating s~hematically the final 

metal 5tructure and prbfile, wh~n used as a contact 

metallurgy. 

Fig.7, illustrating schematically the final 

metal structure p.nd profile, when used aG an interlevel • conne~t metalli~ati~n. 

DESCRIPTlON OF THE PREFERRED EMBODIMENTS 

The method of obtaining non-taper•d metal 

satructures, via tt1e use of an enhanced reactive i.Pn etching 

prbcess, used for contact or interlevel connect 

metallizationp on semiconductor »ubstrates, And containin9 

titanium -tungsten films, as part of the metal structure, 

will now be d~scribed in detail. 

FiQ. l briefly illustrates the steps U$ed in the 

fab~ication sequenc~ of a semiconductor device, up to the 

tl point ~f the deposition of the metallurgy. In fig.1 

6 
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a sil icc.n subst1·ate, 1 ~ with Cilt"tive device regierns, 2a and 

2b, to be subsequently c:r;.nt,..cted by mwtal l i za·tic:•n, are !!lherwn. 

The ac:tive device r~gieine wer-e for1ned by patterning a silicon 

dioxide film to obtain silicon dioxide islands, 3. These 

isl ands were in tun; used as a mask to cniate the active 

devic~ regions, via conventional diffusion or ion 

implantation techniques. It shc•uld be nc•ted that th~ contact 

hole to devi~s region 2b, i~ coneiderably smaller than the 

contact hole to device 1·egion 2a. The diam•ter of the 

contact hole to device r•gion 2b ts about 0.5uM, while.the 

diinerisir..n of the contact hole tc• devh:e region 2a· is greater 

than l.Oul"l. 

Ne~t a m~tallization, consisting of • composite 
of titanium, titanium - tungsten, and ~luminum i• deposite~ 

and shown schematically in fig.e. First, after a careful wet 

cleaning proc:edur• applied· to the dev.ice rli'gions, aa and ab, 
and the silicon dio~ide isl~nds, 3, a film of titanium, 4, is 

deposited via sputtering or physical vapor dapositi~n, <PVD>, 

to a thidmass o·f about 400 Angstrpms. The titanium se·ives a 

dual purpose. First, the adhesion between the titanium and 

the underlying o~ide is eMcellent. With~ut this adhesive 

layer the subsequent titanium - tungsten film would have-

di f'f icul ty iii avoiding peeling from the underlying oxide, 

durin~ subsequent device pr~ceas~hg. In addition, titanium 

7 
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redu~es any native oxide that may e~ist on th~ sur~ace of 

devtce regions 2a and Eb~ thu• enabling lower·contact 

resistance to be achieved, than would have eHisted with a 

titanium -tungsten interface. Next a lay~r of titanium 

tungsten, <TiW>. 5, i5 sputtered, insitu with th~ previous 

titanium layer. The TiW is sputterad using a target of 10% 

Ti and 90Y. w. Th~ thickness of this deposited alloy is 

between abc:·1.1t 1000 to 2000 Angst1·oms. It should be noted 

that in small conta~t areas, such as the contact hole to 

devi~e region 2b, the TiW completely fills the hole by 

deposition on the sides of the hole, as well ae filling from 

the bottom. This i$ one of the maJPr advantages of TiW, 

!iiince all the curre1"1t has to pase tnruuc;ih thiet small c:ontact 

opening, a large c:urrent density would exist. The 

out5ti'nding curremt carrying charac:te,·istics of TiW allow f'or 

high curient densities to be us~d without the thre•t of 

ele~tromigration f~ilures. If aluminum were used, instead 6f 

TiW, the conformal ~oating capabilities of the deposited 

aluminun may not result in aluminum completely filling the 

cpntact hole. Also, if aluminum did completely f'ill the 

small opening to deviC"e r·eg1on 2l:i, the current density in the 

hole may be too gr~at for aluminum, and thus reliability 

failures, in the form of electromlgration could occ~r. 

Another advantagp. of TiW, in contra$t to aluminum, is the 

ability of liW to protect against aluminum penetration into 

8 



u 9144712064 CEORGE 0. SAi LE 03/14/96 11:40 

C894-·002 

the active s~licon device regions, e~ and 2b. However the 

resistivity of tha sputtered TiW i~ spout 60 u-ahm-cm and 

thu$ to further redu~~ the resi~tance of the·total metal 

composite, a film of aluminum, b, is depo9ited using PVD 

to a thic:Jmess of about 5000 Angstroms. 

