29 March 2007 TITLE BONDI NG PAD STRUCTURE BACKGROUND OF THE | NVENTI ON -
Field of the Invention 5 The invention relates to integrated circuits, and
‘nore particularly to a bonding pad structure. Description of the Rel ated
Art: Bonding pads are interfaces between integrated circuits contained in
sem conductor chips and a device package. 10 Mddern | C desi gagchveddy hi gh
circuit density require a significantly increased nunber of pins and
bondi ng pads to reduce bonding pad pitch and size. Large nechani cal
stresses inherent in bonding operations, however, easily danage snaller
bondi ng pads. 15 Traditionally, eachghefgi ng pad is connected to one or
nore contact pads on an | G nounting surface of the device package through
Wi re-bondi ng, tape automated bonding (TAB) or flip-chip technol ogies. Wen
an IC chip is probed in an XBINGCRRD EERUGFURRe | j ke, a probe pin may
damage the soft 20 surface of .the bonding pad. The Cu | ayer beneath the
Al Cu pad is exposed to ai §ﬁﬁy r ﬁﬁg?r e .corroded pads caused
by this type. of pad voidsé%ﬁgﬁg§¢a tﬁ%engnga I |%§@of W re connection.
“Currently, _a top copper_ |l ayer of a solidprofile is used for connecting an
aluninun12§15%§,°% %ui?vﬁF§é89antages of pad voids, narrow bondability
wi ndow, g bal | i {4d nghanh iirelealited eoaGktegsuesd cAecaidspghyd sever al
nodi fications of the top copper |ayer :
particularly to a bonding pad structure.

Description of the Related Art:
| Bonding pads are interfaces between integrated circuits
contained in semiconductor chips and a device package.
10 Modern IC designs with high circuit density require a
significantly increased number of pins and bonding pads to
feduce bonding pad pitch and size. Large mechanical
étresées inherent in bonding operations, however, easily
damage smaller bonding pads. |
15 Traditionally, each bonding pad is connected to one or
more contact pads on an IC-mounting surface of the device
?ackage through wire-boﬁding, tape automated bonding (TAB)
6r flip-chip technologies.' When an IC chip is probed in an
e ‘-électrical test or the like, a probe pin may damage the soft :
20 surface of the anding pad. The Cu layer beneath.thé AlCu
pad is'exﬁqsed to air, and ﬁay be corroded. The corroded
pads “éaused by this type of pad Voids degrade the’
-béndability' of ‘wife{ connection. Curréntly, ‘a top copper
'iayer of a sblid-érofile is used'fof connecting an aluminum
25 zﬁad, bu£ has disadvantagés of pad %oids, narrow bondability
ﬁindow, ball lifting aﬁd dielectric cracg ,iséues.
Accordingly, séveral modifications of the:top éppperrlayer

have been develoﬁea as listed below. Moreover, in order to




have been devel oped as |listed bel ow Mreover, in order to 2 29 March 2007
overcone this problem the bonding pad has been divided into a bonding pad
region and a sensing pad region, and the probe pin is brought into contact
only with the sensing pad region which is allowed to be damaged. - 5 As

di sclosed in US Patent No. 6,552,438, one conventional bongy gareqd007
conprises a plurality of independen metal plugs formed in an array of via
holes of an inter-dielectric layer, in which each netal plug has a bottom
portion connected to a |lower alum num|ayer and a top 10 portion connected
to an uppesyatdiidymipagdroMPEROERs dndRagshuat has beyerdisidet nedon the
al um num pad to-expose a predeterm ned bonding area for bonding a wire.
Anot her  corvantirgngledboadioy padl « asises padt 6pIhetal 2rdyere (R1Pthg a

lattice trench of an inter-dielectric layer. for, 15 surr i ielectric
i sl ands. APHask PRAUGHT 298P F8H T O“fléAr/ Wé&ko[ﬁh? hseeﬁgof)gigéj%@gf%legrn to
expose a p{,ﬁ%&{, ﬁrgﬁaqqgwegoggigg agadpr forming an al-uminum pad, thus

a a

al | owi ng to be bonded on the al um num pad. The above -descri bed
~ bondi ng pads, howevetischasedt hein 20 Ul | dwitegtdi sHdvantage$38 Dur i ¢iee waf er

sorting, wre bondin or probe pin testing,. applied forces-or_|Iar
mechani cal CORYFES'SES mayP LIS t h@3Cnt e?‘-"B‘?’é*%%ri-@ I a?cﬁ-i}’lr%]légentgfo a

. probe pi niﬁggﬁsé}{qen%e%%ga %Ji% o deknmaRY iﬁxhﬁn@x‘ra}/o deherid h@rdoroof the
inter-dielectric layer surr ungl ng the top 25 netal |ayer, causing
corrosi on andihayerdogdesctprieblleayer, Thi svialco eacisewetad alugi dwm pad to
peel fromthe top netal . _ '

ST bottom portion connected to a lower aluminum layer and a top

10 portion connected to an upper aluminum pad. Moreover, a
passivation layer is formed on the aluminum pad to expose a
predetermined bonding area for bonding a wire. Another
conventional bonding pad comprises a top metal layer filling
a lattice- trench of an inter-dielectric layer for

15 surrounding dielectric islands. A passivation layer is also
formed on the top metal layer to expose a predetermined
bonding area for forming an aluminum pad, thus allowing a

- ball to be bonded on the alﬁminum_pad.

The above—desbribed.'bonding' pads, however,  have  the

R

20 following disadvantages. During wafer sorting, wire,bonding
Qor probe pin testing,'apblied forces or large mechanical
stresses may crack the inter-dielectric layer adjacént to a
fpfobe pin reéion.i Second, the crack may extend into the
interior of the inter-dielectfic layer surrounding the top

25 =meta1: layer, causing. corrosion and layer-open problems .
LThis also causes the aluminum pad to peei from the top metal
layef, thus the pad—opeﬁ problem céuses the wire to lose
contact with  the aluhinum pad,. decreasing bonding
reliability. | Additionallf, the pitch and size of the

30 bonding pad cannot be further shrinked as the bonding pad is




| ayer, thus the pad-open problem causes the wire to lose contact with the
al um num pad, decreasing bonding reliability. Additionally, the pitch and
size of the 30 bonding pad cannot be further shrinked as .the bonding pad is
29 March 2007 3 susceptible to damage fromthe mechanical stress, thus
limting chip size reduction in next generation technol om ,
during wire bonding, a high distribdtion ratio of the inggﬁgﬁggg?bb?

netal --plugs or the 5 dielectric islands nmay create a pad finding issue.
As di sclosed in US Patent No. 6,566, 752, another conventional bonding pad
conprises aub@pptmiad tongadwsded frioh atheensdcloiniamli nseredsel ediud c

| ayer. A passivation layer with a plurality of via holes is formed on the
inter 10 dighéeind c | t ¢iooseaNetiop metdl rPRYE ANYEFUMAMIMR pad is
formed on the sivation | ayer. and i.s ctricall ected to;dihe top
metal ring Eh %;%E”ﬁsa' hol eggulr-%aévegflr%ﬁe vwnlgt@h %)font qggt' opearret%ék?i ng is
linmted bygsthervibg ol eradesi gn, diesuldddigeridera nhsedi.gpiregs probtieen duri ng
15 phot ol i t hography, which prohibits bonding pad fabrication wthin active

- areas. SUMIRRYeOFr 45 4 INVENT MEX A@G@t@lim@%@g BBPeéFSBE -t he present

invention is to prqvide a top, et I r_design f ndi PR,
structure 20 t%FobgéFﬂféF?%ta}ergé. g%é%“%r ggéﬁﬁ$%62%$§1 a%g% under a
metal pad WhhDife foSenShahiRYi Pl AGRATEARY 4 ctdpemobiecting fhemed

invention, a bonding pad . . .
in a trench of an inter-dielectric layer. A passivation

layer . with a plurality of via holes is formed on the inter-
10 dielectric layer to expose the top metal ring. An algminum
pad is formed on the passivation layer and is electrically
connected to the top metal ring through via holes. However,
the width of the top metal ring is limited by the via hole
degign, resulting in a misalignment problem during
15 photolithography, which prohibits bonding pad fabrication

within active areas.
SUMMARY OF THE INVENTION

Accdrdingly,'an object of the present invention is to

providé a top metal layer design for a bonding pad structure

= 20 ‘to obtain a metal-free area or a small metal area under a

metal pad within a sensing region.

According to the object of the invention, a bonding pad
structure comprises a éubétrate having a bonding region and

‘a sensiﬁg..regibn. A first dielectric layer is formed

25 -overlying the substrate and has a dielectric island
‘ surrounded.!by a ring-shaped trench. & first conductive
layer is formed in the ring-shaped trench 'of‘-the first
dielectric 1ﬁfer. A passivation layer is formed overlying

the first diélectric layer and has an opening, in which the




structure conprises a substrate having a bonding region and a sensing
region. Afirst dielectric layer is forned 25 overlying the substrate and
has a dielectric island surrounded -by a ring-shaped trench. A first
conductive layer is formed in the ring-shaped trench of the first
dielectric layer. A passivation |layer is formed overlying 24 NRaréh 26b7
dielectric layer and has an opening, 4in which the 4 29 March 2007 openi ng
corresponds to the bonding region and the sensing region and exposes the

dielectric island and a part of the f{irst conductive layer. A secpnd
conduct i veoPagERa cBVBFESPIHE oenthg g?“ﬁhﬁgpggg%%%tggﬁ ¥g§ér, angﬁfs

el ect ri cal Ly, & coppectsd. 1o {ihe didinlcesgnductibve Layee. phnot her wij ect of
t he presenF Phvention 15 to provide a passivation opening design for a
bondi ng pad;sktf uebH8ct Ove PLAYECT a At apeaeal cdralpmt LyRd Ve et Al pad

within a sensing region. 10 According to the object .of i hv ion, a
bondi ng padhesKE@@ﬂuge<ﬁbn%h¢sEéS%}E%%§¥?ai%Y%5vFﬁé éébo%gg%%r%ggygﬁ and a

sensi ng_regi on. irst,_.diel ri d s fyred overlying the substrate
“and has®a gPEﬁﬁﬁ.@eé\ 9 %clg%u%%?(\%@ ayer aﬁ%rfor nmed. in the trench of the
first 15 dielectric layer. A passivation |layer is fornmed overlying the .

first dielectrignbener @mddrtasfanheppnesepTdmvesEond Ag tPoPTRBELERMI ng

region, wherein the passivation |ayer _covers .the first pve,_layer
forned wit lpesstiet semsPRENIRGi BASIIA §€Eoﬁd%€ Gt RS |§a§£e1?é%%"{/eer%‘£t»he

openi ng Ofpgg%eég Qaéééﬁﬁﬁhﬁhlhﬁé%ruﬂﬂgriéz&Qﬁﬂ?Qm%V%ﬁtmhﬁgatB@nseﬂging

region.

10 According to the object of the invention, a bondipg pad
structure comprises a substrate having a bonding region and

a sensing region. an first Vdielectric layer 1s formed
‘overlying the substrate and has a trench. A first
conductive layer is formed. in the trench of the first

- 15 dielectric layer. A passivation layer is formed overlying
. the first dielectric layer and has an opening corresponding

" to the bonding region, wherein the pasgivation layer covers

the first condﬁétive layer formed within the sensing regiom.

A second conductive layer covers the opening - of the.

W

‘20 passivation layer and is formed overlying the sensing
fegion. The second c¢onductive layer is -eleqtrically

donnected to the first conductive layer.
DESCRIPTION OF THE DRAWINGS
The present inventioﬁ‘will become more fully understood
25- from the detailed description given _hereinbelow and the

accompanying drawings, given by way of illustration only and

thus not intended to be limitative of the present invention.




regi on. The second conductive layer is electrically connected to the first
conductive | ayer. DESCRI PTION OF THE DRAW NGS The present invention wll
‘beconme nore fully understood 25 fromthe detail ed description given

her ei nbel ow and the acconpanyi ng drawi ngs, given by way of illustration
only and thus not intended to be limtative of the presenjig pav&eneben. 5 29
March 2007 FIG 1 is a top view of 5an individual chip including bonding
pad structures of the present invention. FIG 2A is a cross-section of a
bondi ng pad structure according to the first enbodi ment of the present
invention. 5 FIfGc.2B i&s aat bppVvirtewobft he dodduéBhed chag SRGMITERS FI G

2A. FIG 3A is a cross-section of another conducti ve%].Lc; ng underlying the
conduct i ve bemgingrad gBrigtyres ss LecPrEASBF H'Eonh

Ctive lattice 10
underlying the conductive ring. FIG 3Cis a cross-section ill l{%‘tﬂatei ng a
conductive sol iEf@nddy |48 ry tIRsTEREEaPRy &5 ignPOnNES PAAA-AE T Fop

views illustrating exanples_of _praofil.e design {CORANGHIiWe .ring. 15
FI GS. 5A- - 5¥CERPEIIHh t\ﬂng%? F??%%t?‘%qér}@e@xaﬁ%l ggégér%%% profil e desi gns
for the conductive pad. FIG 6A is a top view of.  cqorner cut r{i.o of .
the coriductive Fithg 2FFIiG BEIR B9 Nide N vecﬁtlngo%%oghsqo t he

20. conductH{S‘ pad.
FIG. 3A 1is a cross-seétion of another conductive ring

underlying the conductive ring.

