1 WRE BOND W TH | MPROVED SHEAR STRENGTH Field of the Invention 5 The
invention relates to the formation of an electrical connection between a
conductive wire and a connection or bonding pad of an el ectronic conponent,
and in particular to formng a wire bond {0 attach the wire to the
connection pad. 10 Background and Prior Art In sem conductor packagi ng and
assenbly, it is sonetines necessary to form an electrical connection

bet ween different el ectronic conponents using 15 conductive wire, or between
different electrical cantac f =X» i ( Wre bonding is a
met hod commonly used i Kt‘—z'ﬁ%bﬁggwgﬁ?y'ﬁh ﬁ?ﬁqﬁv | connection. One
exanple is where a sem conductor die or integrated circuit chip is attached
onto a carrier, such as a |eadfrane. In this case, electrical connections
have to be f(ﬁ—'&@m&’l@ectrical contacts on 20 the die and

correspondj ng el ectrical contacts on the |eadframe. Thus, the wre needs to
be bonded at one end to a |ead of the |eadframe and at the other end to a
connect i on pathefveptionreatesie thpfarmatiar of anselectiifa! corpeetidnabeiwegh @ Gol d
(Au) and Al ungguam- Lire BHE a%&nﬁ@ftim)&&'aﬁ %Qpé’fran(é?é):tr@rggc@v]nﬁ?neﬁf,sed' The
connection pads nmay conprise netallize bonc(i’ sites on a sem conduct or
chi p or on i mans toparticulante oobingrawire tmndctaratiashshe Aviteyioi thel consedliah used to
bond or weld wire to a connection pad is through a conbination of heat,
pressure and/or"ultrasonic energy. It is a solid phase welding process,
wherein tte two netallic materials (the wire and the pad 30 surface) are

brought into inti mat% corE;acrt. Once the surfaces are in intimte contact,
el ectron shar%%@wq—ﬁﬁﬂéj-ﬁﬁqg—%i on of atonms takes place, resulting in the

In semiconductor packaging and assembly, it is sometimes necessary to form

an electrical connection between different electronic components using
15 conductive wire, or between different electrical contacts of an electronic
component. Wire bonding is a method commonly used in the industry to form
the electrical connection. One example is where a semiconductor die or
integrated circuit chip is attached onto a carrier such as a leadframe. In this
case, electrical connections have to be formed between electrical contacts on
20 the die and corresponding electrical contacts on the leadframe. Thus, the
wire needs to be bonded at one end to a lead of the leadframe and at the
other end to a connection pad of the die. The most widely used wire materials
are Gold (Au) and Aluminum (Al), but Silver (Ag) and Copper (Cu) are also
used. The connection pads may comprise metallized bond sites on a

25 semiconductor chip or on interconnection substrates or carriers.

A typical method used to bond or weld the wire to a connection pad is through
a combination of heat, pressure and/or ultrasonic energy. It is a solid phase
welding process, wherein the two metallic materials (the wire and the pad
30 surface) are brought into intimate contact. Once the surfaces are in intimate
contact, electron sharing or interdiffusion of atoms takes place, resulting in the
formation of a wire bond. The bonding force can lead to material deformation,

breaking up of a contamination layer and smoothing out of surface asperity,



formation of a wire bond. The bonding force can |lead to materi al

deformation, breaking up of a contam nation |ayer and snoot hi ng out of
surface asperity, 2 which can be enhanced by the application of ultrasonic
energy. Heat can accelerate inter-atom.g diffusion, thus form ng the bond.
One type of prior art wire bond formation uses a ball bond. The process 5

i nvol ves nelting a sphere of wire material on a length of wire held by a
capi | | ary, whWhieh ican| kevenbancatdbydhel epptieationt ofr gitrabeniciengrgyodiedtaean Thi s
results in it h [ ' : pe. The capillary then
draws out a aqc%%l%ﬂa&%“gﬁtﬁ%tgﬁk%ﬁfﬁg%ﬁgWgﬂﬁﬁ@a‘{h% bzt}ﬁ?écond bond position using
a stitch bond that is usually of a crescent shape. Another ball is then

reformed for 10 subsequent, f.irst [l hond. Currentl d ball bondin
e aoss” o Ry BE B Bl gbird, Bond Al “ueS B i “TLE AtBbesshon t e
bal | bogpl 8s imﬂ@ewmerllttdgeacmmtdfaﬂira)adat:erﬁalaord@yieﬁ]gth bha«{insi hadn?ty abe noved
N an lrectlo W thout stress on thne re, | C r eat aclilitates