Fig.3 shows the result o·f standtiird 

photolithographic: prc•ces!iing, used to def'ine the desired 

pattern, 7, in the organic photoresi&t. As a consequence 

the exposed regions of the c~mposite metalli~ati~n, not 

covered by the overlying phc•toresist image, ?, will not be 

subsequently removed by the following r~active ion etching 

Pl8 

proce$~. Fig. 4 schematically sMows the result of a reactive 

ion procR$S used to dry etch th~ composite aluminum, TiW, 

titanium layer. The aluminum, 6, was etched using 30 seem 

of BC13, SO scc:m of Cle, and 10 seem o'f N2, ·at a pressure 01" 
0 

? mTorr., aod at a temperature of between about 55 to 60 C. 

It cao bfi seen that the resulting aluminum pattern, 6, is not 

undercut, and wi tho1.lt a sev•re taper, in referenc:a to the 

masking photoresist image, ?a. Howev~r the etching of the 

1iW, Sa, in 40 seem of SF&, 20 scc:m of BC13, and 10 seem 

r1f Cl2, at a pressurl! of' b mTorr. and at a tempe;-ature of 
0 

b•tween about 55 to bO c, r~sulted in eevere undercutting, 

:1.n respect to the C•verlying aluminum, 6, and masking 

photoresist image, 7a. This is a re!5.ult of the isotropic 
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compDnent of the etchinQ pr~cess, using this specific 

chemistry. The unprotected sides of the TiW structure, 5a, 

are att•~keci during the final stages of the TiW etching. In 

addition, this etch chemistry also attacked the masking 

phc•toresist, ?a, due to the pc.Gr selectivity bet11"1et!n the 

photoresit &n TiW. For these reactive ion et~h conditions 

the ~tch r'atio of phc·toresist to riw was 2 tc• 1, tht!'r"fore 

10,0(>(1 Ang5trpms of phC.toresist iS> consumed Oi- erroded due tc. 

the etching of 5,000 Angstroms of TiW. The final titanium 

etch, using the.same c~nditions and chemistry as used for the 

TiW etch procedure, increases both th~ undercut of TiW, 5a, 

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

Fig.5 shows the result of a !ipecific 

rea.ctivEt ion etc:h c::tiemistry,. introduced in this invention,. on 

the final profile of an TiW structure. Agai~, as shown in 

fig.4~ photore~ist, 7b~ is used as the ma5k, and again the 

desired image in the resist is transf'erred tc• aluminum, 6, 

using id~ntlcal ~onditions as previously d~scribed for fig.4. 

However the ga~ mi~ture now used for the TiW dry etching 

includes about 30 sc:cm c.f CF4, and 10 sccin uf N2, in 

additic;.n to SO seem of SFb, 20 sc:cm eof· BCa3, and 20 scc:m of 

CU'!. 

Fir$t the addition of CF4 allows for a et~h 

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

10 
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avoiding the severe errosion of photoresi•t that ~reviu~ly 

existed when the etching mitcture did nc•t include CF4. This 

also allows tor thinner resist layers to be used, and thus 

finer rEi:'solutions can be real i:!ecl. Of extreme impc•rtance is 

the addition of N2 to the reactive ion et~h gas mixture, for 

ths dry etc.hing of TiW. During any plasma etching procedure 

an isotropic con1ponent exie.ts that can ref)ul t in undercutting 

of the etched material, in relation to the overlying mask, 

leav1nq a final structure that is tapered. The use of N2 for 

this st~hing process results in the formation of a polymer, 

during the etchin9 procedurth that ccmtains sc•me :& N2, along 

with other elements such as chlo~ine, carbon, hydrogen, etc. 

This polymer, on the sidewall of the etched •tructure, 

prevents the attack of the isotropic component of the 

~eac.tiva ion etch process, to the expo$ed sides of ths TiW, 

5b, ·thus enabling &:>tl'aight walled or nc•n-tapered, non-

undercut Stt1·uc:.ture!. tc• be achieved. This is shown 

schematically in fig.5- Thi5 atch chemistry, SF6, BC13, c12, 

CF4 and N2 is ~lsu used to ett:h thR thin titanium layer, 4. 

The reactive ion et~h procedure is carried out at a 
0 

temperature of between about 55 to 60 c,·and at a pressure of 

about 6 mTorr. ThP removal of the photor~sist and the 

sidewall polymer is carried out at a temperature of about 
Q 

65 c, in oxygen, and shown in ~ig. b • 

11 
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This composite metallurg·)" ca'' also be used for 

interlevel and interconnect wiring as shown in fig.7. The 

r•active ion etching conditions and gas etch chemistries 

P21 

would be identical to those described and shown for fig.3. 

