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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 | ayergohid dad @iaachyreopPper,
el ectrically connecting to the 1nterconnections of
the substrate 100. A dielectric 120 isolates the
conductive |l ayer 110 f%%3§§gﬁ§§%ed el ectrica
connection to other devicC shown) . A
passi vation |ayer 150, with an openi ng 152 exposing
t he [ I ' f -
i T e e At dentrat by L Ry B P o tpg fevice,
conductive |ayer 110 is an I/O port to electrically
andofReet aweifggadivatie 100bend apadxisermaitudeyicverlyong a
shown). Wen the conductive layer 110 is copper,
Suggg¥9§épn will start at the grain boundaries on the
surface of the conductive |layer 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 usually copper, electrically connecting to the
interconnections c¢f the substrate 100. A dielectric 120
isolates the conductive layer 110 from unwanted electrical
connection to other devices (not shown). A passivation layexr
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, corrosionwill 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
inter-diffusion between the conductive |ayer 110 and

alpepathd gyeinldduradmiessddderen passihatdamiayiere 16per 110

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

oG VI RS0 o180, 58,pbd ksl st o

substrate 100 from danmage from noi sture, oxygen,
uspat iy cd egnimmg astirer addpyostver Fuotntdiegronductive layer
contami nants. Both passivation layers 150 and 160

116“![&@%&&3‘5&'63?%%&'%%&? ab éﬁd@écé@lef g:%?ﬁg@‘é@%eﬁ yer 110

el ectrica onnection™to ot her device t shown 15
When the wafer fabricating process is conplete, a

fromfarrasdebi-ng rociessligepdsldeetstearpt he sondyseiivensayer
of the substrate 100. in Fig. 1B, the wafer probing

118f %%%s%nééath erAlabo e Qs %ﬂ@’e& upgsLer iéﬁlsion
0 1 e

provided to contact the n péd structure

probe 180 is needle-like and nuch harder than 20 the
beppean thy eondgotand avriudiPvand apdalilgyesd 4haspresed.

180

A passivation laver 160, with an opening 162 exposing the metal
laver 140, is formed on the passivation laver 150 and metal laver
140. Both passivation 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 layver 140 from unwanted
electrical connection to other devices (not shown).

Wher the wafer fabricating process is complete, a wafer
probing process is performed to test functions of the substrate
100. In Fig. 1B, the wafer probing process is shown. A probe
180, usually tungsten, i1s 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 probe 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 110. In Fig. 1C the
netal layer 140 is partially peeled from the
conductive layer 110 after the wafer probing process,
capgrengigadie bphematglivavex gddi hgtpahescotdegpive layer 110.
conductive layer 110. Furthernore, the bond pad
TnSpUGLYT L3 ABY 08 thest 0 @ nunbely 1000k nbi BBSnf @lbration
itTferent functions, so nmultiple openings 170 may be
formed. Thus, the exposed conductive |ayer 110 ma
ofcofRedéesitiam t AR BAEES orl DRIt hsbRyykn oMroPshgFe, factors.
and/ or other corrosive factors, formng a corrosive
The@¥ebrd 7 2 idefaon wWasR t hep SMPd Agpi@Rens 8XP9sediall
%o¥t%e4atﬁﬁgphere. 15 When tﬁgpsubg%rgte 10% S Y
packaged, the corrosive |layer 172 often further
pPepégdt frenythe fedudie g disgest 1lle packagi ng process
or reliability of the conplete package. In Fig. 1D, a
gol gnwhig 14120 wihnacgol daballi 4P d $bendedyt gebh8a from
bond pad structure 1, specifically on the netal |ayer

140. The gol d ball .
the conductilve laver 110 after the wafer probing process,

forming an opening 170 exposing parts of the conductive layer
110. Furxthermore, 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 corrosive 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 ball 192 is bonded tc the bond pad
structure 1, specifically on the metal layer 140. The gold ball

