; >?e3e*v{' xxy<z"*zz6"{Tv{ %o~~~ap~~~ || WWVBI ~I ~VONI ~ METHOD OF USI NG
.HYDROGEN PLASMA TO PRE- CLEAN COPPER SURFACES DURI NG Cul Cu or Cu/ METAL
BONDI NG FI ELD OF THE | NVENTI ON The present invention relates generally to
bondi ng pad formation used in integrated circuits, and specifically to an
i nproved nethod of attaching a Cu wire to a Cu bondi ng pad. BACKGROUND OF
THE | NVENTI ON Bond pads are electrically connected to device el enents
wi thin the sem conductor die structure and provi de exp regi ons
of the die permtting electrical connection to corrponemmmwmmmmm"to t he
die. Typically, a bonding wire, for exanple copper, is bong E sl c> the

e

bondi ng pad at one end and a portion of the lead frane at t c)thcl' end.
Bondi ng pads nay consi st of copper. However, natural oxidation of the

copper (Cu) bonding pad surface |leads to CuO~ formation

undesi rabl e high contact resistance bet~Neen the Cu w rwmmﬁmmwmmlmal pad
during the bonding process. U S. Patent No. 5, H85,765 to 1l-izsh@o et al.
describes a process to etch the passivation opening over n bondi ng pad
(BP). A capping |layer, having a low etch rate, is forned on the bondi p pads
to prnment their over-etching while fuse openings are etched to the desired
depth mthe thicker insulating |ayers. U S. Patent No. 5,824,234 to Jou et
al . descr METHOD OFdSSING Hatiwr OeENI Rios 5 MeA dud PR B+ dE AN QOPPERand net al
Fluoride fornmed in the etching process fromover a bonding pad, reducing
the contact resi SUREACES. ISURINETuw/Nu oSCORIEIX. BONDBINGr describes a
nmet hod for fabricating bonding pads that utilizrs a netal cappm-; | ayer
over a bonding pad that is

FIELD OF THE INVENTION

The present invention relates generally to bonding pad formation
used in integrated circuits, and specifically to an improved method of attaching a

Cu wire to a Cu bonding pad.



produced with only two mask and etch steps. The bond pad will w thstand
anbient tenperatures up to approximately 200C. Wil er describes a capping
met hod and arrangenent which prevents corrosion of the netallization |ayer
and prohibits internetallic growh between the bond pad and t he bondi ng
wire. US Patent No. 5,7-1> Ua7 to Chen et al. describes a process
protecting a bonding pad from damage by rcw~r~n, ~; tht~ bonding pad with a
protective cap of a di BACKAROUNBDrORETHEUNVENTION | paSswation t hat
protects the bonding pad froma solution suitable to etch contact holes m
the final passivation |ayer. SUMVARY COF THE | NVENTI ON Accordingly, it is
an object of the present invention to provide a nethod of attaching a wire
to a nc.~to | boBbridigafadré htedricftpessnecaatiact déest slanerts withintiher

obj ect of the present inv~~ltion is to provide a nethod of attaching a
copper séhii€ot@uéot oPRestriendicngnPashkdviat Bistdesoritaet aegiongngerthe afieact
between tile copper wire and the rapper bonding pad. Yet another object of
the premetittinl elctOfall rirecBbaVicdeod pibhadetbr@dlt RCtHadi® TEPRENyWare to
a copper bonding pad that provides for better reliability. Q’her objects
v~=~ill b@@m@% wies goraki@ible bbphas 1 OvABE t) e BoddModd al ohe @ntiehd at he
above and other objects of the present invention nay be acc~npUshed in the
f ol | owgtiPRYIGke 1eaRe®h fkCakhyot@r 801 conductor die structur a hav inb an
exposed netal bonding pad within a chanber is provided. The bondi ng pad has
an upper surface. A hydrogen-plasnma is produced within the chanber f rama
pl asma sour ce. The netal bonding pad is precleaned and passivated with the

hycl rof ; en- pl asmepdiihgoMs &Ry dRLadk &@oﬁ@d@%@%v@ﬂ hhreraesadabendifng pad
upper surface. Awre i's then bonded to t passi vated netal bonding pad. 4

BRI EF ke p@r%@b%ﬁ@%@ﬁ%fﬁ@&%tw ESCANEh AU 386811Rly H@nTet hod

of attaching'a wire t bondl ng pad according to thr preSent

| nvent i%é@ﬁﬂabl@ﬁg@ﬁé@t%ﬁ%@k&1%@%%%%88%@ .‘1Qear(&b'\k}?¥4gﬂﬂlﬁ%§8ﬁhpg on

taken in conjunc W the ‘acconpanyi ng drawi ngs m ( e ref &rence
nunera“%eq%gﬁgggngﬁgglIar or corresponding el enments, regions and pe~rt~cns
: gs.

