1 BONDI NG PAD METAL LAYER GEQOVETRY DESI GN FI ELD OF THE | NVENTI ON

[ 0001] The present invention relates to sem conductor packages
generally, and 5 nore specifically to ponding pads for wre bondi ng.
BACKGROUND OF THE | 00 ri the fabrication of an
integrated circuit %S@JM&@E&%WWN@T&%DES}GN circuit
patterns is connected to an integrated circuit package substrate. The
10 package substrate has a plurality of pins for connecting the

circuitry to an external prinFELD QFTHE INNENTIONIO03] The nost
connections between the die and

common ne for formn l.ect r.i cal
t he pac kagdg)%ghbst r a?%e P%egﬁﬁ%r’%veﬂﬂ%ﬁﬁ?s 8 ssmigoRdyetor pckagas deneralindedi s
| ocat egl ﬁxbﬂi@iﬂcﬁibﬁl)pﬁrﬂdﬁ@h@paﬁ@f&&if@%ﬁdgﬂfce of the die. A

)

correspondi ng set of contacts is 15 on t he package substrate.
A plurality of connecting wires are bonded to connect each bonding

pad to a respective contact substrate, using a nethod
such as ultrasonic bondi %&&%@mmw}jthe package is
encapsul goedzland sephefl tHeGMHatidh 8 infdteP SR ads, have fhe

sane shape as the first netal Fayer (M Typi caﬁrfgﬁgir%r%gﬁeﬁg’aéamﬂga_
t he pri orplaralityheficircyis prdems iscdonpentis] toian intepmtridairguit packape 26bsaatea e

configurat.i his.type d he bondi ng pad corner has a high
str eslg)u ?760&8 C etsﬁx g ‘%aé%ﬁ?n%&ﬁaﬁbﬁg% I Gpnnechng thg sirgwiny te apextemal printed
bondi ng. witing®dhtd on to pad peeling, interface peeling, pad

cratering and inter-nmetal dielectric (I1MD) cracking may occur. This
has an u?[pg%r abl e Hiermest commpnghethod 89F&ImiRg eloctriztlt @MMESiohd bERGEE the

h i t. t.he. f th 25 baondi dh
el udeq Sig SEEPAIARE SBhici S BanTing . Aelueinboname g e losmisd
bondi ng pacindthepértgesndn & kpnrfacd mheﬂﬁ@rl@j:&k&ﬁoﬁcﬁﬁ% sedeclRgpre! 1 ng

have _i_ncluded increasing the corner adhesion by surface treatnents
or i Her ed5ay ahibe parkage substrats. A plgrality 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 corner has a high stress
concentration 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 corners and beveled corners that give the
bonding pad an octagonal shape. Other techniques for reducing peeling have included
increasing the corner 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.
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Pat ent 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 i@ a 30 dielectric |ayer
surroundi ng the bondi ng pad. [0006] An inproved bonding pad is.
desired. TSMC2001-1316 2 SUMMARY OF THE | NVENTI ON [ 0007] A bondi ng
pad suitable for use in wr Iﬂm-m Hiat ircuit includes
an approxi mately rectangul a? net a pﬁgﬁ.lﬁ%@?ﬁi ng pad has at

| east onel[0C97$] ot orA bayiding jret miitablatfoouse dal e &dhding aﬁtintle?%%d OBt
cor ner of.tFed r oxi matet' rectapgul ar, nmetal pattern, the slot or

|
hol e provith lhg?g BPRIAGA ?I§§§°tﬁ“§“ 2 metgpetempiheRprdingRadhaseast one
DRAW NS k18088i01E tHefin Afordihctit t@%?le%t%‘ﬁ%%@%f&%tﬁ Oﬂrgk]%atgigwm

according to the present 10 invention.
vari ous eHstd pattemstheslot hehdle pdividing petling sfrbdsrellef, DETAI LED
DESCRI PTI ON [ 0010] The present invention is enbodied in a bonding
pad, an integrated circuit 15 package including the bondi ng pad, and

a method for formng anEmEggjﬁg@Q%qi hE THIRH 86y Lhg the bondi ng
IOROF F?ess §§d

pad. The exegﬁlary bondi ng pads reduce corner s i ncrease

adhesi on B§88hst paBIGHdIA anyl 1B 6@:KidgrEnSof 4 BorstioppadatcoriiPlodhiy/ present
bondiﬂg p. 1&%' The bondi ng pad 100 has a wire bond ball area 110.