192 cannct 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 bonding area between the
gold ball 192 and the bond pad structure 1 and
weakeni ng the bondi ng strength therebetween. The gold
ball 192 may separate along the corrosive |ayer 172,
creating bond-off-pad defect, during the nolding step
of the 5 packaging process fromthe nold flow. If the
%old ball 192 does not separate during the nol ding

efgpepive uberdirmiandre bgaivesnepie @91q fa %ﬁaéﬁagané the bond

process or the conpl ete package may al so cause

paﬁ%ﬂfﬁt’tﬁ% Py Hﬂ@eé&@érﬁr@%e %%%dlﬁggé\é{}%b gtl'ptherebetween

ment s o the 1 nvention provi
structure that limts damage during problng of t he
Theotialpder Lt rifck mee. sERBsAt aemtendftheheorpeepveohayer 172,
further provide effective contrast between a bond pad

crebbYAL UL AN A et HIBUANY Rh8Rg +BHCRoBSify ste of the
passivation layer, to lim't damage when probing t

15 bond pad structure. Enbodi nents of the |nvent|on
pagkayige W%@aérﬁmrﬂtﬁ tred. flonh efbddiengatdgralilhéd2 does
structure conprises a conductive conductor-insul ator

no€OEPOSH, € | RYEhOVEE I 1RE Ry SHBS! r&lissed it thermal steps
of the packaging process or the complete package may also cause

separation on the gold ball 18%82.
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,
such as a passivation layer, tc limit damage when probing the
bond pad structure.

Embodiments of the invention provide bond pad structures.
An embodiment o©f 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

regi on that neighbors the 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. 5

BRI EF DESCRI PTI ON OF THE DRAW NGS The invention can be

nore fully understood by reading the subsequent
cogppalted adeser #pd ifori il e wafental gregdiorhthde nedghbpreshe

and references nmade to the acconpanyi ng draw ngs,

comgbghtearﬁegg{om%n byrh"éﬂyc%%%éiﬁ@t Labkien oMy sandddisor

are not imtative o e I nvention, and wherein:
Figs. 1A through in are cross-sections of a

subpoheghel gidl Ingehalt pradubt K aeg i on e WiHichsne dyhlor eagh per.
are cross-sections of a bond pad structure in

rudEROEJaPEe YW Mh AN, LTROG TR @hahNenkN¥ERLLOLy 15

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

through 2D. pritegSprdlribeoom o e ravdmssect i ons of
a bond pad structure in accordance w th another

enbodi nent of the
The invention can be more fully understood by reading the

subsequent detailed description in conjunction with the
examples and references made to the accompanying drawings, which
are given by way of illustration cnly, 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-sections of a bond pad
structure in accordance with an embodiment of the invention.

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

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

invention.
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invention. 5 Fig. 5A and 5B are top views illustrating
exanples of the |ayouts of the bond pad structure

shown in FIGS. 4A through 4D. DESCRI PTI ON The

foll owi ng enbodi nents are intended to illustrate the

5 invention nore fully without Iimting the scope of

the clains, since nunmerous nodifications and

variations will be apparent to those skilled in the

art. In Fig. 2A, a conductor-insul ator conposite |ayer
410Figyverh winggSBudse riatre vAe0si 1 proviadeidig Fremples of the
conductor-insulator 10 conposite |layer 410 is

1a9ﬁ89§'°<5£ Y&t ox%lg% %hl%uf@% %ﬁtfﬁ'f@s dew ‘(Eﬁ§o&81‘~?t4r>

substr to an external device
shomn) . The conductor is usually netal, such as
copper or other netal hgcrlSPESES. The insulator is
harder than the conductor to protect the
conductor-insul ator conposite |ayer 410 from 15

danmege. £ dieow e lepior ingnds Ugtd Vi rierdde o PLEhetadty the
silicon oxide or other material usually used as a
i nt erconnect.i

InPRECCOBAITHR E0I08, WHRNE ddUCagE. FRE U SCohpbst 1S,
| ayer 410 preferably conprises a

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 laver 410 is conductive to electrically connect active
devices (not shown) of substrate 400 to an external device (not
shown). The conducteor is usually metal, such as copper or other
metallic 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 gilicon
oxide or other material usually used as a dielectric layer in
interconnections (not shown) 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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conposite region 419 and a single material region 415.

The 6 conposite region 419 has a conductor sub-region

and an insulator sub-region, which nei ghbor each

ot her. The conductor-insul ator conposite layer 410 is

preferably a copper l|layer 412 conprising a slot 414.

