; e3eURTL8*b6T@A.1 ETCH CLEAN PROCESS FOR | NTEGRATED Cl RCUI T PAD METAL

BACK ND OF THE | NVENTION (1) Field of the Invention The inventT énAUS 2002
rel ales to a method of etching an opening di ng pads, and nore
particularly, to a nmethod of etching an oﬂmmmmml’mmmﬁﬁal bondi ng pads where
corrosion and fluorine contam nation of the ne ing pads is reduced
in the manufacture of integrated circuits. (2§'%®%cription of the Prior Art
In the fabrication of integrated circuits, 2 various

sem conduct or devices and interconnections ”M”,ﬂ"m,mﬂwﬁw:ed in multiple

| ayers on a sem conductor substrate. The final ne ation | ayer includes
bondi ng pads which are typically | ocated on thémB@Fiphery of the integrated
circuit. The integrated circuit chip's external wiring is bonded to these
met al bondi ng-padseaeb Qi Eddide et EE BRI digrh GRBNAELEL, he metal
bondi ng pads "underTying a passivafion layer mus e exposed wth a contact
etch through the passivation |ayer and subsequent cleaning steps to renove
phot or esi st resi dues and etch polyners. 1 - ~ Auc zooz The etch and cl ean
steps significantly JdRBCHREGROUNDe OJUIHEt YNGENTIQN al um num pad netal. The etch
process causes fluorine contam nation of the alum numwhich interferes with
al um num oxi de gromh as well as causing high resistance during wafer probe
and yie variapility. The clean steps cause and accel erate gal vanic
corrositﬂ) 14 9§I%ﬁfngﬁYﬁﬁﬁuﬁbtal at grain boundaries where copper

preci pi tates exist. Theo02hy@N o Yel8tbeNe6 HthdY ot bRchigy Mt
surface. These pits w P grom/anélpropagate through the alum num | ayer as

t he cor apstEshipieReAstad SoEdidd ARk, sfdembpé p@ficulaelggeto The
corrosion Is a quality and reliability problemfor both wire bonded and
bunped pathod \Wf letiching eheoreninmte getght berdingirpdsr whed@ce t he probl ens

f chlori fluori tannati. d ion. US. Patent 5,376,235
Lo LangFBYFPRHEh 0% FANAF RS { FRATARASEAERIPA GE DS i e POBEE AP g with a

solutio - L O] : a OriC.aci Eluorine
residuegaﬁéSggﬁgggk%%g}g28$%6ﬁgg% u etggllﬁgg %é?é:%%%: Sggéf first
etching the passivation |layer, then etching through the ARC l.ayer, then
form ng a polymer over the nmetal bonding pad for protection. U S. Patent
6, 001, 538)t DeStmipteitoralofditbel Bsksr aArttwo- st ep et ching process to form an

opening to a bonding pad. U S. Patent 5,540,812 to Kadonmura shows an
In the fabrication of integrated circuits,

various semiconductor devices and interconnections are
fabricated in multiple layers on a semiconductor substrate.
The final metallization layer includes bonding pads which are
typically located on the periphery of the integrated circuit.
The integrated circuit chip's external wiring is bonded to
these metal bonding pads. Before this external wiring is
connected, the metal bonding pads underlying a passivation
layer must be exposed with a contact etch through the
passivation layer and subsequent cleaning steps to remove

photoresist residues and etch polymers.



corrosion, caused by chlorine contam nati on. SUMVARY OF THE | NVENTI
prinéiBaI obj ect of the present invention is to provide an effective and
very manuf acturabl e nmethod of etching an opening to a bondi ng pad. Anot her
obj ect of the present invention is to provide a nethod of etching an
opening to a bonding pad wherein corrosion is elimnated. A further object
of the present invention is to provide a nethod of etching an opening to a
bondi ng pad wherein corrosion is elimnated and fluorine contam nation is
reduced. Yet another object of the present invention is to provide a nethod
of etching an opening to a bonding pad wherein corrosion is elimnated and
fluorine contam nation is reduced by adding a hard mask protective |ayer
over the passivation {RyestdN&nlY ciedRVifpd e gMitriichftl gcddgraroat i ng

| ayer over the bonding pad after all other etching and cl eaning has been
conpl etehtk dhalityzod the Loowinum pedornetmle Wilteh ettlcb pbpeeds of this

2 - 2 AUG 2~2 al um num et ching process using various nethods tc1%§§8£%a&

causes fluorine contamination of the aluminum which
interferes with aluminum oxide growth as well as causing high
resistance during wafer probe and yield variability. The
clean steps cause and accelerate galvanic corrosion of the
aluminum pad metal at grain boundaries where copper
precipitates exist. The galvanic corrosion creates pits in
the metal surface. These pits will grow and propagate
through the aluminum layer as the corrosion proceeds,-a
significant issue for wafer storage. The corrosion is a
guality and reliability problem for both wire bonded and

bumped pads.

