2 8 MAR 2007 1 BONDI NG PAD METAL LAYER GEOVETRY DESIGN FIELD OF THE

"I NVENTI ON [ 0001] The present invention relates to sem conductor packages
generally, and 5 nore specifically to bonding pads for w re bonding. _
BACKGROUND OF THE | NVENTI ON [ 0002] During the fabrication ofz%quqmﬁgrated
circuit package, a die containing a plurality of .circuit patternsi1s
connected to an integrated circuit packagb substrate. The 10 package

substrate has a pl ur%@@NGPAMMAEE&Wb@@NB@?R?@%}QY to an
et No

~external printed wring board. [0003] The nost conmnon for formng
el ectrical connections between the die and the package substrate is wre

bonding. A plurality of bondin s 1S.1 ted around the perineter on a -
top surface of the die. A corr%&%@ﬁ&h%@ﬁ@@%aots is 15 |l ocated on -
the packag0B0mst r at Thefbradett Miveiitiortel QB SEhIBS M, $5ahe: pondsd
connect _ each bonding pad to a respegtiveegg&ﬁ{cgﬁ%ﬁﬁﬂ%g%a%?ﬁﬁgy’s trate,
usi ng a°meMEE SResefcallydo bpnding padscfobwintitogdingol | owi ng wi re bondi ng, the
package is encapsul ated and seal ed. [0004] Traditional bonding pads have
the sane shape as the first netal layer (M). Typical bonding pads in the

prior art have solid netal RAEKGR Ugﬁj lﬂgeg square
configuration _In this type of padd,j t ee}g)fﬁiglgn g@ﬁgﬁgner has a high
stress cobRdrat i o@lﬁmtbﬁf@ﬁcm&mmtdgfdtﬁdmmﬁé&mgeyﬂdi@c&ﬁﬁﬁjn I

o,y OO 585 b odeeboons e
£, A0 o sty RSl 38 RONETHLAS b Bl
bevel ed c oNBHRg board. give the bonding pad an octagonal shape. O her
adnesi on- bl Q81 f ace. ELEREE rorden ol e s wogtm semtcstions betem the
die and the package substrate is wire bonding. A plurality of bonding pads is located
around the perimeter on a top surface of the die. A corresponding set of contacts is
15  located on the package substrate. A plurality of connecting wires are bonded to connect
- -each bonding pad to a respective contact on the package substrate, using a method such
as ultrasonic bonding. Following wire bonding, the package is encapsulated and sealed.
[0004] Traditional bonding pads have the same shape as the first metal layer
: (M1). Typical bonding pads in the prior art have solid metal pads, in a rectangular or
20 square configuration. In this type of pad, the bonding pad comer has a high stress
' concentratiqn and often peels or lifts up during wire bonding. In addition to pad peeling,
interface peeling, pad cratering and inter-metal dielectric (IMD) cracking may occur.
This has an unfavorable effect on yield.
{0005] Prior attempts to reduce the stress concentration at the corners of the
25 bonding pad have included use of rounded comers and beveled comers that give the
bonding pad an octagonal shape. Other techniques for reducing peeling have included
incrf:asing the comer adhesion by surface treatments or increasing the contact area. U.S.
Patent 6,313,541 is incorporated by reference herein for its teachings on a structure for
reducing peeling in a bond pad through formation of dendritic sub-structures in a
30  dielectric layer surrounding the bonding pad.
[0006] An improved bonding pad is desired.




Patent 6,313,541 is incorporated by reference herein for its teachings on a
structure for reducing peeling in a bond pad through formation of
dendritic sub-structures in a 30 dielectric |ayer surrounding the bonding
pad. [0006] An inproved bonding pad is desired. 2.8 MAR ZOOQBP%RQHNNARY OF
THE | NVENTI ON [ 0007] A bondi ng pad suitable for use in wire bonding an
Integrated circuit includes an approxlnaﬁbly rectangul ar netal pattern.

The bondi ng pad has at |east one 5 slot or hole therein at or adjacent to
at | east one coner of the .approximtely rectangular netal pattern, the
slot or hole providing peel i ngUMMSRY GF THE INSRNEFIORESCRI PTI ON OF THE

