2 2 MAR 2005 METHOD OF USI NG HYDROGEN PI ASMA TO PRE- CLEAN COPPER SURFACES
DURI NG Cu/ Cu or Cu/ METAL BONDI NG FI ELD OF THE | NVENTI ON The present
invention relates generally to bonding pad formation wused in integrated
circuits, and specifically to an inproved method of attachEKEB@ Cuwireto
a Cu bonding pad. 1 2 2 MAR 2006 BACKGROUND OF THE | NVENTI AR 8kis are
electrically connected to device elenents within the sem conductor die
structure and provi de exposed contact regions of the die permtting

el ectrical connection to conponents external to the die. Typically, a
bonding wire, for exanple copper, is bonded to the bonding pad at one end
and a portion of the lead frane at the other end. Bondi ng pads nay consi st
of copper. However, natural oxidation of the copper (Cu) bondi ng pad
surface leads to Cu2 formation resulting in an undesirable high contact
resi stance between the Cu wire and Cu netal pad during

METHOD OF USING HYDROGEN PLASMA TO PRE-CLEAN COPPER

SURFACES DURING Cu/Cu or Cu/METAL BONDING

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.




t he bonding process. U. S. Patent No. 5,985,765 to 1-lIsiao et al. describes
a process to etch the passivation opening over a bonding pad (BP). A
capping layer, having a low etch rate, is fornmed on the b§n3|M@Rdﬁm$ 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 renoving fluorine-containing polyners and netal

fluoride formed in the - THIODINOENTEWondi ng pad, reduci ng

the contact resistance. U S. Patent No. 5,559,056 to Weiler describes a
met hod for fabricating bonding pads that utilizes a metal capping |ayer
over a bonding pad that is 2 2 2 MAR 2006 produced with only two nmask and

etch steps. The bBouddpgadiswiild eletitritatlgnebramdi@nto deomRes1ainhes wibhitOthe -
approxi mately 200C. Wil er describes a cappi ng nethod and arrangenent

whi ch prasvisansiuctor dse enafuihenoepablidiatx9dsddayehtaandePIRMY BE ttﬁg die
internetallic growh between the bond pad and the bonding wre. U. S Patent

No. 5, 7A@nit87igtdeChienl ebnatctidess bhgforridé QCRSRaPIPHEC N IT Igachﬁﬂ)dhng pad
from damage by covering the bonding pad with a protective cap

bonding wire, for example copper, is bonded to the bonding pad at one end and a

portion of the lead frame at the other end.

Bonding pads may consist of copper. However, natural oxidation of
the copper (Cu) bonding pad surface leads to CuQ, formation resulting in an

undesirable high contact resistance between the Cu wire and Cu metal pad during

the bonding process.

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
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dielectric material prior to final passivation that protects the bonding
pad froma solution suitable to etch contact holes in the final
passivation layer. 2 2 MAR 2006 SUMVARY. OF THE | NVENTI ON AcZ AR nglgy, it is
an object of the present invention to provide a nethod of attaching a wire
to a nmetal bonding pad that reduces contact resistance, A further object
()f tile pl-esellt invention is to provide a nethod of attaching a copper
Wre tdxggé%ﬁ & SRYT Ho pars kst etph stapgeShe bond pstdrwillenthstrabatitdnt
bet ween t he Cﬁ&ger wire ajid the COBPer bondi ng pad. Yet another object of
the preSEMRAVERLIPOIP FRPIVIHARIY d80E nbtehiod doberilatst @ ciyp piggamedppRendi re t o
a copper_bondin d that provides for better reliability. Qher objects
wil | ap‘Bé%Rg‘ﬂB?‘gT E‘g?"?@rl?ml‘fﬁl‘lﬁa@fﬁﬁw>be@frﬂim sudviizatiothlayet hedapasabagd
ot her abjects of the present invention nmay be acconplished in the
fol | owi’™H rﬁﬁﬂﬁg‘f:.gfgh’é]éibﬂ‘ﬁwﬂ {he bondspad enddiie bonditigewser uct ure havi ng an
exposed netal bonding pad within a chanber is provided. The bondi ng pad
has an upper surface. A hydrogen-plasma is produced within the chanber
froma plasma source. The netal bonding pad is pre-

U.S. Patent No. 5,719,087 to Chen et al. describes a process protecting

a bonding pad from damage by covering the bonding pad with a protective cap of a
dielectric material prior to final passivation that protects the bonding pad from a

solution suitable to etch contact holes in the final passivation layer.
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cl eaned and passivated with the hydrogen-plasnma to renove any netal oxide
formed on the netal bonding pad upper surface. Awre is then bonded to the
passi vated netal bonding pad. 4 2 2 MAR 2906 BRI EF DESCRI P-QL%&EW