The slot 414 conprises 5 a silicon oxide |ayer 416

therein in the conposite region 419. The single

material region 415 is a slotless region of copper.
combapbse treviegi Hh° hag 4 soadurber edlragosrn and Enginglator

a dielectric |ayer 420 around the conductor-insul ator

suBOPRYShE € Y A HRe! akes blfaﬁerlo

conductor-1 nsul ator” conposite |layer 410 from unwant ed
el ectrical connection to other devices (not shown). A
pasBie fidrshdtgyerngsdates mmistHg cahapperfiltyigspreferably
exposi ng the conductor-insulator conposite |ayer 410,

' t-h rsi Lato [ :
2 G TR GBI ConSPISHES Al L AS U AL DITHEOITOS LhE CoBises

400 from damage from noi sture, oxygen, particles, or
a 9t hpor erfies vaveact B $heredantanthRafosrosa tr geopm: 419.
first, a barrier layer 430 such as TaNis optionally

ThEO§ TRch OMalRe 1 6aNdUGE 8F -d 5 Ylsah 051 SOMMQS ke 1 bAYSE copper.
Composite regicn 419 is a slotted region.

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

In Fig. 2B, first, a barrier laver 430 such as TalN is
optionally formed on the conducteor-insulator composite layer
410. Next, a metal layer 440 such as aluminum-copper alloy is

formed on the barrier layer 430. Due tc the distribution of the
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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

oxi de | ayer 416 therein, the surface of netal |ayer

440 above the conposite region 419 is nore or |ess
uneven, irrespective of planarization on the netal

| ayer 440. However, the surface of netal |ayer 440

foll ows the planarlty 5 of the underlying single

slphit 1 £ aand ddioors i4isonThskRde gl ayre dhatherciay efhgeouyace

formed overlying the substrate 400. The passivation

f'xﬁ’é’t.ec{l 48QePrOi®ehSvE WR! E8hSo400- 342G 1b80A &S €8 hdi or less

netal |ayer 440 from unwanted el ectrical connection to

ot her devices (not shown). Finally, the passivation
ULRE By M%%ﬁﬁ@@qmﬂlﬁapﬁePﬁéﬂaszﬁb%@ﬁfﬂﬁldﬁﬁhﬁﬁéaAGQayer 440.

exposi ng the netal |ayer 440, thereby form ng the

HoREDEr PaGhS IS UKL of REchher Spbodi /1384 Eﬁ@'pét)ﬂr&é}glty

the wafer fabrication process. In Fig. 2B, whe

bond pad structure 4 is probed, sliding probe 180 is
ofeffhRt PRERYLELBEpetingl s MREBALIRY| d€Iisper 4436, Then, a

Danage to bond pad structure 4 is limted. In Fig. 2C

pa@E iV he1 ¥h nevRentd N9 s Stfhed H6LABMRd tﬁ@tsm&ﬁt (8. The

shown) froma visual system (not shown) of

Wi re-bondin
passivation layver 460 protects substrate 400 and isclates the

metal layer 440 from unwanted electrical connection to other
devices (not ghown). 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. 28, when the bond pad structure 4 is probed, sliding
probe 180 is effectively stopped by silicon oxide layer 416.
Damage to bond pad structure 4 is limited.

In Fig. 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 419 {(shown in Fig.

2a) . However, the planar surface 445 of metal layer 440 above
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apparatus (not shown) are scattered by the uneven
surface 449 of netal |ayer 440 above the conposite
region 419 (shown in Fig. 20 2A) However, the 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
nei ghboring passi vation Iayer 460 for the
th@i sangéadivdgSappar &8430on5 4G tisdown dNFiRLo 23Rl RietEdes
wre 190 with a gold ball 192 is bonded to the netal
efhf@wivémlﬁhtbO%f@@@t%ﬁuctM@vfdu@eeftf@ceﬁvagecérocrast
bond pad structure 4 is |inited, metal |ayer 440
not peeled. The netal |ayer 440 still effectively . .
beprgeectie PRE2EOAAVRY of 4V n80fatBf BEBAPBRPEET ape¥s yarion
fromcorrosion. 10 Thus, the effective bonding area
1abetveen the gobduhallholeRandppkbachend pad structure
is not reduced, inproving bondability and
reliability therebetmeen Two | ayouts of the
conBUEERRL | nduFdtor 2Rom it Witgget 99 0 th @ gRILE ball 192
enbodi nent are di sclosed as exanpl es here, and are not
islBohddended Heombt A1 t14-Re- ige Bt B8na MM fdtgaliars L0 Due
the subsequent |ayouts wll be apparent to those

skilled in the art. ) o
to damage to bond pad structure 4 is limited, metal layer 440

is not peeled. The metal layver 440 still effectively protects
the conductor-insulator composite layer 410 from corrosicn.
Thus, the effective bonding area between the gold ball 132 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
subgeqguent layouts will be apparent to thosgse skilled in the art.