DRAW NGS [Oﬂﬁ@%] FI GS. 1@ nd 1B are di agrans of a bonding pad according to
t he present inventAi ‘ﬁl UIW]GS'OT‘quIDmehdmgmmtcgrsteénimﬂt nent s of

t he bondi ngmpmde@ﬁn |.P 0 r

i nvention i s embodi e iimat%g¥§ ? HQEI?% agh‘?‘e&ﬁ‘ﬁg%‘ilﬂgl’%‘iﬁﬁs E’Qsﬁ&&@kage
i ncl udi Mg t efQ;rdwdﬁﬂlgrqmdt Omlghwnmtah%tf&fe coftlePbfWe I'&E!mgﬁ]ﬁ;cu' t
~ package usqﬁg‘ﬁl %5 ntg Elg 8{3)&) The _exenpl ary bondi ng ds re ce C

stress and P GREE lg praviding paelingsiessiglict] 0011] FIG 1A shows an
exenpl ary bondi ng pad 100. The bonding pad 100 has a wire bond ball area
110. An inner or central portion 120 of the bonding pad 100 is 20
designated as a solid pat BRIEFDESCRIPHON OFPEHE DPRAWINGEt @l is deposited
“in region (19@8 The rP" {p 130, bet ween t he cwcum‘erence of the solid
pattern ar B and P g&% %F‘fe@ﬁmqfhbowbn@pa@qoamﬂmmthsmwem
desi gnatoed iagertionl ot / hol e ar ea, in which a plurality of slots or holes are
formed in the bonding pad netal. The slot/hole area 130 has a m ni num
di mensi on dP0@3] | east FAGSR: 2 tat?drshoWRariogs émb@ﬁm’éﬁ@ofﬁh@'%ﬁa?n@pﬁ&gfm%en
Vi as (best

DETAILED DESCRIPTION
[0010] The present invention is emﬁodicd in a bonding pad, an integrated circuit
15  package including the bonding pad, and a method for forming an integrated circuit
package using the bonding pad. The exemplary bonding pads reduce comer stress and
increase adhesion against pad peeling.
[0011] FIG. 1A shows an exemplary bonding pad 100. The bonding pad 100 has
a wire bond ball area 110. An inner or central portion 120 of the bonding pad 100 is
20 | designated as a solid pattern area: A solid pattern of metal is deposited in region 120.
The region 130 between the circumference of the solid pattern area 120 and the perimeter
121 of the bonding pad 100 is designated as a slot/hole area, in which a plurality of slots
~ orholes are formed in the bonding pad metal. The slot/hole area 130 has a minimum
dimension of at least VP2, where VP2 is twice the minimum pitch between vias (bcst
© 25 seeninFIG. 1B).
| [0012] FIG. 1B shows a representative set of layers in a semiconductor integrated
~ circuit device 101. A plurality of metal layers M1-MS5 is shown. The circuit patterns in
layers M1-MS are connected to patterns in other layers by way of conductive vias 99. A
wire 150 of a metal such as gold, with a wire bond ball 151, is bonded to the bonding pad
30 100, using a vﬁre—bonding machine. FIG. 1B shows the distance VP2 that is twice the



25 seen in FIG 1B). [0012] FIG IB shows a representative set of layers in
a sem conductor integrated circuit device 101. A plurality of netal |ayers
M-Mb is shown. The circuit patterns in |layers ML-Mb are connected to
patterns in other |ayers by way of conductive vias 99. A wzgeiph3@of a
metal such as gold, with a wre bond ball 151, is bonded to the bonding pad
30 100, using a wire-bondi ng machi ne. FIG3 1B shows the di stance VP2 that
is twce thmi@nfimMViRIZEGeeBviak b ' Vias~99. FIG -1 B al so
shows a patiern of holes or sI@%)tpg'n%%p!%gligaegg&n‘x%eﬁéa&céghﬁ%?%p%f&oﬁol20 and

the perinet ?“”f%ﬂ&@eﬂ‘ﬁ@mﬁi@ﬂ 20 pedkhé Perimefed 02 Bbf the Gonding pR¥E0GAN exenpl ary
bondi ng pad[o%qg] sui tagt(glé@_go use in re. bonding an integrated circuit.
The bondi ng-pad’ 200 i nct” VO AL SPEATReR|ipg Bad 204 suifgbledor useimwirpat t er n
Gener al 1 obt angl e hay O e R A B R M B rosiesyne. ©

general rectangle having a length t

approxi rat evegtangelat matglpattern 201 e The 2ffroximyatell SRR ?a&tﬂ hlagtgeg SGRHRELS

~ that are ro+1&@§éj %%ragongqtus %hvat giqe%a‘e%gtl ed. In addition, the
appr oxi mat el - reet Srg Akmsls having, differseeom its wadths The approtiniately2 10,
220, 230 t hecmipulad pter P20 PEAD bish hald ohé o fBaEN Bl arlomlEn S0 e

approxi mately rectangul ar netal pattern.