Workers in the art have sought to avoid or
reduce the problems of chlorine or fluorine contamination
and corrosion. U.S. Patent 5,376,235 to Langley teaches
cleaning the metal bonding pad after etching with a solution
of de-ionized water and phosphoric acid to remove fluorine
residue. U.S. Patent 5,930,664 to Hsu et al teaches a method
of first etching the passivation layer, then etching through
the ARC layer, then forming a polymer over the metal bonding
pad for protection. U.S. Patent 6,001,538 to Chen et al
discloses a two-step etching process to form an opening to a

bonding pad. U.S. Patent 5,540,812 to Kadomura shows an



invention a new nethod of etching an opening to a bonding pad wherein
corrosion is elimnated and fluorine contam nation is reduced i § 2adHG800d.
A nmetal bonding pad is provided overlying an insulating | ayer on a

sem conduct or substrate. An anti-reflective coating (ARC) layer is
deposited overlying _ the netal bonding pad. A passivation |ayer is
deposited overlying the ARC | ayer. A hard mask | ayer is deposited overlying
t he passivation |ayer. A photoresist mask is forned overlying the hard mask
| ayer having an openi ng where the contact opening to the netal bondi ng pad
is to be nmade. The hard mask | ayer and passivation | ayer not covered by the
phot oresi st mask are etched through, stopping at the ARC | ayer. Thereafter,
t he photoresist mask is renoved and the opening is cleaned. The ARC | ayer

prot oot 5 WS IPLALAPRO NS AR U bngaLhGRE MaRDs TheppBradeyer wthin the

opening 1s et wa elrn the“hard mask Tayer ove ng the

passi VaddHibd idne talk8d SFY ScrldShen cehtimeng@issi.vat i on | ayer thereby
preventing contam nation of the nmetal bonding pad to conplete opening a
contact to a netal bonding pad in the fabrication of an integrated circuit.

4 - 2 AUG 2~2 BRI EF DESCRI PTI ON OF THE DRAW NGS | n t he acconpanyi ng
drawi ngs form ng a mat er PEMMHr OFoTHELLBVEREXQN pt i on, there is shown: Figs.
1 through 6 schematically illustrate in cross-sectional representation a

preferred enbodi nent of the present invention. DESCRI PTION OF THE PREFERRED
ENBODI MENTS The novel anglitds ol (858cR0o8 £R0!Aadiit 2nRhBLoROMI N pad

where corrosion is elinmnate | uorine contamnation iIs reduced will be
descri bed pitddidecfaer eficact Dvé hendnasiyngahiugacesradle wietholeofinder st ood by
those skilled in the art that the process of the invention should not be

| i mi t edetebine amispdniedat tahavirprisdingl Radbut can be applied and extended to
other various materials and applications. Referring now nore particularly
to Fig. 1, there is illustrated a portion of a partially conpleted

integrated circuit. Sﬁgg%gggygﬁﬁéJi#%f%ﬁgb?régeﬁé ‘gLﬁﬁgglxscggposed of

nmonocrystalline silicon. Sem co ce structures, such as gate

el ectrogesvads assatioal ed sedhLey Al opedlifgl €81 &NSordlihgpaki pl e | evel s of
i nterconnection lines, 5 not shown, are fabricated in and on the

sem congberein scdpstasditon. ishedemimatsyd.yi ng devi ces and | ayers are included
in the layer labeled 14 in Fig. 1. An insulating layer within 14 covers the
underlying | ayers.

A further object of the present invention is
to provide a method of etching an opening to a bonding pad
wherein corrosion is eliminated and fluorine contamination

is reduced.

Yet another object of the present invention is
to provide a method of etching an opening to a bonding pad
wherein corrosion is eliminated and fluorine contamination
is reduced by adding a hard mask protective layer over the
passivation layer and by removing the anti-reflective
coating layer over the bonding pad afte; all other etching

and cleaning has been completed.



Now, the topnost nmetal |ayer is to be forned. The bonding pads will be
formed in this topmost netal |ayer. The present invention is a-gragegmef | ow
for &tching an - 2 AUG 2~2 opening to the netal bonding pad and cl eani ng
the opening so as to elimnate pad pitting, caused by corrosion, and
significantly to reduce fluorine contam nation that results fron1etching
and cleaning. This will inprove significantly the quality of the netal pad.
Reducing the fluorine content on the surface of the pad netal results in a
hi gher quality pad netal surface with inproved native oxide uniformty
which is highly desirable for inproved yield at wafer probe, inproved yield
i n solder bunp processing, and extended wafer storage. The netal |ayer 20,
typically alum num or alum numw th copper and/or silicon is deposited over
the topnost insulating,l éHfddﬁcEaMQEhléhe/%dﬁﬂéﬁ €hfl gL, not shown, may
be deposited underlying the netal [ayer he al um num | ayer 20 is

deposi t@ad - dat ispukt féw Nfetiod EMetahikgpat ¢Rpig itena( BoRYing pad hi ckness

of between about 5000 6 - 2 AUG 2002 and 18, 000 Angstronms. An

ant i r efwieata ine cogabphgn { PR Limypeted2and flugminemcontangeation ani um
tungsten, or_one of several organic or_inorganic, ARC materials is deposited
over | yi ¥g) gafcest 4F pehEeVed t & BetRilcRARLEIDPAFTAReBRO%BEEY 100 and 500

