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BOND PAD STRUCTURE BACKGROUND The invention rel ates
generally to a sem conductor device, and nore
specifically to a bond pad structure overlying a 5
substrate. Fig. 1A shows a cross-section of a
conventional bond pad structure 1 with a conductive

| ayer 110 and dielectric layer 120 on a substrate
100. The substrate 100 has a plurality of active

devi ces and interconnections (both not shown) . The
conductive 10 | ayerpdid pap USrRUATWREOPPET ,
electrically connecting to the I nterconnections of the
substrate 100. A dielectric 120 isolates the
conductive |ayer 110 from, d electrica
connection to other devices %no{ shown). A passivation
| ayer 150, with an opening 152 exposing the conductive

| aygﬂhe@r@veﬂ@mrﬁ?eiQEé@g;e%%rfa'i‘?cyd&@' e&érﬁi&ﬂcﬂ)’cecrorlégmce,
and conductive |ayer 110. The conductive |ayer 110 is

an I/O port to electrically connect the substrate 100
ando At e xeRe el 1 tRMiXcetq ndt PoRewRd. sARiCturE overlying a
conductive layer 110 is copper, corrosion will start

sudktthesgrain boundaries on the surface of the
conductive | ayer 110 and proceed 1

Fig. 1A shows a cross-section of a conventional bond pad
structure 1 with a conductive layer 110 and dielectric layer 120
on a substrate 100. The substrate 100 has a plurality of active
devices and interconnections (both not shown). The conductive
layer 110 is wusually copper, electrically connecting to the
interconnections of the substrate 100. A dielectric 120
isolates the conductive layer 110 from unwanted electrical
connection to other devices (not shown). A passivation layer
150, with an opening 152 exposing the conductive layer 110, is
formed on the dielectric layer 120 and conductive layer 110. The
conductive layer 110 is an I/0 port to electrically connect the
substrate 100 to an external device (not shown). When the
conductive layer 110 is copper, corrogion will start at the grain

boundaries on the surface of the conductive layer 110 and proceed
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al ong the grain boundaries deeper into the conductive

| ayer 110 when exposed to the atnosphere. Therefore,

a metal l|ayer 140, wusually al um num copper all oy,

overlying the conductive layer 110 is normally

necessary to protect the conductive |ayer 110 5 from

corrosion. A barrier layer 130 between the conductive

| ayer 110 and netal |ayer 140 prevents unwanted

i nter-diffusion et ween the conductive |layer. 11Q and
21oBEaf e & T RBUASA TERU ST CPeA 1AL it&’é?t FB’HS‘%/%%YG er 110

Wi th an opening 162 exposing the netal |ayer 140, is

whic@rr 8Rfoo8d the tPRsS st MakpRsrs ay ghelo@onaqd sviedal aygerlso,
140. Both passivation layers 150 and 160 protect the

substrate ., 100 from damage from noi sture, oxygen,

us e R LEm Al SRR SOEFosP Ve Bt coee ive 1ayer
contanmi nants. Both passivation |ayers 150 and 160

11fbui EhesrsDl atre=ddisargt ab payescd dhd raamdimwantedayer 110
el ectrical connection to other devices (not shown) 15
VWhen the wafer fabrjcating process is nplete, a

ErQtEhT TR g BPEELSS LY TR e Ko Rete T ERBOR R enbaver
of the substrate 100. In Fig. 1B, the wafer probing

11Ppr Caed SméSaBhowherA 1o berh8he disthakhyt ddingaten-diSfusion
provided to contact the bond pad structure 1. The

vefuB2R 125 SPOEHGTANE LOFTuHVENT ALl 16YSEat hephapied.
180

A passivation layer 160, with an opening 162 exposing the metal
layer 140, is formed on the pagssivation layer 150 and metal layer
140. Both passivaticn layers 150 and 160 protect the substrate
100 from damage from moisture, oxygen, particles, and other
corrosive factors or contaminants. Both passivation layers 150
and 160 further isolate the metal layer 140 from unwanted
electrical connection to other devices (not shown).

When the wafer fabricating process is complete, a wafer
probing process is performed to test functions of the substrate
100. 1In Fig. 1B, the wafer probing process is shown. A probe
180, usually tungsten, is provided to contact the bond pad

structure 1. The probe 180 is needle-like and much harder than

the metal layer 140 and conductive layer 110, so the prcbe 180
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2 can penetrate the netal |ayer 140 into the
conductive layer 110. The probe 180 may further slide
during probing fromvibration of the testing
apparatus (not shown) or other factors. Therefore,
the nmetal |ayer 140 may be conpletely or partially 5
peel ed fromthe conductive layer 11.0. In Fig. 1C the
netal layer 140 is partially peeled from the
conductive |l ayer 110 _after_ the wafer prohin ,Brocess

CA P P HT A GB@ﬁP%ﬂﬁGYE%p]o%q AG LRSS CBPdPﬁgl e layer 110.
conductive layer 110. Furthernore, the bond pad

Thed puebdr esd f@y he-tiest edidengibetg -dridd Feenf @fibration
different functions, so multiple openings 170 may be

formed. Thus, the exposed onduc l ayer 110
ofcoFRBdd eFT 31 t ﬁE’PﬁegE’t‘F on'Ri% h S%‘QVB& I %tg[ﬁr factors.
and/ or other corrosive factors, forn1ng a corrosive

Thiedebré( 2t hbahedl Wkt heo sdshée alanpiQ d1S, exppsedially
to the atnDsphere 15 When the substrate 100 is
pgcgﬁged, ge cor osive la er 172 often further

PeReFat FYary taFf et ??ﬁ?&?éﬁ e packaging process
or reliability of the conplete package. In Fig. 1D, a

gol dnwrig. 180, WHd m2tg0l dabakl 14892 4 pharidadyt ekhed from
bond pad structure 1, specifically on the netal |ayer

140. ol d bal
the con ucé%ve layer 110 after the wafer probing process,

forming an opening 170 exposing parts of the conductive layer
110. Furthermore, the bond pad structure 1 may be tested a number
of times for different functions, so multiple openings 170 may
be formed. Thus, the exposed conductive layer 110 may corrode
from the reaction with oxygen, moisture, and/or other corrosive
factors, forming a corrosive layer 172 thereon when the
substrate 100 is exposed to the atmosphere.