An inher OF °Central portion 120 of the bonding pad 100 is 20

desi gnat cidoos] a sol FiGRalb 21 ¥nak Sariods SMddnBAL b LBhaTELA of ficy 1.

deposited in region 120. The region 130 between e cCir
the solid pattern area 120 and the perineter 121 of the bondi ng pad

100 is designated as a slot/h i i a plurality of slots

or holes are forned in the boﬁﬁ@%@@#@?gﬁﬁm sl ot/ hole area 130

has a m rfoa10h The present invention is embodied 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 corner 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
or holes are formed in the bonding pad metal. The slot/hole area 130 has 2 minimum
dimension of at least VP2, where VP2 is twice the minimum pitch between vias (bést
25 seenin FIG. 1B).
[0012] FIG. 1B shows a representative set of layers in a semiconductor integrated
circx_lit device 101. A plurality of metal layers M1-M5 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 wire-bonding machine. FIG. 1B shows the distance VP2 that is twice the
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di mensi on of at |east VP2, where VP2 is twice the mninmmpitch
between vias (best 25 seen in FIG 1B). [0012] FIG 1B shows a _
representative set of layers in a sem cadhductor integrated circuit

i - Ak : NG i s shown. The circuit
oot tor ns. i metipini@hibbih HE'R Y PhGIeshiRe » grion on belener sipisydbs
by way of tetwmeinché vental portidh 126 andHedediafei@i128 o@‘%e‘%oggg@;)&@ilg old,

i i is bonded to the bonding , using

B ;[/vihr 6- bo ﬁﬁ@ﬁﬁnﬂag ﬁ:é{@%’ éﬂl@lﬁfss axsggimeplsry?mad&ggafmag suzlszalbg foitusBé ﬂ;llvféfgé ce
: . el it ch bet wee a : :

tsﬂgw-sr Sg/cgg)tg g%lgiﬁjagfl %ﬁ%@ gg Icgprd mélpgb%&l%gng B%‘f%\@e CP‘ﬁss LeARPFRAmatstE i on
120 anfl t hectprularetetsl phR&m@01t %eﬁ?ﬂx@_xﬁﬁat@@Q'eét%ular[pQR&%]m@ %a g%m r
shows an exenpl ar ondi ng_pad 200 suitabl e for use’in wr bondin
an integr &tné‘?}%&q“}dl'éf rectangle hayipg prepginthapdiffernomdesvidth. éﬂm?prdmhﬁbw
el Ty e A R T —

pattern may quare or nore-genel
that diff érataferteweled.s Inadditon, TiecappRiXiOsiclPiclan sulbOEARAIM PhasRRlch§ ole
201 may al e.one _or_nore conmers that are rounded or corners

that are B@ggﬁrﬁé?z &%@&%Q@Pﬁemt@raém@wmlwyonmmm pattern

' her ei t
20 ac i ErprERadl footdlar ot Bafer dn, $880 6 by ikarpty dungsedo
metal pat define thé\pad comher |(Anlexamphefaa0MeH60k FRYNIAS i FRn FI@‘eié'nﬁ?eg

r An exappl e of an_interlock geonefry is shown in |
160 Bhe GBS bR comir bslets St ety cdhodDONEhe sloted hate prbides

i O ' s relief. The | M
et | al b e g e | DM St BRI 8 B Bl Bh e eR® v ¢
the met al "isierlopi’ yishithefmesah doftbe patseromyies sagie [hy@or HORYSbove oP BLIGW. Iélll n

5 ot figurati.ons (e.(d. | G5, 8 and 9), an interlocking ra
g I 01? | nr t‘lgl Qrccl’ g}lmh?‘ésc(&(gvel%G?hga? ) anpricdpckingradightlet mfg:e hermer any
of a | ar gecsidés the MY, BRI Or ABR tﬁ%{ l?éag an; E}é’ g@ggggﬁewgﬁ shapes and forms,

non-limting exanples are shown an : .
of which several non-limiting examples are shown and described herein.

