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also can etch refractory metal. In a third, final step (similar to the second, final step of the two step
process) a third plasma chemistry that etches the lower refractory metal much faster than it etches
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As in the two step process, the three step process has the advantage of reducing or eliminating
undercutting of the aluminum while the lower refractory metal layer is etched. The three step process
has an additional advantage of allowing the aluminum and upper refractory layers to be etched by

35 separate process chemistries that can be optimized for etching aluminum and the refractory metal,
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Et ch Chanber Apparatus The process of our invention can be performed in any
conventional process chanber or vacuum chanber suitable for perfoinggg
pl asma etch processes. Figure 1 shows a plasma etch 25 chanber thit 2002
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Initial Conditioning and Breakthrough Step Before describing the process of
our invention, it should be clarified that all enbodi ments of the process
preferably are preceded by an initial conditioning and oxide breakthrough
step The pur poses of thls step |nclude removi ng any water vapor absorbed
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The first and second atnospheres can be produced in two different process
chanbers, but preferably they are produced in the sane chanber. Tl'ez %ﬁp 2002
controller 74 controls the mass flow controllers 63-69, exhaust throt

val ve, and RF power supply so as to change the process gases, chanber

press cess conditions fromthose of the first

pl asngfnﬁr?eﬁrg‘?&}mf’% %Bﬂ{eﬁ%tgéoug erIi’e second plasma chem stry. Qur two step
et ch pr ocesBeforevdeseriingthe gewoessi df@dr inventimneit disdudd be cltifiqal that 4t enihodiméitsiof num
Layer e I | ayer
12° Tht-é? grocegsﬁﬁefg{ag[éf r}%’é prseEéeq%d b? gzrlrltacs bdﬁlgrt? Hg%ﬁ'@n])ﬂ#émrbr?glghe ng Et‘ég T‘Féﬂ

r ef r acpuspgsesref tis dtfayleclud_etrenmvetgeanabra}ertVIaeorfabserbect)mdbess'faEx pf the svavkpikcd dmel
ns. El t%%%ﬁ&%? Qﬁtblexﬁa cﬁ%e%éﬁ@movm “breirﬁﬁp\%gg@gh’%taﬁ P%tm;tlxgde%ﬁﬁ df L.

al um num manner at produces esire

angl e %ppmetdrf&érecwet@wge duere exposyfe tgrBbiERS atgrosphess And FlspHYE gPRfaminants

convengrofiiad infrids 6Bthe bR Stz‘zh f:@arm&tr CiThi gtc@ lcbrrbpdiformBd fihe RArRd plasmslei@h oCcess
orine radicals and ions produced by

t he al m num etc

5ot astHETREE UGS PEra Bf MR ik B e RN s oo, Speci f1 cal Ly, our

preferr ed p@ocpzsﬂengd@&mcssrfer 168 tnidialcoliiGningbiep s spstter ctahimpetnt baromiong &Grmed

) xt ur g

] 1% % ;Ségc%gdfp‘ég 15{? Bf ﬁ&ggl ag U?{ngfttke‘ﬁ%t’&égéndge gf&%ﬂ%lc?c%péhh&ﬁéﬂ dp‘}*ﬁguré

f eat ur @cmnﬁad/ pﬁ@o@n@ethmpmcbnmng matbrafrlethrmreh\peqopssdar 30 Q0 aeh@ndswatlea BC13

taper gRlfRjw Mee S50 13€75%8EM! £elantbet ﬁreeﬁuébprmmrrerr&mrmﬁ go(vél ScobReatisaper

angle Ts nmeasured relative to the vertical axis, a verti 10 side wall is

said to have zero taper.) The plasna deconposition of BClg produces

rel atiymbﬁsm@@yhlbgrrmmaamt}ta@t sputter etch the substrate concurrently
Lorine radic advant age

ith th
of sput ter  Broniserhdnt Aletioe i e RS ahBEl 0T neflle PR RS, 20
ihe meFighrefemtardeardo poduchibe stpycterashowmin Figeresh. dipevifically2 the invention siohgs ohe
rati o qfyBaoad ékpgge% e 5I6h 685 ﬁﬁltf B?ellrﬁaﬁrstﬂétufehﬁvﬁt qqeé%?{v'zo @étal thyers: a la?ler 12

Accordin Y, t he 'master control can pI‘O uce a desired t aper angl e
comman®fi FgninuEyerebHpiogm ey, asd ag yadelyinglayed; ldof refretary megl o$u1tqbte tetrectpryOw
r at es. mk@ls igdadd bet are ﬂotqnﬁltemtﬁf (Raniesh, ﬁraﬁmsmtrtdeetuﬁgdtar aldem@gbddniugy rate is