Angst " OBbe iy APIRELYBLIAR I NS o0 SudERORLISDOMEELREARC | aver 22

The paSS|va I"ayér | fcon i rhation of high

densi t yppl ﬁm&r@ﬂ@e&&bél mmg ct@n@rydlayét Eey auﬁcfsh@adoaveﬂ ing
t et reaet hoxysi | ane (TEOCS) oxide. The passivation |ayer typically has a

t hi_cknesise afie tzdt Wweadiagopdd 5000 raesiR@ L0060 Yayrst rienslepNewtedhe novel
process steps of the gresent invention wll_ be described. Referring nowto
Fig. 2, 0% %PQn%ﬂs PBFetaBer i s MEPES Peak otRYeT He PRPSSEPRoN | ayer. This

har-d K f
Cover o SErELHS SR REFRLRRE R Hate: | & ShaEsratA<E MARY HA%The  ndustry
and haV@oanéJﬂ &}%‘fﬁﬁnﬁf chet ead mtlaw@ AB0L0 QiR B e har d sk

| ayer may or nmay not conprise the same nateri as the ARC | ayer 22.
Ref er ri ngenevhtfctidbendngatbayrs tﬂitd]h@fbﬁﬂeﬁgSﬁaadl si€ari @ avae.t he hard

mask |ayer 30 and is
The hard mask layer and passivation layer not covered by the
photoresist mask are etched through, stopping at the ARC
layer. Thereafter, the photoresist mask is removed and the
opening is cleaned. The ARC layer protects the metal bonding
pad during these steps. The ARC layer within the opening is
etched away wherein the hard mask layer overlying the
passivation layer prevents erosion of the passivation layer
thereby preventing contamination of the metal bonding pad to

complete opening a contact to a metal bonding pad in the

fabrication of an integrated circuit.



7 exposed and devel oped to formthe photoresist mask 35, hathﬂgaﬂn
opening where the contact to the netal bonding pad is to be nade: ; %

pl asma etch is performed to etch through the hard mask | ayer 30 and the
passivation | ayer 26, stopping at the buried ARC | ayer 22, as shown in Fig.
4. For exanple, a |low pressure plasma etch nmay be enpl oyed, typically at
350 niforr pressure with an etch environnent conprising CHF3, CF4, and argon
gases, proportioned by flowrate, typically 10 sccm CHF3, 70 sccm CF4, and
900 sccm Ar. The etch is either tined to stop on the underlying ARC | ayer
or stopped by endpoint detection nmeans commonly used in the industry. The
ARC | ayer 22 serves as a protective film' 2 AU G 2002 over the netal
surface, preventing fluorine contam nation and corrosion pitting during the
passi vati on etch. ThespiRR @ESTRSPTDON KOF STHE DRAWENGASI ng, for exanpl e,

Qz/ CF4 plasma ashing, as shown in Fig. 5. This step is followed by a
cleaning step to renove resist residues and etch polyners. The cl eaning
step may conprise a wet chem stry organic solvent; for exanple, EKC265 for

10 minutes, followed By theRCSHPPBYERHATIHIBAS £8FMABS Reconds, 8

fol |l owed by .a.de-ignized water ri.nse with COz .agitant for 390 seconds.
AIternaT?Eé%ﬁﬁl &3G6ve o%%ﬁs(§%§%§}p§ﬁ8 'éghﬁ%ﬁrﬁgaﬁﬁ%yblAnnnniun}kwdroxide

(TMAH) nmay be used for 10 to 60 seconds. The ARC | ayer al so provides
protection for the netal |ayer during the photoresist stripping and wet

cl eans. After the cl eBbgs! €p,theromgbofdsphamsatel axtldly iidlpstfatereich t 0 renove
the ARC l-ayer 22 within the opening. Wen _the underlying ARC | ayer

conpr i s€5Q¢$12aLiRPALt FRRRe S HE tdoRe acRERT Q¥ 784 é’@?%@@%e"f sth&ed as
descri bed anye Lpatthg first plasnma etch step with end point detection on
t he al uRf AT pad etaP™ " Fluorine chemistry is not necessary in this case.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The novel method of forming a contact to a
metal bonding pad where corrosion is eliminated and fluorine
contamination is reduced will be described with reference to
the drawing figures. It will be understood by those skilled
in the art that the process of the invention should not be
limited to the embodiment shown herein, but can be applied

and extended to other various materials and applications.

Referring now more particularly to Fig. 1,
there is illustrated a portion of a partially completed
integrated circuit. Semiconductor substrate 10 is preferably
composed of monocrystalline silicon. Semiconductor device
structures, such as gate electrodes and associated source and

drain regions and multiple levels of interconnection lines,



For the preferred enbodi ment, which teaches - z n a ¢ zooz titani q%q%% %de
as the hard mask, it is necessary that the second plasma etch cong i @
remove both the underlylng ARC | ayer. 22 and the hard nmask |ayer 30
si mul t aneously, as shown in Fig. 6. However, this requirenent does not
necessarily apply to other materials that can serve as the hard mask. In
sone cases, it may be desirable to | eave sone of all of the hard nask
behind after conplete etch of the underlying ARC fil m exposi ng the netal
surface. 9 - 2 AUG 2002 In either case, the hard mask | ayer 30 prevents
erosion of the passivation |ayer during etching away of the ARC | ayer 22.
Silicon nitride passivation has approximately a 10:1 higher etch rate than
does titaniumnitride, so significant erosion would occur if the
paSSI Va}xé@”sﬂcfm'? RN apPl P& Gt @dhab¥nt BRe hadith BRI k8yer during etching.
Now, the net bondi ng pad exposed within the ' contact opening may be
al | oyedsasstisaral. amtlepecandet Ngimpieivices and nkdyemomrecthobsdéd t he
bondi ng pad, such as by w re bondi ng, solder bu processing, or the like,
not shown. tiihelayescdabededt bt in &Sant li-nvant iR RBANdSYER ef fecti ve