[0014] Referring again to FIG. 2, in some embodiments, referred to generally
herein as open slots or opén 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 pattern elements, 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 corner inward
towards an interior or center of the bonding pad.
[0015] FIG. 3 shows a comer of another bonding pad 300 having open slot
pattefn 310 in 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  The remaining three corners of bonding pad 300 may have the same open slot pattern or a

different pattern.
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[0014] Referring again to FIG 2, in some enbodinents, referred to
generally herein as open slots or open holes, the at |east one
opening in the netal pattern reaches allg 20 the way to at |east one

corner or east one side of the approximtely rectangul ar et al
pattern. 'Ifﬁhlépen s|1JG- 6shaws a cpmenot a bonding:pad 400k nergiatthelpluralpos open

tt | ' sh L.For, exampl e, hole 210 is a
Cauar e oper harEqletine BB 2 AAKS G ariN APP-41 20 Td NFebRs Flapaniscrcmeiop 40T
is a step-atdpedepanglern? tdiahond40ntatadnansanabher 4@@@@5%6 2?7’6??%495’

attern 201. n hole 230 is_a star-burst pattern Io_ca
(F:)orrer of ﬁéf?lcc%’m%‘g"?§l?r%%@?ﬂ]®t s/ hol es in bonding pad 200

dsf t heas j rd, towar i nterior _or
conter Sof TP Tbondi nacua s Mot Mot pot B i stz immaly of
bondi ng patbsedBolesfiillyenolosed by thie app@@ﬁt@ly&é&aﬂ%ﬁlﬁﬁnétﬂg%gﬁ% g@%@ed

t hereof. Th att.ern 310 includes a relatively lTarge _
connect ed-[‘f’@s IEY}P%?“YcﬁfQ’c Yelehoefehapespimegludon angles50 aractangleoitdgect i ng

| ot. 30 Fhen 3 Nd t e r ' ad.,300 have t he
za(r)re open sl o§£% te %reo%méq‘ 5391‘?gpg’n@%ﬁéﬁ@rﬂ&%Ggig%§g=é’eﬁltag°n
O oL Ly of e St e ey oy e an of eiiar folf Bhstiey Bt el eluding but
it f.. J ots an ol es incl ude
o 14" iSREe s R ol e e o
di anond 4@fra . f 4, Cross
c: rcle 409, pégﬁ%’:t%gﬁ aﬁ%gterg}) e g bép%ﬁmgﬁ [sgb’lﬁ%ljrﬁ’éga@c@ﬁoi%’ Greek
coner of eheasadiers SBHrGriilic phatadas SM,VAnbioa:hﬁfaidfe?d 525%/ "lei’ibic tﬁ%ﬁéﬁf& %l’ees
d, by .t h r oxi npt e rectangul ar metal pattern.
ol osed” ML CHERGRE TP BO A& P SIapess. Anshah imFleihng] e
501, rect girgGherabier msl @é’@ﬁ%tépa?t’m?%éléﬁ}‘g@éhara stégﬁnayé%?gg%ﬁ?ﬁagon
507, cross 508, circle 509, pentagon” 510, triangle-: gle
512. 1 vall038l, of oFIGS: 6pdl shywnas variepy bfotharestiapdsfor @#mtlg)md %}a%dlrmw_
e ) ; ; s
lﬁ:ﬁ;n ;[ ﬁgl L@éﬁ?}o S€ haﬁd:' $ sfllro‘?v?atbml&%gtpgd gb@ﬂ:&wgflg gge%slot p?lttecm(s) %81, 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 comer 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 comers
25 of the 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 8§10