FIG. 3B is a croés—sectidn of a conductive lattice

10 underlying the conductive ring.

FIG. 3C is a cross-section illustrating a conductive

solid underlying the conductive ring..

FIGS. 4A~4F are top views illustrating examples of

profile designs for the conductive ring.

15 FIGS. 5A~5F are top views illustrating examples of the

profile designs for the conductive pad.

FIG. 6A 1is a top viéw‘of corner cut portions of the |

conductive ring.
FIG..GB iz a top view of cormer cut portions of the
.20u conductive pad.
FIG. 7A is a top view of the conductive Fing with a
marking notch. |
FIG. 7B is a top view of the conductive pad with a
mérkihé notch.
25 FIG. 8A is é top view of . the conductive ring with the

marking notches and the corner cut portions.




Lk B

{39 ' layer patterned as independent plugs.

FIG 7Ais atop view of the conductive ring wth a . marking notch. FIG
7B is a top view of the conductive pad wwith a marking notch. . 25 FIG BA
is atop view of. the conductive ring with the marking notches and the
corner cut portions. 6 29 March 2007 FIG 8B is a top view of the
conductive pad with the marking notches and the corner cujg paréh 2067 FI G
9A is a cross-section of a CUP schefe adjacent to the bonding pad
structure. 5 FIG 9B is a top view of the conductive ring and the. CUP
schene shown in FIG 9A. FIG 10A is a cross-section of one exanple of
form ng the CUPISchéhe i tthotrp usigry ¢hethuf fepdyaliete Eﬁ?&w?gﬁ Feea
cross-section.af a bondin structure 0 ; jng to the second

enbodi ment "GERE BPEE%%?q¥ﬁ€gﬁFi88?n9ﬁ|ﬁyéfT%&%§£§Ltop vi ew of the
conductive ring and the passivation |ayer shown in EIG. 1éA. Flg. 12A is a
cross-section of1fhe%hi 8t 2cBRABRTISAT LI BpiiFerfOE™Ss 28I PEERFCEC 15
FIG 12B is.a top .vi uctive layer shown iin FIG 12A. FIG 13A
is a crossﬁgg%%Fgglggw?%% %@?ﬁ%ggghductive | ayer patterned as i ndependent

(plugs. EIG 138,18 a o View o TN, COPIUELT ¥EahNElveNPYy | Bna?Enkl G

13A |

CUP scheme shown in FIG. 9A.

FIG. 10A is a cross-section of one example of forming

the CUP scheme without using the buffer layer.

FIG. 11A is a cross-section of a bonding pad structure

10 aCCCrding to the second ewbodiment of the present invention.

FIG. 11B is a top view of the conductive ring and the

passivation layer shown in FIG. 11A.

FIG. 12A is a cross-section of the first conductive

layer patterned as a lattice.

15 " FIG. 12B is a .top view of the conductive layer shown in

FIG. 12A.

FIG. 13A is a croSs—section of the first conductive

FIG. 13B is a top view of the conductive layer shown in
‘20 FIG. 13A. | | | |
FIG; 142 is a cross-section éfrthe first cqnductive
layer patterned as a solid form. ‘

FIG. 14B is a top view of the conductive layer shown in

FIG, 14A.




"FIG 14A is a cross-section of the first conductive |ayer patterned as a
solid form FIG 14Bis a top view of the conductive |ayer shown in FIG
"14A. 7 29 March 2007 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present
invention provides a top netal |ayer design for a bonding pad structure to
obtain a netal-free area or a small netal area under a nejgpMapasi2pprhin a
sensing region. 5 The present invention additionally provides a passivation
openi ng design for a bonding pad, structure to protect a top netal |ayer
under a netal pad within a sensing region. The present invention

ef fectively prevents ©SERDBEDPEICRIRL IOV OFnBHEE| IFEEAEFIMUe to probing,

| engt hens the bondability. 10 window, elimnates cracks in the under-|ayer
dielectrics, afiHeppeyenits ipsentignoprohidertaltgpadetrdmlielier uddeishayer

di el ectrics. The present invention al so inproves d. finding-capability
(pad recogﬁPFiénbé%%%EﬁIH%%Oﬁtqug&HE@st%dﬂggﬁﬁléhF%%ﬁ&'gFF8m§gFﬁe bohdi ng

pad structyres,10.be: | 068l Shddl: Oy Her! HACEAkpGhr 6ULnal #ESregebh e
areas, scribe linés or a conbination théreof. FIG 1 is atop view of an
i ndi vi dgal Tebi poriddedntdi Ngrerhdaei ngidiad cstelligt ynesriglest e presématinmention
A sem conductor wafer conprises substantially isolated chi © 20, and the

i sol at ed clPPENEBAPFARSEEN of ¢RI H RERH RED RIS iShEHhYTeS FPsPrgEgg%ealFﬂgs 12
extending nca,fhist difgeli onand mecondiserbbechings tdqexhending in a
second direction: e individual chHip 10 containing circuitry conprises, an
active present invention effectively prevents corrosion in the top
metal layer due to probing, lengthens the bondability
10 window, eliminates cracks in the under-layer dielectrics{
and prevents peeling of the metal pad from the under-layer
dielectrics. The present invention also improves pad
finding capability (pad recognition capability), reduces pad
pitch, and alloﬁs the bonding pad structures to be located
15 over peripheral circuit areas, active areas, .scribe lines or
a combination thereof.
FIG. 1 is a top view of an individual chip including
bonding pad structures of the present Inventiomn. A
éemiconductor wafer comprises substantially isolated chips,
iﬁ; : zb.'and'the isolated chip‘comprises'a main area 10 defined by
‘first scribe lines 12 extending in a first directidg and
Second'scribe lines 14 extending in a second difectibn. The
individual . chip 10-containing circuitry comprises_an active -
areé 16 and a peripheral area 18. A plurality of_bondiﬂg
25 étructureS- 20 is' allowed on ‘the active area 16, the o
peripherai'area 18, the-first:scribe liné 12,'th¢ second
gscribe line 14, or a combination thereof. The bondihg pad
structureé 20 may be aligned in a éingle 1ine.or staggered

to form CUP (circuit under pad} pads.




area 16 and a peripheral area 18. A plurality of bonding 25 structures 20
is allowed on the active area 16,, the peripheral area 18, the first
scribe line 12, the second scribe line 14, or a conbination thereof. The
bondi ng pad structures 20 nmay be aligned in a single line or staggered to
form CUP (circuit under pad) pads. 8 29 March 2007 The bosjyivRgciw2807
structures 20 with a top netal |ayer8design and a passivation opening
design for obtaining a netal-free area or a small netal area under a netal
pad wthin a sensing region are described below. 5 First Enbodi nent The
present inventiome ppovddes padosadiug s s1¢ uei thea Wwobh Metedp Bt | ayer
design for obtaining a netal-free area or a snall t al upder_ a net al
pad mﬁthindaSig@n§W%g??egﬁéﬁ?v§@“F}GPP?$FP§ %ﬁ¥§§s?§E%tP%%ggFgg bondi ng
pad structur according to. the first [ ddre Praseant | ntion.
FIG 2B ismﬁg?%bgﬁ?%mfggatgglE%n%ﬁ%$%v§g??gg%§ﬁ%Mﬁh%n FIG 2A gﬂﬁﬁ

sem conducl,9rLsHbst Seated @2 reig bn pard idddgridemplefled. 15 integrated circuits
has a bonding region | for bonding a ball or a bunp and a sensing region
Il for $esFingtb¥mppdimentpi ns or other inplenent. A first dielectric |ayer
24, an next level dielectric of .the t L §estaukings Shaped
trench 25 whi ch™@orPESHIHI YIS deF ﬁ%égg.&égi g éé?#@gg‘%éi S . "A T

first condygtive |ayernebal alay@pPetnBsSyn ifoeranmiednigors ohetehefsebstrate
22, fills the ring-shaped : ‘ R
area or a small metal area under a metal pad within a

sensing region. _

10 FIG. 2A is a cross-section of a bonding pad structure
according to the first embodiment of the present invention.
FIG. 2B is a top view of the conductive ring shown in FIG.
24,

A semiconductor substrate 22 with partially completed

15 integratéd circuits has a bonding region I for bonding a
ball or a bump and a sensing region II for testing by probe
pins or other implement. A first die;tectric iayer 24, an
next level dielectric of the substrate 22, comprises a ring-

-shaped trench 25 which correspondingly defines a dielectric

PRI
ey

20 disland ‘24a. A first conductive layer 26, an uppermost
finterconnectionrof_ the Suiastrate 22, fil.ls the ring-shaped
treﬁch 25 to serve as a conductive ring 26, thus. enclosing
;the dielectric island 24a. A passivation layer 30 is_formed
on the first dielectric layer 24, and has an opening -31

25 acorréspondiﬁg to the bonding region I and the _s‘ez').sing region
5II, thus exposing the dielectric island 24a and a sufficient

 area of the conductive ring '2_6.. A second con'dl:ictive layer
32 is patterned on the first dielectric_ layer 24 and the
passivation, layer 30 within the “bonding region' I and the

30 _éensiﬁg region II to serve as a conductive pad 32, in which




trench 25 to serve as a conductive ring 26, thus: enclosing the dielectric
i sland 24a. A passivation layer 30 is formed on the first dielectric |ayer
24, and has an opening 31. 25 corresponding to the bonding region | and the
sensing region 11, thus exposing the dielectric island 24a and a
sufficient .area of the conductive ring 26. A second condyfjja¥éh hgqrr 32
is patterned on the first dielectric? ayer 24 and the passivation. |ayer
30 within the bonding region | and the 30 sensing region Il to serve as a
conductive pad 32, in which 9 29 March 2007 :.E the conductive pad 32 is
directly commecteddueritite REGhdAR i Vi ri Bgr - W t KOWRSCEGH rithg W% hol es.

A bonding _elenent 34,. su as..a ball -y sl ded .0
Conductivecfﬁép%ﬁ?Wﬁtﬁﬁag ?%E JéhéF%gIF%@Pgﬁgﬁthﬁrggsggj a qﬁ%?%f%% | ayer
28 is fornefegan@naint enftacebeswegnit ke sondugti Ve peshd2d and tthe
conductive ring 26 for increasing adhesion therebetween. The first

di el ectri coomgrert P myl B8 plisbin Skedbondibmy YeFg densiMSE9 8 m)2 oxi de,
dielectric with high resistance _ 10 to nechanical SS

di el ect?i cg?_rﬁ%r gﬁg?’éd %i I ?%atf@_@egsso? FS5 %I?é%ﬁsﬁagcgeon?glégé%hditeﬂeect rics.
The condughihygefing 2@ M8y @ ¢PRPRLnaGH}E i val ﬁﬂHnum (A3, itd:Rasiald oy, a

copper. manganese all oy or a copper-containing alloy. The conductive ring
26 i s appradhesiel ypher®behweanl5 width and 0.5-2min depth. Preferably, a

AN ESHEE IR EAIE St e

(high density plasma) oxide, dielectric with high resistance

10 to wmechanical stress, low-k dielectrics, fluorinated
'‘silicate glass (FSG) or silicon-based dielectrics. The
conductive ring 26 may be copper (Cu), aluminum (Al}, AlCu
alloy, a copper manganese alloy or a cbpper—containing
alloy. The conductive ring 26 is approximately 1~350 um in

15 width and 0.5~2pm in depth. Preferably, a measurement ratio-
~ R; satisfies the formula: R;= A /A, and 0<R <£30% , wheré AL
is the area of the conductive =xing 26 formed within the
sensing region II, and A; is the area of the sensing region
_II. The barrier layer 28 may be Ti, TiN, W, WN, Ta, TaN, or

20 a combination thereof. The conductive pad 32 ‘may be

Ml

aluminum (Al), AlCu alloy or an aluminum-containing alloy.
The bondiﬁg element 34 may be a gold ball used in wire
bonding technology or a metal bump used in _‘a flip chip
1l::'ec:hnc:log_y. ‘ | A

25 In accordance with ther-top metal layer ciesig_n,' the
conductive ring 26 occupieé— a srhéll area of the sensing
région Ir 't-o achieve a metal-free area.'or a small mei;al
area, thus overcoming problems caﬁsed b'yA rthe cdﬁventional
bonding pads and obtains the follox;ring _éd\r‘antag_es. ~ The -