L o e o dePlg R Isdwren e e e sk st BordnmPaiies” ThRdRss: o much
on the area gh sCEHPAWIh akfrcwReBmbBsed BAINBIKRJRA! ThérBabilldp taaeMisi AUt apad of

the electronic device for adequately securing the connection. Over the
years, the ddfemand drenqanaectsithe Wirsdadisegopd bend pasitipn Hsipg Adcdtitddodavi ng

pitches of | afs B89 b Basiesddhf'PRE] ARGRGH okl ik MtHen TBfeiEq ot ect ! ve
bondi ng nore difficult "since t%ere IS 20 a snaller surface area tor contact
bet ween tHe wiubsequand fustdballhkeorsbnfeientyy ggid dall faandingr isothe, mpstolvidletyest i ng of
sem conduct or | { t he
surfaces of t%%g\éjoo?lﬁ@gtn?gw&g%%gﬁ ? %Hgaent%lrgatagw%etégﬁ?g%%? g@%m%lgigiog on the
connecti on pdts acennettion ghd diea rdevigh, ther wiravmagnbeinteed| iayamy wireetianal
exposed, thus

good inter rretvgﬁ]%?’; gf?s%gor% E'%hvgi:%&‘%h(':(%ﬁoé%3%0@9@.{‘%%%&8&%%]S"}cé)%lcbté)ir[ﬁ\éﬁ@g g(r:]?a"[s iegce
with fine-pitch bonding is that if an insufficient anmount of ultrasonic
energy Or15b Ongurfré)r{tcvsirei or%ll%itggwncliuneisngepbe% d\i/er; ’ml.l?c?\l (l)n lttiwg tarea of contact
between the formed ball and the connection pad of the electronic device for
adequately securing the connection. Over the years, the demand for fine-
pitch bonding (such as with bond pads having pitches of less than 50um) has
increased steadily, thus making effective bonding more difficult since there is
20 a smaller surface area for contact between the wire bond and the connection
pad. Furthermore, probe testing of semiconductor devices has become the
norm. Probe testing may cause the surfaces of the connection pads to be
damaged, leaving probe marks on the connection pads which might be rough
or have an under-layer material exposed, thus adding to the difficulty to form

25 an effective bond since good intermetallization is harder to achieve.

Another problem associated with fine-pitch bonding is that if an insufficient
amount of ultrasonic energy or bond force is applied during bonding, ball lift
occurs when the adhering force between the ball bond and the connection
30 pad is not strong enough. Conversely, if too much ultrasonic energy or bond
force is applied, this may lead to metal peel or cratering on the surface of the
connection pad. Moreover, in fine-pitch ball bonding, a parameter window for
forming a good bond is comparatively smaller. Therefore, the aforementioned

faults would have a tendency to occur either due to the sensitivity of the



occurs when the adhering force between the ball bond and the connection 30
pad is not strong enough. Conversely, if too much ultrasonic energy or bond
force is applied, this nay lead to netal peel or cratering on the surface of
the connection pad. Mreover, in fine-pigch ball bonding, a paraneter

wi ndow for formng a good bond is conparatively smaller. Therefore, the

af orenenti oned faults would have a tendency to occur either due to the
sensitivity ofonnbetidh pachoédhe oveferadr ofher reenviedretuctar devivey; os efvectonthect or

devi ce, or due e I rs.n ng properly optimzed. In order to
i nprove the iRﬂ%’%ﬁ@%f‘?@é@nﬁﬁsaﬂgtjerﬂegh'e ball bond and the 5 connection
pad, one nethod is to increase the ball size. Unfortunately, the size of the
ball is restricted to.the size of th ni ng offered b he, conpection
pad, whi ch i NSHEPT &8 BFOvEn TR Sermsie BETion SkieeR B PAIbPSd @9 Mer ease

the ul t ragoni gonABEIdY pad, asHeNinetd ik Qotilctedsd thedopadsige! | foRGmAiEIRTthe Hovever ,
this nethod increases the risk of metal peel or cratering if the wafer 10