<111d mwhic to 3 schematically illustrate in cross-sectional
representation a preferred enbodi nent of the present uwention. Figs. 4A and
~B schematically illustrate exanpl e tool configurations

U.S. Patent No. 5,985,765 to Hsiao et al. describes a process to etch the
passivation opening over a bonding pad (BP). A capping layer, having a low etch
\ rate, is formed on the bonding pads to prevent their over-etching while fuse

openings are etched to the desired depth in the thicker insulating layers.

U.S. Patent No. 5,824,234 to Jou et al. describes a process of removing
fluorine-containing polymers and metal fluoride formed in the etching process

from over a bonding pad, reducing the contact resistance.

U.S. Patent No. 5,559,056 to Weiler describes a method for fabricating

bonding pads that utilizes a metal capping layer over a bonding pad that is

t2



wi th which the present invention may be practiced. Figs. 5A and 5B
.schematically illustrate exanple ICP reactors with which the present
invention may Lmyl'<l~t1COd 5 DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENT Accordingly Fig. 1 shows a schematic cross-sectional diagram of
metal bonding pad 16 of an integr ~ ted circai t that i nc | odes

sem conductor die str ucture 10 within a chanber. Sem conductor di ~~

5t r uct praduceld(With-oripdevshasidahd epdsseps. \THeisdrutpad vallniithstdndtambisat er  or
subbtrat ~, active and passive devices forned within the wafer, conductive
| ayer stempeditetescip ite appyexisnatelyg200°nivéeH@ollyscoibiesl@ (alpphg meathexinatdl
dielectric (IMD), etc.) Forned over the wafer surface. The term

" sem candngetorendiwhidly puetdnte corosimant the mecdllideticie\apasahdrpmdibits hi n a
sem conductor wafer and t11 |ayers overlying the wafer. Unl ess otherw se
speci f iredrmatallisgrawethib@sechalie bsndglael aridshdisoridingedirer acconpl i shed by
conventional nethods known in the prior art. Metal bonding pad 16 may be
conprised of alum num (Al)or alum num copper alloy (Al-Cu)) and preferably
copper, and contacts underlying circuitry 12 that may be covered by

insul ating di el ec).gi RateRY 8o, 54719RBOUB AL ME e PAS Slie¥@ihe@m payeEs potleStifHOW N
on top of the integrated circuit through which contact hole 30 has been

et ched a%@li%@\é@ At 18288y E6véon Peibon&ngidd wath £pritaedivd eapponsi ng
pad 16. 6 ntact hole 3U 15 etched open at a final stage in integrated

ci rcui didladricCabt@hiasndr Waheh! 6RIPSatich Mhat Brofidth ithe @@ nding Maeofrahed
circuits before separation into individual circuit dice. Bonding pad

StrUCtBBE&&%\éﬂQMﬂehﬁe%h&on&m&ﬁoﬁﬂhﬁthéhHﬁF?ﬁkhMﬁkﬂJb?epondlng pad
structure and is nut 1l1ltellded to be limting. Metal "bonduy pad 16 nov hwm
nat ural oxidized | ayer 20 thereover caused by reaction of netal bcinci~ng
pod 16 with water vapor in the anbient atnosphere. For exanple copper
bondi ng pad 16 woul d have Cu02 | ayer 20 thereover which would result in
undesired contact resistance between wire 24 (see Fig. 3) and netal bonding
pad 16 during the bonding process. As necessary, bonding pad 11 nay be
masked in the area of non interest (not shown) so as tU Inlnllnlzc.' any
damage due to the pending plasma power. It is noted that for nodern

i ntullyent bond~~rs) masking is not required. As shown in Fig. 2, bonding
pad structure 11 may be transferred to a