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
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characters, such as letters of the al phabet 520, Kanji 521, Hebrew
characters 522, Greek characters 523, Cyrillic characters 524,

Arabi c characters 525, Arabic nunerals 526, kl;" ndi Chﬁ{‘éﬁ grs t5ﬁ7 or
characters from t her, ges systems As shown in e
char act er st W‘é‘ﬁ’ké‘é‘?g‘@ o) a%as éWé’chﬁ]aﬁrﬁcﬁSQ?]@ ham/?emmveiyy
font. 15 [ 6-21 show a variety of other shapes for open

sl ots and %@%ﬁ%&ﬁ%%ﬁes [0019] FIG 6 shows a bondi ng pad 600 havi ng

open sl ot ﬁ@@ﬁiﬂer ns 6EI’G Iﬁ&hoWbaﬁ)ondlmgpbzelmHBEJvﬁﬂge@plaﬁali@f'@Péﬁsed\éltﬁs 2610.
chevrons. open to the sides of the 'bonding p

600. [0020 ﬁ‘ﬁ%%las 1%@&%5%&61@%%3@;&' The I;(;I(l)dmg
I I 0 | ose ol es
'FI)'hgr 2I Ig:)s/ p%lol@gggaﬁgﬁ{eléﬂ%(%ué%gﬂ %qﬁj%&%(ﬁla?éﬂl’s ‘#% " crosses.
Bondi ng pd@0Z410 has . dxisbows abymdmgpadlm 1l 808%1fd‘15‘§e§@10t§‘ Bel)
a

hows a bondin havi n
bl e al 1 1y e U5 slotEn0 helidenglcs. Fhe berdisead | ibhaschectical, drgaontd and
open sl ot ShagBh@l&%&b%ﬁﬁm that pass through the conmers 25 of the
bondi ng pad are radial’, the remaining patterns are parallel to
the cor ned0Og2dlt er ns.FIS. 12 sBoWsasbdmhngzpndtla’JOO heeing Ia‘iﬁ«haﬁt?d;f@lcﬁ@&%fs 1210.
axes B & Qgel b 10 Ly.e respectl vely different sizes.
[0022](i | AheSIdskd slots 123 incly b%lrﬁmiéleyelcéslpf: lggggﬂ‘he
Pol ¢ pﬁf‘i o 1] h*q’f’*m%ﬁé%*ﬁ?%g&?%ﬂ B eront i th
open sl ot §0@260 and (ﬁIGsbijShmvsesbc&ﬂﬁlgpﬁﬂCBBOthaﬁgI&@ﬁ?bf&ﬁéﬁh&cs 1310,
hori zont al bf f symmretry. The slots 910

have respech ¥Ez§e'£§&e9%gpg iﬂ%gﬁ‘ggl ax"?"gﬁgé}m’ﬁp@ trg?@g@w@d@n@pm st ng
pad 1000 bam&ﬁngthéhﬁi@élé toVa &mé& TR bR allO Hhe of Hilao f%h%%gﬁeg 1§gﬁ tﬂﬁ?\g

1010 |ncI ude an%nes 1011 and straight |i1ne segnents
has a den

tic 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 pad 1500 with a plurality of closed square holes
1510 in each comer. The holes 1510 in each corner are arranged in a generally triangular
or bat-wing pattern. Bonding pad 1500 has axes of symmefry in the horizontal, vertical
and diagonal directions. |
25 [0029] FIG. 16 shows a hybrid bonding pad 1600 having a plurality of open slots
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. '

TSMC2001-1316



S pad 1000 has vertical, horizontal and diagonal axes of symetry.
[0824] FIG | 1 shows a bonding pad 1100 having a plurality of closed
slots 1110. The closed slots 1010 i ncl Ble angles. The bondi ng pad

jcal, ' I d ..diagonal axes of symetry. [0025]
Fa 12 oML bondfich 18 2hSvs BBowtibE RAT 400 Wherrintye phirdimetlossioia:

1210. 10 816 ¢ QeshtSielssomakd heﬁ&iugﬁl St bt MBS GIIR R S 32 1
and bevel ed sl otgﬁf 12. Th'(?’a]il boﬁdi ng adéﬁiz ] glge\ferﬁpg%rgﬁa, lrection ‘l“he

hor i zont alceatsd ofipash ol 8 bk isgn dlie angemtint directioNAG], ehtiElolRd té%@m&oﬂ
bondi ng pqg §991h in taﬂglu aILt¥ of .open h?Ies 1310, of a shape
that generatly | Nt ?ﬁ%@%‘ & ctfﬂ{%aﬁ‘ﬁ ShayiRgits srgter af te grrtenofthe horrgpad

sl ot 6oNreo0; Bendiskepdd 1300%a8 ak & oF sGRRMEY iR thd G- BRI AL RAd, e gf
LY, et

t he open holes 1320 also 15 has a d ITic or Cross-s
pattePn 139Cens; di ng the triangle portion 1321 of hol e 1320.

i i f ,S) t |.ong a_di agonal that
bi fur cat 3001 e 13308 Fo i Sheribpdingad 4t Roeromommsmsgmenbese4o0
having a mlendritid dpen@fot patesin BRleRSin Wmhrﬁ&x?&e%ﬂﬁf.aﬁicgp&%rﬁ%@h anégptly
i nwar d- poi nting arrow. Bondi ng paé 1400 has axes of Sy ?/
the hori z§HEeat pattem; diavo efitbe domgrshave dompletelyoopen pafieRS 1950 &ad 1940, with

i | i L lurality of ¢losed, square hol es
1520 18 ol din@d otcsanblitdic™s Ealhfizaial bt Bperemainies fra compweiicinda
gener al | y ah bpandsndsitic paterdab2 OVartDatN@dst sﬁé'cloéeg{ﬂigégtri‘agl%i’oéﬁ??& ﬁaaaggx 53

f symmretry in the horjizontal, vertical and _ iTectl of &P3
Foozg] FI éXO ASJI0KeS of symety- bondi ng pad 1600 having a plurality of

open sl ot hol e Lural i f.closed slots or h_oles
1620, *The JoaPks " ana® S grehang adoRuii et bboncrtirglinaly oBeneaiiag pac
1600 has 20l(ak straiphislimesepingnts RR30hge Th aﬂlﬁoﬁﬁﬁ‘ﬂ%y @anggmhggec%% %‘o
havi ng. a pl ural i.t o[ closed holes 1710, 1720 and 1730. les
are t ?? ang?flﬁa .OfF%ﬁhé o1 2910 pisthe Hiagpnl axisof dh: bording padR0QT lﬁﬂnlﬂ& tzjimﬁﬂ
lji kg ?t LT BREHG0R, Y. \dch 516t WRhfbentts ta‘?@éiiecnﬁveh{? oA PIRERIE") c?rcieqmving its
endritic or
center at the center of the bonding pad 2000. Each corner has the same pattern as the
adjacent comer rotated by 90 degrees, but bonding pad 2000 has no axis of symmetry.
[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 center 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 described herein do not affect

elect_rical 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 piich between vias to remain
30  unchanged.
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cross-shape. Bonding pad 1700 has no axis of symetry. TSMC2001- 1316
6 [0031] FIG 18 shows a bonding pad 1800 wherein the plurality of
closed slots 1810 are straight-line segnents extending in an

appr oxi mﬂt@ﬁ fangenbi al. di r;cti on, The center of each slot 1810 is
in the tangentdal di pe IpgRads acgordingsfeiprefened pmbedimgatstoftle iavention may