30 metal-free area or the small metal area effectively reduces




sensing region T1, and A, is the area of the sensing region 11. The

barrier layer 28 may be Ti, TiNN W WN, Ta, TaN, or 20 a conbi nation

t hereof. The conductive pad 32 may be alumnum (A), AlCu alloy or an

al um num contai ning alloy. The bonding el enent 34 may be a gold ball used
-in wire bonding technology or a netal bunp used in a flip2¢Mdich 2007

technol ogy. 25 In accordance with thel@op metal |ayer design, the

conductive ring 26 occupies a snmall .area of the sensing region Il to

achieve a netal-free area or a small netal area, thus overcom ng probl ens

caused by the eomsséhilbral of bondihy pedsterdsbtdihsiiTRE &l ¢ owdtgic

advant ages., The 30 netal -free are r.the small petal, area effectively
reduces 291ﬁﬁ?5h g@07t°1de%e‘ﬁ3§§1_1WFtyr5Fgcr%€Es %%%%tr%ﬁ%%%ﬁ% %gfirsp

di el ectricool-ayeloRdal® 1R CORIUCHIYB1ERBY.  2Be WBLS] PHAMENEE Ngna XD I 0Si ON
and | ayer-open problens. The netal-free or small netal area prevents

peel i ng of mehelcemdacpireeepad B2elingn 5t hbecowddeciveer PAG 26 ofrate first

dielectric layer 24,  thus.elimnatin ad-open probl ens_and_ensurj ng
“bondi ng® r &RFai Flﬁﬁdepgnéﬁﬁy?rtﬁggnggﬁgaﬁgegﬁfgréF t gexbg% ing pad

structure 2@, cans PanifytliRgr %&@ SiRes1Lhe sondeekiuvens NgorSing not

susceptible to damage from 10 nechani Cal stress, thus allow ng reduction in

chi p size teliabekitygener atdohicmxhizol oghes. pTheh padid | sdizag elpabi¢ity of

the wire bonding tool is effectively inglov d as onky on s.rmothth

di el ect ri cPPBfAaRd Pag PETEAEVERed?bFafh o ghiORFy duced STHCE 'the

conductive ring 26 is not susceptible to damage Ifrom
10 mechanical stress, thus allowing-réduction in chip size for
next genefation technologies. The pad finding capability of
the wire bonding tool is effectivély improved as only one
smooth dielectric island 24a is enclosed by the conductive
ring 26, Finally, since the conductive ring 26 is directly
15 connected to the conductive pad 32ywithout use of_via holes
| or plugs, limitation in ring width and misalignment problems
caused by a via hole design are eliminated, and various
modifications of the conductive ring 26 and the conductive
ﬁad.32 are allowed.
QQD 20 Various modifications of the conductive :ing 26 and the
‘ " conductive péd 32 are hereiﬁ described. -

First Example

Based . on désign requirements of the top metal'layer,
the interconnections undeflying the conductive ring 26 may

25 be modified to have a ring," lattice, island, or solid

profile;

FIG.‘3A is a crﬁss—section of another condﬂcﬁive ring
underlying the conductive ring 26. Elements 'similar to
those in FIG. 2A are omitted here. A second dielectric

‘3O'Aléyer_ 36 underlying fhef‘first_ dielectric layer 24 is




ring 26. Finally, since the conductive ring 2.6 is directly 15 connected to
the conductive pad 32 without use of via holes or plugs, limtation in
ring width and misalignment problenms caused by a via hole design are
elimnated, and various nodifications of the conductive ring 26 and the
conductive pad 32 are allowed. . 20 Various nodificationseefdrBR 2007
conductive ring 26 and the conductiVvé pad 32 are herein described. First
Exanpl e Based.on design requirenents of the top netal |ayer, the

i nterconnections underlying the conductive ring 26 may 25 be nodified to
have a ri ngrovaidd ce, i shanmd, condgotide éﬁ@ﬁrléa FP%iPQEF?§n% cPFBs$-section

of anot her conductive_ring. underl I 2 El enent s
"similar t61n$h6§@ ﬁﬁbﬁﬁgﬁdzﬂnafgm% g? legg§££%§0%3§%le?%ctrlgp30

| ayer 36 ug\gg% #Q‘%Cgf 4@%@'@1&?@&6@@)&@{ e | Se@ShdVhd Ol KOG7F

provi ded. tive layer 38 is patterned as a ring and enbedded

in the secmaﬁeﬂlgﬁeﬁbremeéﬁwmuaxﬂy gonneotd rdie \eensiugEixe XNyl 6 'St med in

the second dielectric layer 36_to electrically connect the conductive rin
26 to % thbeseeerrf comduetive 1ay®r 38, FIG 3B is a cross-section of a )

conductive Iatt%ﬁg pderd ying. the capduchi v ringRfaudelieeentscisidqa lar to
those in FIG 3A aregonl % %ére The third conductlﬁg llayer 38 is

|ms)d:o]; Z)\ellcldtegngﬁgn%rﬁaeg g;ttgllagée:,torn:dlgxc\thw_eh r@mcar2éy of Eleneliies ectriléars|Ehds 36a

thoge in FIG. 3A are omitted here. The third conductive
layer 38 is modified to form a lattice, in which an array of
10 dielectriec islands 36a 1is provided and the dielectric
iglands 36 are spacéd apart from each other by the third
conductive layer 38. Alternately, the third conductive
layer 38 is modified to form an array of independent plugs
spaced apart from each other by the second dielectric layer

15  36.
fIG. 3¢ ig a cross-section illustrating a conductive
solid underlying the conductive ring 26. Elements similar

to those in .FIG. 3A are omitted here. The third conductive

layer 38 is modified to have a solid form.

20 Second Example

Based on tﬁe design requlrements of the top metal
layer, the conductive ring 26, the conductive pad 32, or'a
combination thereof may be further mbdified_to have various
gegmetric shapes.

25‘ ,‘ FIGS. 4A~4F are tdp' views illustrating examples of
proflle designs for the conductive ring 26. FIGS. 5A-5F are
top views 1llustrat1ng examples of the proflle designs for
the conductive pad 32.

The conductive ring 26 is & quadrilateral ring, and the

30 corresponding dielectric island 24a 1is a quadrilateral




i slands 36 are spaced apart fromeach other by the third conductive |ayer
38. Alternately, the third conductive layer 38 is nodified to form an
array of independent plugs spaced apart from each other by the second
dielectric layer 15 36. FIG 3Cis a cross-section illustrating a
conductive solid underlying the conductive ring 26. El emepd pazbRidody tO
those in.FIG 3A are onmtted here. Th® third conductive layer 38 is

nodi fied to have a solid form 20 Second Exanpl e Based on the design

requirenents of the top nmetal |ayer, the conductive ring 26, the
conduct i vespadd32, 10rFE. aenbichat comdddiereofrimgy 2be ibuat hgnamedrined to
have various _ geonetric shapes. 25 FIGS. 4A-4F are top views illustrating

exanpl es ofNdprigi | BOBERIRATIMG: el BTttt 982 7Y ng*96. 1 FI @S STARBE are
top views %Ehgagrathpqﬂﬁiaggle§h8fc5£ghéﬁfgélf§n |§%g@§ gogecﬁﬁggg%%puctlve

pad 32. Thé conductive ri'ng 26 IS a quadrilater ring, and t
correspondir-fggdi ed:RCt the icdardpdbaihg alipladitdiat etalad® 2%aVaieh 2007
solid. In FIG 4A, the conductive ring 26 is a square ring, and the
cor r espondiragtanebt rid ids| and 24a is a square solid. In FIG 4B, the

conductive ring,28 s, 8, Lectangylar o& i g, and; Lhe cor Lespondipg ghel ectric
island 24a is a 5 fectangul ar ~s0 i e condtctive ring 26 1's a circul ar
ring, and tBeresgsf@sppdiengcdirebectTded isdand 24ailrsudaei seutar sohid. In
FIG. 4C, the conductive ring 26 is a circular ring, and the
corresponding dielectric island 24a is a circular solid.
10 In FIG. 4D, the conductive xing 26 1is an elliptical ring,
énd the corresponding dielectric islaﬁd 24z is an elliptical
solid. |
.The conductive ring 26 is a polygonal ring, and the
corresponding dielectric island 24a 1s a polygonal solid.
15 In FIG. 4E, the conductive ring 26 is a hexagonal ring, and
the corresponding dielectric island 24a ig a hexagonal
solid. 1In FIG. 4F, the conductive ring 26 is an octagonal
ring, and the corresponding dielectric island 24a "is an
octagonal solid.
Q;Q .20 The conductive pad 32 may only be shaped into a
) geometric solid if the electrical éonnection. between the
' conductive pad 32 and the conductive ring 26 is reliable.
In FIG. 57, the conductive pad 32 is a square solid. . In
FIG. 5B, the conductive pad 32 is a rectangﬁlar-801id. Iﬁ.
25 fIG. 5C, the conductive pad 32 is a circular solid. 1Imn FIG;
5D, the conductive pad 32 ig an ellipticai solid. In FIG.
SE, the conductive pad 32 is a hexagonal solid. in FIG. 5F,

the conductive pad 32 is an octagonal solid.




FIG 4C, the conductive ring 26 is a circular ring, and the corresponding
dielectric island 24a is a circular solid. 10 In FIG 4D, the conductive
ring 26 is an elliptical ring, and the corresponding dielectric island 24a
is an elliptical solid. The conductive ring 26 is a polygonal ring, and
the corresponding dielectric island 24a is a pol ygonal sobd FI G
4E, the conductive ring 26 is a hexagBnal ring, and the cgégf Q'é‘ﬁ%ﬁ?ﬁogg
dielectric island 24a is a hexagonal solid. In FIG 4F, the conductive
ring 26 is an octagonal ring, and the corresponding dielectric island 24a

is an octnggalE§gm¢fg 20 The conductive pad 32 may only be shaped into a

geonetric el ectrical connection between the_ conductive pad 32
and the conduct Beecd oy Dauasridplapre. desipriier SRS CRBIEGRIYEL FYRT pad 32,

_ Paeed o7y LS dRE RIS SRC €
ol ra. 1n 26 BrcrebndikRiskinali va’ o Y SRR, Bl RA T T R o

5D, the condugtbvedpadSdrerean peelphdical solid. In FIG 5E, the
conductive pad 32 is a hexagonal solid. In FIG 5F, the conductivg pad 32
<

i s an oEtagonal FE@}i 62 18 20 9am chi00PL Terrar EXEfDIROBASEF o at
auad 1| il SERLOD Lot Lle, OMMENAE LLng ;25 0L e COMMLLVEupd O2,
is a top Vieweebnsotertixdt cpRALEONE Obatlineo conduehkuesr idignidtr Ft& 6B is
a top view of corner cut
those in FIG. 2B are omitted here.
In FIG. 6A, the conductive ring 26 comprises four
10 corner cut‘ portions 42 adjacent to four corners of the
quadrilateral ring, respectively. The corner cut .portion 42
prohibits the formation of the first conductive layer 26,
but allows ‘the formation: of the first dielectric layer 24.
Preferably, the corner cut portion 42 is a xright triangle,
15 where the hypotenuse 41 is approximately 0.5-5um in length,
an included angle ©; between the hypotenuse 41 and the X
axis 1s approximately 10°~80°, and a wmeasurement ratic Ro
satisfies the formula: Rp= Aci/Bo and 0<R,<80%, where Ay is
the area of the corner éut portion 42, and A. is the corner

20 area of the conductive ring  26. The corner area Aa

satisfiles the formula: Ay=W; X W,, where W, is the X-axis
width of the conductive ring 26, W, is the Y-axis width of"

the conducﬁive ring 26, W1=1;Lﬁ1 ~10pm, and Wy=1lpm~10pm.
In FIG. 6B, the conductive pad 32 comprises four corner
25 cut -portions 44 adjacent - to four corners of the
quadrilateral' solid, respectiv'ely. The corner cut portion
44 prohibits the formation of the second. conductive layer
32, but allows the formation of the passivat:ic:m layer 30.
Preferably, the corner cut por_tion 44 is a right triangle,

30 where the hypotenuse 43 is approximately 0.5~10um in length,'




portions of the ¢onductive pad 32. Elenents simlar to those in. FIG 2B

are omtted here. In FIG 6A, the conductive ring 26 conprises four 10

corner cut portions 42 adjacent to four corners of the quadrilateral ring,
respectively. The corner cut portion 42 prohibits the, formation of the
first conductive |ayer 26, but allows the formation of t

dielectric layer 24. Preferably, thd4corner cut portion 2%9“5&55%08
triangle, 15 where the hypotenuse 41 is approximately 0.5-5min length, an
i ncl uded angl e el between the hypotenuse 41 and the X axis is

appr oxi mat elnd X0 80rladed aampls uh.ebentreeat tloe Ry poatnissd a9 Ehe tbentl a: R2=
At 1/ Acl and O<R2<800, where At, is the area of the corner cut portion 42,
and Act is ¥He dér ﬁEPr%“%ﬁ‘tea&LYoflot ne%conductive ring 26. The corner area Al
satisfies the fornula: A1=W. x W2, where WL is the X-axis wdth of the
conductlve§33ﬁ£iigfﬁﬁﬁis the Y-axis width of the conductive ring 26;

WL=| gm - 10m andnVWe@sr10m claaFle db8;ridienatendiet issmspad 32gdomprlilses

four corner 25 cut portlons 44 adj acent to four corners of th

quadri | & erioms othed, PIpactiSEBIqR Fhed c%@#@ngcu’flf)b%tr-anpr%lgrﬂéh% ts the
formation h o] i | a I t f orgyat ijon of

t he paSS|vg{f%n%F§agggg8$ q%ﬁ%#e%?bl %ﬁ%heéé%?ggérgétq%%%tP%% 4ﬁﬁ?s a right
triangl e, Ibmdhieneithetihympotnuse 43 is approximately 0.5-10min length, 3
14 29 March 2007 _and an included, angl e 02 between the hypotenuse 41 and
the X axis is ggﬁrogﬁnﬁgepytqgovE%% of the conductive ring 26 with

marking notch. FIG. 7B is a top view of the conductive pad

i 10 32 with a marking notch. Elements similar to those in FIG.