(93



separate plasma chanber within which hydrogen-plasm is generated. The
.process of the present invention is preferably done vvlitllin a bonding tool
havi ng a separate plasna chanber. For exanple, Fig. 4A Uustrat~s an

encl osure 100 having H~ plasma tool 102 and bonding tool 1U4 ccrm~~cted by
tron5fer nmechani sm 106 by which wafer 7 10 (not shown) is transferred
b~~t w=~~~n tools 102, 1U4. Enclosure 100 is purged with NZ. Fig. 4B
illustrates an alternat eSHMMARNYEDF THEIRVENTRON Ol s are mone. Wafer 10
is secured on wafer chuck IUti within dual tool 11U (H2 plasma tool and
bonding tool). Plasma source 17 2 comruni cates with enclosure 110 (hence
downstream plasma). |-1~ plasma is | ~rcwi ded to enclosure 11U from pl asna

source 112. The bordirathelpolt fsUCIIbREL BRY tHThRedeR@iAVERNTBR 48SpRIViaE &
t her nosoni c. Hydrogen-plasma 22 is generated by a plasna source (not shown)

t hat Wetﬁb&h‘ﬁ%ttﬁ@hf#ﬂ%g’a RGte &%h%'&hﬁ%oﬂdmg [Ja@tﬂm@tl reBLRELcoMthdt BEibtanE.
downstream so as to further reduce damage. The hydrogen source may be NH~,
H2, N~ + Hz, He + H" or Ar + HZ and the hydrogen-plasna i5 forned under the
foll ow ng paranmeters: power: from about 5U to 20U Wfor parallel plate; or

from about 25(1 tp fﬁi‘t}HQr %ﬁ&‘f lo@'QW@%r@?@}m inveABonf 1548 3RWde AUnkth &P of

seconds, and nore preferably |ess than about 3U seconds; Hz flow (as

sel ect g chfd g‘ r wikd & ?P%&Vbﬁﬂg%mgﬁgg g%%tﬁl!g?@ﬁrgégie%ekﬁ'c& eonglel: OM

about 10U to OU’'seem NH3 (as s m about 5U to 5n seem
Fi gs. 26naRebehedd IHaoppbf WIRNSS R &S RXHIRlEn s PRG! gur ations of inductive
coupl eg pFE{a&SH’B. (?L(Elld rE%fctor . r~Ls&ﬂ1*ﬁustréjt%EfiB| n Fig. 5A wafer 10 is
secured on wafer chuck 105 with ground 12U within a first |ICP reactor.

Sem ci rcul ar

Yet another object of the present mvention is to provide a method of

attaching a copper wire to a copper bonding pad that provides for better reliability.

Other objects will appear heremafter.

It has now been discovered that the above and other objects of the

, present invention may be accomplished in the following manner. Specifically, a
semiconductor die structure having an exposed metal bonding pad within a
chamber is provided. The bonding pad has an upper surface. A hydrogen-plasma is
produced within the chamber from a plasma source. The metal bonding pad 1s pre-
cleaned and passivated with the hydrogen-plasma to remove any metal oxide
formed on the metal bonding pad upper surface. A wire is then bonded to the

passivated metal bonding pad.



pl ate 114a is spaced apart fromwafer chuck 108. RF power flows through
.coils 112a to provide the H- plasma 22. As illustrated in I=ig. 513, wafer
10 is secured on wafer chuck 108 within a second 1CP reactor. Partially
rectangul ar plate 114b is spaced apart from wafer chuck 108. RF power fl ows
t hrough coils 112b to provide the H plasma 22. Hydrogen-plasma 22

pre-cl eans and passivates netal bonding pad 16, renoving oxidi zed | ayer 20.
The p~~5~ivat~on ret BRIEFGIRSCRIPTEONOQFAPHEADRAWIRIGS bondi ng pad 16 and
to form passivated netal bonding pad 16'. As shown in Fig. 3, and while
bondi ng pad structure 11 is still w thin hydrogen-plasma environnment 22,
wre 24 is bonded to passivated netal bonding pad 16' at 26 thus reducinb

the contact resi gtanegryBaSsidvad chiaBEALf PAndididoRadt bachhsa RifeMdt s a
stronger con taet wlth W11l e 24 and makes for better reliability. Wre

24 may nb@cabm‘d‘rﬁgt}@a@%@o%nﬂ,a% L BYLsf'éntt herREREBAPLKIASHO MBFe tdll@arlmpsom c
nmet hod. Wre 24 nmay be conprised of gold (Au) or copper (Cu) alloy, and is

pref er ablders@RRE Frothiche Rﬁréw %fe:;@ﬁ?@f&mﬂkénoﬂcn tR& M@c tw'lt'P\VQHE' on
have been illustrated and descr IS not |ntende imt the

| nvent 'a?&mﬁéﬁ?ﬂ%ﬁ@%a%ﬁésngg vp%chhl‘?ké 9“(98\91&9119%1‘% d@e}lﬁ%ag-gilnl\’ﬁ’alv\érd ai m