DRAW NGS The features and advantages of the nethod of attachin etoa
met al bondi ng pad according to the present invention will be nore clearly
understood fromthe follow ng description taken in conjunction wth the
acconpanyi ng draw ngs i nﬁ%&éﬂﬂﬁk@ﬁ"ﬁﬂ@@ﬁb’ﬁmmm s designate simlar or
correspondi ng el enments, regions and portions and in which: Figs. 1 to 3
schematically illustrate in cross--sectional representation a preferred
enbodi nent of the present invention. Figs. 4A and 413 schematically

il lustrate exanplacewdinglynfit gueatdlgast ofvithé prbiah tHRenBbASRNbrdMYEN,i on
may be practiced. Figs. 5A and 513 schematically illustrate exanple ICP

r eact orgetiiadof attrcbing haevipe esentetiliventihgpadBka PR AUBS EAEE: reSistance,

A further object of the present invention is to provide a method of

attaching a copper wire to a copper bonding pad that provides for a stronger

contact between the copper wire and the copper bonding pad.

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

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

Other objects will appear hereinafter.

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

, present invention may be accomplished in the foHowing 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 is 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.




2 2 'MAR 2006 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT Accordi ngly
Fig. 1 shows a schematic cross-sectional diagramof netal bonding pad 16
of an integrated circuit that includes sem conductor die sty gMe 10

Wi thin a chanmber. Sem conductor die structure "10 is under st ssibly
include a sem conductor wafer or substrate, active and passive devices
formed wthin the wafer, conductive |ayers and dielectric |ayers (e.g.,
inter-poly oxide (|PEBRIEF DXESGRIPAION e eTHE DXAMINGStc.) formed over the
waf er surface. The term "sem conductor die structure” is nmeant to include
devices forned within a sem conductor. wafer and the |ayers overlying the
waf er. Unl ess otherw se specified, all structures, |ayers, etc. may be

formed or acconplhsfieduby senventi Lcﬂ&hBQﬁﬁ&Kﬂp &&jhﬁgapﬁhRJuﬁét'
Met al bondi ng pad 16 may be conprised of al um num ( um num copper

al | oy (wetzuonding praelf ecabidingoppeto }ﬁaqlqomxﬁﬁtﬁ)m%%r LYl R re CUESHY L TY 12

that nmay be covered by insulating dielectric |ayer . Protect

pa33|vammmmﬁhaxeniiﬁxH&esh@M@mert@gmgf[hne1h Eﬁgh glﬁhgﬁgﬁt%%gigHggrnit

whi ch contact hole 30 has been etched open a ove ng pa
el ect riabogentyaet dr@wings in which like reference numerals designate similar or

corresponding elements, regions and portions and in which:

Figs. 1 to 3 schematically illustrate in cross-sectional representation a

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.




bondi ng pad 16. 6 2 2 MAR 2006 Contact hole 30 is etched open at a final
stage in integrated circuit fabrication as a wafer conprising a nultitude
of integrated circuits before separation into individual Ccisr %g$ di ce.
Bondi ng pad structure 11 shown in Fig. | is only iIIustrativz R 200fbondi ng
pad structure and is not intended to be limting. Metal bonding pad 16 may
have nat ur al OX|d|zed | ayer 20 thereover caused by reaction of netal
bondi ng pad 1 O OFEHEFPR ERER REDTEMBOTMENT exanpl e
copper bonding pad 16 woul d have CuQA | ayer 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 fncardengydigof sinomns aishk@hese c1(d§915e§tw)<111§§ of IQ\EFQ ni mze
any damage due to the pending plasma power. It is note t tor ern

i nt el | i pEting padeltsof araskigig técscinatit teguihd gdes %nﬁ@ﬁ&ﬂcﬂo@d% &m@?{‘dl ng
pad structure 11 may be transferred to a separate plasnma c er W thin
whi ch hyithogyenhpinksna i s generated. The process

Semiconductor die structure 10 is understood to possibly include a
semiconductor wafer or substrate, active and passive devices formed within the
wafer, conductive layers and dielectric layers (e.g., inter-poly oxide (IPQ),
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 {(Aljor
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.




of the present invention is preferably done within a bonding tool having a
separate plasma chanber. For exanple, Fig. 4A illustrates an enclosure 100
having Hh plasma tool 102 and bondi ng tool 104 connect?d bM Rr@gﬁfer
mechani sm 106 by which wafer 7 2 2 MAR 2006 10 (not shown; |é t sferred
bet ween tools 102, 104. Enclosure 100 is purged with Fig. 4B illustrates an
alternate arrangenent wherein. twd tools are in one. Wafer 10 is secured
on wafer chuck 108°Wachiwladals todiediapey M2 apfiashetagedh indegrabahdirngitt ool ) .
Pl asma Seurce 112 communi cates with enclosure 110 (hence downstream

pl asma)iaPHCaEPRsAR d SV phesviatapTistngic inosisite db10f finteprptak rbrcadisr beford 12.
The bonding tool function nay be a thernoconpression or a thernosonic.