be used to thaEe heveleds Ipadditiompthe xEMQEH rectah i r i s
shown in Flsﬁﬁ\% 'ole% ?@ % % th:pg?d .ngglrythe gclg?ryggélﬁlais@g%%t S&{Eﬁ{gf&’
receive the %) »& % Qthersinet gF adineras to aidedst onp comaraf theel i ef . The | MD
mat er i dl0s | apprciém b , (¥ wan_ "interlock" with the
metal on t hmpadsh?fyom ?&%mggnr?g%;lgitg?ﬂb%ﬁf Wﬁ?@%‘o&@e&“’%&éﬁﬂay:ﬁﬁ u¢§*L‘E“)i,[t°ot her
conf i gur at | %8¢ the Rpd, comenS(A8 exmuple)of anintbrlodkr geasitetryds Sffh FiGOte, IThet he
coner recel ; dhe sl of or hgle may have any of a large vari et

of shapes ?gg@? gpﬁn@ah'%g?: %&W@Wﬁ%{? F\Q"P%‘/’mﬂ@q ﬂ@éi’ﬁhﬂle@rahog mbides a%d

descri bed IpeskngistrdsOf1iY. TRESTOD nerBdfingide Y Sis o?hol'ﬁg 5 16 aﬁgb‘)di ment s,
referred tq,f.lﬂetlmer ally herein as open slots or open Rores’ “@ 1east one
“opening in grlopks’ avithhe metal ongthe hads feom the same layer or from above or below. In
15 other configurations (e.g., FIGS. 8 and 9), an interlocking radial slot in the comer -
receives the IMD. The slot or hole may have any-of a large variety of shapes and forms,
of which several non-limiting examples are shown and described herein.
[0014]  Referring ggajn to FIG. 2, in some embodiments, referred to generally

herein as open slots or open holes, the at least one opening in the metal pattern reaches all

20 the way to at least one corner or at least one side of the approximately rectangular metal
pattern. The open slot or hole is not limited to elongated linear patteni clements, but may
have any shape. For example, hole 210 is a square open hole located at one corner of
pattern 201. Open hole 220 is a step-shaped pattern that is located at another corner of
pattern 201. Open hole 230 is a star-burst pattern located at a third corner of pattern 201.

25  The open slots/holes in bonding pad 200 extend from the at least one comer inward
towards an interior or center of the bonding pad.

| [OOIS] FIG. 3 shows a comer of another bonding pad 300 having open slot
pattern 310 m at least one corner thereof, The pattern 310 includes a relatively large
opening 330 connected to the comer of the bonding pad 300 by a narrow connecting slot.

30 Theremaining three corners of bonding pad 300 may have the same open slot pattern or a

different pattern.



20 the way to at | east one coner or at |east one side of the approximtely
rectangul ar netal pattern. The open slot or hole is not limted to

el ongated |linear pattern elenents, but may have any shape. For exanpl e,
hole 210 is a square open hole |located at one corner of pattethM2R1007 Open .
hol e 220 is astep-shaped pattern that is |ocated at another comner of :
pattern 201. Open hole 230 is a star-bursﬂ'pattern | ocated at a third coner

of pattern pWie6]25 Thgl@méh‘ﬁ’wé“‘h@@ﬁa{g&%@g%@ﬁ? 56%9 %@%8%6‘9% t he

at |l east one coner inward .- towards an i nter

pad. [0015] slefs@nddolsinedude zwanmty obshapestdb1h oK sngpdaaﬂafﬁgluh@x%gi& 4hen
sl ot pattegﬂqgﬂ@r&@ aL4 a’g@g})ne orner thereof. The pattern 310 I ncludes
a relatively 1arged5eh (ﬁ% dy e Bexagon 404,405 hed060squatect (Fperdsspgpad
300 by a natir¢le/409REGEINI1S bPti gﬁ,,ﬂiﬁe remai ning three corners of bonding
pad 300 may have the sane open salnt pattern or a different pattern. 2 8

MAR 2007 4[Q03@ke] FIRG.6 sﬁmebrnﬁ'rdfelhomfar%ﬂ%aﬁgogﬁgﬁgggi%i@h?; h$he

plurality of;. ts gnd holes include a variety o
shapes may {’lﬁc@ﬁg’é“?HgY Sg‘gﬁﬁfmyatﬁa approximaely aeaangulad theta ipatternd TAO Blosdde xagon
404, T 405, hdledNay irfcHidR 8y P 4 . circle 409 pentagon 410 or
triangl e 411. 5 §6017] Fre 5v?ﬁg%&iéﬁgé‘?‘nwiugiﬂgéﬂ%?%m’%ﬁagﬁé%ad 500
havi ng a pl dipmond $0%fsquart 5844T b5 d5 506, Hextaginc309 5688208t Biec188H9 ?}éh £y
rect angul ar s Eegﬁtl;er . T{}g c2:-osed, holes may include any Gf a Variety
of shapes, mdﬁ%ldﬁg r?ﬂaé‘ng 512, ot vamefy of sther palygoms muhyiAysed,Gucluding by, T
505, L HO6, ndtémsigdnio Bidée havia o EP%?/ entaqqn, 510,, tri.angle 511
and angle 512. A variety of %ﬁ?@?ﬁ%o *fgcg%ﬁ;‘s b’gﬁ)%élgs&,% olgsay ingludet 10
not |i ni t ecchagcians suctrasettiers fof the dlpiiabet 520, m’aqﬁtszp,imewzﬂﬁa&ggggg @g.kgs may
i ncl ude cha(g%%&ergﬁi@h as .| et erg %f t he al phabet 520, Kanji 1, br ew
characters , 2%k CYaig &s 334, Axabic; qhpragteny 1250 Arahie neBdals/S26Di c
char act er s Hizidi ciiadnirs 52762 ‘B cfedBirom dil Eilhnglfgogé‘ b&lss P&l Sl ENgrast ers
from ot her | anguages systens. As shov\lﬂlw1 In 1gys%ems. shown in G'g’
: ¢ chiaracters may be oriented at any angle. The characters may have any font.
15 [0018] FIGS. 6-21 show a variety of other shapes for open slots and closed holes.