met hod for opening a contact to a net bondi ng pad wherein pad pitting is
elininaféﬂhﬁ£d14l e tBB NN F&ﬁﬁ“@h%|§ ®jPeat|ly reduced. Adding a hard

mask | ayer over the passivation |layer and retaining the ARC | ayer over the
nmetal bonding pad until just before alloying achieves the high quality

netal bonding pad of ta&,PtREEtbphdAeMatan. 1¥bbteid hes ivev @birined. has been
particularly shown and described with reference to the preferred
enbodi nFhesbohdirepfpadst wiill| béef opmisl siroddriby topsst glataledavart he art t hat
various changes in formand details may be 10 2 ~4UG 2002

The present invention is a process flow for etching an

opening to the metal bonding pad and cleaning the opening so

as to eliminate pad pitting, caused by corrosion, and

significantly to reduce fluorine contamination that results

from etching and cleaning. This will improve significantly

the quality of the metal pad. Reducing the fluorine content

on the surface of the pad metal results in a higher quality

prad metal surface with improved native oxide uniformity which

is highly desirable for improved yield at wafer probe,

improved yield in solder bump processing, and extended wafer

storage.

The metal layer 20, typically aluminum or
aluminum with copper and/or silicon is deposited over the
topmost insulating layer in layer 14. A barrier layer, not
shown, may be deposited underlying the metal layer 20. The
aluminum layer 20 is deposited by sputtering or chemical

vapor deposition (CVD) to a thickness of between about 5000



made without departing fromthe spirit and scope of the inventiong AGGFHR 2
AU6 Z002, What is clainmed is 1. A nethod of opening a contact to a neta
bonding pad in the fabrication of an integrated circuit conprising:
providing a nmetal bonding pad overlying an insulating |ayer on a

sem conductor substrate; depositing an anti-reflective coating (ARC) | ayer
overlying said netal bonding pad; depositing a passivation |ayer overlying
said ARC | ayer; depositing a hard nask | ayer overlying said passivation

| ayer form ng a photoresist mask overlying said hard nask |ayer having an
openi ng where said contact opening to said netal bonding pad is to be made;
et ching through said hard mask | ayer and said passivation | ayer not covered
by sai d photoresist nask and stopping at said ARC | ayer; thereafter

renDVingnaaig,6%5“&H&§%&8&sqasknaﬁﬁkireflective coating (ARC) layer

22 of titanium nitride, titanium tungsten, or one of several
organic or inorganic ARC materials is deposited overlying the

metal layer 20 to a thickness of between about 100 and 500
Angstroms.

Now, a passivation layer 26 is deposited over
the ARC layer 22. The passivation layer may comprise silicon
nitride or a combination of high density plasma (HDP) silicon
oxide and silicon nitride or tetreaethoxysilane (TEOS) oxide.

The passivation layer typically has a thickness of between

about 5000 and 20,000 Angstroms.

Now, the novel process steps of the present
invention will be described. Referring now to Fig. 2, a hard
mask layer 30 is deposited over the passivation layer. This
hard mask layer may comprise titanium nitride, titanium
tungsten, or one of several organic or inorganic ARC
materials commonly used in the industry and have a thickness
of between about 100 and 500 Angstroms. The hard mask layer

may or may not comprise the same material as the ARC layer

22.

Referring now to Fig. 3, a layer of

photoresist is coated over the hard mask layer 30 and is



cl eaning said opening wherein said ARC | ayer protects said netal bonding
pad; .and thereafter etching away said ARC | ayer within said opening‘Mmpf )y N
said hard mask | ayer overlying said passivation |ayer prevents erosion of"
sai d passivation |ayer thereby preventing contam nation of said netal
bondi ng pad to conpl ete opening said contact to said netal bonding pad in
said fabrication of said integrated 12 - 2 AUG 200Z circuit. 2. The

met hod according to Caim1l wherein said sem conductor substrate includes
sem conductor device structures such as gate el ectrodes, source and drain
regions, and interconnection lines underlying said insulating layer. 3. The
nmet hod according to aim1 wherein said netal bonding pad conpri ses

al umi num 4. The nmethod according to Claim1 wherein said netal bondi ng pad

cCoNpri S8%d2ka ahat 86vAalspHa &Nk fige FPHHEIHEWI s@l HELRUIS CaRRAKhg

al um numsilicon, and al um num copper-silicon. 5. The nethod according to
Cl ai m Jarf wpklhéngcengre siheg abepestt togtlke bertalebomdtiag paders weder | yi ng sai d
nmet al bondi ng pad. 6. The nethod according to Claim1l wherein said ARC

| ayer dm#dd€es one of the group containing: titaniumnitride, titanium
tungsten, organic ARC materials, and inorganic ARC materials and has a

t hi ckness of between about 100 and 500 Angstrons. 13 "2 AU G 2002 7. The

e oanagt AR BsPRL Rpesiadon) et comprocs
Angst r offsrough the hard mask layer 30 and the passivation layer 26,
stégping at the buried ARC layer 22, as shown in Fig. 4. For
example, a low pressure plasma etch may be employed,
typically at 350 mTorr pressure with an etch environment
comprising CHFas, CF4, and argon gases, proportioned by flow
rate, typically 10 sccm CHFz, 70 sccm CF4., and 900 sccm Ar.
The etch is either timed to stop on the underlying ARC layer
or stopped by endpoint detection means commonly used in the

industry.