When the substrate 100 is packaged, the corrogive layer 172
often further negatively affect the yield of the packaging
process or reliability of the complete package. In Fig. 1D, a
gold wire 190 with a gold bkall 192 is bonded to the bond pad
structure 1, specifically on the metal layer 140. The gold ball

132 cannot bond to the corrosive layer 172, reducing the
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20 192 cannot bond to the corrosive |ayer 172,

reducing the 3 effective bondi ng area between the gold
ball 192 and the bond pad structure 1 and weakeni ng

t he bondi ng strength therebetween. The gold ball 192

may separate along the corrosive |ayer 172, creating
bond- of f - pad defect, during the nolding step of the 5
packagi ng process fromthe nold flow If the gold bal

192 does not separate durin% t he nol ding step,

ef{gpEeHAchPNEHY e sy et LhReIpEE IR hd FFr 68€s Ehgrbond

the conpl ete package may al so cause separation on the

padtd - Rallrel 9 2n SHMARY i + EaRdiaTeit st féndte cheveptt @8en.

provi de a bond pad structure that limts damage
durina probi ng of the bond pad structure. Enbodinents
Thet aphe PabentToMFuSEREF2pFovT ORY Hie GAIVFES ot RYst 172

bet ween a bond pad structure and a nei ghboring area,

cr&HeRngsShanfassi vigid o d el ,adrdd Mk denragagWeesp of the
probing the 15 bond pad structure. Enbodi nents of the
i nvention provide bond pad structures.

] An_enbodi ment
PagkaghBIRFRIH éTEBNPRT Seddal tIhdult ithe gold ball 192 does
conductor-insul ator conposite |ayer overlying a
notUBsHLAL€s dl8ng the molding step, subsequent thermal steps

of the packaging process or the complete package may also cause

separation on the gold ball 182.
SUMMARY

Embodiments of the invention provide a bond pad structure
that limits damage during probing of the bond pad structure.

Embodiments of the invention further provide effective
contrast between a bond pad structure and a neighboring area,
gsuch as a passivation layer, to limit damage when prcbing the
bond pad structure.

Embodiments of the invention provide bond pad structures.
An embodiment of the structure comprises a conductive
conductor-insulator composite layer overlying a substrate. The

conductive conductor-insulator composite layer comprises a
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conductive conductor-insul ator conposite |ayer
conprises a 4 conposite region and a single materi al
region that neighbors the 5 conposite region. The
conposite region has a conductor sub-region and

I nsul ator sub-regi on, which nei ghbor each other.
Further, the insulator is harder than the conductor.
BRI EF DESCRI PTI ON OF THE DRAW NGS The invention can be

nore fully understood b readlng t he subseguent
coa@p&ftltéar%sc&wﬁ@.aoﬁlvﬁ _ AtEREALorP I th CRAE R RS the
and references nmade to the acconpanyi ng draw ngs,

co\e@b%tear:&eg{hd&ﬁn byrmay cefpbkh st raldiem Oonhy, @andohBustor
are not 10 mtati ve of tﬁe i nventi on, and wher ei n:

Figs. .| A through ID are_cross-sections of
SUPGREERPT.GHE! 1NBBRAC PR S Tt GF'e. WfF%i}%ne?ﬁhPﬂF&?gW opfer

are cross-sections of a bond pad structure in

rugeeerdanae Whihl atoemodidmidr efhahhehenventiuegor. 15
Figs. 3A and 3B are top views illustrating exanples of
| ayout of the bond pad structure shown in FIGS. 2A

t hrough 2D. BRUEYFS DE4AREhrougho# Drak eorRAwRsasect i ons of
a bond pad

The invention can be more fully understood by reading the
subseguent detailed description in conjunction with the
examples and references made to the accompanying drawings, which
are given by way of illustration only, and thus are not
limitative of the invention, and wherein:

Figs. 1A through 1D are cross-sections of a conventional
bond pad structure.

Figs. 2A through 2D are cross-sgsections of a bond pad
gtructure in accordance with an embodiment of the invention.

Figs. 3A and 3B are top wviews illustrating examples of
layout of the bond pad structure shown in FIGS. 2A through 2D.

Figs. 4A through 4D are cross-sgsections of a bond pad
structure in accordance with another embodiment of the

invention.
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structure in accordance wi th anot her enbodi nent of the
invention. 5 Fig. 5A and 5B are top views illustrating
exanpl es of the |layouts of the bond pad structure

shown in FIGS. 4A through 4D. DESCRI PTION The

foll owi ng enbodi nents are intended to illustrate the

5 invention nore fully without limting the scope of

the clainms, since nunmerous nodifications and

variations wi|l be apparent to _those skilled in the

art Figpn B GnDARB are orfehictiems h%EP%FB‘?‘tW“tPelqsa?érthe
410 overlying substrate 400 is provided. The

1a400dYCt PreHansBhatpia st@ueenpesihewn a¥errd40 4% through 4D.
conductive to electrically connect active devices (not

shown) of substrate 400 to an external device (not

shown) . The conduct or pegcHsp@akby netal, such as

copper or other netallic elenents. The insulator is
harder than the conductor to protect the

conghet 66t 1 teih@tetbelimensist arkayet erdddd farcomllbstrate the
damage. The insulator is usually an oxide, preferably

. silkcon OXi r o&pﬁr gq%@&%@l u%ﬁallé qg%ﬁf%% .1 5ims

thyrereet Tt Y B riter edtd SRS THONS SHolhf Gt '
t he substrate 400. The

since numerous modifications and variations will be apparent to

those skilled in the art.