In Fig. 3A, a top view of a layout 50a designed for the
conductor-insulator composgite layver 410 in opening 452 in Fig.
22 is shown. In the layout 50a, the distribution of the slots

414, compriging the silicon oxide laver 416 therein, forms an
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In Fig. 3A, a top view of a |ayout 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, conprising the

silicon oxide |layer 416 therein, forns an 9 octagona

conposite region 419 (slotted region) at the center

of the conductor-insulator conposite |ayer 410. The

single material region 415 §s|ot|ess region) is in
octhgopeti prrergsidfe tegiogoAdbictokot rliraodondorposhe ecenter

| ayer 410 and around the 5 conposite region 419. The

orSkRgl e MRLELHAl i hegi oA i Sehyd M@ The single
surface. The surface of the su sequent y formed metal

| ayer 440 above the single material region 415 may
majpspabaemloamats (Frlovilgssgr eF i@t F@elltéhﬁr%?tl%%@ﬁ the
the netal layer 440 and the nei ghboring passivation

cohBYUEF o AOOn WRED: PF 0GESHJM che 130 81 §0nghag $SEEMA@S the
di sclosed in Fig. 2C. A cross-section of the |ayout

50a along the line BBis simlar to that shown in Fig.
CODROB AL E HEBIFENEHY - 4502 P YMagBrialiepPiaredlefcygprises
| ayout 50b designed for the conductor-insulator

a SPAROsise rhaver shPr 9PENHMYhaSLubdedidht1yl? o%ﬁe&smet al
shown. In the |ayout 50b, the distribution of slots

laﬁéﬁ'440 above the single material region 415 may also be
planar, providing effective contrast between the metal layer 440
and the neighboring passivation laver 460 when processing the
wire-bonding step as disclosed 1n Fig. 2C. A cross-section of
the layout 50a along the line BB ig similar to that shown in Fig.
2A in the opening 452.

In Fig. 3B, a top view of a layeocut 50k designed for the
conductor-insulator compesite laver 410 in opening 452 in Fig.
22 ig shown. In the laycut 50b, the distribution of slots 414,
comprising the silicon oxide laver 416 therein, forms a
diamond-shaped composite region 419 (slotted regiocn) at the
center of the conductor-insulatecr composite layver 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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conprising the silicon oxide |ayer 416 therein, forns

a di anond-shaped conposite region 419 (slotted

region) at the center of the conductor-insul ator

conposite layer 410. The single material region 415

(slotless region) is in the periphery 20 of the

conduct or-insul ator conposite |ayer 410 and around the

10 conposite region 419. The single material region

415 conprises a planar surface. The surface of the
comnpsiyaarrdiprf 4t fed Thet sdnglapetceraol atroieon HéOsionprises

material region 415 may al so be planar, providing

a 1488t ke rgent r agle DeLreen Jhenaelalsdayslt 14490Pmd8%hetal
3 g5

e nei ghboring passivation |ayer 46% en processi ng
the wre-bonding step as disclosed in Fig. 2C. A
lagppsé48eebiyg che tsHadlgysutesoplalreggonhdlpi mavcalise be
simlar to that shown in Fig. 2A in the opening 452.
pl!-ixgaE', %ro%diﬁtgc@ﬁfgt@i%‘e'b&%&!ﬁ@%e%@@ﬁgﬂgae%érﬁééfﬁa%ﬁ? 440

ovérlying the substrate 600 1s provi

conductor-insul ator conposite |ayer 610 is conductive
angothe|meigtiaing eaAAeretaeti laydeditde¥hERoPr 3RRRRINGfhe
the substrate 600 to an external device (not shown)

wiFBeLERAPNGt T ed SsUgYab ¥sedBLAR: gSUSR, a5 EPRRELsQFtion of
other netallic elenments. The insul ator

the layout 50b along the line CC is similar to that shown in Fig.

2A in the opening 452.