100 sccm an. 3 te|s 7 ccm ressure.is .10
Lo 12 mifor r Inighehih s iy subtichBon uis g et VmRth de SR i reg s R SR ige
20ppl i Eof the tWr@nptadikiyarsdﬁamﬂd# aftethéshaviedbeex pusendras ghawn of Figive 3alWeusaithe
begi NSteh A “Qﬁe q/?tﬁ’l' ﬁ)tr%ﬂ:r t%ﬁxgtmtsuffgﬁ: ﬁ@%h%ctglffe&ll}émwyme%w Ie e‘aﬁi‘r@t‘ﬂﬁﬁ‘dtotrgfer
the r eagent S begins tch process typic econes nore

i sot r ol u@@ualsortaayatlekﬂlatra@ﬂ@%taturwgu@f the al um num si de walI's. To avoid
this effectin @b@alfdgpmarlaﬁe meqﬁetaq“éahmte tze ovdieaid thiles B&@cﬂ@ﬁ@&@«bﬂtﬁ/a syer] @

be decreased t t.he end the um et c

moni t of TTARPSER of SERchnuGlpT o ‘i?HtWﬁﬁ‘?ﬁ g ﬁ‘?) ed°t ‘3(3{‘}?2 ?‘8’5{; ﬁ{n&}’ he sem ﬁ?{alcgnductor
2dnvenmaterial mtnptlerddalfurmlms 8$ otraidGtatehamiel and thie guetal dtdterd neay benntpmderdtto contact

det ect g, chXHntehtoafPrtdl lats&grcé ﬁrr drgﬁte?e%trgag ”ﬂ}ets@ﬂﬁjcoﬂﬁuée@rvo‘? e @Eﬁ l%gi@ 2 396

nm an em SSi on he i nt ensi ty 0 Sl on
begi nsovesliesecyubpteate { §suchasw siligpw svagsr of pglasy subsiiefe fore fintpgnel display. be

decr eased. - BarorferRirRi S@UINIRGRSE thdidlo HRTPRIGET, 1okhdn m@@%& fBftfed

flowrates are decreasegd sccm and élg' sccnﬁ res ct| vel As | ess
pr ef er PEE:Fan¥pntignal meta qg@gp%gqo%ssttp{@c Rlanke me QWSF‘&P&O"G%‘ N3 e
aDum newohad-resistdnt Rgist ifaribl 200s ﬂa;tcsaectamttenmalnmwsﬂstmmteﬁﬁﬁ @plcﬂlwt&gt ue

ol um npTRGEhoRel Db RSt b s O MRS TF pfeheHR B LBl P Tl
fl uorobht@dnb@qgentptC@fIE’D@My CF4, for the purpose of depositing a
"passi vat i ORfle@Rlesi@fs &?BM(E@ranHrﬁﬁt?errhé%ll o twolife lé&ﬁla@ﬂé’q %‘b&%s\‘@ﬁ wsaf in

order to prevent under ting of _the alum num Ive the side 35
wal | s SFPOseiEegiana Bf e qHbAer mstal dédr 14, Fesulting I%I%FSHPC‘%{?&?@%%FI&“&% t he

CFq, flow rate was 20 sccm Express Mail | abel no.
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El 753392719US - 7 - AM 3126 ~ SEP zoaz along with C12 and BCl13 flow rates
of 50 sccm and 40 sccm respectively. The al um num etch should be conti nued
until all the alum num of the exposed region is renpved, preferatbl?ysgp 2002

i ndicated by a steep decline of an alum numem ssion |line detected by a

convepfm@;)gll Eﬂcﬁ Loc &diﬁg 'réglstqgtcgr?&?{emdjlgé ng%ﬁ'vﬁﬁe £ reskst ‘s‘ﬂngpin%%fr G6in

Inftia rou orned the nmin a um num 0oX t%nes
rangi REPCE¥So rﬁusteb g Eesigt étr@emgééecesseﬁ afesdegeribedtin 5PRMOA]Y- sigged Hot: ppteatser r ed,

t 0 coRli701836RE HvhBi moodm @ATRCHIGRAGR SE; Mﬂwmﬂt@fmrbhﬁ cﬁiilumhelémlie%dﬂt&h
as descri hed bel ow, the

some o e refrac

trans P% ?3(92 of fhsie P‘H%“t? {@feﬁ’éiﬂ%&éﬁ%tf’%bx fqgge‘ﬂﬁcdﬁt@é@s PEFNSPEHNCAIOR uni num) and
She second Whemw@iae ehdt biccteh PRESS rémsvest: ébhioﬁ@i trgonsofelic ﬂna})tlelhyafmetal 12,
refraci er f oryred. bef ref 10 Jl.ayer

d
14 o e olFBS chp R Rsfond Sl bR R R R el U b Bpa PR ol Tl i dibd B2
Layer tiefreststf20acWe cynsider achiregibheofithe sietapicdsrfex posedT stenythdugatthe exposethurface

eLen e IOLNEY MR TeybPorlat0e bRioIeH i BF Blholli of BUReriA ERARLA! uclak

| ayer I'sco That t fUm num-wi
i sot r OfsYealin jhe amphiensBymesshtEc Ut t i ng the al uni num si de vval s 24, as the