respecti vehavedhd § ' L i j no4.ts center at the_
center of the bo nﬁ[{eﬁ%mpsg% rh%%(%%& b gé\%kﬁé@%agds n%gﬁ'bpaﬁicafézea (her,gmbodiments
symet ry i of thqinvieutionzoingd largeephid siak assulsaléaagamnsthted di r ect i ons. [ 0032]
FIG 19 sﬁ@ %ﬁ hybr%&kq§£gﬁngkpad 1900 wherein each coner has a
dendritic Q% sl ot q UvERARpsibssr Aescribeshintermsoafresemplag h

cor ner shasengbodllirhetit livi i t of ,t.he .corner.g. have
conpl etely open patt er rlllgt %{é’%%@g{ﬁQQQQ%ﬁﬁwtg%%f n%ﬁdl(’??lﬁ’ﬁﬁgﬂlflagfe consiusd
connect ed treaddy,de indlude athativatiasts ahd efibedinRAmiofitRint McROWRICH nﬁd}ﬁ%é’;ﬁ&de
an open dQRQﬁbé's- ) Ltﬁ{%gég%a a%g at. | east one cl osed tangentia

sl ot 1910.”YBORdi %@]Pﬁga SRS YK dgparting &ropr the yeapsang rangeed sjuiFalents 30
shows a baheinRentfgad 2000 wherein the plurality of open slots 2010
are straight-line segnments extending in an approxi mately tangenti al
direction. A 15 portion of each slot 2010 at the diagonal axis of the
bondi ng 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 comer has the sane
pattern as the adjacent coner rotated by 90 degrees, but bondi ng pad
2000 has no axis of symetry. [0034] FIG 21 shows a bondi ng pad
2100 having closed slots in the formof 20 el ongated angles 2110 and
2130 that extend nearly to the center of each side of the bonding
pad, and elongated slots 2120 that extend fromthe center nearly to

each conmer of the bonding pad 2100. This shows that the patterns can
extend to the center of each side.
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[ 0035] Although several exanples of slots and holes are provided
herein, those of 25 ordinary skill in the art may substitute other
patterns. [0036] It is believed that thegenbodi nents descri bed herein
do not affect electrical performance. In particular, the resistance
bet ween t H¥hafiis claimedimt hs in the die and the circuit paths in the
package substrate should not be affected. The exenplary enbodi nents
permt the via density and the m nimum pitch between vias to remain
30 unchanged. TSMC2001-1316 7 [0037] Bondi ng pads according to
preferred _enbodj pent.s of the invention may have the same pad size as

prior &rt lbondi‘hBopstiegspat suitahie) fay ussde witehondioghe integatedi cieenits  of t he
i nvent hon usi NQ,; i e _al.so. cont enpl ated, .[ 0038]

At hough the | RegtoRBE paf LI RLALaR bR il FePiE Bt el aiany s
enbodi Frent s, i saiddonding padrhawflg bhlesst ble sIBeéIR1e tHehgn Medﬁﬁﬁgm% al 1%t

shoul d, be constrﬂég broadly, to include other variants a
embodi frenPBe smeef the, 3pprerigintelyFrctansrlay mstal paitran, thy slohoskols pidvidink i n
the arg '&Qﬁlléts ii¢ ng fromthe scope and range of equivalents of
the i.nvention.” TSMC2001-1316 8 What is clained is: 1 1. A bonding pad
suitable for use in wire bonding an integrated circuit, 2 said

i d bonting patl Ko mEPaT oIS [t i B 1tE nolRpCnal Gitcads Som the
adj acent atdeast oheerher ifiwaiteto®@rdiah iMbrib& RRRF Qf(ﬂthBH(lh)ié ?Q&.t angul ar

nmetal pattern, the slot or hole providing 5 peeling stréss relief. 1
2. The bonding pad of claiml, wherein the at | east one hole or slot

extends f3.0m t MBe bonding pad of claim 1, wherein the at least one hole or slot is fully enclosed

2 by the approximately rectangular metal pattern.

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

BN -

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

j—

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

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

2 plurality of holes or slots having respectively different sizes.