In Fig. 4A, a conductor-insulator compcsite layer 610
overlying the gsubstrate 600 is provided. The
conductor-insulator composite layer 610 1s conductive to
electrically connect active devices (not shown) of the subgtrate
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 laver 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-ingsulator composite layer 610

preferably comprises a composite region 619 and a single

11
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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

619 and a single 11 material region 615. The
maggposi regieqi 645619 Thenpramsige amuhret Al uenmgisas a

and an insul ator sub-regi on, which neighbor each
cofbiligtor A ANAIOT ShsubAL O &GONIRRS! { 8ubaYel; 810 nich

preferably 5 a silicon OX|deIfayer 616 conprising a

sl ot 614, conprising a copper |ayer 612 therein, in
nefigebesnpasht ethelyi on 619. The single material region

615 is a slotless region of silicon oxide. The

conpRsi dh HRAHAN 16191308 Shtded o %95/@?-06 10016l Srefdrably

the dielectric |ayer 620 isolates the
conductor-jinsul ator conposite |ayer 610 from unwant ed
4 BleFPR CAFLTDARYEE 6A 6t BOBPREF LEVE GO Rt sReRPTISIRNg 2
passivation |ayer 650, conprising an opening 652
coB¥RPS1RGelNE12 CONEHEL QT - { ASHhAL O5mSOIPAS| L&y Gy &1 H10,mhe
e

I's formed on th
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 layver 610 and dielectric layer
620 to protect the substrate 600 from meoisture, oxygen,
particles, or other corrosive factors or contaminants.

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

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

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

12
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conductor-insul ator conposite |layer 610 and dielectric
| ayer 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 TaN is optionally forned on the
conductor-insul ator conposite |ayer 610. Next, a
netal |ayer 640 such as al um num copper alloy is 20
formed on the barrier layer 630. Due to the

slgtst k4 G SRedfortREr 1e2e%| bt2 aheraid « hee copercy aferetal
612 therein, the surface of netal |ayer 640 above the

1aGRRPOSH @ FRILRE Ehdss HDEBgObn! S5 iWNAYLE or less uneven
I rrespective of planarization on the netal |ayer 640.

., However, the surface of netal_ |ayer 640 above the

ITEPRPPECHEE & BLaPeyieAt 5oB PR FRedishddr 1puea Al « ngowever,
single material region 615 is planar. Then, a

thRagsl vaid OF hayel 166y 5§40 ume enerd wde ARerial region
substrate 600. The passivation |ayer 660 protects the
supstrate 600 and isolates the netal |ayer 640 from

S lantmmiedag] BRERTeaItiCoRneet £ B E 9 26t ReP 1o \Alced s (nbanar.
shown) . Finally, the passivation |ayer 10 660 is

Thpal tepaeditatiehmar0860i 1¥ BeAhcXPRSF NG P eheei@strate
| ayer 640, thereby form ng the bond pad structure 6

f this enbodi nent _and caonpl eting the wafer
60 abr? %ﬁlaﬁgéggslayer 660 proteCts the substrate 600 and

igolates 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
gliding probe 180 is effectively stopped by the silicon oxide
layver 6l16. 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 compesite region 619 (shown in Fig.

44) . However, the planar surface 645 of metal laver 640 above

13
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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
Wi re-bonding step, incident |ight beans (not shown)
froma visual system (not shown) of a wre-bonding
apparatus (not shown) are scattered by the uneven
surface 649 of netal |ayer 640 above the conposite
theegiiogle1 otsHann TeIEPg. 610 4(ﬁ)hoﬂéivvé'\¥br5,'19¢-hg‘1)%)l apegvides
surface 645 of netal |ayer 640 above 13 the single
efFREBLLAl TRHON BFIShBWN | Prdd Bai ) BER¥LESE contrast
effective light reflection, providing effective
contrast between netal | ayer 640 and the nei ghborin
bepyussr\vaetdh Jawrer 64668nH ok meighherasdPA§SApphataR usayer
5 Further, in Fig. 4D, when a gold wire 190 with a
6600kdrbaht wild2-wsndanrfegdd-eatthe netal |ayer 640 of
bond pad structure 6. Due to damage to bond pad
structure 6 is limted, netal |ayer, 640 is not
peefedthdhe Hefal - | WerteA02s391d vEffceéf Pyt a gold ball
protects the conductor-insul ator conposite |ayer 610
1901 081 BE&&H Qs iR mERHS, 14P8r S f @ WRnBORHUNG: Al CBure 6.
between the gold ball 192 and the bond pad structure

6 is not reduced, _inproving , o
Due to damage to bond pad stricture 6 is limited, metal layer

640 1is not peeled. The metal layer 640 still effectively
protects the conductor-insulator composgite layer 610 from
corrosion. Thus, the effective bonding area between the gold
kall 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 subseguent layouts.