2B are omitted here.

In PIG. 78, the conductive ring 26 comprises two
marking notches 45, and twe dielectric markings 24b are
correspondingly defined within the two marking notches 46,

15 respectively. The two marking notches 46 are approximately
aligned in a liné to delineate the sensing region II- from
the bonding region I. Each of the two marking notches 46 is
composed of a bottom side 461 and two lateral sides 46I1.

Preferably, a first—direction. length I, from the lateral

{ﬁ} 20 side 46II to the edge of the conductive ring 26 for defining

the boﬁding region I is approximately 40~60um. Preferably,
a first length 8; of the dielectric marking 24b, parallel to
the bottom side 46I, is approximately 1~3um. Preferably, a
second length S; of the dielectric marking 24b, parallel to
25 the lateral side 4611, is approkimately 0.5~2;,Lm.~

In FIG. 7B, the conductive pad 32 comprises two marking
notches 48, and two passivation markings 30b are
correspondingly defined within the ‘two marking notches 48,
respectively. The two marking notches 48 are approximately

30 aiigned in a line to delineate thé sensing region II from




Fourth. Exanple 1n order to clearly discrimnate the sensing region Il 5
fromthe bonding region |, a marking notch is provided on the conductive
ring 26, the conductive pad 32, or a conbination thereof. FIG 7A is a top
view of the conductive ring 26 with a marking notch. FIG 7B is a top view
of the conductive pad 10 32 with a marking notch. El ement g9 §fdrch20070
those in FIG 2B are omtted here. A FIG 7A, the conductive ring 26
conprises two marking notches 46, and two dielectric nmarkings 24b are
correspondi ngly defined wthi n the two marking notches 46, 15 respectively.
The two ma t ches 46 ar DLOX] gt a [ e

del i neat e pﬁ%n}g%rh(%lrﬁg e gllogn [ a?r%%o eeb*W& h&‘g?gg? ﬂog{.ﬂllél‘fgc%é g]fs the two

mar ki ng notehsss46 48 aCQSEQ&ﬁdsQBeaLﬂBQt t:o@ Sivde YSlerand dined at@Tal sides
4611. Preferably, a first-direction length L1 fromthe lateral 20 side
4611 to théreﬂgneaidfy,t he domidctivecting nigéﬁl dTezfl Arag oFe BBRETHY region

| is apprOX| 406m efer a fi engt h, S1_of l ectric
mar ki ng 2453L ﬁ efo t %ﬁ%/m (%ldlfg lve %%p?%x#ﬁgt g%?%iﬂg%
Preferably,y + rh 321801‘ Arglet rla@ BBfiki Nngp24bergaral lel to
25 thea%f)at gr al bég 61%9%%5 Iappr oiéﬂrrlg}te l'y O. g 2m I% FI G 7Be th eléI

conduct i veapadrsBZ 1engnipr bsest t Wbe markE hyat et chesk 48y 2P, t%rﬁh%%l vation

mar ki ngs 30b are correspondi nEI y defined within the two EI ng t{;}(f)tches
48, respebPi vBE ool SiclemdAki nyS ndRRAESI W SAre ‘appfoxi maEEFYSRYY al i gned

inaline 50sggbh@eﬁéﬁgﬁmeSEQﬂ§Hﬂﬂz&ﬁﬂkﬁﬂakhoﬁrﬁﬂkklng 30b, parallel
to the lateral side 4811, is approximately 0.5-2um.

10 Additionally, the marking notch design for the

conductive ring 26 and the conductive pad 32 can be combined

with the corner cut designs as described in FIGS. 6A and &B.

FIG. 8A is a top view of the cqnducﬁive ring 26 with

the marking notches 46 and the corner cut portions 42. FIG.

15 8B is a top view of the conductive pad 32 with the marking

notches 48 and the corner cut portions 44. Elements similar

to those in FIGS. 6~7 are omitted here.

Fifth Example

Based on the design requirements of the top metal

N

20 layer, a circuit under pad (CUP) scheme can be further
provided under an extension portion the conductive ring 26.
Locating the circuit under_ the pad shortens some of the

 conductors and thereby decreases their inductance‘-and
resistance and also reduces the parasitic capacitance of the

25 circuit.

FIG. 92 is a cross-section of a CUP scheme 50 adjacent .
to the bonding pad structure 20. FIG. 9B is a top view of
the conductive ring 26 and the CUP scheme 50 shown in FIG.
SA. Elements similar to those in FIGS. 6-7 are omitted

30 here.




29 March 2007 15 the bonding region |I. Each of the two marking notches 48
is conposed of a bottomside 481 and two |ateral sides 4811. Preferably,
a first-direction length L, fromthe lateral side 4811 to the edge of the
conductive pad 32 for defining 5 the bonding region | is approxi mtely
40.60m Preferably, a first Ilength S1 of the passivation sapdred 2807,
parallel to the bottomside 481, is Hpproximately |-3m Preferably, a
second length S2 of the passivation nmarking 30b, parallel to the |lateral
side 4811, is approximately 0.5-2m 10 Additionally, the marking notch
design for the Wendusidwéivenging a8d aPrdeREuSH VETFAG-32 O TBéen
conmbined wth the corner cut designs as_describ in-E . B. FIG
8A is a top®SA & eE FHESRIRJLETT ifTg 12 eﬁf?heggﬁég%é#%§ﬁﬁgﬁ%?§%g% 46 and
the corner £ity pasti@ns.d2, Hidd b BEdina rleRori aWaph the cendueid ve pad
32 with the nmarking notchés 48 and the corner cut portions 44. El enents
simlar tordédiose ID.Fl GS. @7 ackemmn Eledihefernedi fadyapeatpl e Baded on

t he design requirenents of the top netal | ayer, a circuit der pad
(CUP) scéhen®Xcanfis® f BPFR&PE pPRvi ded Aun éﬁ%&ﬁ AL port i IS

conductive g} 0o £6.cy, Locatding t e GLbevit unger bhea padnsBort enssgome of -
the conductors and thereby decreases their 1nductance and resistance and
al so reducescldme patagidtitercagadittearsda .of Phepl @& Eitcubf. FITGUGAMS a
CrOSS-SeCtléqhég é%(ggDfg?%%gEiEOagdg%gggtof via holes 57 of the first
dielectric layer 24. Thus, the extension portion 26a can be
10 electrically connected to the circuit scheme 54 through via-
holes 57. Also, the circuit scheme 54 can be electrically
connected to a lowermost conductive layer 58 through
interconnections. Preferably, the number of via holes 57
for a signal circﬁit scheme is smaller than that for a power
15 circuit scheme.
In addition, based_on a combination of the conductive
ring 26 and the CUP scheme 50, the buffer layer 52 may be
optional, and the conductive layers underlying the

conductive ring 26 may be modified.

20 - FIG. 10A is aAcross—section of one example of forming

the ' CUP scheme 50 without using .the buffer layer 52.
Elementé similar to those in FIG. 9A are omitted here. The
different portion is thét the buffer,layer,Sz is omitted,
thus the circuit scheme 54 is formed in the first dielectric
25 layer 24. |

FIG. 10B is a cross-section of another example of
forming the CUP scheme 50 underneath two copductive rings;
Elements similar to6 those in FIG. 9Arare omitted here. The
different portion is that the third conductive layer 38 is

30 patterned as a ring and embedded in the second dielectric




to the bonding pad structure 20. FIG 9B is a top view of the conductive
ring 26 and the CUP schene 50 shown in FIG 9A. Elenents simlar to those
in FIGS. 6-7 are onmtted 30 here. Il 16 29 March 2007 The conductive ring
26 conprises an extension portion 26a which extends from one peripheral
edge of the conductive ring 26 and away from the bondi ng s¢Ma8hl2007d t he
sensing region Il. A CUP schene 50 il¥ forned adjacent to the 5. extension
portion 26a. A buffer layer 52 is formed underneath the first dielectric
| ayer 24 and has a circuit schene 54 patterned therein. A plurality of
conductive |l ugs 56 is faormed in an array of via.holes.57 of the fjrst
dielectric ilg}/":é]? 53: Hbs 15t e&?ﬁéﬁ@iﬁ&ﬁ SIRRN] eﬁG%%}r%lebeché% ectrically
connect ed tgiﬁgezgi HeoligRChere Bhdaygh pihd 410l esadde, At drierccircuit
schenme 54 can be electriCally connected to a’l owernost conductive | ayer 58
through i ntendonmiest | dager Pragf ehabl yan t kectposben gionfii@rhob8s S5thidlor a
signal circuit schene is smaller than that %or a power 15 circuit .schene.
eqGhauet i v

In additi on®*haR&d dF cHMS nREFSRNGF 2L he ©img'S6 Fhd The cup
schere 59, r oD@ReORE LORRE , s @t ey Hueid ayers
under | yiS%g %E%c?%‘%%aﬁtulei ?%/%BFié%SHgéonayebe nmodi fised. 20 FIG 10A is 1a
cross-secti aples one exanple of formng the CUP schenme 50 w thout using

the buffer layer 52.. Elenents simlar to those in FIG 9A are onmitted
here. The Second Embodiment :

The present invention provides a bonding pad structure
with a passivation opening design for protecting a top metal

10 layer within a sensing region.

FIG. 11A is a cross-section .of a bonding pad structure
according to the second embodiment of the present invention.
FIG. 11B is a top view of the conductive ring 26 and the
péssivation layer 30 shown in FIG. 11A.

15 A semiconductor substrate 22 with partially completed
integrated circuits has a bonciing region I for bonding a
ball or a bump and a sensing region II for testing by probe
pins or other implement. A first dielectric layer 24, an
uppermost dielectric of the substrate 22, comprises a ring-

u,) 20 shaped trench 25 which correspondingly defines a dielectric
island 24a. AI first conc;fiuctive layer 26, an uppermdst
conductive layer of interconnections in the substrate 22,
fills the ring-shaped trench 25 to serve as a conductive
ring 26y thus enclosing the dielectric island 24a. A

25 . passivation layer 30 is formed on the first dielectric layer
24, and has- - an opening 31 corresponding to the bonding
region I, thus cqvering the conductive -ring 26 located
within thé sensing region- -II. - A second conductive layer 32
is formed overlying the first dielectric layer 24 and the

30 passivation layer 30 within the_bonding region I and the

4




different portion is that the buffer. layer. 52 is onmtted, thus the
circuit schene 54 is fornmed in the first dielectric 25 layer 24. FIG 10B
is a cross-section of another exanple of formng the CUP schene 50
underneath two conductive rings. Elenents simlar to those in FIG 9A are
omtted here. The different portionis that the third co | er 38
is 30 patterned as a ring and enbeddetf i n the second dieI2%¥PF%¥q%bgg Mar ch
2007 layer 36, and is electrically connected to the conductive ring 26

t hrough the conductive plug 40. Also, the third conductive | ayer 38 has an
ext ensi on pUSOA 384 GRi Eh texterts 3T omHElUsEivEherdl 2édgétolERB ring

to be 5 el i call ec tq,the_cirgul he 4 o] Vi hol es
57. Secondq%%%o |ﬁ€%€e$ﬁ§ p%ggengzinggntﬁg%E%Fﬁgidggngé%%%%iﬁ%gpaéﬂe
structure oriducaipasshivat benwepepiingrdgsitind oFipredteed i ngnabbapingtal 10
| ayer within a sensing region. FIG 11Ais a cross-section of a bonding pad
structure seEwndi gt osidHe secendbahbodrnentbwip t hésphesdst iYwehbeon.

FIG 11B is_ _a top.view of_the, conductive ri.ng 26 and the assivation |ayer
50 showrt | THIERITR P18 3 oEhThdUt oSS FA0R 5o w ¢ HOBBPYTAIIG
conpl eted Hdiragratiegesi raits hasvaabanénngd eghodrladorndeneingtae bal |

or a bunp and a sensing region Il for testing by probe pins or other

i npl enent . RGUCSLVei RR@ciT iand fper cRadughlvepperest diel ectric of the

substrate 22, C%@E%Egaslf}rtﬂngirst dielectric layer 24 may be plasma

oxide, HDP (high density plasma) oxide, dielectric with high
16 Iesistaﬁce to mechanical stress, low-k dielectrics, FSG, or
silicon-based dielectrics. The conductive ring 26 may be
copper (Cu), aluminum (Al), AlCu alloy, a copper manganese
alloy or a copper-containing alloy. The conductive riﬁgr26
is approximately 1~50um in width and 0.5~2pm in depth. The
15  Dbarrier layer 28 may be Ti, TiN, W, WN, Ta, TéN, or a
combination thereof. The conductive pad 32 may be aluminum
(Al), AlCu alloy or an aluminum-containing alloy. The
bonding element 34 may be a gold ball used in wire bonding
technology or a metal bump used in & flip chip technology.