The ARC layer 22 serves as a protective film
over the metal surface, preventing fluorine contamination and

corrosion pitting during the passivation etch.

The photoresist mask is stripped using, for
example, 02/CF4 plasma ashing, as shown in Fig. 5. This step
is followed by a cleaning step to remove resist residues and
etch polymers. The cleaning step may comprise a wet
chemistry organic solvent; for example, EKC265 for 10

minutes, followed by isopropyl alcohol (IPA) for 400 seconds,



8. The nmethod according to Claim1l wherein said passivation |layer conprises
hi gh ,denstty plasma oxide and silicon nitride having a conbi ned thi,c g &3&2
of between about 5000 and 20, 000 Angstrons. 9. The net hod accordi né B
Claim1 wherein said hard mask | ayer conprises titaniumnitride, titanium
tungsten, and organic ARC materials and has a thickness of between about
100 and 500 Angstrons. 10. The nethod according to Caim1l wherein said
step of etching through said hard nask | ayer and said passivation |ayer
conprises a plasma etch using CHF~, CF4, and Ar chem stry. 11. The net hod
according to Caim1 wherein said step of renoving said photoresist mask
conprises stripping said photoresist mask using Oz/ CF4 pl asnma ashing. 12.
The net hod according to Caim1l wherein said step of cleaning said opening
conpr i séslkowest byhendset ignimeghmiader4rinse WG CRE02985R0ENEOT | Tpr opy|

al cohol, and, de-ionized water rinse. 13. The nethod according to Caim1l
wher ei nSeGAMiSst eﬁIGFrB?EhYW'a\ﬁa)?eé’éﬂ-apﬁﬁcc}%ﬁ}'br sHePheR S&FtPopeni ng

COMY | SESeRy PRI ShCh 4oL O (F oy A0 (o NRI 517 Yo 3¢ The ethod

accordlng rein sai ng away sard ayer

Wi thin saéghppenivhg ﬁhﬁ“iéﬁ&e%ﬁo\’ %Bglﬂﬁésta%\@d‘té?dl%nhi%g gRekK Iayer

overlying said passivation |ayer. 5 A nme of opening a contact to a
net al baedandlpad idurihe tadrpaticor@sict abripp gy aired wetr eleansonpri Si ng:
provi di ng sem conduct or devices structures in and on a sem conduct or

substrate wherein said sem conductor device structures are covered by an

i nsul ating | ayer; depgﬁ%tlrng? rrft al bondi ng_ rlyi ng sgl d_insulating
| ayer; depositing an F F 219k S 88t’| fAg® %ﬂﬁﬂfﬁ iffé‘ra Y&PIYF ng said
metal beRdERPnd®%o remove the ARC layer 22 within the opening.

When the underlying ARC layer comprises titanium nitride, the

same chemistry etch recipe is used as described above for the

first plasma etch step with end point detection on the

aluminum pad metal. Fluorine chemistry is not necessary in

this case.

For the preferred embodiment, which teaches
titanium nitride as the hard mask, it is necessary that the
second plasma etch completely remove both the underlying ARC
layer 22 and the hard mask layer 30 simultaneously, as shown
in Fig. 6. However, this requirement does not necessarily
apply to other materials that can serve as the hard mask. In
some cases, it may be desirable to leave some of all of the

hard mask behind after complete etch of the underlying ARC

film exposing the metal surface.



depositing a passivation |ayer overlying said ARC | ayer; depositing a hard
mask | ayer overlying said passivation |ayer; 15 - 2 AUG 2002 f oranag 2002
phot oresi st mask overlying said hard mask | ayer having an openi ng where
said contact opening to said nmetal bonding pad is to be nade; etching

t hrough said hard nmask | ayer and said passivation | ayer not covered by said
phot oresi st mask and stopping at said ARC | ayer; thereafter renoving said
phot oresi st mask and cl eani ng said openi ng wherein said ARC | ayer protects
said netal bonding pad; and , thereafter etching away said ARC | ayer within
sai d openi ng wherein said hard mask | ayer overlying said passivation |ayer
prevents erosion of said passivation |ayer thereby preventing contam nation
of said netal bonding pad to conpl ete opening said contact to said netal
bondi ng pad in said fabrdicdlelronasé, sethdl Haricegmakedagércad t. 16. The net hod
according to Claim 15 wherein said sem conductor device structures conprise
gat e elpEvendssersoigon fartdiedpapaivagiamsiavard duripg cObFRIAS WaVi nes. 17.