In Fig. 5A, a top view of the layout 70a designed for the
conductor-insulater composite layer 610 from opening 652 in Fig.
44 ig ghown. In the layout 70a, the distribution of the slots

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

14
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15

20

bondability and reliability therebetween. Two | ayouts

of the conductor-insulator conposite |ayer 610 are

di scl osed here as exanples, and are not intended to

limt 15 the invention. It will be obvious to those

skilled in the art to nodify the subsequent | ayouts.

In Fig. 5A, a top view of the |ayout 70a designed for

the conductor-insulator conposite |ayer 610 from

opening 652 in . 4A is shown. In the |layout 70a,
Comﬁ@SéF§t¥?EaPPoﬁlgf(§H@t§?ét§@2@0614atcdﬁ¥ﬁlQﬁﬁﬁ?ﬁIﬂi the

copper |ayer 612 therein, forman octagonal 14

oﬁ@ﬂEQéklﬁnéﬁgé@ﬁrQ%%mk%hQ%tQQyE§Q6P@) %%etBQngﬁetﬁﬁté¥1a1
the conductor-insul ator conposite |ayer 610.

single material_ region 615 (slotless reglon) |s in
reghelpdriPphéfyobicthe regdaalictist - tAs g olPeEbﬁﬁ%@éYt@f the
| ayer 610 and around the 5 conposite region 619. The

cofBgt8r MBh L1 & oF eH AP LEF LONRRAESES18 PhARAMarcund the
surface. The surface of the subsequently formed netal

| ayer 640 above the single material region 615 may
cogpesipe repﬂlé%"aﬁwt héﬂlhébiyllﬁﬁjcﬁ/ F“@Fﬁg‘léﬁ-f%%qlr% Géén@?%‘-flses
between the netal [ayer 640 and the nei ghboring

a PSS Y alirGR ckay @ 6Q-1he8 0 tBEOSESS A8 formed metal
W re-bonding step as disclosed in Fig. 4C.

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
crogs-section of layout 70a along the 1ine DD is similar to that
shown in Fig. 4A in the opening 652.

In Fig. 5B, a top view of the layocut 70b designed for the
conductor-insulater composite laver 610 in opening 652 in Fig.
42 ig shown. 1In the layout 70b, the distribution of the slots
614, comprising the copper layer 612 therein, form a
diamond-shaped composgite region 619 (slotted region) at the
center of the conductor-insulator composite layer 610. The

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

of the conductcr-insulator ceomposite laver 610 and around the

15
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15

cross-section of |layout 70a along the line DD is
simlar to that shown in Fig. 4A in the opening 652.
In Fig. 5B, a top view of the layout 70b designed for
the conductor-insul ator conmposite |ayer 610 in
opening 652 in Fig. 15 4A is shown. In the |ayout
70b, the distribution of the slots 614, conprising the
copper |l ayer 612 therein, forma dianond-shaped
conposite region 619 (slotted region) at the center
CORPOFRES UG 6121 nThicat bra toMgssriall Beetos P35 qemprises
single material region 615 (slotless region) is in the
a }]B’Eéﬂlﬂ‘%ﬁﬁ(rf%@:eqf e sGORAHEL O tihRSsSS & SHAMP$LERed metal
ayer 610 and around the 15 conposite region 619. The
single material region_615 conprises a planar
Llaygrf 848, aPRESs (Hheace-"eF- &t Me LS qurértiry odPmadymetdic be
| ayer 640 above the single material region 615 may
p12hse, bene P akovt Aehghyr I vl BEnethsetiatGydenthastetal
between the netal 5 |ayer 640 and the nei ghboring
passi vati on_|l ayer 660 when processing the
laypEe-Gfbhding $t6p RRIHINNIGge PFFS Faf 1o, layer 660 when
cross-section of the layout 70b along the Iine EE is
probBbhdhgt One thate ShaWlidd St a4AdiBclB8eQPER PO;652:. &
Wil e the invention has been descri bed by way of

exanpl e
crossggection.of the layocut 70b along the line EE 1g similar to

that shown in Fig. 42 in the opening 6£52.