In Fig. 2A, a conductor-insulator composite layer 410
overlying substrate 400 is provided. The conductor-insulator
composite layer 410 ig conductive to electrically connect active
devices (not shown) of substrate 400 to an external device (not
gshown) . The conductor is usually metal, such as copper or other
metailic elements. The insulator is harder than the conductor
to protect the conductor-insulator composite layer 410 from
damage. The insulator is usually an oxide, preferably silicon
oxide or other material usually used as a dielectric layer in
interconnections {(not sghown) of the substrate 400, The

conductor-insulator composite layer 410 preferably comprises a

composite region 419 and a single material region 415. The
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conductor-insul ator conposite |ayer 410 preferably

conprises a conposite region 419 and a single

mat eri al region 415. The 6 conposite region 419 has a

conduct or sub-region and an insulator sub-region,

whi ch nei ghbor each other. The conductor-insul at or

conposite layer 410 is preferably a copper |ayer 412

conprising a slot 414. The slot 414 conprises 5 a

silicon oxide |layer 416 therein in the conposite.
CorpgRaheMTIoThe18iRs 8 GRRBIGEEE ek oiPibapd an gnsulator

slotless region of copper. Conposite region 419 is a

sud-2thednr egh98n A8idhshr 2 crd ghirrlrect ric layer 420
around the conductor-insulator conposite |ayer 410

i solates the 10 conductor-insul ator conposite |ayer
410 TheorRRAREI AT d O c 8P ROMHER tiPgF 1t bl dtifepreterably
devi ces (not shown) . A passivation |ayer 450,

a EOPPET 38 radn PReRbRYs4hg L£XPE6ING t e slot 414 comprises
conductor-insul ator conposite |ayer 410, is forned on

the. conductor-insul ator conposite |ayer 410 and .
2 giéleel reel dmyererst 29 0-isr Srotec Fe UHEIReR S FF S Pont 12 -
damage from noi sture, oxygen, particles, or other

TheOL ! R§1 ¥ and aGtiQIs rehieant adn ARt §1ot Ne&d reABn Uil sbpper .
a barrier |ayer 430 such as TaN is
Composite region 419 is a slotted regiomn.

In Fig. 2A, a dielectric layer 420 around the
conductor-insulator composite layer 410 isolates the
conductor-insulator composite layer 410 from unwanted
electrical connection to other devices (not shown). A
passivation layer 450, comprising an opening 452 exposing the
conductor-insulator composite layer 410, 1is formed on the
conductor-insulator composite layer 410 and dielectric layer
420 to protect substrate 400 from damage from moisture, oxygen,
particles, or other corrosive factors or contaminants.

In Fig. 2B, first, a barrier layer 430 such as TaN is
opticnally formed on the conductor-insulator composite layer

410. Next, a metal layer 440 such as aluminum-copper alloy is

formed on the barrier layer 430. Due to the distribution of the
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optionally fornmed on the conductor-insul ator conposite

| ayer 410. Next, a netal |ayer 440 such as

al um num copper alloy is 20 fornmed on the barrier

| ayer 430. Due to the distribution of the 7 slot 414

and the silicon oxide |layer 416 therein, the surface

of nmetal |ayer 440 above the conposite region 419 is

nore or |less uneven, irrespective of planarization on

the nmetal | ayer 440. However, the surface of neta
slpgy&l44209 fidhe el 4AR8 FRAASr LrYS5 e (e Tsider |t;blﬁn§urface

single material region 415. Then, a passivation |ayer
of4Rbc 4 5 1hgered: @UBbk ¥ thiee t:bmpaybsé il A0019 ERemore or less

passi vation | ayer 460 protects substrate 400 and

I solates the netal 440 from un nted eleitrlca
un@b’ﬁﬁec%FBﬁSE’%c‘b%‘ﬁ%rOf é’é@ﬁlé‘ééz(aﬁéafms% B Ly erng4o-

passi vation |layer 460 is 10 patterned to forn1an
HoQROBNJt A6 2: @xRsd R ke anel aletayed AAQ.owd RekepYanarity

form ng the bond pad structure 4 of the enbodi nent and

conpl etin he waf er fabrication process In Fig. %
ofphehe t FBWEHI 1 pad ST uFELETI 8L priohBET shitding Then, @

probe 180 is effectively stopped by silicon oxide
pale@y @b t446.1aykr Datagerdanddepadisg thet sl tdrdtSe 400. The

limted. In Fig. ZC at the w re-bondi ng step,

i nci dent |jght bea
pass%vatlon ig er 460 protects substrate 400 and isolates the

metal layer 440 from unwanted electrical ceonnection to other
deviceg (not shown). Finally, the passivation layer 460 is
patterned to form an opening 462 exposing the metal layer 440,
thereby forming the bond pad structure 4 of the embodiment and
completing the wafer fabrication process.

In Fig. 2B, when the bond pad structure 4 is probed, sliding
probe 180 isg effectively stopped by silicon oxide layer 416.
Damage to bond pad structure 4 is limited.