1 8 The bonding pad of claim 7, wherein the plurality of slots extend in an

2  approximately radial direction.
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2 at | east one comer inward towards an interior or center of the
bondi ng pad. 1 3. The bonding pad of claim1, wherein the at |east
one hole or slot is fully enclosed 2 by9the approxi mately
rectangul ar netal pattern. 1 4. The bonding pad of claim1, wherein
the at | east one hole or slot has a shape from 2 the group

consi stji ngg of t rd I .al,l 0 r ngle,.a cross, a
chovron. o3 anafbiding fhd df FRY 7L sl e Bty Rl ki g a
| ett er 2of appeoxainptelbahgendial diradibs. 4 nuneral, a Kanji, Cyrillic,

G eek, Arabic or Hebrew character, and a polygon. 1 5. The bondi ng
pad of claim 1, wherein the bonding pad has at | east one axis of 2

symret dy. 1D.6. Theebdadiighipagd ofathiffl, Wh@teiﬂ&ma%t%&h?ﬁ‘%ﬁ%i tlu%gﬁf gne
hol e or sI?t Iis excluded from 2 a central region of t & bHon H% pad
to whi éh PMRHY Hdwéesiogslots kaving teepcstivel diffarent shaies. bondi ng pad of
claim1l, wherein the at |east one hole or slot includes a 2
plurality of holes or slots having respectively different sizes. 1 8.

The bohdi rid- padthsrboatlisgipad of olaim &j wherhm plendailit by crobs SHapbd il SAfhn N
an 2 appr.oxi radial direction. TSMC2001-1316 9 1 9. The:

bondi ng pggégagg?%ﬁlr%ég?éa\%?@f’&o “the plurality of slots extend in an

2 approximately tangential direction. 1 10. The bonding pad of claim

1, wherein,the at. |l east,.ane._hpole or slot includes a 2 plurality of
hol es or QF'ot s PR ?‘b%‘ffé‘&tﬁ%téwu%@r@ném P8 sprecture] whereinTthe bonding

bondi ng pasd sfudthRiifeidd IR: Lt rQss sh d, net.al
pattern g ext ends int Oes}téﬁgﬁgxf[&ﬁaég? r}%{r%ﬁéi'g gll.;e 3 ?mAWaqo Qgp(ép%gad
circui? t hagatileast oresiotoriboldhaginmt dr adjacet: ts st leasbeseiomdg ghondi ng 2

pad stfuc inel.udes an, approxi mately rectangul ar _netal pattern,
and th£e b%ﬁ;d?’r‘%é‘%e g* ifetal pads @S@te{hﬂ? prowiding peslisg stregs relief.
adj acent to at | east one corner of the

1 13.  Theintegrated circuit of claim 12, wherein the at least one hole or slot extends

2 from the at least one comer inward towards an interior or center of the bonding pad.

14.  The integrated circuit of claim 12, wherein the at least 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 élot hasa
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.

R W -

[

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

2  of symmetry.
1 17. The integrated circuit of claim 12, wherein the at least one hole or slot is

2 excluded from a central region of the bonding pad to which a wire bond ball is to be
bonded. ‘
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4 approximately rectangular netal pattern, the slot or hole providing
peeling stress relief. 1 13. The integrated circuit of claim 12,
wherein the at | east one hole or slot extgends 2 fromthe at | east
one coner inward towards an interior or center of the bonding pad. 1
14. The integrated circuit of claim 12, wherein the at |east one hole
or slotyisidull ; sed.by.the approximaiel y rectanqul ar ngetal
patt er ho1 gc15. ee@%?%%@%‘f%’(ﬁp%f flatm ? B’o‘f’g‘??’éi‘i 3ieasfprg }é‘?qﬁ of let irludes a
| east Gne plotatityosf iwldstorRRss ﬁaxangsmp&tﬁva?miﬁ@&nﬂﬁgdp consi sting of a
square, a triangle, an arrow, a rectangle, a cross, a 3 chevron, an
angle, a circle, a pentagon, a dianond, a hexagon, a letter of the