®t ching of ma@tdhﬁi‘gr;ﬁséeei chibPdt 1da3t HAINEGRC NES fif® @@b ahé gﬁmﬂiﬁn &\y@ﬂ I Beehed
underi)uttln termnate the alu

(T s DY aracdSint e rbomat ot BonPRHIE LDt T SRRt a; PREPBI o
| ayer biiinatsilnef the sefactody me@ablapercldeaatsoss eyhddnist thefmdl@iasmehd:mmy Iedractory

The s STABAuP SecBha S0R g fenBiRBF e i WD (nBGPADE L TBRANERLA secPhEpfabild! ¥
et chesheisty @hﬂt dmngyetah alaotiomm.oBy &plasreachenfisiey” wermean g aimosplisre/prodyced by
fsact O?le@fna@fecérﬁ tltl(;ned“f on%?#n <&y ably, the second atnosphere does not

etch al um num a step, .etching the | qower refractor

in the sec o“rmadd@wasepvféh@nvat@mé? that i avnids wderchitingithg dumpingm side walk2 %@

r egi oRefedctdri enctdl Uiyien TbdcdyRE d¢;ﬂet&@ e the e/ﬁdhtgﬁdidéad appﬁia}thestd@rﬁlpﬂdtﬁﬂs ition t o
the s ongl 1 chem t%lty ges not ? num can be del ayed to
bor m Sreeslh? SEUE AR hhveokVHioRiEiodotes Frlbp e AR Ray s o851 £

r ef r acefoacjoryrenetdl ldyay/bagin w.etdhrthe alumimms mord isetrapicatly intdrdie ¢nd of e etefiugof the
T asReeRedt Shetdl, BBRYY Gn&?:?a%fgf 8E qﬁﬁuiﬁﬁﬁ Obfr b['?ﬁes%trﬁﬁbébgor%imﬁmesrsﬁéﬁ actory

metal reaches a stage of etion I n which refractory, netal
at ons YBgsreuEag by clflmmgéh@@tﬁlﬂ@g B@@Pﬁsbftferedwth Oﬁ the fqﬁ'@cm gl@tablaagwgmﬁ%
al | owad rérﬁo@esantd d@é@oxﬁfﬁlﬁmasdlﬁhuﬁ hatrm;heymd@dvcsttréfram)ryinemm@hlﬂmawmt de

be. cotbae ol Pilscti e fardy oo byl Bt haf Bl ©

diff ersecmnldp,lasma@hemtrs i(secomd :ﬂhms;bh&rebes pefoimediaumbditelyaftehthe b&pascdraknfmnlkm
t | t th
dpwer 1{1}%31 iAehfd, TR, fbar B aihEGO0RRC SehERY fleetatto Q%J@ﬁgmr 0 expose the

_underl mat er1’al econ asma does not
etch al uni rﬂmflristtanérs@cmfia%ﬁmspa@ég cme Praducgddn e Gifferent prigsess Pharebﬂgs by er

t han gireremblyhef ﬁé%ﬂidﬁced inehé S ¢halibas MEhel daﬁirm&sﬂcbmm AR 1AAS mwnl ng
speC|es

El 75 2719US
D RnpTss B e rondiipt Ve, AR RE A0 RE publy S Ao SBATE b rgre S Ertean, o
ni t ri cdbamberd prectere, RFgoevet, and sthen protess chhditionsfeoraltisaze of thedirstgdasamychehlisiryi toe
§J ot Qﬁ6se%‘i‘lt Roep ci‘;{]?éme{‘?f}% been used during the al um num etch step,
rotec umn ] [

and it can mfrom further etching by formng a coating
of At F3 t hdPurtyorstepieseheprpcasy new ovill g dpseribed ivrmere dgwdl- ot her reagents.