[0019] FIG. 6 shows a bonding pad 600 having open slot patterns 601, 602 that

may be described as checks, V's or chevrons. These pattemns are open to the sides of the

bonding pad 600. ‘

| [0020] FIG. 7 shows a "hybrid" bonding pad 700 having a plurality of open slots
20 710 and a plurality of closed holes 720. The slots 710 and holes 720 are both in the shape
-of crosses. Bonding pad 700 has no axis of symmetry. Each corner is different from the
other three.
[0021] FIG. 8 shows a bonding pad 800 having a plurality of approximately radial
patterns 810 that are elongated open slots. The patterns 811 that pass through the corners
'25  ofthe bonding pad are radial, and the remaining patterns are parallel to the corner
patterns. FIG. 8 has horizontal, vertical and diagonal axes of symmetry. The slots 810
have respectively different sizes.
{0022] FIG. 9 shows a bonding pad having approximately radial open slot
| patterns similar to those of FIG. 8, plus additional closed hole patterns 920. Thus, FIG. 9
30  shows a "hybrid" arrangement with open slots 910 and closed holes 920. FIG. 9 has



the characters may be oriented at any angle. The characters nmay have any
font. 15 [0018] FIGS. 6-21 show a variety of other shapes for open slots
and cl osed holes. [0019] FIG 6 shows a bonding pad 600 havi ng open sl ot
patterns 601, 602 that nmay be described as checks, V' s or che¥Mehill] These
patterns are open to the sides of the bonding pad 600. [0020] FIG 7 shows
a "hybrid" bonding pad 700 having a pl uraIEfty of open slots -20 71.0 and a

plurality ohoftasslvietaund2a oﬁaﬁjﬁé ﬁmz-&, L &510h20 are both in the
shape of crgsses. Bonding pac1g 700 agr 0 agtlrgnlgjfrgg Whaye resRegiivelsy ner i s
~different f TeH{&1zZest her three. [0021] FIG 8 shows a bonding pad 800

. having a pl hty of | mat e .adi al atterns 810 that are el ongated
open slots. Wgnpatteﬁggq}éh?%i‘ _ pad bQ@Ihama@(hmbefchoﬂshelo.
bondi ng pad'Iheeldsediisla{s,IOQOQnéﬂi&é£r%i@ ' Sfng.are parallel tq the
corner patterns, FIG 8 has horizont a]lm@\%gg?i&%l%ﬂg]ﬁﬁe@ ﬂda}lz'% ogding
symmet ry>  THed 40} hasorpoiical hoeizoutabai disgdndl hick besyfthetsy, zes. [0022] FIG 9
shows a bon% pad hﬁé’éng]dgﬁ)ro 'rr%téqel y radi al open slot patterns simlar
to those of '8, ptas TSohamdgnzRad! 198 bevipg nplirality 02 Bloseheists 1FI5. 9
FIG 6 has 2 5 MAR 2907 TORTIMe M TEBoRBEPad MRS y6rieR. oo and

FIG 9 has 2 8 MAR 2007 5 hori zort ver
synmetry. Tﬂ’ég%maé%e%f@yhmespectively different sizes. [0023] FIG 10