Hy dr ogeifPpraisaint ingividurd catced diye.a pl asma source (not shown) that may
either be direct (such as a parallel plate with RF), or downstreamso as to
further reduce damage. The hydrogen source may be NH3, H2, N, + H" He + H'
or Ar + H2 and the hydrogen-plasma is fornmed under the foll ow ng

paranet ers: powerBordiog pboutrt@uto 120how on Rar al ksebnlp! AkBitra®fve & #M
about 250 to 800 Wfor downstrean

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

Metal bonding pad 16 mayv have natural oxidized layer 20 thereover
caused by reaction of metat bonding pad 16 with water vapor in the ambient
atmosphere. For example copper bonding pad 16 would have CuQ, 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) s0 as to minimize any damage due to the pending plasma

power. It is noted that for modern intelligent bonders, masking is 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 illustrates an enclosure 100 having H, plasma

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




time: fromabout 10 to 60 seconds, and nore preferably | ess than about 30
seconds; H2 flow (as selected): fromabout 50 to 500 sccmi He or N2 flow

(as selected): fromabout 100 to 1000 sccm NH3 flow (as 23%3& edb: from
about 50 to 500 sccm Figs. 5A and 5B illustrate generaliz éﬁwﬂ ]

configurations of inductive coupled plasma (I.CP) reactors. As illustrated

in Fig.,5A fer 10 is secured on wafer chuck 108 with ground 120 within
a fi rstl[?@f}@t\lvg1

SOV Mg TeE brly e ats MR 1280Bnploaure 100 pergedacitt apar t
fromwafer chuck 108. RF power flows through coils 112a to provide the H2
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 fromwafer chuck 108. RF power flows through coils 112b to provide
the H2 plasma 22. Hydrogen-plasnma 22 pre-cleans and passivates netal
bondi ng pad 16, Figndiiitigsoxiediazed bayer adbhgehat paagbrabb0W6BLAEGS any

further oxidation of netal bonding pad 16 and to form passivated netal
bondi ngopradVager 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 scem:;
He or N, flow (as selected): from about 100 to 1000 scom;

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




As shown in Fig. 3, and while bonding pad structure 11 is still within

hydr ogen- pl asma environnment 22, wire 24 is bonded to passivated netal
bonding pad 16' at 26 thus reducing the contact resistanceg., Passivated
netal bonding pad 16° also permits a stronger contact wt LiNAR 280and
makes for better reliability. Wre 24 may be bonded to bonding pad 16' by a
therrmccirr%r gsi.on or therl;r_osoni .c method. Wre 24 may be conprised of gold
(Au) orP'@ plﬁl R 1Y eRACed syt TRy wiader riskdU8bRY pewppdlawsmiroaghanils & iar
enbodi nent s o%né\ge present invention have been illustrated and descri bed,
it is rfBtPTPKL ot Blasima 22 the i ynenied om FigdBeptafas 1@ éf sevaded by wirer
followng clains., 9 2 2 MAR 2086 W claim 1. A nethod of bonding a wire to
a met aICT‘l’s’@hd'iUﬁgWﬁém acwpnil dligraskienrs Papisaldf rectpguladipigteal BMscpadugt or

di e structure having an exposed netal bonding pad within a chanber; said

bondi ngRF&HIrRaY Widemehwip&is. Sl bavey faneduaiaghaoiydnopepRbas@ fhi n
sai d chanber froma plasma source; i
plasma 22.

Hydrogen-plasma 22 pre-cleans and passivates metal bonding pad 16,
removing oxidized layer 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 intended to limit the invention, except as defined

by the following claims.
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5 pre-cleaning and passivating said netal bonding pad with said hydrogen-
pl asma to renove any netal oxide formed on said netal bondi ng pad upper
surface; and bonding a wire to said cleaned and passivated netal bondi ng
pad while the netal bonding pad is within the hydr ogen-plZaé’nﬂARZgggghe
met hod of claim11, 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 fromthe group conprising Au, a
copper alloy and copper. 3. The nethod of claim1l, wherein said plasna
source i $Velclaeot. 4. The nethod of claim 1, wherein said plasma source is a
parallel plate with RF. 5. The nethod of claim 1, wherein said plasna
source i - donAdrdeimondinpa pirgaR DRG] EONTHE PRt KBIFBISIRG Biertans dhher ei n

o0 0, DS ogen e, LagReL el oM MR SRS IR MR
step of r}'g%al%ivﬂﬁmsf éﬁan?@e@ $aRd %%%Ei?x{g 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 formed on said metal bonding pad upper
surface; and

bonding a wire to said cleaned and passivated metal bonding pad while the

metal bonding pad is within the hydrogen-plasma.
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 selected 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

RF.