While the invention has been described by way of example
and in termé 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 spirit and

scope of the invention.

16
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10 and in terns of preferred enbodinent, it is to be
understood that the invention is not limted thereto.
It is therefore intended that the follow ng clainms be
interpreted as covering all such alteration and

nodi fications as fall wthin the true spirit and

scope of the invention. 15 16 Wiat Is Clained Is: 1 1.
A bond pad structure conprising: 2 a conductive
conductor-insul ator conposite layer 3 overlying a
substrate, the conductive conductor-insulator 4

Whagp8sFlaimedetStonprising: 5 a conposite region

havi ng a conduct or sub-region and 6 insulator
sub-regi on, the conductor sub-region and 7 the

i nsul at ox Boibd Negd He el @ikodorgreashget her; and 8 a
single material region neighboring the conposite
region; 9 wherein the insulator of the conductive 10

d - | ite.l I s hard 1
heCoonGURtB IoF ¢ nECERRGEL T e Lo tie: of TREANAEor 1over

12 conposite |ayer; and

overlying a substrate, the conductive conductor-insulator

composite layer comprising:

a composite region having a conductor sub-region and
insulator sub-region, the conductor sub-region and
the insulator sub-region neighboring each other; and

a single material region neighboring the composite region;

wherein the insulator of thej conductive
conductor-insulator compositellayer is harder than
the conductor of the conductive conductor-insulator

-,
composite layer; and
the conductive conductor-insulator composite layer is a

conductor comprising a slot in the composite region,

the slot comprising an insulator therein.

2. The structure as claimed in c¢laim 1, wherein the

conductor comprises copper.

17



13 the conductive conductor-insul ator conposite |ayer
is a 14 conductor conprising a slot in the conposite
region, 15 the slot conprising an insulator therein.
1 2. The structure as clainmed in claim1, wherein the
2 conductor conprises copper. 17 1 3. The structure as
clainmed in claiml1, wherein the 2 insulator conprises
silicon oxide. 1 4. The structure as clained in claim
1, wherein the 2 conposite region is approximtely at
the_center of the 3 conductive_conductar-insulator
conposi t BRfa§EFuciuse Fhecdpifetuid &dadfailved’hgrein the
claim1, wherein the 2 single nmaterial regionis in

ink€aperi pEEbYiSs the icepdusdiigee 3 conduct or-i nsul at or
conposite layer. 1 6. The structure as clained in

claiml1, further 2 conprising a netal |ayer overlying

the conducti ve conduct or-i.ns Iator cqonpqgsite | ayer.
R - YL S L i LS

metal 2 |ayer conprises an al um num copper aIon
cohpyettel fegildie skrugppirexiasatediai med i thel aieht@r of the
further

conductive conductor-insulator composite layer.

5. The structure as claimed in claim 1, wherein the
single material region is in the periphery of the conductive

conductor-insulator compeosite layver.

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

conductor-insulator composite laver.

7. The structure as claimed in claim &6, whereln 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-ingsulator composite layer and metal layer.

18



2 conprising a barrier |ayer between the conductive 3
conduct or-insul ator conposite |ayer and netal | ayer.
18 1 9. The structure as clainmed in claim8, wherein
the 2 barrier |layer conprises a TaN layer. 1 10. A
bond pad structure conprising: 2 a copper |ayer
overlying a substrate, the copper |ayer 3 conprising:
4 a slotted region having a slot, the slot having an
insulator 5 layer therein, the insulator |ayer being
harder than 6 the copper layer; and 7 a slotless
regfon afBBn8tERELYFBt PEdCLegmeA. 1 FL2ithe styhrigire the
as clainmed in claim 10, wherein the 2 insulator |ayer

ba&@HRE $85ebi LbfOM £xd de.mal h2yelhe structure as
claimed 1n claim10, further 2 conprising an

al um num copper alloy |ayer overlying the copper 3
fur ther 2 Zatnt i i i FHE FAVER BeRGen t he copper
| ayer and 3 al um num copper alloy |ayer.
a copper layer overlying a substrate, the copper layer
compriging:
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.

11. The structure as claimed in claim 10, wherein the

insulator layer comprises silicon oxide.