Briefly a layer of plasma enhanced ~hemically vapor deposited 

si I icon o:dde, 8, is depc•si ted at a temperature c•f about 
0 

400 C~ to a thicknesg of about 10,000 Angstrpms. Standard 

photolithography and via etching is perf~rmed to op~n via, 9, 

to the underl)·ing contact metallury. The (;ttmposite metallury 

Pf titanium, TiW, and aluminum, is again deposited using 

conditions identical to thos~ previously shown. Again it can 

be seen that the TiW completely fills the via, thus avoiding 

possible electr~mi9rati~n problems that may have.occurred if 

the via was fi 1 led 1"1 th alL1minum. After 5tandard 

photolihography proces~ing, used to define the desired 

pattern of the inta(level metalliiation, the reactive l~n 

etch process, as described previDU$ly for fig. 5, is again 

u•ed. The reactive ion etch conditions, using the gas 

miMture of SF6, BC13, c12, CF4 and N2, again results in non-

tapered TiW m~tal structures. 

It should be noted that this invention, 

"Dry Etc:h Proc:e!Eis for litanium - Tungsten Films" although not 

shown as par-t of any specific device application can be used 

for, the fabrication of N~£T, <n-type field ef~ect 

traneisto•s>, PFET, ~&well as for CMOS, <complimentary m~tal 
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oxide seniiC:c111ductor J, BiCMOS, (bipolar-CMOS>, as wel 1 as for 

specific bipolar tT·ansistor applications. 

While this invention hae beer1 particularly shown and 

described with reference to the praferred embodiments 

therePf, it will be understood by thos~ skilled in th~ art 

that various change~ in form and details may be made without 

departing from th• epirit and scope of this inventioo. 

What is claimed is: 

13 
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1. A method for f~rming met~l patterns on a 

semic::onduct~r substrate comprising the steps of: 

depositing a first composite metal film, 

compos~d of a titanium underlay film, a titanium 

5 tungsten film, and a aluminum overlay film, on said 

substrate; 

forming a first organic photQresist image on 

part of said first composite metal film; 

anisotropically etching the exposed part pf said 

1(> firs·t c:ompos1te metal to from spec::if'ic metal shapas; 

removal of said first organic photoresist; 

depositing a first dielectric insulatPr film on 

said first compQsite metal shapes and said substrate; 

using photolithography and et~hing, to open a 

15 via in said first dielectric in•ulator film, to said 

first composite metal shape; 

depositing a second composite metal film, 

compi:•Sed of a titanium underltlilY film, a titanium -

tungsten fi lin, and a aluminum .c.ver lay 'film, on said 

20 first dielectric insulator film and on said first 

compoeite metal shape, in said opened via; 

forming a second organic photoresist image on 

part of said ~econd composite metal film; 
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ani5otropically etching the exp05ed part of eaid 

second compc•site me·tal to 1·orm speci"f"ic: metal shapes; 

and 

removal of said ~econd organic photore~ist. 

5 2. The method of claim 1 wherein said titanium 

underlay film, of 5aid first composite metal, is about 

3. The method of claim 1 wherein said titanium -

tungsten film, of said f"irst composite metal, is about 

10 1500 Angst1~ms, compo~~d ~f between about 5 t~ 1~ ~ 

f titanium, and between about 85 to 95 % tungsten. 

4. 1"he method of claim 1 wher~in said aluminum overlay 

fi lmt o'f said first compoei te metal, i!5 about 50(•0 

15 ~. Th~ method pf claim 1 wherein the etching mixtu~e 

for said atluminum overlay film is about ao seem of 

BC13, about 50 seem of c12, and about 10 seem pf N2. 

6. The method of claim 1 wherein the etching mixture 

for said titaiiiuin - tung$ten film is about :30 seem 

C!V of SFb, abc•ut eo seem of' 9Cl3, abt•\Jt 20 seem of' C\2,. 

abput 30 &c~m of CF4, and ~bout 10 seem of N2. 

15 
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7. The metherd erf claim 1 wherein the etching m_ixtur-e 

for said titaniL&m undP.rlay ·film is about 30 seem of 

SF6, about 20 sc~m of BC13, about 20 seem of Cl2~ 

about 30 seem of CF4, ~nd about 10 seem of N2. 

5 B. ThtiP meth_od of claim 1 wherein said anisr:itrDpic 

etching, erf said first ~ompDsite metal, is perferrmed 

using said photoresi~t as a mask. 

9. The method of claim 1 wherein said titanium 

P26 

unda~lay film, of 5aid second cermposite m~tal ls about 

10 400 Angstrcm~. 

10. The method of claim 1 wherein said titanium -

tungsten film, of said s~cond compo$ite metal is about 

1500 Angstroms, compos~d of betws~n about 5 to 15 % 

titanium and between cabout 85 to 95 % tungsten. 

15 11. The method of claim 1 wherein said aluminum 

pverlay film, of said sec:ond composite metal, is abQut 

8(10(1 Ar;gstroms. 