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

10




die structure to expose said nmetal bonding pad before said hydrogen-plasm
production step. 8 A nethod of bonding a copper wire to a copper bondi ng
pad, conprising the steps of: providing a sem conductor die structure
havi ng an exposed copper bonding pad within a chanmber; 24 MARoMBr bondi ng
pad having an upper surface; 5 producing a hydrogen-plasma wthin said
chanber froma plasma source; pre-cleaning and passivating said copper
bondi ng pad with said hydrogen- plasnma to renove any copper oxide forned on
sai d copper bondi ng pad upper surface; and bonding a copper wire to said
passi vat édTeoppehodohdiaig Ipachentin seid hedragncepperis beledieddrpadhe $roe hi n

t he hydrogen-plasma. 9. The nethod of claim8, wherein said plasma source

i s di receompismgaNibt HodVNof Fol Herh 18, atHetet lzsai d pl asma source is a

parallel plate with RF. 11. The nethod of claim8, wherein said plasma
source is downstream 11 2 2 MAR 2006 12. The net hod of claim 8, wherein

said hydl%p,?ﬁg mse u(l; gf icI%in%eil, ?L%ttﬁgf 1];1&%@11;1@ ﬁwgsrtg}laj Bf masking said semiconductor
die structure to expose said metal bonding pad before said hydrogen-plasma

production step.

8. A method of bonding a copper wire to a copper bonding pad, comprising the
steps of:
providing a semiconductor die structure having an exposed copper bonding
pad within a chamber; said copper bonding pad having an upper surface;
5 producing a hydrogen-plasma within said chamber from a plasma source;
pre-cleaning and passivating said copper bonding pad with said hydrogen-
plasma to remove any copper oxide formed on said copper bonding pad upper
surface; and
bonding a copper wire to said passivated copper bonding pad while the

10 copper bonding pad is within the hydrogen-plasma.
9. The method of claim 8, wherein said plasma source is direct.
10.The method of claim 8, wherein said plasma source is a parallel plate with RF.

11.The method of claim 8, wherein said plasma source is downstream.

11




conprising NH3, H2, N2 + H2, He + H2, and Ar + H2. 13. The nethod of claim
8, further including the step of masking said sem conductor die structure

to expose said copper bonding pad before said hydrogen-g%zsgg ﬁ@uction
step. 14. A nethod of bonding a copper wire to a copper d @%@

conprising the steps of: providing a sem conductor die structure having an
exposed copper bonding pad within a chanber; said copper bondi ng pad

havi f duci d id chanb
o A RSty G R DA OB AR
conpr|5|n]npnﬁ%ggﬁih@[ Bgﬁgﬁﬁﬁ%3+éfbf?ﬁ ﬁg + H2; pre-cleaning and

passi vati sai i copper g pa ‘hydr ogen- plasma to renove
any copper oxide formed on said copper bondlng pad upper 10 surface; and
bondi ng a copper wire to said passivated copper bonding pad while the

copper bandiTig PadiHc Vbt Rifint hg m&m@gqacmhmheléte plhe mRAdEL ofaigl ai m
14, wherein said plasna source is direct he net hod of claim 14,
wherei n saicddidastn daurseict@eatdPakpbielsapl abppwd nBhg pad before said

hydrogen-plasma production step.

14. A method of bonding a copper wire to a copper bonding pad, comprising the
steps of:
providing a semiconductor die structure having an exposed copper bonding
pad within a chamber; said copper bonding pad having an upper surface;
5 producing a hydrogen-plasma within said chamber from a plasma source;
said hydrogen-source being selected from the group comprising NH,, H,, N, + H,,
He + H,, and Ar + H,;
pre-cleaning and passivating said copper bonding pad with said hydrogen-
plasma to remove any copper oxide formed on said copper bonding pad upper
[0 surface; and
bonding a copper wire to said passivated copper bonding pad while the

copper bonding pad is within the hydrogen-plasma.
15. The method of claim 14, wherein said plasma source is direct.
16. The method of claim 14, wherein said plasma source is a parallel plate with RF.,

17. The method of claim 14, wherein said plasma source is downstream.
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17. The method of claim 14, wherein said plasma source is downstream 12 2
2 MAR 2006 18. The nethod of claim 14, further including the step of

maski ng sai d sem conductor die structure to expose said @opaesR o ng pad
bef ore said hydrogen-plasm production step. 13

18. The method of claim 14, further including the step of masking said semiconductor
die structure to expose said copper bonding pad before said hydrogen-plasma

production step.
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