Step 1 — Etching Aluminum Layer
The first process step removes all the aluminum in the aluminum layer 12. There is no need to
employ a chemistry that minimizes etching of the refractory metal layer 14. Preferably the first process
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5 Exanpl es of gases that can be supplied to the plasma chanber (Fi qur eEPl
gas: supplies 62-b8) to dissociate into fluorine ions and ot her \197 S 2002
fl uori ne-containi ng species include CF4, SF6, NF3, CHF3, and F2. \Wen the
refractory netal layer 14 is titanium CF4 is preferred because it etches

the ti . . . .
the o 400 e FRARIAS i Sl Bas SR, B AUE R AN Y ARG B0
adj ust witheutfundercutting of t he CF4 and other gases to achieve a desired 10
taper angl ephefifi ﬁr@@«gs%"s:éﬂkX@éﬁ@%&XnﬁE&vkﬁ%aPﬁlﬁérﬁ@ loBe R 85 HS g A1@%ikAD In
yield an uncontrollably high a nt” of fluorihe radicals that can undercut
t he si o prefpired proces theradyminumgs gtched primargy by chlpyipgragicalstand dens pyodusediby | ayer

of tit R ecMhpdLiE6R S6EHIbMine-doRedifAg baes.f §ealficallf ous pRPerkidl pracesEdaseare id1pW
rates rq%r? ]ng Iu[rqﬁm 20 sccmto 20Q sccm at a cha 81{9 pr.essure rangi ng from
25 mroPH Bl hielE  comtentiQeal e an i 3T rgofvednt 6PREREAREINNS000 nat ts. 15
The pl asnma Imméardyeapplinaionprsodesssthe trapufactefesofdlat parfeLidisplays, itricdesitelsle to produce a
OXyge”ﬁl‘é&{‘feﬁéugé f@h%ﬂxﬁgféifesw;lﬁr%ﬁﬁat 2RARY vl SR ERPRave @Y ér%eg&tﬂ%tto hll:f‘\ie%%ﬂe”
can scavenge byproducts fromthe preceding process stepS. For exanple, 1t
can scasieaghoparibbigucoht @invetee tapgraogleds mepundueletiveip thheertical awis, a vertical

G@r bonganhail N A BANeS &Y epes CF4, and it can scavenge sul fur-containing
byproducts resul ti rom.the use of SF6 during the aluninumetch ste

lting f ing ] p.
Anot her r eadBhplagng 3{@&@@8@9@@%&%@@%@8 relatiyely heasiydrpeonigasthat spatfer gigh the
resi st subir@t cortardaiewith e rédeevé ensing be teahloving radidald. Amireorthdt ddvamege el

- Stri poimyee e et B% qonSTongRetb o B¢ refl 28 wBtRE B Nt 42 bersbacy or y
met al tapgring the side watli24mInaeasingabesuidb wf BELletolle redad thatpét dithe sidewall 24gi ng

fileom 4 P f j L@ inin
B pacflEl P theRe Eiudir 21 S rodlol Fuc iR ilor ety bBARGRE AT 000
al so ceentiedess f3snd &d to adjusidheratinpbheive BleWtratesusi ng et chi ng of t he

al um num  Theré ; efeRYd PRcES The @iMdrtne! s BB rifle4 € 100N chi f£ithaBCf, ddse

xahdpl, i _ |

refractory net I a . The fluorine reac th t m num for
Coat | BRI sl “TiesBRbe MR I8P ALk 05 988 o RE R T 80RO by
Cl2 or wattgoArgohi@aesles mag bp pipplied tawhs phasmh@hadbasoci ate i nto boron ions or
LANSs heavi er, . } . L] f [0 t
? esal umyInuﬁsgll&%%p%ﬁgﬁegliygﬁ?lfdu}a[tlurrlg%ﬁp‘e%bs %Ibggnféﬁfﬁ%de%ﬁ?tﬁggan@éﬁﬁéfg@gﬁ lrr‘ abl e
dur i ngsurfase exprsed txtheraggenss bagins te decline: e pichprasess; tipigalhecomes mereisetEopiheo
| vont o ARAEOaHAL NG AT Sl alls To WPoR IS ST, L6 flo% HRDLPEAR I Cho®
i nvent i i voi di utti u uni nu
shout cesins B preferdbiy SRR 6 ot towerd indent Syt aeiing - e fanménd
r ef r actmonitonineg the ambuit of alueninum iexgpstditosthé feagdntensing stayentiihhhoptichbistniisdias i n

ich . q ' S ' s
BRen o b ol R inicbes ik BRI For B0Elg o Blndpf df Bl RefERAGH
El 7533829 nmm emigsion Nne fi deminum. Wheptheaensityof desIe nny emipsion beging tadacting,

and 204Rq1oW Bdsdriue (t,‘l'}%n@ EHEQ?@@ sB@d Bt YediERed. bRttHe %Yéhe@iﬁoé@s& fi8tUdesdiibedCHR
ceSs for ree or r al Layers The two step