The net hod according to Caim.15 wherein said nmetal bondi ng pad conprises
one of Thetgr 885 L8%e4i 1M ng Stdicon BiAde RASSYATAEM P2F uni num copper,

alum num silj.con.,and A4 4mUR.GoRPE, " Sidd 49fkn does titanium
nitride, so significant erosion would occur if the

passivation layer were not protected by the hard mask layer

durjing etching.

Now, the metal bonding pad exposed within the
contact opening may be alloyed as usual and processing
continues to make connections to the bonding pad, such as by

wire bonding, solder bump processing, or the like, not shown.

The process of the present invention provides
an effective method for opening a contact to a metal bonding
pad wherein pad pitting is eliminated and fluorine
contamination is greatly reduced. Adding a hard mask layer
over the passivation layer and retaining the ARC layer over
the metal bonding pad until just before alloying achieves

the high quality metal bonding pad of the present invention.

While the invention has been 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 be

10



18. The nethod according to Caim-I5 further conprising depositifg Ayg 2002
barrier netal |ayer underlying said netal bonding pad. 19. The net hod
according to Claim15 wherein said ARC | ayer conprises titaniumnitride,
titaniumtungsten, organic ARC materials, and inorganic ARC materials and
has a thickness of between about 100 and 500 Angstronms. 20. The nethod
according to Cl aim 15 wherein said passivation |ayer conprises silicon
nitride having a thickness of between about 5000 and 20, 000 Angstrons. 21.
The nethod according to Caim15 wherein said passivation |ayer conprises
hi gh density plasma oxide and silicon nitride having a conbi ned thickness
of between about 5000 and 20, 000 Angstrons. 22. The nethod according to
Claim 15 wherein said hard nask |ayer conprises titaniumnitride, titanium
t ungst a | 5 ARG h e 1as aadt Beskaass wfe bet ween about
100 ang"ggSOQ %g%??gﬁﬁf 17nHa§?§$E§200 23. The net%%d according to Caim15
wher ei Angahdishep of etching through said hard mask | ayer and said

passi vation | ayer conprises a plasma etch using CHFs, CF4, and Ar

chem stry. 24. The nethod according to Caim1l5 wherein said step of
removi ng said photoresist mask conprises stripping said photoresist mask
using Oz/ CF4 plasma asking. 25. The nmethod according to Caim 15 wherein
said step of cleaning said opening conprises a wet chem stry organic

sol vent, isopropyl alcohol, and de-ionized water rinse. 26. The nethod
according to Claim15 wherein said step of etching away said ARC | ayer

wi thin said opening conprises a plasma etch using CHF3, CF.,, and Ar

chem stry. 27. The nethod according to Caim 15 wherein said step of
etching away said ARC | ayer within said opening sinmultaneously etches away
said hard mask | ayer overlying said passivation |ayer. 18

11



2 BUG 2002 28. A nethod of opening a contact to an al um num bondi_ng ﬂ?sdzthi‘
the fabrication of an integrated circuit conprising: providing
sem’'conduct or devices structures in and ' on a sem conductor substrate
wherein said sem conductor device structures are covered by an insulating

| ayer; . depositing a alum num bondi ng pad overlying said insulating |ayer;
depositing an anti-reflective coating (ARC) |ayer overlying said al um num
bondi ng pad; depositing a silicon nitride passivation |ayer overlying said
ARC | ayer; depositing a titaniumnitride |ayer overlying said passivation

| ayer; fOFle@“ﬁ,QMEMQggqgst mask overlying said titaniumnitride |ayer
havi ng an opening ere said contact opening to said al um num bondi ng pad
is to be nade; etchlng through said titaniun1nitride Iayer and said

D) voL Ol ohheBla SR SR RY RO 0L SEER, by ARk Bd b AREI N ot saic
openi ng “heﬁﬁ'Qhéafébfgﬂaﬂﬁﬂﬁerpﬁﬁtfﬁ%ébrated circuit comprising:

providing a metal bonding pad overlying an
insulating layer on a semiconductor substrate;

depositing an anti-reflective coating (ARC) layer
overlying said metal bonding pad;

depositing a passivation layer overlying said
ARC layer;

depositing a hard mask layer overlying said
passivation layer;

forming a photoresist mask overlying said hard mask
layer having an opening where said contact opening to
said metal bonding pad is to be made;

etching through said hard mask layer and said
passivation layer not covered by said photoresist
mask and stopping at said ARC layer;

thereafter removing said photoresist mask and
cleaning said opening wherein said ARC layer protects
said metal bonding pad; and

thereafter etching away said ARC layer within said
opening wherein said hard mask layer overlying said
passivation layer prevents erosion of said passivation
layer thereby preventing contamination of said metal
bonding pad to complete opening said contact to said

metal bonding pad in said fabrication of said integrated

12



sai d al um num bondi ng pad; and thereafter etching away said ARC | ayer
within said opening wherein said titaniumnitride |ayer overlying 19 sai d
passivation |layer prevents erosion of said passivation |ayer therebyg AUG 2002
preventing contam nation of said al um num bondi ng pad to conpl ete opening
said contact to said alum num bonding pad in said fabrication of said
integrated circuit. 29. The method according to Caim28 wherein said
sem conduct or device structures conprise gate el ectrodes, source and drain
regions, and interconnection lines. 30. The nethod accordlng to Caim28
wherein said ARC | ayer conprises titaniumnitride having a thickness of