or seni conduct#t dietheckall ds JeplEiriedvio the sizge ohdhesPraning affieeediibyethes t he

bondi ng | ocatdgpRettion P&d,8ANEH iP¥mblé BRShRMer HOREONPAGIheF WdtREE istfoPa
between the wre bond and the bonding |ocation, this would also give rise

to increased iB¢iease she ahg@sanic| enesgih answitied, toi thevialll borids duging,bpediaggr eat er

force to di S'Q&lﬂ&;‘r{‘@isbrﬂgﬁgﬁrirﬁg}aén%b%ttﬂg?gk%grrle‘?éﬁg}e:g%r cra%ribaqltthawmepond s

nore effective an I a or esail rror art~bondi ng process
to apply ® siorgeaitaiductooddvite i samsitivendi ng pad, and relying on the adhesion
of the single ball bond to the 20 bonding pad to secure the bond, may not
achi eve sufficient shear strength to ensure reliability of the wire bond.

It woul d be déthe adhesidnoofdtbie eliptoathei boadingdocatiog isvhdreasetinly mcvéasingbond t hat

has increased, shear strength that woyld .neet the needs of fine-pitch wire
bondi ng. | n_ noECANCT B BT BE WS st e SoneRa 190BRt hisn
would also give rise to increased shear strength. In other words, it would
15 require a greater force to dislodge the bond from the bonding location, so that

the bond is more effective and reliable.

Using the aforesaid prior art bonding process to apply a single ball bond to the
bonding pad, and relying on the adhesion of the single ball bond to the
20 bonding pad to secure the bond, may not achieve sufficient shear strength to
ensure reliability of the wire bond. It would be desirable to develop a wire
bonding method and a wire bond that has increased shear strength that would

meet the needs of fine-pitch wire bonding in modern wire bonding machines.

25 Summary of the Invention

It is therefore an object of the invention to provide a wire bonding method and
a wire bond that improves the adhesion of a wire bond to a bonding pad as
compared to the aforesaid prior art.
30
According to a first aspect of the invention, there is provided a method
for bonding a wire to a bonding surface with a bonding tool, comprising the
steps of: contacting the bonding surface with the wire at a bonding location;

applying bonding energy from the bonding tool to attach the wire to the



It is therefore an object of the invention to provide a wire bondi ng nmet hod
and a wire bond that inproves the adhesion of a wire bond to a bondi ng pad
as conpared to the aforesaid prior art. 30 According to a first aspect of
the invention, there is provided a nethadq.for bonding a wire to a bondi ng
surface with a bonding tool, conprising the steps of: contacting the

bondi ng surface with the wire at a bonding | ocation; applying bonding

ener gy from thendingnslirfaget il bondiag tpeith lyihg aldngea teentralelongibusintl reyissofr f ace at
a bondi ng poi i I t n h di ng
tool ; noving tﬁ%ed%]gﬁ}g Qmp?ﬁ% g%bﬁhd'h ng' %ﬂ%ﬁjo'rﬁ ocag))rlﬁddrr‘lé (?c(:a@ﬁﬁacti ng

t he attached acantacting tthe ahacrtedndirmylthd)hné bahdiag tmﬂlfasteh gifset positionveere t he

central | ongitudinal axi f the b t.ool i t. fromthe bonding 5
ot -t hen 4pBiSsig! Bokliitels SFe &7 26 HhkRR t8® iroplrieh frorh Wb (EHOHEW w 1 <
until ansundsyist thenalpplyirgy iBedingmtdedindpdwe toerRe i theGMAtAEd wikke tuntit he
bondi ng surface contacts t he bondi ng surface. According to a second aspect

of the i nventdbMndeisides of e, renation, At ralreggh dn q@ntagnfsith dhedpondingonded