argon. _Two p Pr tchin e tal |
proces g-ll;j ﬂ@t%(glé&‘? ﬁﬁﬂdatﬁ’? 6 d&gﬁassg?qjg(gwcwngt CHRs r@ﬁ&?ﬁ%‘gy-r egi on of a
mul ti -1 ayer A atedsprefemstbaletrivé tiadecieasihg the seapend g8 slowanatendaling 18 alumippar

o ¥ er Sty SR AP e ot e B SRRRY R b eePhs bIT%E AR iRRR o'
al um ndedreasedyatesrspecified abwner | ayer 14 of refractory netal. Figure 4 shows
such a strughy Eﬁlnﬁfhﬁ’i’@{cﬁﬁte? ﬁJgﬁUﬁily%isoriﬁc‘lﬁcfets a4RioRAg dRREBof g%oét‘ A Bibrédbon

patterned. Fi @&e 5 shows s}ruct,u_re after qur “etch process has renoved
the medd Pfeégg Eeptss Ehe mypass ot Aengsiing 8o Passivialion kx¢ie of @RIYMET Makeriahpp the
| ayer aRbdhurQideealls 28 idrdeB8ipaévenPaideRufting&f eHeralEh@imPyIgeE SSuld dice ekrle

Bhos: velhapPaebtaB Batdo il Tn andef of SielRonl el the GO AL Vasr i,

etchant-resistant resist nmaterial 20 is deposited over the netal, and the
resist is patterned so as to renove resist from(i.e., so as to "expose")
all regkopeasMail labdieo.netal that are intended to be renmoved by 15 our
subseqb#Hi3382¢W B ocess. Al netal |ayers—10, 12 except for the | oweAND3I26
refractory netal |ayer 14 can be etched by a first plasna chemstry (i.e.,
a first atnosphere formed by plasma deconposition of a first gas m xture)
that is capable of etching all of the netals of which those |ayers are
conposed. To maximze uniformty of the side wall taper, the paraneters of
the first plasma process preferably should be 20 adjusted so that each type
of metal in the layers 10, 12 above the lower refractory netal layer 14 is
etched at approximately the sane rate. W tested our two step process on 55
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the I ower refractory netal nuch faster than it etches al um num should begi n
at a point in tinme after the Express Mail |abel no. ElI753392719U gg 2@2
3126 ~ ~" CEP 2002 al um num | ayer is renoved and before the etc proce

reaches the bot h Iovver racto net al As descri bed above,
changi n@lof‘%)“i“ﬁ‘ é‘Z §’é‘sc)gﬁﬁj3 ‘P‘éié‘i‘rﬁs C%‘F‘ra?dﬁ9§°?rﬂere%&’f\)éﬁr‘ﬁl¥rge of avoi di ng
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2 e e R RS ek "o ) By per (7o

refractory rretal If the two refractory netals are the same, as in our
exanpl eg m then it is inherent that the
second peeg E@hlﬁg%‘tou'%y%gge{ r&?\@ét ower layer also will etch the
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al nost any refractory al. As ed above, we tested the two
pr ocess 2R9SARETS)- spdﬁ@fqbb)t @%?wtwsmﬁwcheéy&low rrfraem rnﬁtahfaar?r @@eet efches
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of 3000 to 3500 watts f seconds results were | owest
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under cuthdémigtrpfo étble scﬁhcum the m\serrdefrmdr!y SnetdlNaher 14 2Rpthiy cack, i traiitiov o theesecond

Srb° (i mPlspiig chEfist SRR bl Gimce betclt 8 5O fnalR e efabo plE| LSRR BEERE
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The final step of the three step process is the sane as the fina{Bl S$€gm
the two step process: after the exposed region of the alum num ;e 2°1S
conpl etely renoved, the remainder of the lower 10 refractory netal |ayer 14
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usi ng EFB3392T1¥W&%rocess gas at flow rat®s ranging from 250 sccmto ABD3126
sccm the latter being preferred. The chanber pressure was 40 niforr. 20 The
results were acceptable wi thout helium but were better with helium gas at
a flowrate of 300 sccm The 13.56 MHz RF power applied to the cathode 54
ranged from 1000 watts to 2500 watts. We observed photoresi st damage at
2500 watts, so we adopted 1500 watts as our preferred power |evel. W
tested this process step for durations ranging from?215 sec to 320 sec, and
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Simlarly, the final step of the three step process, renoval of the |ower
refractory netal |ayer 14, can be the sane as the final step of a‘E? aEP 2802
previ ously di scussed processes. Like the final step of the previousl