ot o PR Bl o s sy 10 T
[0024] "Fl & 11 Shows o pona e st B e 11 AP RRR A a2 s o &
1110." The Resiugpag 1409 hps vertical; horizontal g diagdiifl 2ReY6Hs9mnag, 1000
h ?5 - Verticafooafpr i ZOonkas, l%ns%owdsla%%ggﬁlg paaéelgog Lavsiggrr;rgltu;gﬁty of open holes 1310
of a shape that generally includes an outwardly pointing triangle and an open slot ’
connecting the triangle to a comer of the bonding pad. Oné of the open holes 1320 also
15 has a dendritic or cross-shaped metal pattern 1322 dividing the triangle portion 1321 of
hole 1320. Bonding pad 1300 has one axis of symmetry along a diagonal that bifurcates
“ hole 1320. : | |
{0027] FIG. 14 shows another bonding pad 1400 having a plurality of open holes
| 140 in the general shape of an inward-pointing arrow. Bonding pad 1400 has axes of
20  symmetry in the horizontal, vertical and diagonal directions. :
- [0028] FIG. 15 shows a bonding bad 1500 with a plurality of closed square holes
1510 in each comer. The holes 1510 in each comer are arranged in a generally triangular
or bat-wing pattern. Bonding pad 1500 has axes of symmeftry in the horizontal, vertical
and diagonal directions. |
25 [0029] . FIG. 16 shows a hybrid bonding pad 1600 having  plurality of open slofs
or holes 1610 and a plurality of closed slots or holes 1620. The holes and slots are all
square or rectangular. Bonding pad 1600 has no axis of symmetry.
[0030] FIG. 17 shows a bonding pad 1700 having a plurality of closed holes
1710, 1720 and 1730. Holes 1710 are triangular. Hole 1720 is chevron shaped. Hole
30 1730 is shaped like a triangle with the metal extending into the triangle in a dendritic or
cross-shape. Bonding pad 1700 has no axis of symmetry.



[0025] FIG 12 shows a bonding pad 1200 having a plurality of closed slots
1210. 10 The closed slots 1210 include straight-line segnents 1211 and
bevel ed slots 1212. The bonding pad 1200 has vertical, horizontal and

di agonal axes of symretry. [0026] FIG 13 shows a bondi ng pactmall@p,\pz_wavi ng a
plurality of open holes 1310, of a shape that generally includes £
outwardly pointing triangle and-an open sl*bt connecting the triangle to a

corner of tie03dndi ng RIGd18 %@ib&ﬁlﬁn@ﬁ%‘%@ | Vf%‘?ﬁ%ﬂﬁéﬁkyrl‘)?ﬁﬁg%e&%rt i on

dendritic or1 fqoss-sh ed netal pattern 13

1321 of hotl8 a5Giraigh Hne spgmaants @Uending imareapprdximthly DEERAAIIBHRRY The

di agonal thgi,byi | e é_‘% 0. 10027] FIG, 14 shows anot her bonding
pad 1400 havil}lg %%?%%@ﬁ%@ﬁn gtﬂ“#g‘%ﬁ‘szﬂ%il-ﬁw?m sidietangent tepe of an
i nwar d poi nréspectivelyodiffeRANCHmeenPRE; %%vﬁ%? ; 20 'Q@} ry Ln th
hori zont al , g@g@c{}:ﬁl and di agonal diTect] lés.aeéfl%bgtféi'eﬁ T cs%&gdggaag
bondi ng Dad! 08 PaddB0P hns axesoff syiamtry is diédbezoRIEFertidd 304 iReGAEN
~coner. The Bpt&®ndS10 in each corner are arranged in a generally FI’I angul ar

or bat-wing pattern. Bonding pad 1500 has axes of symmetry in the

hori zontal , [0082] i cal FBBOIkilaeRkayvbeid" ' 029] ElG 1 *shows a
hybri d bondi,ng, pad 1600 havi ng a p}ibgir zﬁhwdégg)n& Fraticach romeies 21610 and

‘ |
a pluralit yd Opewslet patiery extonding i6ad frobthekomes Bt ohRE Bas? & JTRI()
square or r di ad 1600 has no _axis of symmetry. [ 0030]
FIG 17 showsE mega%giﬁ |nﬁ‘g%g}§’a°f%%"ﬂﬁ‘i‘f$ﬁ§e soplgiely apey pefteros d3Hrhndd946, willy 10,
1720 ant) 17480tangentiat sb&dnascted o PO Padia QP fh%?rgxpgm%htg%r%ﬂ‘a eq. Hole
e netal exte | _

30 1730 is shaped,like a triangle with t
triangle ina‘hqge&f’&Pfhfﬂil%P%ﬁmil anghatjeast Bonclosed tadntial At 19F0. PR gﬁa@f

symetry. 2jgho¥ARnd 8% f@y&@% ] FIG 18 shows a bonding pad 1800 erein
the plurality of closec?s ols 71810 are straight-line segnents extending in

an appr oxi €033} t angEI@.i28lshov @ boh@g pAA2000 wherein the plurality of open slots
2010 are straight-line segments extending in an approximately tangential direction. A
15 . portion of each slot 2010 at the diagonal axis of the bonding pad 2000 is in the tangential
direction, i.e., each slot is tangent to a respectively different concentric circle having its
center at the center of the bonding pad 2000. Each corner has the same pattern as the
adjacent corner rotated by 90 degrees, but bonding pad 2000 has no axis of Symmctfy.
| [0034] FIG. 21 shows a bonding pad 2100 having closed slots in the form of
20  elongated angles 2110 and 2130 that extend nearly to the center of each side of the
‘bonding pad, and elongated slots 2120 that extend from the ccntér nearly to each corner

of the bonding pad 2100. This shows that the patterns can extend to the center of each
side. -