20 Accordingly, the passivation layer 30 covers the

- conductive ring 26 within the sensing region II to prevent
damage -to the conductive'riﬁg 26 within the sensing région
caused by mechanical stress. The passivation iayer 30
adjacent to the demarcation between the bonding region I and |

25 the'sensing‘region IT can also serve as a marking strip,
which has the same function of the marking notcﬁeé aé
describéd in FIGS. 7A and 7B. In addition, other
intercdnnections underlying the conductive ring 26 may be
modified to have a ring, lattice, isiand, or solid.profile

30 as disclosed in FIGS. 3A-~3C.




20 shaped trench” 25 which correspondingly defines a dielectric island 24a.
A first conductive layer 26, an uppernost conductive |ayer of
i nterconnections in the. substrate 22, fills the ring-shaped trench 25 to
serve as a conductive ring 26p thus enclosing the dielectric island 24a. A
25 passivation layer 30 is forned on the first dielectric $qWRirch2607and
has an opening 31 corresponding to t Hé bonding region I, thus covering the
‘conductive ring 26 located wthin the sensing region Il. A second
conductive layer 32 is forned overlying the first dielectric |ayer 24 and
the 30 passivatiT% | B§esi g0t i@ hcReRhBS bAIRA YR r é§FontHe aRPINE P9 Mar ch
2007 sensi egi.o : _serve- .con ] d i Lgh: the
conductive %%5£§%OigchﬁFgg?l§ﬁ%§ﬁ%§é%% %fgagégyg%%%dugﬁFiéﬂ¥¥ﬁg gég%ithout
requiring via ol es. cdvdanding ceheneiitveddrisgiChs awiahbal kher serbufg, 1S
-bonded to the 5 conductive pad 32 within the bondin% region |. Moreover, a
barrier | ayesiz® i I ptevikkedhidd tandisettiEce perdleen TR ROWHIAHWE pad 32
and the conductive ring,26.. Pref.erahly, .the fj i.electric l.ayer may
o ol astin eSS G R faRE 2 i alier TRl S r B B Rl oh 10
resistance 1, dechan GHobIkhess, Tiow kadieteeidn clayESGaleb Siddweansbased
dielectrics. The conductive ring 26 may be copper (Cu) , alum num (Al),
Al Cu al | oy,peelciosped Fhagapedectid @pdoB2afeeppehe cordic i #ingy 26The
conductive ring 26_.is aﬁgrfxigalelﬁﬁl-SO in wdth.and 0.5 24min depth.
The 15 barrf%r %ygffﬁ% §rEe- TS TR W W, TARIDBF BT Eoksihat i on
_t_h\ereof. The,&onguaiide P SR=iBnPerShdfRNURRLiability. The pitch
R 10 and size of the bonding pad structure 20 can be further
reduced since the conductive ring 26 1is not susceptible to
damage from mechanical sgtress, thus allowing chip size
reduction for next generation technologies. The pad finding
capability can be effectively improved during wire bonding
- 15 a8 only one dielectric island 24a 1is enclosed by the
conductive ring 26,. Finally, the conductive ring 26 is
directliy connected to the conductive pad 32 without use of
via holes or plugs, thus limitation in ring width and

misalignment problems caused by “via . hole design are. -

tﬁ@ 20 eliminated, enabling various modifications of the conductive

ring 26 and the conductive pad 32.

Various modifications of the conductive ring 26 and the
conductive pad 32 are herein described.

First Example

25 ' Based on the paséivation opening design rule, the first
conductive . layer 26 may bé further rmodified to have a
lattice form or as independent plugs.

FIG. 12A 1is a cross-section of the first conductive
layer 26 patterned ag a lattice form. FIG. 12B is a top

300 view of the first conductive layer 26 shown in FIG. 12A.




(Al'), AlCu alloy or an alum numcontaining alloy. The bonding elenment 34
may be a gold ball used in wire bonding technology or a netal bunp, used
inaflip chip technology. 20 Accordingly, the passivation |ayer 30 covers
the conductive ring 26 within the sensing region Il to prevent danage to
the conductive ring 26 within the sensing region caused bygRGRAYY
stress. The passivation |ayer ‘30 ad?gcent to the demarcation between the
bonding region I and 25 the sensing region Il can.al so serve as a narking
strip, which has the sanme function of the marking notches as described in
FIGS. 7A ang1éBentd @dgitdonso aithfle dmteraonnect ions undertyidg dthel
conductive ring 26 may be nodified to have a ring, lattice, island, or
solid profihere30 abedifsctbbsddelactErGS. 18yer 3B JOMRY M ¢h RDo7al The
passi vation gpeni ng design for.the passiyatign | ayer 30 achieves t

fol | owi ng a8§aﬁpﬁég§Fr#ﬁelﬁL§%@%a?? n Fi?eﬁgéﬁtcé§g?.cFﬁgec ﬁﬁﬁ%&h@% ring
26 within the;sensgidg LAGHON Idr tenpr ohi kit dielestri€ araeks bromg
penetrating 5 into the conductive ring 26, thus preventing corrosion and

| ayer - opgn pooplensly Theupassid/atilen | dieledsa prisvlemds peald ngtiohst he
conductive pad 32 from_the conductive ring 26 or the first dielectric

| ayer 24, tRGE-6VITE mathiatdi&Spadt™open probl em and ensuring bondi ng _
reliability. Theppitch;10 ;and, si.zg.0f sihe; Hongk ngnRade Stdwictyhguddisan be
further reduced since the conductive ring 26 is not susceptible to danmage
from mechanitegkrste esst tdine® ald dwidegealiept SpZegs r edBLE i oh3H ors nextop
generation technol ogi es._The pad finding

£ view of the first conductive lajer 26 shown in FIG. 13A.

10 Elements similar to those in FIGS. 11A and 11B are omitted

here. The first dielectric layer 24 comprises a plurality

of via holes. The first conductive layer 26 fills the via

holes of the first dielectric layer 24 to form a plurality

of independent plugs 26. Additionally, the independent

15 plugs 26 can be electrically connected to each other through
a third conductive layer 38 underlying the plugs 26.

Other interconnections underlying the first conductive

layer 26 may also be modified to have a 7ring, lattice,

is-laﬁd,". or solid profile as disclosed in FIGS. 3A-3C.

s 20 Second Example ,

‘ ‘Based on tﬁe passivatioﬁ opening des'ign rule, the first
conductive layer 26 may be further modified to have a solid"

form. | | A
FIG. ' 14 is a cross-section of the first conductive
25 layer 26 patterned as a solid form. FIG. 14B is a top view
of the first conductive layer 26 shown in FIG. 14A.
Elements similar to those in FIGS. 11A and 11B are omitted
here. The first conductive layer 26 £ills a large-size
trench of the first dielectric layer 24 to become a solid

30 form. TIn addition, other interconnections -underlying- the




capability can be effectively inproved during wire bonding 15 as only one
dielectric island 24a is enclosed by the conductive ring 26,. Finally, the
‘conductive ring 26 is directly connected to the conductive pad 32 w t hout
use of via holes or plugs, thus limtation in ring width and misalignment
probl ens caused by via hole design are. 20 elimnated, enapdwRcKDooous
modi fi cati ons of the conductive ring!26 and the conductl ve pad 32. Various
nodi fications of the conductive ring 26 and the conductive pad 32 are
herein described. First Exanple 25 Based on the passivationi opening design
rule., the first condhducieveldgsyer 226 mmy be Mdﬁ-lﬁéﬁdnttd:i f hedet oimgave a
latti ce form or as independent pl 12A is cross ectl f the
first conduttfitiEe:| ) p%t@?ﬁgg 5’5"? Ilﬁﬁtla@e %J}G a top
30 view of {heydirst conductive layer 26 shown in FI G 12A 20 29 March
2007 Elenents simlar to those in FIGS. 11A and 11B are onitted here. The
first diel epffdL Bxa¥SH 24 corrprl ses a plurality of di-electric islands 24a.

The first ¢ yer fill the trenches of the fir diel ectric
‘layer 2% to 5 céiseEt BPytg‘Eer%'iﬁfdfattﬁé’ndPé’leE&P?l e‘?’s‘fﬁ%rﬁ%leMgghe[ PF'LS} st

achi eving a.d.a41dG&ef 9Ll 950 rFhE IR ESndull RaS HRCIIN0N0 thufidattion
conductive layer 26 patterned as i ndependent plugs. FIG 13B is a top

vi ew of thetHdrstf comdubti Ferktager Relifiedn iy F®& 13Aicte Ewmwfddes
simlar to those in FIGS. [11A and 11B are om tted
including quadrilateral, circular and polygonal profiles as
described in FIGS. 4A~4F and FIGS. 5A~5F. Features similar

10 to those in FIGS. .4-~5 are omitted here.

Fourth Example

Based on the passivation opening design rule, the first
conductive layer 26, the conductive pad 32 or a combination
thereof may be further modified with at least one corner cut

15 portion as described in FIGS. 6A and 6B. Features similar

to those in FIGS. 6A and 6B are omitted here.

Fifth Example

Based on the passivation opening design rule, the first-
conductive‘layer 26, the conductive pad 32 or a combination

) 20 thereof may be further modified with a marking notch. as _
- descfibed in FIGES. 7A and 7B and'FIGS. 87 and 8B. Features

similar to those in FIGS. 7~8 are omitted here.

Sixth Example

Based on the passivation opening design rule, a circuit

25 under pad (CUP} scheme 50 can be provided under an extension

portion 26a thé-first‘conductive layer 26 as described in

FIGS. 9-~10. Features similar to those in'FIGS. 9~10 are
omitted here. | |

kWhile the invention has been described by way of

30 example and in terms of the preferred embodiments, it is to




here. The first dielectric |layer 24 conprises a plurality of via holes.
The first conductive layer 26 fills the via holes of the first dielectric
| ayer 24 to forma plurality of independent plugs 26. Additionally, the

i ndependent 15 plugs 26 can be electrically connected to each other through
a third conductive | ayer 38 underlying the plugs 26. O her gmﬁﬂﬁﬁ gctions
underlying the first conductive |ay# 26 may al so be nodifi to have a
ring, lattice, island,. or solid profile as disclosed in FIGS. 3A-3C. 20

Second Exanpl e Based on the passivation opening desig rulekithe first
conducti ve P8yt skepihe-aly t RBE rddieFtdant dshaleta SO foPmtHa G 14A

IS a cross- ! f flrst co |6 Aahayer; 2 t1erned a
solid form aﬁ%égﬁﬁﬁ ?Tgsﬂgd]tn{(%&vsi'ewn%ggli%ec I réatrzilfc':oriL ugﬁo\?leﬁ%yer g% shown
in FIG 14AcovEleneiatisusi md@irticxttibase 4148 FEGhildd A sandnidBeare ofdd t ed
here. The first conductive layer 26 fills_ a_large-size trench of the first
di el ectric Waypéd ba zppaverdmEcn wised sBo1iefmin | Fhaddr i on, Thtfefore,

i nt erconpect.ions_ under|yi the 21 .2 r 20 fyr [AY ayer 26
my be nod FEea FOHaves r PG, “oPEPAEde o i ot o REHARLL il

di scl osed | BrEh&Sst 3fnBlrprdtidd dexanpl e & Baged @cduieisgassinat i ancropeni ng
design rule, the first conductive |ayer 26, the conductive pad 32 or a
conbi nat i onmothétedfionsy and Bumiher aoGiFIeEnts -have various profiles




i ncluding quadrilateral, circular and pol ygonal profiles as described in
FI GS. 4A-4F and FIGS. 5A-5F. Features simlar 10 to those in FIGS..4-S are
omtted here. Fourth Exanple Based on the passivation opening design rule,
the first conductive layer 26, the conductive pad 32 or a conbination
thereof may be further nodified with at | east one corner cgggﬁggﬁqg 70N as
described in FIGS. 6A and 6B. Feature® sinmlar to those in FIGS. 6A and 6B
are omtted here. Fifth Exanpl e Based on the passivation opening design
rule, the first conductive |layer 26, the conductive pad 32 or a

conbi nation_  20,t herepf y be further nodified wth a marking notch. as
describediﬂ?ﬁﬁléﬁ.cgi&%ﬁ 78 and FIGS. 8A and 8B. Features simlar to
those in FIGS. 7-8 are onmtted here. Sixth Exanple Based on the passivation
openi ngidesi gn Aul e, papehdiail tpad3cuadetrpadcdn@iPsiscghene 50 can be

provi ded under an extension portion 26a the first conductive |ayer 26 as
describéd in FeGSSUEUGteFehRtiieS $i nPPBRIED (1FFEET nht GS §?711\é15‘|3e
omtted_here. Wiile the.invention has been described. by way of 30 exanple
and in terms of the FFéférfed enbodi ments, it is to 22 29 March 2007 be
under st @od t hat zt kerkpvendl&itdic nelelki Aoieddtovétieyimdi sdlcosedbsemboedi nent s.
To the contrary, it is intended to cover various nodifications and simlar

arrangeffents (as wowind Deavipparendicderhbse SEILPPEd THHMEISF DY 2

Therefo&;, ring-shaped trench;

. 7 a first conductive layer formed in the 'ring—shaped

/ 8 trench of the first dielectric layer;
9 : a passivation layer formed overlying the first
10 dielectric layer and having an ppening, wherein
11 | the opening éorresponds to the bonding region and
12 the sensing region and exposes the dielectric
13 ' island and a part of the first conductive layer;
14 and
15 a second conductive layer covering the opening of the
16 passivation layer and electrically connected to
17 the first conductive layer.