di scussed two step process for etching a three |ayer netal, the final step
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3126 70~SC°m$BDIQOOZ CLAIMS 1. A nethod of etching an exposed region of a

multi-layer netal on a sem conductor workpiece, wherein the nmetal includes
refractory netal underlying a second | ayer of
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econd, at m)szzhere I's produced by plasima deconposition of a second gas
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f m)sphere does not rst refractory netal ) nmet hod accor ding
cl &¥nsYe SW@FCHPF‘P@S% rst at nmosphere etches bot h aI um num and the first

ref [ actory ARt@htal la7yersz°10T|B2 bmépmﬁmedwamo@t refradtofy netigfee i1 4 cilie @eldny gas
m xt ur es _n rqQn_or 0
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claim ernt ESECO m xture I nc en- cotalnlng.
eci eadjusted so that each type of meta 1n the layers 10, 12 above the lower refractory metal layer 14 is

etched at approximately the same rate.
We tested our two step process on 55 cm X 67 cm glass substrates 50 having an upper layer 10
of titanium 1000 A thick, a middle layer 12 of aluminum 1800 A thick, and a lower layer 14 of
titanium 800 A thick. In the first step of this two step process, we successfully etched both the upper
© 25 titanium layer and the middle aluminum layer using a first plasma formed by decomposition of chlorine
and argon gases. Using the previously described plasma etch chamber shown in Figure 1, we
supplied 80 sccm argon gas and 40 sccm chlorine gas to the chamber at a chamber pressure of 12
mTorr and an RF power of 3500 watts to form the plasma. We obtained more uniform sidewall tapers
when we added CF, gas at a flow rate of 20 sccm and reduced the Cl, gas flow rate to 30 sccm.

30 We also obtained good results by adding BCl5 to the process gases. Specifically, the gas
flows to the chamber were 30 to 45 sccm BCl3, 105 to 120 sccm Ar, 80 to 90 sccm Cls,, and 20 sccm
CF4. Other process conditions remained the same as in the preceding paragraph.

The transition from the first plasma chemistry to the second, final plasma chemistry that etches

the lower refractory metal much faster than it etches aluminum should begin at a point in time after the
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|Ct. A nethod according to claim1l, wherein: the step of exposing the

wor kpi ece to the second atnosphere is initiated before the first f? ?m
netal is renoved sufficiently to expose a portion of said other natérial

the first atnosphere. 11. A nethod according to claim1l, wherein: the step
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hat 0es no nospheré 1s

pl asntheabuinpodo prosest tie aluminpmdrogabeing sichadedby thmmprpvaqlvé the epepril plgsmaa

furt hgst £QTREILGEBorBA s Bt By DAL Keadik hﬁh%@{oﬁyngélggm% ﬁl?glsleﬂrgﬁozzﬂhgﬁ’?i‘ﬁ{eragﬁlt gl/er

Lg:‘ tngg@%‘%ﬁn?g‘ga‘ﬂdgf’ e{p@*ﬂé&@%ﬁ%é%{%{% geomytmgtal. 21 A et hod according to
clai m 20, Westagidrubove, we tested the two step process using a substrate having an upper layer 10 of
25 titanium 1000 A thick, a middle layer 12 of aluminum 1800 A thick, and a lower layer 14 of titanium
800 A thick. After performing the first plasma step described above, we performed a second or final
plasma process that did not etch aluminum using gas flows to the plasma chamber of 100 sccm to 200
sccm CF4 and 100 scem to 200 scem O, at a chamber pressure of 25 mTorr and RF power of 3000 to
3500 watts for 60 seconds. The best results were at the lowest gas flow rates and power. This final
30 plasma process successfully avoided undercutting of the aluminum side walls, and it appeared to
improve the taper of the top titanium layer. We also had good results using 100 sccm SFg (in place of
the CFy4) with 30 sccm O, at a chamber pressure of 12 mTorr for 60 to 90 seconds.

Three Step Process
An additional step can be added to the two step process just described for etching an exposed
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the step of exposing the workpiece to the third atnosphere is perforned
until nost of the third | ayer of the exposed region is renoved, ﬁg 4 t 2002
step of exposing the workpiece to the first atnosphere is perfor [

all of the aluminumin the second | ayer of the exposed region is renoved.
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As in the two step process, the three step process has the advantagc of reducing or eliminating
undercutting of the aluminum during the final step of etching the lower refractory metal layer. The
three step process has an additional advantage of eliminating the need for a process that can etch the

20 upper refractory metal and the aluminum at approximately the same rate. The upper refractory metal
layer 10 and the aluminum layer 12 are primarily etched by separate process chemistries that can be
independently optimized to achieve the desired taper and uniformity of the side walls of the refractory
metal and aluminum, respectively. For example, the aluminum can be etched by a process that etches
the refractory metal very slowly or not at all. Therefore, the three step process affords more flexibility

25 for optimization than the two step process. Depending on the application, the benefit of this flexibility
may outweigh the additional complication of the third step.