[0035] Although several examples of slots and holes are provided herein, those of

25  ordinary skill in the art may substitute other patterns. - .
[0036] It is believed that the embodiments descﬁbed herein do not affect
electrical performance. In particular, the resistance between the circuit paths in the die
and the circuit paths in the package substrate should not be affected. The exemplary

embodiments permit the via density and the minimum pitch between vias to remain
30 unchanged.



center of each slot 1810 is in the tangential direction, i.e., each slot is
tangent to a respectively different concentric circle having its center at
the center of the bonding pad 5 1800. Bondi ng pad 1800 has axes of symetry
in the horizontal, vertical and diagonal directions. [0032] 7kl 74} shows
a hybrid bonding pad 1900 wherein each corper has a dendritic open sl ot
pattern extzg&%ag i nward fromthe comer. FAch coner has a slightly
different p n. TwoBaidifigpads @QEEsHm . g ep.patterns 1930
and 1940, wi,th @Q% al |t ‘ngeg]nlﬁ al sl ot g%ﬁﬁ%%@%ﬁ@"ée@gﬂﬁlgfw% A% ot .
The remai ni Mg'¢ SVﬁ@SBﬂermébomﬁﬂgpdénﬁmhhﬂaqﬁﬁkkﬁrOﬂkggﬁﬁﬁaﬂuﬁ#

| east one clﬁmga%%gj%hgnar\%lgg%t 1910. Bondi ng pad 1800 has no axis o
symetry. [?033] FI oW hPH ﬁ‘&Fﬂﬁegé‘Hcml%%rei n the plurality of
open slots [QEBR] are sAli®iughihd inREntREOE i.ng in an approxi mately
tangential diregtion. A 1g@20ftioﬁnof eac ﬁgﬁé%ﬁﬁg%ﬁga?m ﬁgmﬁﬁgﬂahal axi s
of the b ndi‘?ﬁ’&’0 Y a0s pet kimiteditheraiogRatties) the &ipeftedichiims Ehdld bE&GRERI Pt 1S

tangent to i ifferent concentric circle having its center at
the center gf&atgﬁggigdﬁéﬁﬁéﬂ%zig a’éﬁg‘b‘fm dignaats of e inyrmtionwehiplatriagibe neglet he

adj acent cobgthosetshilled ilDshe 30 Wik i ng_pad, 2000 has.nqQ axis of
symmetry. [0034] FIG 21 shows éﬁggﬁﬁgﬁgﬁgﬁgéﬁfgﬁgﬁ&%ﬁﬁéee FRAYRIENtHeL i n

t he form of PZGV@#EWgated angl es 2110 and 2130 that extend nearly to the
center of each side of the bonding pad, and el ongated slots 2120 that
extend fromthe center -nearly to each corner of the bonding pad 2100. This
shows that the patterns can extend to the center of each side. .[0035]

Al t hough several exanples of slots and hol es are provided herein, those of
25 ordinary skill in the art nay substitute other patterns. [0036] It is
bel i eved that the enbodi nents described herein do not affect electrical
performance. In particular, the resistance between the circuit paths in the
die and the circuit paths in the package substrate should not be affected.
. The exenplary enbodinents permt the via density and the m nimum pitch
between vias to remain :




30 unchanged. 2 8 MAR 2007 7 [0037] Bonding pads according to preferred
enbodi nents of the invention may have the sanme pad size as prior art
bondi ng pads or snaller pad size. Qher enbodinments of the invention using
a larger pad size are also contenplated. [0038] Although the invention has
been described in terns of exenplary 5 embodinments, it is nd§ M nigyed
thereto. Rather, the appended clains should be construed broadly, to

i ncl ude other variants and enbodi ments of & he invention, which may be made
by those skilled in the art w thout departing fromthe scope and range of
equi'val ent s ®fhat istedaiineddésition. 2 8 MR 2007 8 Wiat is claimed is: 1. A
bondi ng pad suitable for use in wire banding an integrated circuit, said
bondi ng pad i ncluding an approxi mately rectangul ar netal pattern having a

‘5 peri pher al 1 edgg bonding ﬁaa%qit@ge PehsD @Y ilg b%d&%&?ﬁ%?@g%@g%i or hole

therein-at or adjacent to at ast ~one corner tely

rectangul ar net asaipbonding pad ineheling aroappbetimalt RoEhfdart Betabdteintaeigact i ng
sai d per.i pheral ,edge,and providing peeling stress relief. 10 2. The bondi ng
pad of dl ai n??,‘pl\?ﬁg%g‘?a the at |east one hole or slot extends fromthe at

| east one cornerg4 &Qﬁn ' | . f ' ad.
3. The bondi ng psadéd]g?ﬂdg?%? gn? ) V\gg&%ﬁ@{%gﬁg’{ ?@gﬁe?%lﬂg %roq%gacg@'fg%ng\?as? S
ful |y encl osere cdmgertaf éheappproxinradle kectangalad Rgpdl PhtterBl tBé slofbridldextéhding.to The
bondi ng pad of Jc,Legi n}.l wger ei tﬂqedgat | east one hole or s|ot has a shape
“from the grBUHiRISETREHRE s3g PoFipheralfilge and providingpgeling sessrelish, a rect angl e,
a cross, a chevron, an