In Fié. 2C, at the wire-bonding step, incident light beams
(not shown) from a visual system (not shown) of a wire-bonding
apparatus (not shown) are scattered by the uneven surface 449
of metal layer 440 above the composite region 41% (shown in Fig.

2A) . However, the planar surface 445 of metal layer 440 above
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(not shown) from a visual system (not shown) of a

W re-bondi ng apparatus (not shown) are scattered by

the uneven surface 449 of metal |ayer 440 above the

conposite region 419 (shown in Fig. 20 2A) . However,

t he planar surface 445 of netal |ayer 440 above 8 the

single material region 415 (shown in Fig. 2A) provides

effective light reflection, providing effective

contrast between the netal |ayer 440 and the _
thﬁelsgﬁ'ﬁ!énel W ieadsily asen 14ehfer (B0 o t heg - 2A) provides

W re-bondi ng apparatus. 5 Further, in Fig. 2D, a gold
efW%Eﬁl%go Yﬂ#ﬁkfiﬂﬁﬂﬂécQabh 19§ro#§d ded fdR-ttike Mmebatrast

| ayer 440 bond pad structure 4. e to damage to

bond pad structure 4 is limted netal | ayer 440 1is
befyeepeéhedmethé ABYSF ﬁé?eﬁn44Gh§tPﬁP9@P9§é99v§P§51V3t10n

protects the conductor-insul ator conposite |ayer 410
1agé9"h@@rfe§'9ﬂe WOrdUsha e fifgeliuge bonding area

etween the gold ball 192 and the bond pad structure

4 is not reduced, inproving bondability and

rel FEBEREEY 1hdiidhelRech. IF® WidFodPs %%tlilr?e gold ball 192

conductor- insulator conposite layer 410 in this

1sCHBRGEABIY 1Al m@'t%@l P§ﬁgr af ©XANBLAS P&A &t AR AL aN0tpue

15 intended to limt the invention. difications to

t he
to damage to bond pad structure 4 is limited, metal layer 440

is not peeled. The metal layer 440 still effectively protects
the conductor-insulator composite layer 410 from corrosion.
Thug, the effective bonding area between the gold ball 192 and
the bond pad structure 4 is not reduced, improving bondability
and reliability therebetween.

Two layouts of the conductor-insulator composite layer 410
in this embodiment are disclosed as examples here, and are not
intended to limit the invention. Modifications to the
subsequent layouts will be apparent to those skilled in the art.

In Fig. 37, a top view of a layout 50a designed for the
conductor-ingsulator compogite layer 410 in opening 452 in Fig.
2A 1s shown. 1In the layout 50a, the distribution of the slots

414, comprising the silicon oxide layer 416 therein, forms an
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subsequent |ayouts will be apparent to those skilled
inthe art. In Fig. 3A a top view of a |layout 50a
designed for the conductor- insulator conposite |ayer
410 in opening 452 in Fig. 2Ais shown. In the |ayout
50a, the distribution of the slots 20 414, conpri sing
the silicon oxide |layer 416 therein, forns an
oct agonal conposite region 419 (slotted region) at the
center_ of the conductor-insul ator conposite |ayer
ochagonFheCaTpRF ke Raddal 1Pedf bAtad 129t ess BGi BRYEST
is in the periphery of the conductor-insul ator
oFCOMROSIhauLayer i 4401 apdr akouHpdsihe Paporposhl e tREI Bingle
419. The single material region 415 conprises a
pl anar surface. The surface of the subsequently forned
maggrapl Yegian 414p %ﬁ}d—i}:éetsﬁer%?h‘@mb lfaterh P‘?Eb?%‘ﬁrﬂﬁ the
may al so be planar, providing effective contrast
cobahwesp-tAsuBt & | aoA4Q angdrhesnei ghbari Bgound the
passi vation | ayer 460 when processing the 10
Wi re-bonding step as disclosed in Fig. 2C. A ,
Coppesst eI 41 ° -t A& ajBUte TFLEGAgTEHECT idde BRTPELSES
simlar to that shown in Fig. 2A in the opening 452.
a plafh8-513Bac .t Ofhe/sewratedot AHRUEUBHEEESE DPED R metal
he conductor-insul ator conposite |layer 410 in

openin% 452 in Fig. . , ,
layer 440 above the single material region 415 may also be

planar, providing effective contrast between the metal layer 440
and the neighboring passivation layer 460 when processing the
wire-bonding step ag disclosed in Fig. 2C. A cross-section of
the layout 50a along the line BB is similar to that shown in Fig.
2A in the opening 452.

In Fig. 3B, a top view of a layout 50b designed for the
conductor-insulator composgite layer 410 in opening 452 in Fig.
2A is shown. In the layout 50b, the distribution of slots 414,
comprising the silicon oxide layer 416 therein, forms a
diamond-shaped composite region 419 (slotted region) at the
center of the conductor-insulator composite layer 410. The
single material region 415 (slotless region) is in the periphery

of the conductor-insulator composite layer 410 and around the

10
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15 2A is shown. In the layout 50b, the distribution of
slots 414, conprising the silicon oxide |ayer 416
therein, forns a dianond-shaped conposite region 419
(slotted region) at the center of the
conductor-insul ator conposite |ayer 410. The single
material region 415 (slotless region) is in the
peri phery 20 of the conductor-insul ator conposite
| ayer 410 and around the 10 conposite region 419. The,
COBPRERECERETRL 1PegiTsR ﬂi’%g%%r?&ti%és?‘l BEPH UM 4L > comprises
surface. The surface of the subsequently forned netal
a paN&sr 440-rakeve fihe ssirfighe FRkel ahbseghon: il F Ifed metal
al so be planar, providing effective contrast between
the metal | ayer 440 5 and the nei_ghboring passivation