Our three step etch process now will be described in more detail.

In the first process step, the first plasma chemistry removes the upper layer 10 of refractory
material by exposing the workpiece 50 to an atmosphere that etches the upper refractory material

30 without etching aluminum.

Our preferred reactive species for this first step is fluorine because it effectively etches
refractory materials such as titanium, titanium nitride, molybdenum and tungster'l, but it does not etch
aluminum. Fluorine radicals and ions preferably are produced by plasma decomposition of a fluorine-
containing gas such as SFg, CF4, NF3, CHF3, and F,.

35 Preferably, helium gas also is supplied to the plasma chamber to enhance dissociation of the
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refractory metal layer 10.
15 Using the previously described plasma chamber of Figure 1, we tested our etching process on
55 cm X 67 cm glass substrates SO having an upper layer 10 of titanium 1000 A thick, a middle layer
12 of aluminum 1800 A thick, and a lower layer 14 of titanium 800 A thick.
For the first process step, we obtained good results using SF¢ as the process gas at flow rates
ranging from 250 sccm to 400 sccm, the latter being preferred. The chamber pressure was 40 mTorr.
20 The results were acceptable without helium, but were better with helium gas at a flow rate of 300
sccm. The 13.56 MHz RF power applied to the cathode 54 ranged from 1000 watts to 2500 watts.
We observed photoresist damage at 2500 watts, so we adopted 1500 watts as our preferred power
level. We tested this process step for durations ranging from 215 sec to 320 sec, and we found the
preferred range was about 240 sec to 290 sec to ensure complete removal of the 1000 A titanium layer.
25 Although not preferred, it would be acceptable for the first process step to include process
gases that etch aluminum to some extent, so long as the first layer of refractory metal is etched at a
substantially higher rate than the aluminum.
The second process step removes all the aluminum in the second layer 12. This process can be
the same as the aluminum etch process step in the previously discussed process for etching two metal
30 layers. All factors discussed above regarding performance and optimization of the aluminum etch step
of the two layer process apply to the aluminum etch step of the three step process.
Similarly, the final step of the three step process, removal of the lower refractory metal layer
14, can be the same as the final step of any of the previously discussed processes. Like the final step
of the previously discussed two step process for etching a three layer metal, the final step of the three
35 step process typically will modify the taper of the upper refractory metal layer 10.
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exposing the workpiece to a first atmosphere t

at etches aluminum, wherein the first
atmosphere is produced by plasma decomposition of a first gas mixture; and

subsequently exposing the workpiece to a second atmosphere that etches the first refractory
metal much faster than it etches aluminum, wherein the second atmosphere is produced by plasma
decomposition of a second gas mixture.

2. A method according to claim 1, wherein the second atmosphere etches the first refractory metal at
least four times faster than it etches aluminum.

3. A method according to claim 1, wherein the second atmosphere etches the first refractory metal at
least ten times faster than it etches aluminum.

4. A method according to claim 1, wherein the second atmosphere does not etch aluminum.
5. A method according to claim 1, wherein the first atmosphere does not etch the first refractory metal.

6. A method according to claim 1, wherein the first atmosphere etches both aluminum and the first
refractory metal.

7. A method according to claim 1, wherein the second gas mixture does not include any compound of
boron O any compound of any element having an atomic mass greater than the atomic mass of

argon,

8. A method according to claim 1, wherein the second gas mixture includes a fluorine-containing
species.
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10. A method according to claim 1, wherein:

the step of exposing the workpiece to the second atmosphere is initiated before the first
refractory metal is removed sufficiently to expose a portion of said other material to the first
atmosphere.

11. A method according to claim 1, wherein:
the step of exposing the workpiece to the first atmosphere is performed until all of the
aluminum in the second layer of the exposed region is removed.

12. A method according to claim 1, wherein:
the step of exposing the workpiece to the second atmosphere is initiated before the first

refractory metal of the exposed region is removed to such an extent that the first refractory metal
exhibits a declining etch rate.

13. A method according to claim 1, wherein:
the step of exposing the workpiece to the second atmosphere is initiated before the first
refractory metal of the exposed region is removed to such an extent that a side wall of the aluminum

underlying the resist exhibits an increasing etch rate while the first refractory metal is etched.

14. A method according to claim 1, wherein:

the providing step further comprises providing said workpiece wherein said multi-layer metal
further includes a third layer overlying the second layer, the third layer being composed of a second
refractory metal; and

the first atmosphere etches the second refractory metal.