10 2. The bonding pad of claim 1, wherein the at least one hole or slot extends from the

at least one corner inward towards an interior or center of the bonding pad.

3. The bonding pad of claim 1, wherein the at least one hole or slot is fully enclosed

- by the approximately rectangular metal pattern.

15
4.  The bonding pad of claim 1, wherein the at least one hole or slot has a shape from
the group consisting of a square, a triangle, an arrow, a rectangle, a cross, a chevron, an
angle, a circle, a pentagon, a diamond, a hexagon, a letter of the alphabet, an Arabic
numeral, a Kanji, Cyrillic, Greek, Arabic or Hebrew character, and a polygon.

20

5. - The bonding pad of claim 1, wherein the bonding pad has at least one axis of
symmetry. '

6.  The bonding pad of claim 1, wherein the at least one hole or slot is excluded from

25 a central region of the bonding pad to which a wire bond ball is to be bonded.

7. The bonding pad of claim 1, wherein the at least one hole or slot includes a

plurality of holes or slots having respectively different sizes.

30 8.  The bonding pad of claim 7, wherein the pluralfty of slots extend in an
approximately radial direction.



angle, a circle, a pentagon, a dianond, a hexagon, a letter of the

al phabet, an Arabic nuneral, a Kanji, Cyrillic, Geek, Arabic or Hebrew

~ character, and a polygon. 20 5. The bonding pad of claim1; wherein the
‘bondi ng pad has at |east one axis of symetry. 6. The bonding pad of claim
1, wherein the at |east one hole or slot is excluded from 2B§3AReMfral
regi on of the bonding pad to which a wire bond ball is to be bonded. 7. The
bondi ng pad of claim1, wherein the at |eabt one hole or slot includes a
plurality of holes or slots having respectively different sizes. 30 8. The
bondi ng pad of claim7, wherein the plurality of slots extend in an
approximately radial direction. 2 8 MAR 2007 9 9. The bondi ng pad of claim
7, wherein the plurality of slots extend in an approximtely tangenti al

direction. 59_10.“]315\01*39&1?' Lmal, el 3p ] east one hole
or slot includes a plura ﬁﬂg‘i 0 dl‘gﬂé&%ﬁ%%}p@ﬁﬁa@%o ?’g%%dele%gvel y
di fferent shapmeximbfely Engettimidirogtiggad of claim 1, wherein a dendritic or -

Cross sBaped netal pattern 10 extends into the at |east one hole. 12. An
integrated circuit that includes a bonding pad structure, wherein the

having a portohoray R hed U AL ARG TR RN B e 7, T

hol e t her ei nplrality ofiijlecerndlots havinglrespsttiviely differenpshiapes. of the approxi mately
rectangul ar nmetal pattern, the slot or hole extending to and intersecting
sai d peripheral edge and providing peeling stress relief. 13. The

integrated cifCurhe %n&ﬁg’i.%nﬂi Ifclai' £ \phdleih G ﬁ{lritkce&s tros%@ﬁa&ﬁ'tﬁetzﬂr aftb!
extends fromthe at | eaSt one corner |nvvar§ owar (fs an imteri orp or “center
- of the18ondi exjepdsdnto the at least one hole.

- 12.  Anintegrated circuit that includes a bonding pad structure, wherein the bonding
pad structure includes an approximately rectangular metal pattern having a peripheral
edge, and the bonding pad has at least one slot or hole therein af or adjacent to at least

15 . one corner of the approximately rectangular metal pattern, the slot or hole extending to
~-and intersecting said peripheral edge and providing peeling stress relief. |

13. The integrated circuit of claim 12, wherein the at least one hole or slot extends
from the at least one corner inward towards an interior or center of the bonding pad.
20

14. The integrated circuit of claim 12, wherein the at Ieast one hole or slot is fully

enclosed by the approximately rectangular metal pattern.

15.  The integrated circuit of claim 12, wherein the at least one hole or slot has a shape
25  from the group consisting of a square, a triangle, an arrow, a rectangle, a cross, a
chevron, an angle, a circle, a pentagon, a diamond, a hexagon, a letter of the alphabet, an

Arabic numeral, a Kanji, Cyrillic, Greek, Arabic or Hebrew character, and a polygon.