bet ween about 200 and 500 Angstrons. 31. The nethod according to O aim 28
wherein said step of etching through said titaniumnitride |ayer and said
passi vation I%yer conprises a plasma etch using CHF3, CF4, and Ar

chemstry. A& met hod according to C aim 28 wherein said step of

r enovi ng sald photoresist mask conprises stripping said photoresist nmask
using Oz/ CF4 plasma ashing. ' 2 MJG 20Q2 20 - 2 AUG 2002 33. The n®et hod
accordi ng t @ ClThemméghoded@iordEaigd tot €padh tlwiserein said openi ng conpri ses
a wet chem stry organic solvent, isopropyl alcohol, and de-ionized water

rinse. semiconductor substrate includes semiconductor device
structures such as gate electrodes, source and drain

regions, and interconnection lines underlying said

insulating layer.

3. The method according to Claim 1 wherein said metal

bonding pad comprises aluminum.

4. The method according to Claim 1 wherein said metal
bonding pad comprises one of the group containing
aluminum, aluminum~copper, aluminum-silicon, and

aluminum-copper-silicon.

5. The method according to Claim 1 further comprising

depositing a barrier metal layer underlying said metal

bonding pad.

6. The method according to Claim 1 wherein said ARC

layer comprises one of the group containing: titanium
nitride, titanium tungsten, organic ARC materials, and
inorganic ARC materials and has a thickness of between

about 100 and 500 Angstroms.
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34. The nmethod according to Caim28 wherein said step of etching avg)s C%—wz
said ARC.layer within said opening conprises a plasma etch using CHF3,

and Ar chem stry. 35. The nmethod according to Caim 28 wherein said step of
etching away said ARC | ayer within said opening sinmultaneously etches away
said titaniumnitride Layer overlying said passivation |ayer. 21 .A& ?. A

y. A&5, . A&@. A3. A9e. ALY, . AYaSe. A&
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U ca]ca]ca]c c a ] ] ca] ca] ca] c$a] ca] ca]
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gg]zcz:g] ca] ca] ﬁé&&ﬁ&&@s]&xah%%(ia]ﬁﬂﬂ;ﬁfdé‘@hﬁ%ca]aﬁélﬁft]&?déi@] ealiga] ca] ca] ca!l 112
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10. The method according to Claim 1 wherein said step of
etching through said hard mask layer and said
passivation layer comprises a plasma etch using CHFs,

CFa, and Ar chemistry.

11. The method according to Claim 1 wherein said step of
removing said photoresist mask comprises stripping said

photoresist mask using 0z2/CF. plasma ashing.

12. The method according to Claim 1 wherein said step of

cleaning said opening comprises a wet chemistry organic
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109 & ()- 109 ()-310% & ()-yMLO% & ()-! &' 10%"u" & ()-z)v~\= Lf10S- 2 AUG 2002
109 & ()-19g 10% (& ()-!! &10% (& ()- 10" 10" 10"3;s10% & ()- Sz

109 & () - vAILMNQIYNC Lf10 10( 10( 10(;t10% & ()-f/10% & ()- &g 109%& () -
$310% & ()-"10% ()-TJ C a?YNC Lf10! & 10%"z" & ()-

L10% & ()-910% & ()- @0% & ()-MLO% & ()-!VI @10%"0"& ()-nC h  WIEYNC
Lf10! 940% & ()- f#gl0% & ()-10% & ()- @O0% & ()- F10% & ()-10% & () - WVASE?

solvent, isopropyl alcohol, and de-ionized water rinse.

13. The method according to Claim 1 wherein said step of
etching away said ARC layer within said opening

comprises a plasma etch using CHFa, CFa, and Ar

chemistry.

14. The method according to Claim 1 wherein said step of
etching away said ARC layer within said opening
simultaneocusly etches away said hard mask layer

overlying said passivation layer.

15. A method of opening a contact to a metal bonding pad
in the fabrication of an integrated circuit comprising:

providing semiconductor devices structures in and
on a semiconductor substrate wherein said semiconductor
device structures are covered by an insulating layer;

depositing a metal bonding pad overlying said
insulating layer;

depositing an anti-reflective coating (ARC) layer
overlying said metal bonding pad;

depositing a passivation layer overlying said ARC
layer;

depositing a hard mask layer overlying said

passivation layer;
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., 10% & ()-(10% & ()-&10% & () -$KvaB77 10" ;s10% & ()- 10% & ()-R@YG 2002
10% & ()-z 10% & ()- L, 10% & ()-! @A0%"& ()-*]j K7 10" 109%& ()-yglO%& ()-
L 109 ()-1 109 ()-! 39%A0%: ()- 10" 10"/dEK7 10" - 10% ()-9! 10%& () -

GLOY& ()-: 109%& ()-sS109%& ()- F10%& ()-3bC 10" L10%& () - 3MLOY& () - M &L0%& () - M
10 10 10 ;s109% ()-S/y 109 ()-.eq[ dEbC 10" !f

109& () - S109& () - %409& ()-109& ()-9G 109%& ()- 109 ()-bC

10" 9&109% & () - MA10% & ()- 10 10

forming a photoresist mask overlying said hard mask
layer having an opening where said contact opening to
said metal bonding pad is to be made;

etching through said hard mask layer and said
passivation layer not covered by said photoresist mask
and stopping at said ARC layer;

thereafter removing said photoresist mask and
cleaning said opening wherein said ARC layer protects
said metal bonding pad; and

thereafter etching away said ARC layer within said
opening wherein said hard mask layer overlying said
passivation laver prevents erosion of said passivation
layer thereby preventing contamination of said metal
bonding pad to complete opening said contact to said

metal bonding pad in said fabrication of said integrated

circuit.