ﬁ;} 1 2. The bon&ing pad structure as claimed in claim 1,

2 wherein the substrate further comprises:

LS

a wain area comprising an active area and a'peripheral
4 areaj;
5 a first scribe line extending along a first direction;
6 and |
7 a second scribe line - extending along a - second
8’ direction, wherein ﬁhé intérsection of the first

9 - scribe line and the second scribe line  defines

0 . _ the main area;




5 the scope of the appended clains should be accorded the broadest
interpretation so as to enconpass all such nodifications and siml ar
arrangenents. 29 March 2007 23 What is clainmed is: 1 1. A bonding pad
structure, conprising: 2 a substrate having a bonding region and a sensing
3 region; .4 afirst dielectric |ayer_formed overlying thezeweschaiod7 5 and
having a dielectric island surroundedmby a 6 ring-shaped trench; 7 a first
conductive layer formed in the ring-shaped 8 trench of the first
dielectric layer; 9 a passivation |ayer forned overlying the first 10

di el ect¥l c | ayerwlenatihavichg annopegi pgd whedeiure lils thenepevweg 1gdmhgesponds
to the bonding region and 12 the sensing region and exposes the dielectric
13 islalfd and a part 'of® t#eE¥Ve sironduleei PeTiayefal a¥candtis £igedond

conductjyve | ayer cove t he, .qpeni of (%6 j vat i | ayer and
electri%%le connecte%#%%%e 1?J%ﬁ3 fﬁ%% c%%?dé iJ%%$%§%rzi§ﬁ5. ¥ﬁe Sbnding
pad striwcture as cl aidmtbinatdbal Ahdrec. Wherein the substrate further
conprises: 3 a main area conprising an active area and a peripheral 4
area; 5 a first scribe Iine extending along a first direction;

i 3. The bonding pad structlUre as claimed in claim 2,

2 'wherein the bonding pad structures are arranged in a single

3 line or staggered.

1 4. The bonding pad structure as claimed in claim 1,

2 wherein the width of the first conductive layer is 1~50um.

1 5. The bonding pad structure as claimed in claim 1,

2 wherein the depth of the first conductive layer is 0.5-~2um.

1 6. The bonding pad structure as claimed in claim 1,-
2 wherein a measurement ratio R; satisfies Ehe formula: R;=
3 A/A. and O0<R <30% , where A, is an area of the first
4 conductive layer within the sensing region, and 2, is the

5 area of the sensing region.

) 1 7. The bonding pad structure as claimed in claim i,
2 further comprising: '
3 a se;_cond dielectric layer formed underlying the first
4 : dielectric layer; | |
5 a third conductive layer formed in the second
6 dielectric layer; and |
7 at least one conductive | plug formed in the second
8 dielectric layer and electrically connecting the
9 . ._ third conductive layer to the first conductive

i0 layer.




6 and 7 a second scribe line extending along a second 8 direction, wherein
the intersection of the first 9 scribe line and the second scribe |ine
defines 10 the nmain area; 24 29 March 2007 11 wherein, the bonding pad
structure is fornmed overlying 12 the active area, the peripheral area, the
first 13 scribe line, the second scribe line or a 14 conpe wdrcRegolFer eof .
1 3. The bonding pad structure as cl&@med in claim2, 2 wherein the
bondi ng pad structures are arranged in a single 3 line or staggered. 1 4.
The bondi ng pad structure as clainmed in claiml, 2 wherein the w dth of

t he flrsi conducélvet%%y%;njiﬁgtﬁg g%{ﬁbsggghggpﬁrsgmggd strqptur% as

clainmed Tn claiml on&uctlvenﬁayer i's

0.5-2m 21 Ghedben bendi ngipad &hfdckyie as &l Bdal nrikd al | LatZiwherein
a measurement ratio RL satisfies the fornmul'a: Ril= 3 Ar/As and O5Ri 530% ,

where Ar3isfanmaraa agfrayheff isdandsl wordgotlliivdefbager within the sensing
region, and AS is the 5 area of the sensing region 1 7. The bondi ng pad

structure as cI aimit f 3.a s cond
dieLectrfc Iayer for 3ﬁﬁ@%F?|HS%tﬁ rPlE%F dFi @Fgl&n T ga third
conductiye {pyeLid onmed dxedde secomdk &;disel e&iélé-‘cﬂﬁy;er ;La@a@l is a

3 guadrilateral ring, a circular ring, =a hexagonal ring, an

4 octagonal ring or a polygonal ring.

fil 1 10. The bonding pad structure as claimed in claim 1,
2 wherein the first conductive layer iz a quadrilateral ring,
3 a circular ring, a hexagonal iing, an octagonal ring or a

4 polygonal ring.

1 11. The bonding pad structure as claimed in ciaim 1,
2 wherein the second conductive layer 1is a quadrilateral
3 solid, a circular solid, a hexagonal solid, an octagonal

4 solid or a pelygonal solid.

1 - 12. The bonding pad structure as claimed in claim 1,

2 further comprising at least one corner cut portion adjacent.

'3 to at least one corner of the first conductive layer,
4 _whérein the corner cut portion prohibits the formation of
the first conductive layer and allows the formation of the

6 first dielectric layer.

1 '13. The bonding pad structure as claimed in claim 12,
2 wherein the corner cut portion is a right triangle, the
3 hypotenuse length of the right triangle is 0.5~5um, and an

"4 included angle ©; between the hypotenuse and X axis is

5. 10°-80°,




7 at’ | east one conductive plug fornmed in the second 8 dielectric |ayer and
electrically connecting the 9 third conductive layer to the first.
conductive 10 layer. 25 29 March 2007 1 8. The bondi ng pad structure as
claimed in claim7, 2 wherein the third conductive layer is a ring, a
lattice 3 form an array of islands or a solid form 1 9. 2d9warBrrdo79 pad
structure as claimed in claim1, 2 #Rerein the trench of the first
dielectric layer is a 3 quadrilateral ring, a circular ring, a hexagonal
ring, an 4 octagonal ring or a polygonal ring. 1 10. The bondi ng pad
structure as claimed in claim1, 2 wherein the first conductive layer is a
quadril ateral rihg, TH® P¥deg &adr shguchuhexagonratimedgln anlatt afpnal ring
or a 4,po0 i ng. h ding d structyre as_clained in claim
1, 2 w%erglylggle e Eegr%ﬁgﬁgéﬂ]n Iﬁgt S:\?gqﬁayﬂé]r spa;%lg%&ﬁgdrt_i “at ?Erf‘uf%: sotid, a
circul ap sali/d.. amewmgonal, saki dramoact ageral 2,..4i80khd 9Fea P! ygonal
solid. 1 12. The bonding pad structure as clainmed in claiml1, 2 further
conpri st ngCatfBasttoROTEdWer But isor tiion cadhatemres Gft ¢het foast one
corner gof f] o tive |ayer .wherein the corner . cut _portion

pr ohi bi ¥s %Egd?%ﬁn‘é‘?igﬁgg?' lthggfiarsihééﬁag%%‘?%l?%ye“fﬁfﬁh 8F1 oWk t he
formati®n obrhbe a6ehi ret dhel eptrdtC LayN@hetivd31afhe bondingspach$tructure

as clained in claim12, 2 wherein the corner cut portion is a right
triangl &, €heection width of the corner area of the first conductive

8. layer.

1 15. The bonding pad structure as claimed in claim 1,

2 further comprising at least one corner cut portion adjacent

3 to at least one corner of the second conductive layer,
* 4 wherein the corner cut portion prohibits the formation of

5 the second conductive layer and allows the formation of the

6 ©passivation layer.

1 16. The bonding pad structure as claimed in claim 15,

2 wherein the corner cut portion is a right triangle, the

3 hypotenuse length of the right triangle is 0.5-10pum, and an

4 included angle ©; between the hypotenuse and X axis is

5  10°-80°.

1 17. The bonding pad structure as claimed in claim 1,
2 wherein the first conductive layer further comprises .at
3 least one marking notch which delineates the sensing region
4 from the bonding region.

1 18. The bonding pad structure as claimed in claim 17,

2 wherein the marking notch of the {first conductive . layer
3 comprises a bottom side and two lateral sides which surround
4 the first dielectric layer to define a dielectric marking.

N




3 hypotenuse | ength of the right triangle is 0.5-5m and an 4 included
angle 0 - between the hypotenuse and X axis is 5. 10-80. 26 29 March 2007
1 14. The bonding pad structure as claimed in claim12, 2 wherein a
measurenent ratio R2 satisfies the formula: R2= 3 At1/Al, A 1=-W x W2, and
O0<R2<80% where At, is the area of the 4 corner cut portipaMatch 2097t he
corner area of the first 5 conductivd |l ayer, WL is a first-direction width
of the 6 corner area of the first conductive layer is a second- 7
direction width of the corner area of the first conductive 8 layer. 1 15.
The bondi ng pad structure as clainmed in claim1, 2 further conprising at

| east ope cornefgCutTiROrid o rafljRee it rudtii@eats| eastnoneigoeneimoist he
second conductive layer, 4 wherein the corner cut portion prohibits the
formati én ohersinhe secwnd arwtdueti vee| dyekednd almedkdnghearathéti BR of the
6 passivation |ayer. 1 16. The bonding pad structuyre as clained in claim
15, 2 whe ean%Eo‘Bo?h‘i‘? ‘Bgtt}ﬂ)‘%r”ﬂ?]ﬂﬂ%iné’ ight ?Lr"i%fﬂﬁlgl %?‘gt ﬁesegong

hypot enyse jlenghh &f e gightctfi@nghekisgOpardQeland athe 41b8ekaded

angl e el between the hypotenuse and X axis is 5 10--80. { 1 17. The

bondi ngspadisier u€t the msricirag medchniel ai ;rdym2 wherein the first conductive
| ayer further conprises at 3 |east one marking notch which delineates the

sensi ng_regi on § fromthe bonding.region. 1 18 ..bondj ng_.pad s{ructure
as claiﬁed in CF m : bonding péh sé&uékure as JT%E = el g
2 wherein the second conductive layer further comprises at

e 3 least one marking notch which delineates the sensing region

4 from the bonding region.

1 21, The bonding pad structure as claimed in claim 20,
2 wherein the marking nDtch of the second conductive layer
3 comprises a bottom side and two lateral sides which surround
4 the passivation dielectric layer to define a passivation

£ marking.

1 -22. The bonding pad structure as claimed in claim 21,
2 wherein a first length of the pasgivation marking parallel
3 to the bottom side of the mérking notch is 1~3pm, and a
second length of the passivation marking parallél to the

5 lateral side of the marking notch is 0.5-~2um.

23." The bonding pad structure as claimed in claim 1,
further comprising:
an extension portion of ﬁhe first conductive layer
exﬁending away from the boﬁding region and the
sensing region; and ‘

a circuit under pad (CUP} scheme formed underlying the

I I N

extension portion of the first conductive layer.




2 wherein the marking notch of the first conductive. layer 3 conprises a
bottom side and two | ateral sides which surround 4 the first dielectric
| ayer to define a dielectric marking. 27 29 March 2007 1 19. The bondi ng
pad structure as clainmed in claim18, 2 wherein a first length of the
dielectric marking parallel to 3 the bottom side of the ngyKiafeh PBbEN 1S
1-3m and a second 4 length of the diSlectric marking parallel to the
|ateral 5 side of the marking notch is 0.5-.2m 1 20. The bondi ng pad
structure as clainmed in claiml, 2 wherein the second conductive |ayer
further, conpris at... 3.l east on rKi t i elin e
sensinglregion S%ffr¥ﬁ%tqé? %@ﬁd?%&ngééﬁgg?9§ %%.¥¢%%R%gn&?ﬁgﬁ%§§ %?Tucture
as cl ai gredyhBrebai ML Gircdivhenaed phe (ki ngheekchonbri bes second
conductive layer 3 conprises a bottomside and two |ateral sides which
surround 4 theapassisati orediagieectidrgeiday apdeslyéng nethe passteatioh 5
marking, 1 22. The bondjng p tructure as.clained in _claim?2l, 2 wherein
a first®length of thB“ﬁé@%?ﬁ%fﬁ%ﬁi FRIENGOPAY ST 1SS g?botton1side of
the marki ng not ghyi$ralrid3M ANdoddudt $€€ahThdLratdrtefi chheypasshyat 105
marking parallel to the 5 lateral side of the marking notch is 0.5-2m 1
23. Thetbondi ng pad sheuctiareias sclhgiwedtd nthe aicmtensionf pRePco¥ri si ng:
3 an ex%ension portiog o%.t e first conductive layer 4 extending away from
hAet hers S

t he bonding region a SR Y Fe PRt * and
1. 25. The bonding pad structure as claimed in claim 24,
2 wherein the circuit under pad (CUP) scheme comprises:
3 a buffer layer fdrmed underiying the first dielectric
4 layer, wherein the circuit scheme is formed in
5 the buffer'layer; and
6 a plurality of via holes formed in the first dielectric
7 layer and underlying the extension portion of the
8 first conductive layer, wherein the conductive
‘9 plugs are formed in the via holes respectively.
1 ' 26. The bonding pad structure as claimed in claim 24,
. 2 wherein the circuit under pad (CUP} scheme comprises:
ﬁﬁg 3 a plurality of via holes formed in the first dielectric
4 layer and underlying the extension portion of the
5 first conductive layef,
3 wherein the conductive plugs are formed in the’ via
7 . holes respectively; and
8 _wherein  the Acifcuit scheme is formed in the first
9 ' © dielectric layer and underlying tﬁe conductive

10 : plugs.