W re havi ng %Lp@ggcbmaggqh@gbn%%gu@aé@ndl ng surface; a recessed portion
substantially at an edge of the bonded wire wherein at |least a portion of

an underside of the recessed portion is in contact wwth the bonding

surface; and g.d.pigl tfbgfse%lﬁt?agﬁ(é&%‘ﬁltﬁ@lnfv rﬁ@ﬁer@qg FVREE AL WiteWbngl> !t

woul d be convenient” hereinafter descrl e 1 nve t| on in gr eat er det ai |
by ref er elfice camnprisingaedmmded wineghavirgih bgse mcmﬂacptlvvlthsa bandingserfacth@di ment

of the i nventrje8gsse-5rheo(r)‘t?cg"égub '(r]gers %Xt Qﬁ e Qg of][h%wﬂ)l ngdsﬁpe mgrerir?}afalgeg f t he

description i s mot od as superse e gener all
broad identifa gatticonof @h thaersideeoft thenrecessed ipoetibrbis iheootaat véth &2 Bri ef

Description Qr];ontdpn% sl,:l)Jr ace, " a length of wire extending from the recessed portion.

15 It would be convenient hereinafter to describe the invention in greater detail
by reference to the accompanying drawings which illustrate one embodiment
of the invention. The particularity of the drawings and the related description is
not to be understood as superseding the generality of the broad identification
of the invention as defined by the claims.

20

Brief Description of the Drawings

An example of a method of bonding and a formation of wire bond in
accordance with the invention will now be described with reference to the

25 accompanying drawings, in which:

FIG. 1 is a side view of a ball bond formed according to the preferred

embodiment of the invention;

30 FIG. 2 is another side view of the ball bond seen from direction A in FIG. 1
showing the connection of the ball bond relative to the wire along a length of

the wire; and



An exanple of a method of bonding and a formation of wire bond in
accordance wth the invention will now be described with reference to the
25 acconpanying drawi ngs, in which: FIG 1 is a side view of a ball bond
formed according to the preferred enbodigrent of the invention; 30 FIG 2 is
anot her side view of the ball bond seen fromdirection Ain FIG 1 show ng
the connection of the ball bond relative to the wire along a length of the
wire; and 5 HIGS. Haplo t3¢e)3slw staoiouy stagess ofs bagesom fprafilendfi arcapillafyi | e of a
capillary feedi.ng,bondin ire to.a bonding location to create.a wre bond
ccor diny t o 15eHiBS pPBRER s orb poriidh RBROT o BRRn s or bR

Descri ption ahephefelredtmboeichdotopthereventibhG. 1 is a side view of a wire
bond, such as a ball bond 10, formed according to the preferred enbodi nent
of the invention. The ball bond 10 is welded or attached to a bondi ng pad
12, pr ef ermbl yetalie®DEsdribtioR N e TreRP&d EABoditiéft 10 bonded wire includes a
base portion 14 1n contact wih and adhering to the bonding pad 12, and a
ball portion 16 on top of the base portion 14. The wire bond al so includes
a recessed p j ; i i t d wre
conpri sing tﬁ@bbggseé%é&re[\?%vr\( %S"%ﬁﬂﬁ’ Isa{:)%ér‘? ?obr?ﬂ %é)sg%\%l’ fea;qglte E%‘Eg?r‘avﬁﬁre e 20

ext ends fr om tolbe peefessd embodinment of sherinventéorhallhe balhdond 10daaveldedaorl5 second

bondi ng posit} t i C e i i t forma
connecti on. Aé@%ﬂ%gg{’ agt@%@}c]% pgaed\twvvée’earefﬂg&ga%tl wﬁ%ﬁﬁ%ﬁ%@%ﬁi n@e pad 12
t her ef or el0 nchardied witee inchgies o base pordibn arddinucateacti with ahd tadberniey &s thed
portion 18 in contact wth th ondi ng.pad 12. The recessed paortion 18 may
o ool conmsenis Brcs %.ab S BalPOBen AP top ol i Baecnorinasy 1B G ¢ he bal
bond 10 seen Hdr@nalgs imsiidedna fedadséd Portibn 18 that is substantially at an edge of

the bonded wire comprising the base portion 14 and ball portion 16. A length

of wire 20 extends from the recessed portion 18 of the ball bond 10 towards a

15  second bonding position (not shown) to which another wire bond is made to
form a connection. A contact surface between the ball bond 10 and bonding
pad 12 therefore includes the base portion 14 and underside of the recessed
portion 18 in contact with the bonding pad 12. The recessed portion 18 may
in itself comprise a stitch bond.

20
FIG. 2 is another side view of the ball bond 10 seen from direction A in FIG. 1
showing the connection of the ball bond 10 relative to the wire 20 along a
length of the wire 20. A plurality of bonding pads 12 and wire bonds 10 are
shown. The rectangular bonding pads 12 are arranged in rows on a substrate.