laygyert 486 GRMVEN HiocEIG vy MHET Wailr 9F0RE (g StRRY a3lso be
di sclosed in Fig. 2C. A cross-section of the |ayout

p1a8Bralmng,itdied éPEe &G V&8 c8hfithat Hedwichal tishawial N dyied: 440
2A in the opening 452. In Fig. 4A a

conduct or-insul] at or cqnposite Ig%er 610 10 overIyLng
angdnehe PR EHH Ha@s'}lv@\t;ilegdi_l.a B 460 when processing the
conductor-insul ator conposite layer 610 is conductive

wite-behachsi £8dd uLanpetbsagtiveidevbees A Rebsshewarish of
the substrate 600 to an external device (not shown)

The conductor_is usually , o ) i
the layout 50b along the line CC is similar to that shown in Fig.

24 in the opening 452.

In Fig. 4A, a conductor-insulator composite layer 610
overlying the substrate 600 is provided. The
conductor-insulator composite layer 610 is conductive to
electrically connect active devices (not shown) of the substrate
600 to an external device {not shown). The conductor is usually
metal, such as copper or other metallic elements. The insulator
is harder than the conductor to protect the conductor-insulator
composite layer 610. The insulator is usually an oxide,
preferably silicon oxide or other material typically used as a
dielectric layer in interconnections (not shown) of the
substrate 600. The conductor-insulator composite layer 610

preferably comprises a composite region 619 and a single

11
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nmetal, such as copper or other netallic elenents. The

insulator 15 is harder than the conductor to protect

the conductor-insulator conposite |ayer 610. The

insulator is usually an oxide, preferably silicon

oxi de or other material typically used as a

dielectric layer in interconnections (not shown) of

the substrate 600. The conductor-insul ator conposite

| ayer 610 20 preferably conprises a conposite region
ma@fglﬁﬁdr§9§Pﬁgﬁé511 ﬁEF%r?%WP?%ﬁﬁqnfﬁﬁﬂ?n1?%9CB 1ges a

regi on 619 conprises a conductor sub-region and an

conAskekakor sstbré£UhoN anthi gh ek ghbes: eatib-alehebn, Th@hich
conduct or-insul ator conposite layer 610 is preferably

5 a S|I|con oxj de | ayer 616 conprising a slot 614,
nedghBPrsFAgH aOtE%Bper | ayer 612 therein, in the
conmposite region 619. The single mat er i al region 615

IS ansl d@BES dredinulef o EbEeds D deyerTheo GENPOSEEably
region 619 is a slotted region. In F|g 4A, the

diel ectric, |ayer 620 isolates the
a Eéﬁﬂﬁ@?o?x+@%Lﬁ%¥Qﬁ'6&én68§PFésF%9e? %%Rffﬁ%ﬁn GRNEREEYNT 2
el ectrical connection to other devices (not shown) . A

coppssl Vakenschayene680n, COAPELE] BEMPAs OPENHEGi&D2619. The
exposi ng the

single material region 615 is a slotless region of silicon oxide.

The composite region 619 is a slotted region.

In Fig. 4A, the dielectric layer 620 isolates the
conductor—insulator' composite layer 610 from unwanted
electrical connection to other devices (not shown). A
passivation layer 650, comprising an opening 652 exposing the
conductor-insulator composite layer 610, is formed on the
conductor-insulator composite layer 610 and dielectric lavyer
620 to protect the substrate 600 from moisture, oxygen,
particles, or other corrogsive factors or contaminants.

In Fig. 4B, first, a barrier layer 630 such as TaN is
dptionally formed on the conductor-insulator composite layer

610. Next, a metal layer 640 such as aluminum-ccpper alloy is

formed on the barrier layer 630. Due to the distribution of the

12
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conductor-insul ator conposite |ayer 610, is forned on
the conductor-insulator conposite |ayer 610 and
dielectric layer 15 620 to protect the substrate 600
from noi sture, oxygen, particles, or other corrosive
factors or contamnants. In Fig. 4B, first, a barrier
| ayer 630 such as TaNis optionally forned on the
conductor-insul ator conposite layer 610. Next, a
nmetal |ayer 640 such _as al um num copper alloy is 20
s1pbroiet 26w £he IRPRSer avayeflpddiemie t bhergirface of metal
distribution of the 12 slot 614 and the copper | ayer
1agég 0@ 8le the SMIRCR PlcBBbAl 619 a¥ehoPdbahRe hheven
onposite region 619 is nore or |ess uneven
_irrespective of planarization on the nmetal |ayer 640.
irpegegetive iterdappaéeabionsaf e fiRalo46Y8k t hgowever,
single material region 5 615 is planar because the
rhel OGS dBIer hatal egh R 810 disoR! Rarsind€mat@rial region
passivation layer 660 is forned overlying the
substrate 600. The passivation |ayer 660 protects the
615ubs l@narebecande thsopingse it Sietadl TPEyeR B4 i Bhfnar-
unwanted el ectrical connection to other devices (not
ThERAOWN o as sHkARk bY, 1418 RRDSL Y 3 ped 8¥eF1n$8hd Substrate
patterned to form an openi ng 662 exposi ng the netal

| ayer 640, thereby form ng the bond pad structure 6
606f s paFddiefe/n layer 660 protects the substrate 600 and

isolates the metal layer 640 from unwanted electrical connection
to other devices (not shown). Finally, the passivation layer
660 is patterned to form an opening 662 exposing the metal layer
640, thereby forming the bond pad structure 6 of this embodiment
and completing the wafer fabrication process.