16. The method according to Claim 15 wherein said
semiconductor device structures comprise gate
electrodes, source and drain regions, and

interconnection lines.

17. The method according to Claim 15 wherein said metal

bonding pad comprises one of the group containing
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-109& ()-&F:10%&' ()-1(S 10%& ()-, &S109%&' ()- &gl0%&' ()-g

10%&' () - YR&&&&E&&(=(b@ 10"! &' 10%"c"& ()-S 10% & ()-Y 10% & ()-M 10 10 10;
s10%' ()-y/S 10%& ()-=(v(0)))o+g+r+s+dE:/ 10" 10" y;s10W & ()-f&y

10 & ()-S&I0W & ()- PLO0W & ()-z 10W & ()-910% & ()-s+t+++,,-:-uV7/
10109&' ()- 109& ()-!t9110% ;& ()-f

aluminum, aluminum-copper, aluminum-silicon, and

aluminum-copper-silicon.

18. The method according to Claim 15 further comprising

depositing a barrier metal layer underlying said metal

bonding pad.

19. The method according to Claim 15 wherein said ARC
layer comprises titanium nitride, titanium tungsten,
organic ARC materials, and inorganic ARC materials and

has a thickness of between about 100 and 500 Angstroms.

20. The method according to Claim 15 wherein said
passivation layer comprises silicon nitride having a

thickness of between about 5000 and 20,000 Angstroms.

21. The method according to Claim 15 wherein said
passivation layer comprises high density plasma oxide
and silicon nitride having a combined thickness of

between about 5000 and 20,000 Angstroms.

22. The method according to Claim 15 wherein said hard
mask layer comprises titanium nitride, titanium
tungsten, and organic ARC materials and has a thickness

of between about 100 and 500 Angstroms.
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23. The method according to Claim 15 wherein said step
of etching through said hard mask layer and said
passivation layer comprises a plasma etch using CHFs,

CFa, and Ar chemistry.

24. The method according to Claim 15 wherein said step
of removing said photoresist mask comprises stripping

said photoresist mask using 0=2/CF. plasma ashing.

25. The method according to Claim 15 wherein said step
of cleaning said opening comprises a wet chemistry

organic solvent, isopropyl alcohol, and de-ionized water

rinse.

26. The method according to Claim 15 wherein said step
of etching away said ARC layer within said opening

comprises a plasma etch using CHFs, CFa4, and Ar

chemistry.

27. The method according to Claim 15 wherein said step
of etching away said ARC layer within said opening
simultaneously etches away said hard mask layer

overlying said passivation layer.
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10!f|.%10%&f£é:fA.é@%§g@ gk'ég%ning a contact to an aluminum bonding

pad in the fabrication of an integrated circuit
comprising:

providing semiconductor devices structures in and
on a semiconductor substrate wherein said semiconductor
device structures are covered by an insulating layer;

- depositing a aluminum bonding pad overlying said

insulating layer;

depositing an anti-reflective coating (ARC) layer
overlying said aluminum bonding pad;

depositing a silicon nitride passivation layer
overlying said ARC layer;

depositing a titanium nitride layer overlying said
passivation layer;

forming a photoresist mask overlying said titanium
nitride layer having an opening where said contact
opening to said aluminum bonding pad is to be made;

etching through said titanium nitride layer and
said passivation layer not covered by said photoresist
mask and stopping at said ARC layer;

thereafter removing said photoresist mask and
cleaning said opening wherein said ARC layer protects
said aluminum bonding pad; and

thereafter etching away said ARC layer within said

opening wherein said titanium nitride layer overlying
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- 29. The method according to Claim 28 wherein said
semiconductor device structures comprise gate
electrodes, source and drain regions, and

interconnection lines.

30. The method according to Claim 28 wherein said ARC
layer comprises titanium nitride having a thickness of

between about 100 and 500 Angstroms.

31. The method according to Claim 28 wherein said step
of etching through said titanium nitride layer and said
passivation layer comprises a plasma etch using CHFs,

CFa, and Ar chemistry.

32. The method according to Claim 28 wherein said step
of removing said photoresist mask comprises stripping

said photoresist mask using 0=/CF. plasma ashing.
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33. The method according to Claim 28 wherein said step

of cleaning said opening comprises a wet chemistry

organic solvent, isopropyl alcohol, and de-ionized water

rinse.

34. The method according to Claim 28 wherein said step
of etching away said ARC layer within said opening
comprises a plasma etch using CHFs, CFa, and Ar

chemistry.

35. The method according to Claim 28 wherein said step
of etching away said ARC layer within said opening

simultaneously etches away said titanium nitride layer

overlying said passivation layer.
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