25 One wire bond 10 is formed on each bonding pad at each first bonding
position. The orientation of the wire bond 10 permits a wire loop consisting of
the wire 20 with a relatively low height profile to be formed.

FIGS. 3(a) to 3(e) show various stages of a motion profile of a wire bonding
30 tool in the form of a wire bonding capillary 22 feeding bonding wire 20 to a
bonding location to create a wire bond 10 according to the preferred
embodiment of the invention. Preferably, the capillary 22 is attached to an

ultrasonic transducer (not shown) of a wire bonder machine.



showi ng the connection of the ball bond 10 relative to the wire 20 along a

| ength of the wire 20. A plurality of bonding pads 12 and wire bonds 10 are
shown. The rectangul ar bondi ng pads 12 are arranged in rows on a substrate.
25 One wire bond 10 is formed on each bamgling pad at each first bonding
position. The orientation of the wire bond 10 permts a wire | oop consisting
of the wire 20 with a relatively |low height profile to be fornmed. FIGS.

3(a) to 3(e) Bonding airedsissed fos afcagillaprt tirodd of dig capidary 22wi A éengdmaf ng 30
tool in the f i i hl.are i i i 20 to a
ponci g | beat VI oRbof i HS7dpen A0 0 ERol 406 29, Sl Attt

enbodi nent of (BER() operatin tnforir afreoltenl all. t Fbecapitér baly iR thensloaerethed t o an

ultrasonic tr d no, ) o W onder hine. . -6 ing wire
20 1 &t ed 1 of0PRE dhBlact Wb & EeNosturthck’ §5a IRy BBE" A aRERS: 17, &
?xpo)sed from Whiemafajl Idomp}flséiLmré%nicls leﬁ?enggl isrrelaplmdi gyrlr?meebaﬁllarylczz‘ tcam;- of f
EFO) operatio o, form ten hall. The en ba i.S nlo ed to
mke, contact HacH e BURGOG s, PPadis siracarnihe hgnaaa owiRatep aEls) - 5

whi ch may conpgrdser Wall N Refehd@ Yirsti & RIER! 3@§ theomoliére bafMds! Béeh 22 to
attach the wire 20 to the bonding surface at the bonding | ocation to forma
first bond oPWSERd OTHBAe berding pashgnd juiteasonis energy Rasbeen povidsdite Neal | has

been | ower edcégirn;& Fi%%%?@?éh%%&ﬁi@e 204 tHd BARAY cﬁnﬁﬁegy_era%a HeREMhe ovi ded

to the capill ond the wre 20 to the bonding pad. The wel ded
bond t hus10L0 fosneedapasbaserppsionpdd endra hall perton 16{ram pdich Ba re@ainingn whi ch

t he remai ni ng erﬂ{bd. i t.end: f: L i pnt X of
t he attached |{’/\(n)re ?IPgszwa‘{xg%@%aeAétetﬁ"tg Sg’fe’%)%%ﬂ'ﬁhf’%ﬁf Xgit@p%%&dm?
capil lary 22.liessalefgancentral For@ituBipil) axis Me otthgidapdlagy 22 is then lifted to a
certain height above 15 the bonding |location (preferably a "search height")
so that the capillary tip 24 is |lifted away fromthe base portion 14 and
bal | portion Aéshown i BG.3(b), thé bapillara 22l it aigh Fied t© 4 beraimbeigtit bbove posi tion
that is h‘P g ! Z&gtba}alnld%golgfzast%tn p%fgrtalbig/ea t‘soeatrcr:heheight”) so that the capillary tip 24

is lifted away from the base portion 14 and ball portion 16. In FIG. 3(c), the

capillary 22 is then moved to a position that is horizontally offset relative to the

bonded base portion 14 and ball portion 16 so that a part of the capillary tip 24

is located over the ball portion 16. As seen in FIG. 3(c), the central

20 longitudinal axis Y, of the capillary is now offset from the bonding point X of
the attached wire. This is so that when the capillary 22 is lowered again, the
capillary tip 24 will exert a force upon and penetrate the wire 20 at the edge of

the ball portion 16 as described below.