In Fig. 4B, when the bond pad structure 6 is probed, the
sliding probe 180 is effectively stopped by the silicon oxide
layer 616. Damage to the bond pad structure 6 is limited.

In Fig. 4C, at the wire-bonding step, incident light beams
(not shown) from a visual system (not shown) of a wire-bonding
apparatus (not shown) are scattered by the uneven surface 649
of metal layer 640 above the composite region 619 (shown in Fig.

43). However, the planar surface 645 of metal layer 640 above

13
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and conpleting the wafer fabrication process. In Fig.

4B, when the bond pad structure 6 is probed, the

sliding probe 180 is effectively stopped by the

silicon oxide 15 layer 616. Damage to the bond pad

structure 6 is limted. In Fig. 4C, at the

W re-bonding step, incident light beans (not shown)

froma visual system (not shown) of a w re-bonding

apparatus (not shown) are scattered by the uneven
theurfiagd <648t cofl adetrsgilomy &l 64C:Tahay el t hBlZonpdbi peovides

region 619 (shown in Flg 20 4A) . However, the planar

ef%gEE§98 Gf %Fg ngﬁﬂ tﬂ%ﬁr 6690@@ ﬁ%sjééﬂg%ﬁ¥v%glgontrast

mat eri al Ion 615 shomn in Fig. provid

effectlve l'i ght reflectlon provi ding effective
betyaenagetabetaiersh it and| bb@rn@ﬂhkmmrtq]@a@@@gﬁ@épnnéayer

paSS|vat|on | ayer 660 for the Wi r e- bondi ng appar at us.

66% EQE ﬁ% Wigez‘ﬁ?cgn%ﬁg% ratid lrrgt\g: r|ea>1/2? \e,‘>\li4toho?l

bond pad structure 6. Due to damage to bond pad
st r Gerohers iw Figni ¢Bd, whmst &l 9Pagefir400j wighpta gold ball
peel ed. The netal Iayer 640 still effectively

1ggf oL %ﬁdé@et&oa}f@%%m hosulas0F SOMAR tad ayehcbile s.

rom corrosion. Thus, the effective bonding area

bet ween the gol d
Due to damage to bond pad structure & is limited, metal layer

640 is not peeled. The metal layer 640 still effectively
protects the conductor-insulator composite layer 610 from
corrosion. Thusg, the effective bonding area between the gold
ball 192 and the bond pad structure 6 is not reduced, improving
bondability and reliability therebetween.

Two layouts of the conductor-insulator composite layer 610
are disclosed here as examples, and are not intended to limit
the invention. It will be obvious to those skilled in the art
to modify the subsequent layouts.

In Fig. 52, a top view of the layout 70a designed for the
conductor-insulator composite layer 610 £rom opening 652 in Fig.
47 is shown. In the layout 70a, the distribution of the slots

614, comprising the copper layer 612 therein, form an octagonal

14
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ball 192 and the bond pad structure 6 is not reduced,

inproving bondability and reliability therebetween.

Two | ayouts of the conductor- insulator conposite

| ayer 610 are disclosed here as exanples, and are not

intended to Iimt 15 the invention. It will be

obvious to those skilled in the art to nodify the

subsequent layouts. In Fig. 5A, a top view of the

| ayout 70a designed for the conductor- insulator
COpPRpbERt EePApBr 6620 BlOMtEFeRitNd o832 dtn TSy, confyey of the

shown. In the |ayout 70a, the distribution of the

cotkibs 0201 Rd1 a £OAMEIgidd dhe aGaPPET o | ayele GlAdtBengtBrial
form an octagonal 14 conposite region 619 (slotted

region) at the center of the  conductor-insul ator
regdRBosit®e I(6)eFle1d. rPHECE! ngle ABt &t Perépheryepf the
(slotless region) is in the periphery of the

coBBNEUETOF A NS & Orc&l'giﬂﬁstziet e 1l.3%er 610 andagar gusdniheche

5 conposite region 6 The single material region 615
conprises a planar surface. The surface of the )
cogppséfasmIACT 6ifed Thet al Il a @t esig labedErn Ivd SsFRPPEL S€S

mat eri al region 615 nay al so be planar, thereby

a BT VAAING FRlLeCtinie sGPREEASIE REEWEEPs &bl Alf orhid¥iShetal

40 and t he nei ghboring passivation | ayer 660 when
layer 640 above the single material region 615 may also be
planar, thereby providing effective contrast between the metal
layer 640 and the neighboring passivation layer 660 when
processing the wire-bonding step as disclosed in Fig. 4C. A
cross-section of layout 70a along the line DD is similar to that
shown in Fig. 4A in the opening 652.

In Fig. 5B, a top view of the layout 70b designed for the
conductor-ingulator composite layer 610 in opening 652 in Fig.
40 ig shown. In the layout 70b, the distribution of the slots
614, comprising the copper layer 612 therein, form a
diamcnd-shaped composite region 6;9 (slotted region) at the
center of the conductor-insulator composite layer 610. The