15. A methed according to claim 14, wherein:
the step of exposing the workpiece to the first atmosphere is performed until the third layer of

the exposed region is removed and all of the aluminum in the second layer of the exposed region is
removed.

16. A method according to claim 14, wherein the second atmosphere does not etch aluminum.,
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19. A method according to claim 14, wherein the first refractory metal and the second refractory metal
are the same.

20. A method according to claim 1, further comprising the step of:

before the step of exposing the workpiece to the first atmosphere, exposing the workpiece to a
third atmosphere that etches a second refractory metal and that does not etch aluminum, wherein the
third atmosphere is formed by plasma decomposition of a third gas mixture;

wherein the providing step further comprises providing said workpiece wherein said multi-
layer metal further includes a third layer overlying the second layer, the third layer being composed of
the second refractory metal.

21. A method according to claim 20, wherein:

the step of exposing the workpiece to the third atmosphere is performed until most of the third
layer of the exposed region is removed; and

the step of exposing the workpiece to the first atmosphere is performed until all of the
aluminum in the second layer of the exposed region is removed.

22. A method according to claim 20, wherein the second atmosphere and the third atmosphere do not
etch aluminum.

23. A method according to claim 20, wherein the second and third gas mixtures do not include any
compound of boron or any compound of any element having an atomic mass greater than the atomic
mass of argon.

24. A method according to claim 20, wherein:

the second gas mixture includes a fluorine-containing species; and

the third gas mixture includes a fluorine-containing species.

~16 -



M 1098 () -
M 109B& 8 F>n/ dELC | [ ! F+Z" 109B& () - - (#109B& () -, &109B&’ ()-1-#10(%43[?;7()s }g I &&
UB& ()-s"109B& ()-goCl [ 1L110% & ()--& 10% & ()-3 10B 10B 10BS; EP 2
@oB& ()-4! 109B& ()- @#109B& ()-sMAnlaBbCl [ 1:110% C& ()-Y
10% & ()-10% & ()-t10% & ()-! F 10% :& ()-F 10% & () - 1;
]b}[<bC I[-10% & ()-! ("10% :& ()-("10% & ()-!"1""10%:& ()-1""10%
(%0‘(%2 :&I (j I_ ,:Eggj#lgg /évéefé}u )ag?%&l@g, c()) g/fg‘ing b(-), wﬁ'e(%éinjfl?e' ﬁr]§9 fe?r@:’t%%q r%c{aa Em(%:tzle second
& ()-6dBj _@! [ Felrariy il oo mE$ame. () - s#109&' () - Ss10%& () - 109%& () -y - #10%& (
)-h,aBj _@![ & F10%& ()-y(10%& (l);':lofy&' ()-y@& _ _
1098 () - 9R6%& @ method pooggding to plaim §ywimerein thestep of expesiogshy workpiegedo the- - 5
109%&' () - 0#10%&first-apr@spbe® i performefl uuiicil] dithe abgranym of theosesond) layer3s 0400 () -
10 ! 10%00& () - réthdAand a(shibstntibD péfion of the Trptd¥fiadtbty(mdt@lEXIRe €3posed
10%08' () - ! g10%eelor dsrerhoved. () - | SS10%008 () - ! sS10%m® ()-T[ Tz[ 9YNC! ! 1 O
10%00&' () -- 10%0% ()-!9g10% : & ()-gl0%&' ()-!sS10%00& ()-!96210%0&' () -
Nor mal " " Headi Ngil@3lA accdidiRgitd Blafin  CwherbRafE ekt B HixurAdhdlg 243] ¢

Headi ng 53] c o @&&%rp" "Headi ng 73] c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph Font ".;;cG T$ #nyF!' [y H>$[9.[opgrstu

|

1% 14F8sH>A J! Ni, TWSZ] bf O bLEML, " T. ~67Ti Ne
Fomanr i aPBour (EPORBN RO tEREFY hr HSBE e mpbund b BroR L
| " #SY& () *+, - ./ 0123456789: ; ) .
<=>? @\BCDERGHI IK CRROFENGAS i A, Wheseilier ghi j ki nmopqr stuvwxyz{|}~

the first gas mixture includes a compound ot carbon; an
the second gas mixture includes an oxygen-containing species.

30. A method according to claim 1, wherein:
the first gas mixture includes a fluorocarbon compound; and
the second gas mixture includes an oxygen-containing species.

31. A method according to claim 30, wherein said fluorocarbon compound is CFa.

32. A method according to claim 30, wherein said fluorocarbon compound is a
fluorohydrocarbon compound.
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