6 a circuit under pad (CUP) schene forned underlying the 7 extension
portion of the first conductive layer. 28 29 March 2007 1 24. The bonding
pad structure as clainmed in claim?23, 2 wherein the circuit under pad
(CUP) schenme conprises: 3 a circuit schene formed underlying the extension
4 portion of the first conductive layer; and 5 a pluralitys@m4reRD0Y Ve
plugs electrically connecting 6 the 2 rcuit schene to the extension
portion of 7 the first conductive layer. 1. 25. The bondi ng pad structure
as claimed in claim?24, 2 wherein the circuit under pad (CUP) schene
conprises: 3 a buffer layer formed underlying the first dielectric 4

| ayer, Wherein 2he &hectPrdseiereti SLFePHBE ia¢ B almedhdfy &3 3y e and 6 a
plurality of via holes.formed. in the fir di ri : er and

under | i ng“tHe" Bkt- sféﬁcﬁg‘?tlﬁ%nerofpafie(@%)f F’?étgﬁ%o%%“ﬁ%iéve?'l ayer, wherein
the conductive ; %s&bdits @€ darted lidydrherotinedhalmeizrigspgctineel firsk 26. The
bondi ng pad structure as clainmed in claim24, 2 wherein the circuit under
pad (C4P) schene conprélsedri® dapkurality of via holes forned in the first
~dielectric 4 layer. and underlying the extension portion_of the irst
conductd ve | ayet, %hﬁﬁgr e??ﬁ“ﬁlh%tjc‘&duﬁ?ﬁ’% pt T e‘gr e‘"“florr?%g1 insﬁ%ogldfli a 7
hol es respectively; and S.owher el fydhe Gar cel dosehem® v schansBdedn e first
-9 dielectric layer and underlying the conductive _

7 the first conductive layer;
8 an extension portion of the third conductive layer
9 extending away from the bonding region and the
10 sensing reéion;
11 a buffer layer formed underlying the second dielectric
12 layer;
i3 a circuit scheme formed in the buffer layer; and
14 a plurality conductive plugs electrically connecting
15 the circuit scheme to the extension portion of
" 16 the third conductive layer.
1 . 28. The bonding pad structure as claimed in c¢laim 27,

2 wherein the third conductive layer is a ring, a lattice

3 form, an array of islands or a solid form.

A
P

1 29. The bonding pad structure as claimed in claim 1,
2 further comprising a bonding element formed overlying the

3 second conductive layer within the bonding regiomn.

1 : 30. Thé bonding pad structure as claimed in claim 29,
2 wherein the bonding element is a conductive ball or a

.3 conductive bump.




10 plugs. 29 29 March 2007 1 27. The bondi ng pad structure as clained in
claim23, 2 wherein the circuit under pad (CUP) schene conprises: 3 a
second dielectric layer forned underlying the first 4 dielectric layer; 5
a third conductive layer formed in the second 6 dielectric |ayer and
electrically connected to 7 the first conductive |ayer; 82amf%h@09i70Nn
portion of the third conductive |ayer3? 9 extending away from the bonding
region and the 10 sensing region; 11 a buffer layer formed underlying the
second dielectric 12 layer; 13 a circuit schene forned in the buffer

| ayer; and 14 a Iuralit% conductive plugs electrically connecting 15 the

circuitischeme £6-thEhexbemdi®sh pRf t PoflGTurele s el d WS Condtat® vk | ayer
128, The bopdig BadosLingt Ul &8s lalRA BoghBkmelyeeg PhET 81 D.L e
third conductive | ayer iIs ring, a lattice i orm an array of 15l ands
or a soBi d dooinctiv@9laydre drendineg spadnat caedudtevas 1elarned in claim1, 2
further conprising a bonding elenent formed overlying-the 3 second

conductive layer within the bonding region. 1 30._The bonding pad structure
as claifed in cPaimP¢¥E PG Q5 (HEUSEHEENGS eFeRERED i $RaCEdHHUEi ve bal |

or a '§ CQ&Q%@EEVEhQU%Brr§Qr29a§@£095299? TiN, W, WN, Ta, TaN or =z

3 combination thereof.

1 33. The bonding pad structure as claiwmed in claim 1,
y 2 wherein the first conductive layer is copper (Cu), aluminum
3 -(Al), ARlCu alloy, a copper manganese alloy or a copper-

4  containing alloy.

1 34. The bonding pad structure as claimed in claim 1,
2 wherein the second conductive layer is aluminum (Al)}, AlCu

3 alloy or an aluminum-containing alloy.

1 35. The bonding pad structure as claimed in claim 1,
2 wherein the first dielectric layer is plasma oxide, HDP
3 oxide, dielectric with high resistance to mechanical stress,

4. low-k dielectrics, fluorinated silicate glass (FSG) or

5 sgilicon-based dielectrics.

36. A bonding pad structure,tcohprising:

'a substrate having a bonding region and a sensing
region;

a first dielectric layer formed overlying thersubstrate
and having a trench;

a first conductive layer formed in the trench of the

g o s Wk R

© first dielectric layer;




1" 31. . The bonding pad structure as claimed in claim1, 2 further
‘conprising a barrier laver fornmed between the first 3 conductive |ayer and
t he second conductive layer. 1 32. The bonding pad structure as clainmed in
claim3l, 2 wherein the barrier layer is Ti, TiN W W, Ta, TaNor a 3
conbi nation thereof. 1 33. The bondlnq pad structure aS(ﬂzgm@ﬁchQOQ?alnll
2 wherein the first conductive |ayer ils copper (Cu), aluminum 3 (A) Cu
al l oy, a copper nanganese alloy or a copper- 4 containing alloy. 1 34, The
bondi ng pad structure as clainmed in claiml1, 2 wherein the second
conductiye |ayera'5péE§HbQHf%A/“ia‘é%Chfo§m§b|0$vQE1§En§|U“E@“”‘@Pﬂ&?'”'”9
alloy. 1 35. The bonding pad struc¥ure as clainmed in"claim1l 2 wherein
the first dielectric fagksctsipl asihegyeaxi degndHDP ha3rioxg de,ardi elcegmértmr(g with

hi gh resistance to nmechanical stress, 4 |lowk dielectrics, fluorinated

sil'icat®’ gl ass (FSQ 6?”%5%"4416’% oaddte BBIECE i X8T1o0 36T hex%idn ditiy pad
struct conprisin tr av baadi n i on_and ensi ng
3 reglg{ﬁf 4 a first %%ék%#%: a@é ?or%@ga%%e%%%lngl%ﬁg s% stré?éﬁ 5 and
having sztrench; 6 a iay‘r@t tombdcwivRihayes 4atdred; iredtiba;t saach of the 7
first dielectric layer;_ 31 29 March .2007 8 a passivation |ayer fornmed
overlyihg the fi®stecandli epriudiive Apeeranevsasifg the opeming of the

14 passivation layer and formed overlying the
15 sensing region, wherein the second conductive
¥ 16 layer 1is electrically connected to the first
? 17 conductive layer.
1 37. The bonding pad structure as claimed in claim 36,
2 wherein the substrate further comprises:
3 a main area comprising an active area and a peripheral
4 area;
5 a first scribe line extending along a first direction;
6 and
7 a second scribe line extending along a second
8 ‘ direcﬁion, wherein the intersection of the first
9 scribe line and the second scribe line defines
10 . the main area; |
1. wherein, the bonding pad structure is formed overlying
12 o the active area, the peripheral area, the first
13 _ scribe line, the second scribe line or a
14 - combination thereof. |
'i 38. The.bbnding pad structure as claimed in claim 27,

2 wherein the bonding pad structures are arranged in a single

3 1line or staggered.




10 corresponding.to the bonding region, wherein the 11 passivation |ayer
"covers the first conductive 12 |layer forned within the sensing region; and
13 a second conductive |layer covering the opening of the 14 passivation

| ayer and formed overlying the 15 sensing region, wherein the second
conductive 16 layer is electrically connected to the firsbo March@odgcti ve
| ayer. 1 37. The bondi ng pad structut’e as claimed in claim36, 2 wherein
the substrate further conprises: 3 a main area conprising an active area
and a peripheral 4 area; 5 a first scribe line extending along a first
direction; 6 and 7 a second scribe |ine extending along a second 8

di rection, mhereb@,th@hénggﬁé§ﬁ§i Lhe fLr Lbe | ine,and the
second scribe line defines 10 tﬁ%ﬁ%&%ﬁ arg%% aglfgﬁggégiﬁ? Fﬂél%oﬂ@ing pad
structuré | $¥Heorrpdtbeerldimegs tRet Heract bagdafiSase theeperkphesglyarea, the
first 13 scribe line, the second scribe line or a 14 conbination thereof.
1 38. Thebondi ng,pgad L ugt ure as clained in claim37,. 2 wherein the
bondi ng pad structures are Arrend8d iSFACsPRGl 85 SiptRed ofn sehuterad. is

------ - 2- - where3d 28 MMM, 280¢ne fivst conductive layer is 0.5-2pum.

1 41. The bonding pad structure as claimed in claim 36,
2 wherein the first conductive layer is a ring, a lattice

3 form, an array of islands or a solid form.

1 42. The bonding pad structure as claimed in claim 36,
2 wherein the trench of the first dielectric layer is a ring,

3 a lattice form, an array of islands or a solid form,

1 43. The bonding pad structure as claimed in claim 36,

2 further comprising:

3 a second dielectric layer formed underlying the first

4 dielectric layer; '

5 & third conductive 1layer formed in the second
6 dielectric layer; and

7 at least one conductive plug formed in the éecond
8 dieleétric layer and electrically connecting the
9 - * third conductive layer "tb'”the First - conduétiﬁev
10 layer. |

1 44. The bonding pad structure as claimed in claim 43,

2 wherein the third conductive layer is a ring, a lattice

3 form, an array of islands or a solid form.




-1 39.. The:bonding pad structure as clainmed in claim36, 2 wherein the
width of the first conductive layer is 1--50m 1 40. The bondi ng pad
structure as clainmed in claim36, 2 wherein the depth of the first
conductive layer is 0.5--2m 1 41. The bonding pad structure as clained in
claim36, 2 wherein the first conductive layer is a ring, 2¢pMzstthi2007 3
form an array of islands or a solid33orm 1 42. The bonding pad structure
as claimed in claim36, 2 wherein the trench of the first dielectric |ayer
isaring, 3 alattice form an array of islands or a solid form 1 43.
The bonding pad structure as claimed in claim36, 2 further conprising: 3
a second di el ectas.c Cayebohdingdpamhderiydimyet ke fdledmedq g elaééfr €1 ayer ;
5 a third conductive | ayer fqined i.n the second 6 diglectr'c]}%xgr' and 7
at | east? on®'TohductPie PIIRPST offBEUFR Yhe 'S8&6nd> 8 @i S B¢ A7er and

el ect 11 Gal lyoconnect kagehhe: cblkr d -0 drva | ayefat oahhedidgehal
conductive 10 layer. 1 44. The bonding pad structure.as clainmed in claim
43, 2 whersdhid ke thpbillygomallictoMigl.l ayer is a ring, a lattice 3 form an
array of islands or a solid form 33 29 March 2007 1 45. The bondi ng pad
structure as cl aj ned wherein the égcon condgpgkﬁgglayer IS

in claim36, _2
a quadriy ateral =%3 sgb?dgoﬁdE?QcH?%rsEEH?QEr?aaﬁef’éﬁﬁg o1 ia? ¢t agonal
4 solidr &Me&g%ﬁgkhg-m least one corner cut portion adjacent

3 to at least one corner of the first conductive layer,
4 wherein the corner cut portion prohibits the formation of
.5 the first conductive layer and allows the formation of the

6 first dielectric layer.

1 47, The bonding pad structure as claimed in claim 46,
2 wherein the corner cut portion is a right triangle, the

3 hypotenuse length of the right triangle is 0.5-5pm, and an

e

included angle B; between the hypotenuse and X axis 1is

5 10°-80°.

48. The bonding pad structure as claimed in claim 46,
wherein a measurement ratio Ry satisfies the formula: R;=
Bei/Ber, Bci=Wi X Wy, and 0<R,<80%, where A.; is the area of the
corner cut portion,' Aoy 1s the corner area of the first
.cconductive layer, W; is a first-direction .width of thg

“corner area of the first conductive layer is a second-

-~ O 83 i) W SR

direction width of the corner area of the first conductive

'.layer .