12. The structure as claimed in claim 10, further
comprising an aluminum-copper alloy laver overlyving the copper

layer.

13. The structure as claimed in c¢laim 12, further
comprising a TaN layer Dbetween the copper laver and

aluminum-copper alloy layer.
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19 1 14. A bond pad structure, conprising: 2 a
substrate; 3 a conductive copper-insulator conposite
| ayer overlying 4 the substrate; and 5 a netal |ayer
overlying the conductive copper-insulator 6 conposite
| ayer; 7 wherein the insulator of the conductive
copper-insulator 8 conposite layer is harder than
copper of the 9 conductive copper-insul ator conposite
Iayer and 10 wherein the conductive copper-insul ator
HEOSIte 11 layer further conprises: 12 a conposite
regitén hivPAB PR PP ST eGioBRTafdndn 13 insul at or
sub-regi on, the copper sub-region and the 14
I nsyl atipEt &bt €gi on nei ghboring each other; and 15 a
single material region nei ghboring the conposite 16
regi on; wherein the conductive copper-insulator 17
conﬁogPF@uF5§%? ?%PQﬁﬁxkﬂSUQQHQIC§@H@8€F§@ lager overlying
copper-insul ator conposite |ayer having a slot in the

20 the substrate; and

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

wherein the insulator of the conductive copper-insulator
composite layer is harder than copper of the
conductive copper-insulator composite layver, and
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; wherein the conductive copper-insulator
composite layer is copper, the conductive

copper-insulator composite layer having a slot in the

20



19

20

19 conposite region, the slot having the insulator 20
therein. 1 15. The structure as clainmed in claim 14,
wherein the 2 insulator conprises silicon oxide. 1
16. The structure as clainmed in claim 14, wherein the
2 conductive copper-insul ator conposite |ayer
conprises a copper 3 sub-region and insul ator
sub-regi on, the copper sub-region and 4 the insul ator
sub-regi on nei ghboring each other. 1 17. The structure
as cl ai mME@TPRSELEI ML O whelr®s nstipke Tpvésadudig viensulator
copper-insul ator conposite |layer is a copper-based 3
| ayer, thecc@pper-based | ayer having a slot, the slot
having the 4 insulator therein. 1 18. The structure
as clainmed in claim14, wherein the 2 conposite

region is approximately at_the center_of the 3 .

conaﬁcti@%ecgﬁﬁﬁ%?%ﬁei%%u?%ﬁﬂ?@%dﬁbo§}§%ﬂl%@erwh@F%%ﬂ the

The structure as clained in claim14, wherein the 2
insingter NBbwpt Bded egi it drs cadidehe periphery of the

conductive 3 conductor-insulator conposite |ayer. 21

1 20. The structure as clained in claim 14, wherein

thel6. The structure as claimed in claim 14, wherein the

conductive copper-insulator composite layver comprises a copper
sub-region and insulator sub-region, the copper sub-region and

the insulator sub-region neighboring each other.

17. The structure as claimed in claim 14, wherein the
conductive copper-insulator composite layer is a copper-based
layer, the copper-based laver having a slot, the sict having the

insulator therein.

18. The structure as claimed in claim 14, wherein the
composite region is approximately at the center of the

conductive conductor-insulator composite layer.

19. The structure as claimed in claim 14, wherein the
single material region is at the periphery of the conductive

conductor-insulator compeosite laver.

21



2 nmetal l|ayer conprises an al um num copper all oy
layer. 1 21. The structure as clained in claim 14,
further 2 conprising a barrier |ayer between the
conductive 3 copper-insulator conposite |ayer and the
metal layer. 1 22. The structure as clained in claim
21, wherein the 2 barrier layer conprises a TaN

| ayer. 3 23. The structure as clainmed in claim 14,
wherein the 4 conductive copper-insul ator conposite

| ayer is the insulator, 5 the copper-insulator .
conp8si t ENFaFEFURENTRgER SEted iheCldimokposviherein the
region, the slot having copper therein. 22

metal laver comprises an aluminum-copper alloy layer.

21, The structure as c¢laimed in claim 14, further
comprising a barrier layer between the conductive

copper-insulateor composite layer and the metal laver.

22. The structure as claimed in claim 21, wherein the

barrier layer comprises a TaN layer.

23. The structure as claimed in claim 14, 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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