16. The integrated circuit of claim 12, wherein the bonding pad has at least one axis of
30 symmetry.



20 14. The. integrated circuit of claim 12, wherein the at |east one hole
or slot is fully enclosed by the approximtely rectangul ar netal pattern.
15. The integrated circuit of claim 12, wherein the at |east one hole or
sl ot has a shape 25 fromthe group consisting of a square, aEatm,a@gj e, an
arrow, a rectangle, a cross, a chevron, an angle, a circle, a p&htdgon, a
di anond, a hexagon, a letter of the al phabet, an Arabic nuneral, -a Kanji,
Cyrillic, Geek, Arabic or Hebrew charact® and a pol ygon. 16. The
integrated circuit of claim12, wherein the bonding pad has at |east one
axis of 30 dYmmihe integra®dvixpuiz 80dlaini 02,1wherfinghé slest Gicddlcirstotis exefuded ai m
12, wherein grp)e at | east .one tagk)e“é)r sl$t I s, excluded froma central
region of th B’(ﬂ‘lﬁ?ﬂrﬁ?be:ﬂim{?)f BRAIBE RA to Whish ajydre bond belbisje bpbperded. 18,
The integrated circuit of claim12, wherein the at |east one hole or slot
includes a 5 plurality of holes or slots having respectively different
sizes. 19. TH8 i Hheimegretedmincuitiof clofm 42 awherdi, thevitdéRt ohcHoke ¢ slotahdlides af
slots extend_jn..an roxiymately radial, direction, 10 20. The integrated
ci rcui t>§of CPQ'W%QFWEPEF%W%&F&?P&FW y dittesgngsizgeext end in an
approximately tangential direction. 21. The integrated circuit of claim12,
wherein the at | east one hole or slot includes a plurality of holes or
~ slots havi nglPespbeinteghteddinchi¢ ofolhins h8pehereihih@pluralineof slite gxtendin aai r cui t

of claim 12 \Qher el n@ dg@(ailr(ﬁql?g or cross shaped netal pattern extends into
the at | east “OE* ey ra4a Phod of forming an integrated circuit
package, conprising the steps of: 20 providing an integrated circuit having
a plurality of bonding pads thereon, each of said bonding pads including
~an appri®xi ma® y Theintegrgtedpircnit ofitlapm i 8 ewheraimtherplusality of slots extend in-an

approximately tangential direction.

‘21 The integrated circuit of claim 12, wherein the at least one hole or slot includes a
plurality of holes or slots having respectively different shapes.
15

22. The integrated circuit of claim 12 wherein a dendritic or cross shaped metal

pattern extends into the at least one hole.

'23. A method of forming an integrated circuit package, comprising the steps of:

20 providing an integrated circuit having a plurality of bonding pads thereon, each of
said bonding pads including an approximately rectangular metal pattern having a
peripheral edge, said bonding pad having at least one slot or hole therein at or adjacent
to at least one corner of the approximately rectangular metal pattern, the slot or hole
extending to and intersecting said peripheral edge and providing peeling stress relief:

25 and

wire bonding the plurality of bonding pads to a package substrate of the integrated
circuit package.

24.  The method of claim 23, wherein the at least one hole or slot extends from the at

30 least one corner inward towards an interior or center of the bonding pad.



peri pheral edge, said bonding pad having at |east one slot or hole therein
at or adjacent to at |east one corner of the approximtely rectangul ar
netal pattern, the slot or hole extending to and intersecting said

peri pheral edge and providing peeling stress relief; 25 and w re bonding
the plurality of bonding pads to .a package substrate of thegiMiRédiat ed
circuit package. 24. The nethod of claim 23, wherein the at |east one hole
or slot extends fromthe at 30 |east oneldorner inward towards an interior
or center of the bonding pad. i 8 MAR 2007 11 25. The nethod of claim 23,
wherei n- the 25. | Thsetind dfeldm®3, Wheteilt® 8 1a0ane hble®sloPRas 05RO from the
consisting of a square, a triangle, an arrow, a rectangle, a cross, a
chevron, an SWNBICAnsiging ofy squae, pémiangls an arrow| arestadgleaa trosmaehevien, pet t er  of
t he al phabet -2l _ . Kanj 4 rilljc e . Arabi . or
Hebr ew char aﬁ%g,%’%é’%pﬁg d{é‘é{é’?\i d%t%%&l’ J’Ilﬁéé{a ﬁé#eBPf@Iéﬁﬁ)ﬁ?%,mﬁ%ﬁgi n the
at ‘| east onentiat@l yKadjICyirillid, Glesk, Aribid o Heb¥w Gardefk 88d 'poBigehs havi ng
respect%vely di fferent sizes or shapes.

26. The method of claim 23, wherein the at least one hole or slot includes a plurality

- of holes or slots having respectively different sizes or shapes.