. m

49. The bonding pad structure as claimed in claim 36,
further comprising at least one corner cut portion adjacent

to at least one corner of the second conductive layer,

[N VO R (¢

wherein the corner cut portion prohibits the formation of




1 46. The bonding pad structure as clainmed in claim36, 2 further
conprising at |east one corner cut portion adjacent 3 to at |east one
corner of the first conductive layer, 4 wherein the corner cut portion
prohibits the formation of 5 the first conductive |ayer and allows the
formation of the 6 first dielectric layer. 1 47. The bondi ucture
as claimed in claim46, 2 wherein th# corner cut portion ?gﬂgﬁ?ﬁgﬁp?
triangle, the 3 hypotenuse length of the right triangle is 0.5-5m and an
4 included_angle 01. between.the.hypotenys IS 5.10-8Q; 1 48.
The boﬁ%i n&ﬁ%a%e%?r%%c?oul} &5 VE| %ﬁﬁgg ?ﬁgcg}alﬁg\n&%%ﬁzﬁ%%r%?ﬁl g)ffr&%aur enment
ratio R2 sggg§{$£§hﬁhqa, Foula: RR= 3 At 1/ Acl, Act=Wx W2, and 0<R2<80%
where At, Is the area of the 4 corner cut portion, Acl is the corner area
of the first 5 conductive |layer, WL is a first-direction width of the 6
corner area of $he fihestondAndcPreSFEPErITS 2° sekdiftpd AT Gl&ct &f «wi dt h of
Lhe corper, grea,of (phe Jirsl CQNAUSLLYeo, B1LaYe! v dnd9 ThRshaNdING pad
struct ute 48°¢ctdl nbd®i FE¢PaEm 36, P2 FUPE & conprising at Feast one corner
cut poriio %ﬁg@ﬁ:@ﬁ Ir l-east-igne €0188g1ofid he. seond condueiive

| ayer, 4 i ertei n_thel%c%t%e?fcﬁf portgi on prgﬁ?bi ts the formati on of 34 29
March 2007ingludred sepohd conderiwass | her lamptaeks 2#é For AREFon-Sof the
6 passi ataggﬁh@yer. 1 50. The bonding pad structure as clainmed in claim
49, 2 ereinm the corner cut portionis aright -triangle, the

1 51. The bonding pad structure as claimed in claim 36,
2 wherein the first conductive layer further comprises at
3 least one marking notch which discriminates the sensing

4 region from the bonding region.

1 52. The bonding pad structure as claimed in claim 51,
2 wherein the marking notch of the first conductive layer
3 comprises a bottom side and two lateral sides which surround
4 the first dielectric layer to define a dielectric marking. ]
1 53. The boﬁding pad structure as claimed in claim 52,

2 'wherein a first iengﬁh,of the dielectric marking parallel. to
3 the bottom side Qf.fhe marking notch is I~3pm,.and a second
"4 length of the dieléctric‘marking parallel to the lateral

5 side of the marking notch is 0.5~2um.

1 54. The bonding pad structure as claimed in claim 36,
2 wherein the second  conductive layer further comprises at
'3 least one marking notch which discriminates the sensing
4 region_from the bonding region.

1 55. .The bonding pad structure as claimed in claim 54,

2 wherein the marking notch of the second conductive layer




3 hypotenuse | ength of the right triangle is 0.5-10m and an 4 included
-angl e 91 between the hypotenuse and X axis is 5 100-800. 1 51. The bondi ng
pad structure as clainmed in claim36, 2 wherein the first conductive |ayer
further conprises at 3 |east one marking, notch which discrimnates the
sensing 4 region fromthe bonding region. 1 52. The bondi pgMEehZgpyct ure
as clainmed in claim51, 2 wherein't mar ki ng notch of the first
conductive layer 3 conprises a bottomside and two |ateral sides which
surround 4 the first dielectric layer to define a dielectric marking. 1
53. Thes boadipgipad Sthdteiour eids shaitms Jatedladi miG2s wRivhesneirownd ir st

| ength of the dielectric marking parallel. to 3 the bottom sjde of.the

mar ki ngt notE&R irRSEiZetaPnasiedesbEdad la¥ dteny? hA6E1RRe adi RFRTYYG ' GFhr ki ng
parallel to the lateral 5 side of the marking notch is 0.5-2m 1 54. The
bondi ng paHl strii€ture as claimed in claim36, 2 wherein the second
conductive | ayer further conprises at 3 |east one marking notch which

di scriminates the. sersd Ngpndd ngeghan ski-aptihe hondiatme@gimneldid®:s The
bonding pad structure as clainmed .in claimb54, 2 wherein the marking notch
of the secyharesndactivet| AgegtizsoDotier BRS2DVFE 1A cBRPF B P BotGom si de
and two_ | ateral_si.d whi ch. surround 4 the passiyvatjon.dielectri,c |ayer to
define & p%gs%\;’aet i%%st%n r’r%jﬁei n8£ %ﬁgamaﬁ]% onncﬁ%:nag{1 p%.&g %f?{%t utra{élhasel cl ai mred
in clais 58ecorddWhength aff itisd besgidfaioiod heapessd vekireblahr kbnglpar al | el

5 lateral side of the marking notch is 0.5-~2um.

1 57. The bonding pad structure as claimed in claim 36,
2 further comprising:
3 an extension portion of the first conductive layer
4 .extending away from the bonding region and the
5 sensing region; and
& a circuit undexr pad (CUP) scheme formed underlying the
7 extension portion of the first conductive layer.
1 58. The bonding pad structure as claimed in claim 57,
2 ﬁherein_the circuit under.pad (CUP) scheme comprises:
B 3 a circuit scheme formed 'underlying the extension
- 4 portion of the first qonductive layer; and
5 a plurality of conductive plugs electfically connecting
6 the circuit scheme to- the extension portion of
7 the first conductive layér.
1 55. The bonding pad structure as claimed_in claim 58,'
2 wherein the circuit under pad (CUP) scheme comprises: -
3 a buffer layer formed uﬁderlying the first dielectric
4 . laver, wherein the circuit scheme is formed in
5 the buffer layer; and |




3 tothe bottomside of the marking notch is 1-3m and a 4 second |length
of the passivation marking parallel to the 5 lateral side of the marking
notch is 0.5--2m_1 57. The bonding pad structure as clained in claim 36,

2 further conprising: 3 an extension portion of the first conductive |ayer
4 extending away fromthe bonding region and the 5 sensingg vR@cRR2002Nd 6 a
circuit under pad (CUP) schene forned“hnderlylng the 7 extension portion
of the first conductive layer. 1 58. The bonding pad structure as clai ned
inclaim57, 2 wherein the circuit under pad (CUP) schene conprises:. 3 a
ci rcuit 6scheme hopmudahnuemﬁywn@ mbéeexfen@¢®nu14ﬂpbﬁh¢§ﬁ élelpetriest

conductlve | ayer; 5 raI of conductive plugs electri

connecti’ng 6 the C|ﬂ€§FF §EH ? YHE X% mit6A=gort P8nt of™ 9% #%gfirst
conductigve layer. 1 39..fheg tqgreoaﬁa L UCLMES 25 Ol1al Mednificeiabm 58,

2 wherein the circuit under pad (CUP) schene conprises: 3 a buffer |ayer
formed gnderlying t helligsstrdi Bbmedd iim the ayer holweredspadia veiliyoui t schene

is formed in 5 the buffer layer; and . 36 29 March 2007 6 a plurality of
via holes forned in the first dielectric 7 Iaéer and gnderl

n e
extensi én porti &8 ofT?ﬁeb°%ﬁ¥WQsﬁanﬁﬁﬁHﬂqu5§ Ry &t 210k réPn I C%Eductive
9 plugs ar%ﬂ&ﬂ%ﬁﬁd EQ ﬁiéi%§ﬁe%spa9$Reﬁ§]\@%ﬁ@méléa%pfzgﬁsbond'ng pad

structure ‘as | ai me |nca|m
3. a plurality of via holes formed in the first dielectric
4 layer and undeflying the extension portion of the
5 first conductive layer,
6 wherein the conductive plugs are formed iﬁ the wvia
7 ~holes respectively; and |
8 wherein the circuit scheme is formed in the £first .
9 dielectric layer and underlying the conductive
10 plugs.
1 61. The bonding pad structure as claimed in claim 57,
2 wherein the c1rcu1t under pad (CUP) scheme comprises:
3 a second dielectric layer formed underlylng the flrstr
4 dielectric layer; -
) 5 a third conductive iayer formed in the second
‘ 6_' | dieiectric la&yer ~and electrically connected to
7 the first conductive leyer; _
8 an extension portion of the third " conductive- layer
9 extending away  from the bonding regioﬁ and the
10 sensing region; .
11 a buffer layer formed u_nderlylng the second dielectric
12 layer;
13 a-circuit scheme formed in the buffer layer; and




2 wherein the circuit under pad (CUP) schenme conprises: 3 a plurality of
via holes fornmed in the first dielectric 4 |ayer and underlying the
extension portion of the 5 first conductive |ayer, 6 wherein the
conductive plugs are formed in the via 7 holes respectively; and 8 wherein
the circuit scheme is formed in the first 9 dielectric | ag®Ma6H 2007
underlying the conductive 10 plugs. 3’ 61. The bonding pad structure as
claimed in claim57, 2 wherein the circuit under pad (CUP) schene

conprises: 3 a second di el ectric |ayer forned underlylng the first 4
diel ecttdc 1 ayer? BlET#hitd conduetive Payer foramdicallite swmanting

di el ecty4c | ayer and @&;CE££89i¢ F&ﬂg@ﬁc%gp Hho [ Qgsi&ésPor Qchtlve

| ayer; 8 an extension portion o conductrve teﬁhlng
away friodn the bondi ngchegitdrdgardntineritd BgRst.Ng region; 11 a buffer | ayer
formed underlying the second dielectric 12 layer; 13 a circuit scheme
formed in the buffer |layer; and 37 29 March 2007 14 a plurality conductive
plugs el®ectrical®3 cahfefPPAgNI1B2E het ERetng @cﬁ@ﬁ@“ﬁ@ tie abatiandgilon

ot on 1 g dle AL T drgoRUUGhIABLgYena 02 o The bopdi ng pad st uct ure
Cc

v 1
as clainmed In alm 6l wher el n the t hi condut i Ve ‘ayer i’s & rlng, a
|attice3 form, an array of islands or a solid form. '

1 63. The bonding pad structure as.claimed in claim 36,
2 further comprising a bonding element formed overlying the

3  second conductive layer within the bonding region.

1 64. The bonding pad structure as claimed in claim 63,
2 wherein the bonding element is a conductive ball or a

3 conductive bump.

1 €5. The bonding pad structure .as claimed in claim 36,
2 . further comprising a barrier layer formed between the first

3 conductive layer and the second conductive layer.

i 66. The bondlng pad structure as claimed in claim 65,

2 whereln the barrier layer is Ti, TiN, W, WN, Ta,~TaN,er a.

S

3 comblnatlon thereof.

1 67. 'The bonding pad structure as claimed in claim 36,

2 wherein the first conductive 1ayer is copper (Cu), aluminum

3 (Al), AlCu- alloy, 'a copper manganese alloy, or a copper-
4 contalning alloy.

i . 68. The bonding pad structure as claimed in claim 36,

2 wherein the second conductive layer is aluminum (A1), AlCu

3 @alloy or an. aluminum-containing alloy.




3 form an array of islands.or a solid form 1 63. The bondi ng pad
structure as clained in claim36, 2 further conprising a. bondi ng el enent
formed overlying the 3 second conductive layer within the bonding region.
1 64. The bonding pad structure as clainmed in claim®63, 2 wherein the
bondi ng el ement is a conductive ball or a 3 conductive bupypmakrch200Fhe
bondi ng pad structure as claimed in é8aim36, 2 further conprising a
barrier layer formed between the first 3 conductive |ayer and the second
conductive layer. 1 66. The bonding pad structure as clainmed in claim®65,

2 wherein the bargd er ghay@bnisndi padi Der¥e W a8, cTEaiMa i daigordy nation
thereof. 1 67. The bonding pad structure as clainmed in claim36, 2 wherein
the first2 covgencgivethaydiiviss c@ppearctrdy) lawgwmilfurplasyenl pxide cu HEH oy, a
copper . manganese alloy, or.a co r- 4 containing,alloy. 1.68 The bonding
pad stru ur%xja\‘ge'cltgi%@&%ﬁccw&?%%@h %W@F&Cﬁ F?h@eééké%%%%aajcosnt Uctive
layer is gl uppum (Aleh AeCics3 ab] Qyr Hatis alsymhpyprcogiabai ngrgd)l Oy 38 29
March 2007 1 69. The bonding pad structure as clained in claim36, 2
‘wher ei n tthe $§ilstordibelsect dieleayeics s pl asnma oxi de, BDP 3 oxi de,

dielectric with high resistance to nechanical stress, 4 lowk dielectrics;
fluorinated silicate -glass (FSG or 5 silicon-based dielectrics.