single material region 615 (slotless region) is in the periphery

of the conductor-insulator composite layer 610 and around the

15
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15

10 processing the wire-bonding step as disclosed in
Fig. 4C. A cross-section of [ayout 70a along the |ine
DDis simlar to that shown in Fig. 4A in the opening
652. In Fig. 5B, a top view of the layout 70b desi gned
for the conductor-insulator conposite |layer 610 in
opening 652 in Fig. 15 4A is shown. In the | ayout
70b, the distribution of the slots 614, conprising the
copper | ayer 612 therein, forma dianond-shaped
coppRposeteeTiayt 64961 Theskong by medgivdR)l Begide 6 lbeAPEPrises
of the conductor-insul ator conposite |ayer 610. The
a %wl%ﬁ RLedeal ﬁﬁeg's%fgéé {810l 835:£88E00)y ifSrinddl REtal
eri phery 20 of the conductor-insulator conposite
| ayer 610 and around the i5 conposite region 619. The
lagengled Onmberiealthee gl 1019181 Bnad@rdils exegigmp | dfarmay also be
surface. The surface of the subsequently formed netal
plgﬁgﬂ @é@rf&&ﬁgﬁo‘iﬁéﬁb“&%@eé@fﬁ tBhe 88t Mk @ BYe metal
also be p r, thereby providing effective contrast
between the netal 5 |ayer 640 and the nei ghboring
layessicAd | and| ayer BHEEWpREHNDr peessTFlehelayer 660 when
Wi re-bonding step as disclosed in Fig. 4C. A

pr{a_&eé?iﬁs%henw9£eIﬁ&&ﬂyggtgﬁ%%ﬁld%mb@edl hperEE. i8c. 2

simlarto that shown I I'n the openi ng”652.
cross-section of the layout 70b along the line EE is similar to
that shown in Fig. 4A in the opening 652.

While the invention has been described by way of example
and in terms of preferred embodiment, it is to be understood that
the invention is not limited thereto. It is therefore intended
that the following claims be interpreted as covering all such

alteration and modifications as fall within the true gpirit and

scope of the invention.

16



Wil e the invention has been described by way of
exanple 10 and in terns of preferred enbodi nent, it
is to be understood that the invention is not limted
thereto. It is therefore intended that the foll ow ng
clains be interpreted as covering all such alteration
and nodifications as fall within the true spirit and
scope of the invention. 15 16 Wat is Clainmed Is: 1 1.
A bond pad structure conprising: 2 a conductive
conduct or-insul ator conposite layer 3 overlying a
Whatpder Gleimefel®bnducti ve conductor-insulator 4

conposite |l ayer conprising: 5 a conposite region
havi ng a conductor sub-region and 6 insulator

1 subar egi Anbohdepg@néltiei urslileorggiieingnd 7 the

i nsul at or sub-regi on nei ghboring each other; and 8 a

single material region neighboring the conposite

region; 10.11 wherein_ the insulatfr of the cond%ptiVE

a ] ayer

2 conductive conductor-ingulator composi
3 overlying a substrate, the conductive conductor-insulator
4 composite layer comprising:

; 5 a composite region having a c¢onductor sub-region and
& insulater sub-region, the conducteor sub-region and
7 the insulator sub-region neighboring each other; and
8 a gingle material region neighboring the composite region;
9 wherein the insulator of the conductive

190 conductor-insulator composite layer is harder than

11 the conductor of the conductive conductor-insulator

5 12 composite layer.
1 2. The structure ag c¢laimed in claim 1, wherein the
2 conductor comprises copper.
i 3. The structure as claimed in claim 1, wherein the
2 insulator comprises silicon oxide.

17



conductor-insul ator conposite |ayer is harder than

t he conductor of the conductive conductor-insulator 12
conposite layer. 1 2. The structure as clained in
claim11l, wherein the 2 conductor conprises copper. 1
3. The structure as clainmed in claim1, wherein the 2
i nsul at or conprises silicon oxide. 17 1 4. The
structure as clained in claim1, wherein the 2
conposite region is approxinmately at the center of the

3 conductive conductor-insuylator conpgsite |layer. 1 5.
The4st r uEf@r LA4CEPARNBE CRadMEAMIE GlfdMeity tReerein the
single material region is in the periphery of the

coffPBAYEET VEagibCONGUCLEFrbRSH B 10f GR@NPEBEEt exdrdf . o the
6. The structure as clainmed in claim1, further 2
conprising a_netal |ayer overlying.the_conductive 3
cc@@ﬁ&ﬁéY%rCPH@%?%@%W1QﬁHﬁﬁ£ﬁﬁe?qWQféﬂFell?Ye?he
structure as clained in claim6, wherein the netal 2
| ayer conprises an al um num copper alloy layer. 1 8.
Thesst ruehyr ecagcehakmed iclaghaimid, dluinher, wherein the

single material region is in the periphery of the conductive

conductor-insulator composite layer.

6. The structure as claimed in <¢laim 1, further
comprising a metal layer overlying the conductive

conductor-insulator composite layer.

7. The structure as claimed in c¢laim 6, wherein the metal

layer comprises an aluminum-copper alloy layer.

8. The structure as claimed in c¢laim 6, further
comprising a barrier layer between the  conductive

conductor-ingulator composite layer and metal layer.

9. The sgtructure as claimed in claim 8, wherein the

barrier layer comprises a TaN layer.

18



2 conprising a barrier |ayer between the conductive 3
conductor-insul ator conposite |ayer and netal layer. 1
9. The structure as clainmed in claim@8, wherein the 2
barrier |layer conprises a TaN |ayer. 18 110. The
structure as clained in claim1, wherein the
2conducti ve conductor-insul ator conposite layer is a
conductor 3conprising a slot in the conposite region,
the sl ot conprising 4an insulator therein. 111. bond

pad_structure conprisin a .copper | ayer overI a
D ooar ot Ther e EanRarS| e 13eBRRr iy ook, A R ? che

region having a slot, the slot having an insul ator

cobBayen vk hesedist dhe rddisidtalrobchpyet t bel fgeharger cbhdictor
6t he copper Iayer; and 7a slotless region around the
sl otted region. . 12% The structure,as Clalﬁﬁ L m

Coﬂ’rlﬁ/ﬁ@?e‘? P Fre 1PnEE AP & rS%ﬁBPr SEE § c8ﬁmprlsln9
oxi de. 113. The structure as clained in cIa|n111,

anf ihkhest3eospeisimg an al umi num copper all oy | ayer
overlying the copper

il. A bond pad structure comprising:

a copper layer overlying a substrate, the copper layer
comprising:
a slotted region having a slot, the slot having an insulator
layer‘therein, the insulator layer being harder than
the copper layer; and

a slotless region around the slotted region.