12. The method ~f c:laim 1 where1n the said anisotropic 

etching of the s~id se~ond composit• metal is 

20 perfc•l"'med using said photore5is.t as a mask. 

lb 
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13. A method f"or forming 111etal p~tte;-ns ot1 a 

semiconduc.:tor- substrate compriiping the steps of~ 

depositing a first composite metal film, 

composed of a titaniL1m underlay 'film, a titanium -

5 tungsten film, and a alu1nir1um overlay film, on said 

'for·nsir.y a 'first organic phertc:•resist image on 

part of said first composite metal film; 

anisotropically etching the exposed part of said 
10 first comj:JO~ite metal, to form spec:i·fic metal shapes, 

u~ing BC13, c12, and N2 for 5aid aluminum overlay 
film, and SF6, BC13, Cle, CF4, and Ne fpr said 

titanium -tungsten, and said titanium underlay film. 

forming a N2 containing polymer, on the sides of 
15 sald firct compo~ite metal film, during the 

anisotropic etching of 5aid fir~t composite metal 

film; 

removal o'f said f'ini;t orgi'lnic phc•toresis;t and 

!i!iaid polymer; 

depPsiting a first dielectric insulator film on 

said fi~st composite metal shape~ and on said 

substrat~; 

forming a via hole, in sa~d first dielectric 

insulator film, to said first compositP metal $hape; 

17 
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d~positing a second comp~site metal film, 

composed of a titanium underlay film, a titanium -

tungsten film, and a aluminum overl~y film, on £aid 

first dielectric and on said first comppsite metal 

shape, in said opened via; 

'fot"'mir1g a second pt:iotoresi.st image on part of 

second composite metal film; 

anisotropically etching the exposed part of 

second c 0111pos i te metal , to form metal shapee, using 

10 8Cl8, Cl2 a.r>d N2 for the said aluminum overlay, and 

SFb, ac1a, Cl2, CF4, and N2 for the titanium -

tungsten film, ~nd for the said titanium underlay 

film~ 

P27 

forming a N2 cont~ining pplymer, on the sid~~ of 

15 said second ~pmposita metal, during the anisotropic 

etching of eaid second composite metal; and 

rernoval p'f ssid sec:eond organic phptoresist and 

said polymer. 

14. Ttie methc•d of claim 13 wherein Silid· titanium 

underlay film, of &aid first composite metal, is about 

400 Hl1Qstroms, 

18 
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15. The method of claim 13 wherein said titanium -

tung•ten fllm, of aaid first composite metal, is about 

1500 Angstroms, composed of between about 5 to 15 ~ 

titanium, and between about 85 to 95 % tungst~n. 

5 16. The method of claim la wherein •aid alumihum 

overlay, of said fir5t composite metal, is about 

5000 Angstroms. 

17. The method of claim 13 wherein the atc:hing mixture 

ftir said aluminum ovG'rlay 'film is about 30 seem cif 

10 BC13, about 50 seem of Cle, and a~out 10 seem of Ne. 

18. The method c1f claim 13 wherein the etching mixture 

said titanium - tungsten film is abo~t 30 seem of SF6, 

about eo seem of BC13, about 21) seem of" c12, about 

30 seem of CF4, and ab~ut 10 seem of N2. 

15 19. The method of claim 13 wherein the etching miMturo 

for said titanium undetrlay is about 30 seem of SF6, 

about 20 seem of BC13, abo~t 20 seem of Cl~, about 

3(> liiccm of CFlt~ and about 10 5cc::m C•f N2. 

20. The method of claim 13 wherein said anisotropic 

eo etching, of said fiF5t composite metal, is performed 

using s-id photoresist as a mask. 

fl 
. ' 
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21. The m~thod of claim 13 wherein the etch rate ratio 

of said photorssist to 5aid titanium - tungsten, is 

about on~, with the use Df the said etching miMture of 

abc:•ut SO eccm of SF6, about 20 seem c;of BCL:3, abput 

5 20 ~ccm of Cl2~ about 30 seem of CF4, and abGut 

10 sc.cm of N2. 

2&. The method of claim 13 wherein said N2 containing 

pc0 lymer- is formed on the sides of saicl first composite 

mete.I film during the said anisc•tropic: etching C•f said 

10 first compo~ite metal, using a said gtching mixture of 

about 30 seem BCL3, abput 50 seem of Cla, and abput 

10 scc:m of N2, for the said aluminum overlay film, 

and e\bout SO ec:cm of SF6, about 20 scc:m of IcCl::ti;. 

about 2(1 ;;;ccm t•f Cle" abc:-ut SO sc:c:m of CF't, and 

15 about 10 sc~m of N2, for the said titanium -tungsten 

f'lm and fQr the said titanium underlay film. 
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