al phabat, @n ArnyiaRbfatdddIRR! . b i i | . Arabj c or
Hebrew character, and a pol fgoﬁfai‘@ggf“%eg‘f‘ﬁ*é {rigpgaoetgsﬁtﬁﬁ*t?n o an

cl ai m 22, appexangehyiradipbditiotignpad has at | east one axis 2 of
symmetry. 1 17. The integrated circuit of claim 12, wherein the at

| east gneagol e]%rc; slot is 2 excluded froma central region of the
bondi ng pa8. t o Theiintagratedicireuttosfttldial 18, whetein B pldaligtidebs SabA%H, 13
16 10,1 18. The inte rataeld.ci rcuit of claim 12, wheérei g)tst he at %éast
one hofe 8Ppr§F“5’Pat?1¥(§?‘&3E§ girestion. yral ity of holes or slots having
respectively different sizes. 1 19. The integrated circuit of claim
18, wherein the plurality of slots extend in an 2 approximtely

radi al * di cht i g??? infegrpted TN nflpinmtl@d wheretuthe ableastioae holkr slub fichides a
t he plarabidyi; | N .. 2:.8RRE0XI mat el y tangenti al

di rectiglon.bluglL‘Mthg.Bf'ii'{?}gé ?rnsﬁéfé?lgtglggq% F%th‘fe%y%?feﬁ“éf ¥, wherein the at

| east one hole or slot includes a 2 plurality of holes or slots

havi ngy r espect i i hape 22. The_integrated circuit of
cl \alt: mgllz \%g'er e?ﬁggﬂ?é%{lﬁr?@£ 8?0%5)1833 2ped %ﬁ@@c OY%r‘iﬁétsb‘@eh D@t%leu' nds
into the pittdneestendyriftothé &t least one hole.

23. A method of forming an integrated circuit package, comprising the steps of:
providing an integrated circuit having a pluralityvof bonding pads thereon, each of

said bonding pads including an approximately rectangular metal pattern, said bonding

pad having at least one slot or hole therein at or adjacent to at least one comner of the

approximately rectangular metal pattern, the slot or hole providing peeling stress relief:

and

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

circuit package.

N N N AW -

e

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

2 atleast one corner inward towards an interior or center of the bonding pad.

25.  Thebonding 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

HOWOND -

numeral, a Kanji, Cyrillic, Greek, Arabic or Hebrew character, and a polygon.
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1 23. A nmethod of formng an integrated circuit package, conprising
the steps of 2 providing an integrated circuit having a plurality of
bondi ng pads thereon, each of 3 said bdndi ng pads including an
approxi mately rectangul ar netal pattern, said bonding 4 pad havi.-ng at
| east one slot or hole therein at or adjacent to at | east one coner

of the apgr oxi . ul a tal pattern, the slot or hole
provi di gg %2-e| i 'r?%@??}r‘%ﬁ“s‘és‘r‘f&e?f '“gf‘““ E,GVE(TE?{ nfgwtrleasba%lh%mf flet iscludas 2t y
of bond2 ngphaality bbhelepaciag Batiab séshakiietf di b BL&Y 8 circuit
package. 1 24. The bondi ng pad gfE%Iaingifh%ﬁ§¥§%%g#%§5%?'Ieast one
hol e or slot extends fromthe 2 at |east one corner inward towards
an interior or center of the bonding pad. 1 25. The bondi ng pad of
claim1l1, wherein the at |east one hole or slot has a shape from 2
the group consisting of a square, a triangle, an arrow, a rectangle,
a cross, a chevron, an 3 angle, a circle, a pentagon, a dianond, a
hexagon, a letter of the al phabet, an Arabic 4 nuneral, a Kanji,
Cyrillic, Geek, Arabic or Hebrew character, and a pol ygon.
TSMC2001-1316 11 1 26. The bonding pad of claim1l1, wherein the at

| east one hole or slot includes a 2 plurality of holes or slots
havi ng respectively different sizes or shapes. TSMC2001- 1316
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