12. The structure as claimed in claim 11, wherein the

insulator layer comprises silicon oxide.

13. The structure ag claimed in claim 11, further
comprising an aluminum-copper alloy layer overlying the copper

layer.

18
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3layer. 19 1 14. The structure as clainmed in claim 13,
further 2 conprising a TaN | ayer between the copper

| ayer and 3 al um num copper alloy layer. 1 15. A bond
pad structure, conprising: 2 a substrate; 3 a
conductive copper-insul ator conposite |ayer overlying
4 the substrate; and 5 a netal |ayer overlying the
conductive copper-insulator 6 conposite |layer; 7
wherein the insulator of the conductive copper-

insul ator 8 conposite |ayer. is harder than copper _of
t hel4g CSH%LKﬁﬁKH?ﬁﬁﬁﬁbe?gyrﬁ&ﬁ%ﬂ &Bnﬁﬁg?F% ngerfurther
16. The structure as clainmed in claim15, wherein the

coRplkA8Hhat OB COBNIi $8%esi | beeReoKi dehel ddppdhe layer and
structure as clained in claim15, wherein the 2
conducti ve copper- insulator conposite |ayer conprises
algméBBBéFOPBegugl}%%i%ﬁy%ﬁmiinsulator sub-region, the
copper sub-region and 4 the insulator sub-region
nei ghbori ng each ot her.
15. A bond pad structure, comprising:

a substrate;

a conductive copper-insulator composite layer overlying
the substrate; and

a metal layer overlying the conductive copper-insulator
composite layer;

wherein the insulator of the conductive copper-insulator
composite layer 1s harder than copper of the

conductive copper-insulator composite layer.

16. The structure as claimed in c¢laim 15, wherein the

insulator comprises silicon oxide.

17. The structure as claimed in claim 15, wherein the
conductive copper-insulator composite layer comprises a copper
sub-region and insulator sub-region, the copper sub-region and

the insulator sub-region neighboring each other.

20



20 1 18. The structure as clainmed in claim15, wherein

the 2 conductive copper- insulator conposite layer is

a copper-based 3 layer, the copper-based | ayer having

a slot, the slot having the 4 insulator therein. 1

19. The structure as clained in claim15, wherein the

2 conductive copper- insulator conposite |ayer further

conprises: 3 a conposite region having a copper

sub-region and an 4 insul ator sub-region, the copper

sub-region and the 5 insu]ator_sub-region nei%Qboring

each®ot hERe SRPUCBUEE sPhgFLaiBt@r 1Al CaYR ok Wherein“the

nei ghbori ng the conposite region. 1 20. The structure
cot8iuet v Bedop el ﬁ{gulla%omghﬁbaiteelaﬁele QMPeStbpper-based

region is approximately at the center of the 3

conductive conductor-insulator co site layer. 1 21.
layRe  StheEPRPET 282 EPAIFEE Y RYEHET @ 3?*: oot hot (i viss the

single material region is at the periphery of the
ingondueti ¥Berdigonduct or-i nsul ator conposite layer. 1

22. The structure as clained in claim15, wherein the

2 metal layer conprises an al um num copper all oy

Iay%B: 2%he structure as claimed in claim 15, wherein the

conductive copper-insulator composite layer further comprises:
a composite region having a copper sub-region and an
insulator sub-region, the copper sub-region and the

insulator sub-region neighboring each other; and

a single material region neighboring the composite region.

20. The structure asg claimed in claim 19, wherein the
composite region 1s approximately at the center of the

conductive conductor-insulator composite layer.

21. The structure as claimed in claim 19, wherein the
single material region is at the periphery of the conductive

conductor-insulator composite layer.

22, The structure as claimed in c¢laim 15, wherein the

metal layer comprises an aluminum-copper alloy layer.
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1 23. The structure as clainmed in claim15, further 2
conprising a barrier |layer between the conductive 3
copper-insul ator conposite |ayer and the netal |ayer.
1 24. The structure as clained in claim23, wherein
the 2 barrier layer conprises a TaN layer. 1 25. The
structure as clained in claim?29, wherein the 2
conductive copper-insul ator conposite |ayer is copper
the 3 conductive copper-insul ator conposite | ayer
having a_slot in the 4 conppsite rggion t he

t
havPig t PRSI iSGTUEDT S hafei W2 4%% heCJs‘:l”rrﬁctg’g fyrther

claimed in claim19, wherein the 2 conductive
cofPppelingnNsSuh at WaraargIosi leykayerbetswddre | ndid at abpdudtive
the copper-insul ator conposite layer having a slot in

collie COMRRSLLS, " egion, {08 §9t having qepRsT iLhgrei n

24 . The structure as claimed in claim 23, wherein the

barrier layer comprises a TaN layer.

25. The structure as claimed in claim 29, wherein the
conductive copper-insulator composite layer is copper, the
conductive copper-insulator composite layer having a slot in the

composite region, the slot having the insulator therein.

26. The structure as claimed in claim 19, wherein the
conductive copper-insulator composite layer is the insulator,
the copper-insulator composite layer having a slot in the

composite region, the slot having copper therein.
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