1. A nethod dlngavmretoameta bondi ng pad, rising the steps
of I pr e¥iAkBondin %beéiéﬁ%ﬂ@,u& 2bng ngd?)utlr'@xt\sum% hawHigh:an exposed netal bonding
pad within a cha Sdld}b C) ndl | pad I'ldViI1g an upper surface;
produci ng a hydrol ; en-pl asma mﬁh ~n sald chanber froma plasm source; 5
pre-cl eaning and passivatinf; Sald netal bonding pad with said hydrogen

plasma to r em)vecl:iiﬁg{ ! @-'bcﬁéﬁhqﬁc g»r ﬂF.?LtPaQe ?1@'&05@%%@*109 2139 B?ﬁgtbwger

surface; and bon wre to aned and pasb5l vat ondi ng
pad. preferred embodiment of the present invention.

Figs. 4A and 4B schematically illustrate example tool configurations

with which the present invention may be practiced.

Figs. 5A and 5B schematically illustrate example ICP reactors with

. which the present invention may be practiced



2. 'The nethod of claim1l1, wherein said netal bonding pad is conprised of a
.material selected fromthe group conprising Al, Al-Cu, and Cu, and said
wire is conprised of a material selected tramthe group conprising Au, a
copper alloy and copper. 3. The nethod of claim1, wherein said plasma
source is direct. 4. The nethod of claim1l1l, whereuz Said plasma source is a
parallel plate with RF. 5. The nethod of claim1, wherein Said plasna
source i s doDENAHED DRESIRATIAD ORI AR FHBR REDABMBODAMEKHa MO, zKw

hf ~yt oj d_ZU] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] ca] ca] c”fa] ca] ca] ca] cha] cha]c”Ma] c<a] cRa! 5 {

G7<"3x" SBi X vqgl gb] X] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c™a]ca]ca]ca]ca]calc
a] ca] ca] ca] c"a] cahealkraald h,flhcaimd & alicahsad eRsCEbdid¥eAdiaglam of metal
FCI110"#}xsnid_Z] c]]ca] ca caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] C
a] ca] cajuafis@paalicadfca] Gadealendical € et &) @ al#SerbbO RV &F&8&&&Hre 1D ' ' / (2
(COD))*E**Twnmhc”™Y] c] ] caﬁ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca]
c™a] calwahiad epdeBhea] ca] ca] ca] ca] ca] ca] ca] ca] ca! ***$$DBBOBEFEE’&&&E """ """
I(z((()[)))*E**| wmhc”Y] c]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caPz% K- y#10%&' () -

109%&' ()-109% ()- 109& ()- 109& ()- 10%& () -

Y10%& () - ¥8BCDEahl &ﬁ&d&d@ct&ro%% (t) ucttnc l ) iy understood to Eossxbloy include a
@10%& ()-z109% ()-S10% ()-10101 Oy 109" () - MOdBhI y#109% 7% Y09 () -

0% ’OL':.a a Ou assi i ithy
@ 10%enl ko @UE Ly, 0o, SN e RO s (RGO

wafer, conductive layers and dielectric layers (e.g., inter-poly oxide (IPO),

intermetal dielectric (IMD), etc.) formed over the wafer surface. The term
“semiconductor die structure” is meant to include devices formed within a

semiconductor wafer and the layers overlying the wafer.

Unless otherwise specified, all structures, layers, etc. may be formed

or accomplished by conventional methods known in the prior art.

Metal bonding pad 16 may be comprised of aluminum (Al)or
aluminum copper alloy (Al-Cu), and preferably copper, and contacts underlying
circuitry 12 that may be covered by insulating dielectric layer 14. Protective
passivation layer 18 is shown on top of the integrated circuit through which contact
hole 30 has been etched open above bonding pad 16 to permit electrical contact to

bonding pad 16.
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Contact hole 30 15 etched open at a final stage in integrated circuit
fabrication as a wafer comprising a multitude of integrated circuits before

separation into individual circuit dice.

Bonding pad structure 11 shown in Fig. 1 is only illustrative of a

bonding pad structure and is not intended to be limiting,.

Metal bonding pad 16 may have natural oxidized layer 20 thereover
caused by reaction of metal bonding pad 16 with water vapor in the ambient
atmosphere. For example copper bonding pad 16 would have CuO, layer 20
thereover which would result in undesired contact resistance between wire 24 (see

Fig. 3) and metal bonding pad 16 during the bonding process.

As necessary, bonding pad 11 may be masked in the area of non-
interest (not shown) so as to minimize any damage due to the pending plasma

power. It is noted that for modern intelligent bonders, masking 1s not required.

As shown in Fig. 2, bonding pad structure 11 may be transferred to a
separate plasma chamber within which hydrogen-plasma is generated. The process
of the present invention is preferably done within a bonding tool having a separate

plasma chamber.

For example, Fig. 4A 1illustrates an enclosure 100 having H, plasma

tool 102 and bonding tool 104 connected by transfer mechanism 106 by which wafer



10, 109& ()-f -#10%& ()- ,10%& ()- 3109 ()- 10 10 10f9s10%& ()-3x aB7C8
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Fig. 4B illustrates an alternate arrangement wherein two tools are in
one. Wafer 10 is secured on wafer chuck 108 within dual tool 110 (H2 plasma tool
and bonding tool). Plasma source 112 communicates with enclosure 110 (hence
downstream plasma). H, plasma is provided to enclosure 110 from plasma source

112. The bonding tool function may be a thermocompression or a thermosonic.

Hydrogen-plasma 22 is generated by a plasma source (not shown)
that may either be direct (such as a parallel plate with RF), or downstream so as to
further reduce damage. The hydrogen source may be NH,, H,, N, + H,, He + H,, or
Ar + H, and the hydrogen-plasma is formed under the following parameters:

power: from about 50 to 200 W for parallel plate; or

from about 250 to 800 W for downstream;

. time: from about 10 to 60 seconds, and more preferably less than about 30

seconds;
H, flow (as selected): from about 50 to 500 sccm;
He or N, flow (as sclected): from about 100 to 1000 sccm;

NH, flow (as selected): from about 50 to 500 scem;

Figs. 5A and 5B illustrate generalized example configurations of

inductive coupled plasma (ICP) reactors. As illustrated in Fig. 5A, wafer 10 is

secured on wafer chuck 108 with ground 120 within a first ICP reactor. Semicircular



10z 10z 10z&9s10%& ()-y5, #10%& ()- " 310%& ()-S/ 10%& ()- =AYdEnbC8
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to provide the H, plasma 22. As illustrated in Fig. 5B, wafer 10 is secured on wafer
chuck 108 within a second ICP reactor. Partially rectangular plate 114b is spaced
apart from wafer chuck 108. RF power flows through coils 112b to provide the H,

plasma 22.

Hydrogen-plasma 22 pre-cleans and passivates metal bonding pad 16,
removing oxidized laycr 20. The passivation retards any further oxidation of metal

bonding pad 16 and to form passivated metal bonding pad 16'.

As shown in Fig. 3, and while bonding pad structure 11 is still within
hydrogen-plasma environment 22, wire 24 is bonded to passivated metal bonding
pad 16’ at 26 thus reducing the contact resistance. Passivated metal bonding pad 16’

also permits a stronger contact with wire 24 and makes for better reliability.

Wire 24 may be bonded to bonding pad 16' by a thermocompression

or thermosonic method.

Wire 24 may be comprised of gold (Au) or copper (Cu) alloy, and is
preferably copper.

While particular embodiments of the present invention have been
illustrated and described, it is not inlended to limit the invention, except as defined

by the following claims.
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1. A method of bonding a wire to a metal bonding pad, comprising the steps of:

providing a semiconductor dic structure having an exposed metal bonding

pad within a chamber; said bonding pad having an upper surface;
producing a hydrogen-plasma within said chamber from a plasma source;
5 pre-cleaning and passivating said metal bonding pad with said hydrogen-

plasma to remove any metal oxide tormed on said metal bonding pad upper

surface; and

bonding a wire to said cleaned and passivated metal bonding pad.

2. The method of claim 1, wherein said metal bonding pad is comprised of a
material selected from the group comprising Al, Al-Cu, and Cu, and said wire is

comprised of a material sclected from the group comprising Au, a copper alloy and

. copper.
3. The method of claim 1, wherein said plasma source is direct.
4. The method of claim 1, wherein said plasma source is a parallel plate with
RE.

5. The method of claim 1, wherein said plasma source is downstream.
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