25 In FIG. 3(d), the capillary tip 24 is moved with a constant search speed from
the search height until it comes into contact with the ball portion 16 of the
attached wire at the aforesaid offset position, and applies bonding force and
power onto the ball portion 16. Ultrasonic energy is applied to the capillary tip
24 to deform and flatten an edge of the ball portion 16 near to a periphery of

30 the base portion 14 until at least a portion of an underside of the deformation
contacts the bonding pad. However, this action must be controlled so that the
capillary tip 24 does not penetrate the ball portion 16 excessively so as to
sever the wire 20 from the bond. The deformation of the ball portion 16

preferably serves to form a stitch bond at the edge of the base portion 14 and



bonded base portion 14 and ball portion 16 so that a part of the capillary
tip 24 is |located over the ball portion 16. As seen in FIG 3(c), the
central 20 longitudinal axis Y2 of the capillary is now offset fromthe
bondi ng point X of the attached wire. This is so that when the capillary 22
is lowered again, the capillary tip 24 will exert a force upon and
penetrate the wire 20 at the edge of the ball portion 16 as descri bed

bel ow. 25 | n &xtend thedreatahdhe afiel handy1Q that Js1in someeievittninenbendiemsednt sear ch
speed from Ui SGY Gndé}ﬁiggmf.tH@tde“or ng]ﬁ%?réfé‘Eaglyg)?c?Ho%ﬂtto%EkbcInlaﬁ\ al |

portion 16 of the attac wire at t esal set position, “and
appl i es bondiswgfateoc @adnd hepmwtact aneaist éxtemddd, fioor theoorigh@al baise mastomi ¢ ener gy

is applied tot api i 4.t ef ar | a ge..of the
bal | portion %GQﬁtggrvatéobgwpé@ ioﬁi}'e??/'noc?"'(%otkg tpgsgg);%éﬁ%]oﬁ{l?(gq?w%e@ﬁl } i at | east
a portion5of undetsidke bf thdereatsserepoltidn rideini comtact avithaihe sbdndingopandli Mhispad.
However, this action rrus%pl)e controll ed so that, the capj II@rIY tbg 24 does
not penet r at d"¢FBSHAN ICOPICE BG7P PEIVERQsEPRReAyertly increase the, Bond §BS3 r ¢ 20
from the bondtrehgeh. def ormation of the ball portion 16 preferably serves to
forma stitch bond at the edge of the base portion 14 and 7 extend the area
of the wire bond 10 that is in contact wwth the bonding pad. Thus, the

under si de of mfrqed@teeg,rméritﬁ@ baft gghﬁ;ﬂefeae# b#eh%@g%éufb%rtbe@%&fﬁaem@urface or

pad. The contact ar s extend omthe original base portion “14 of the

wi re bond010 dapressed@andribeutdetside pate reoessednpartion dgenaias eanfactiwid 5
under si de_of tthoo'h%gsﬁa%ﬁ tﬁé’%égiﬂ?rglﬁz 5snrag§H?f Wt;o%éﬁtﬁeh&dt%ﬁdgﬁlgggzdo%d- Thi's

increase in contact drea serve conseqguen i NCrease nd shear
strengt h. | n lifteG.fraB{ te, balfhand theevealing fror teicessetiopartion 1@ of theshalldronidal | bond

. Feici q : :
T8 mmkes cont et THRERem SRR 28 MY 0 AR st o FETREHT G Tha
t he capi | | ar ywhilepeténdiag thefwiesl 20r fromt the heteksdrbpdrtibd, 18 dv efatm ray witee

recessed 1%or téo%ﬂec ?onol;et\%/re)gn aA (lnr rl%gpedpoints.

It should be appreciated that although the above description refers specifically
to the formation of a first bond or ball bond at a first bonding position using the
method according to the invention, the invention is also applicable with

20 suitable modification to the making of other types of wire bonds, including
without limitation to the second bond or stitch bond at a second bonding
position to which the capillary 22 is moved after forming a wire bond at the
first bonding position. In this case, the length of wire extending from the
second bond may be severed in order to terminate adjacent to the second

25 wire bond if no further connections from the second bonding position are to be
made.

Further, it is generally preferred that the position of the attached wire is
maintained relatively stationary while moving the capillary 22 during the
30 execution of the above bonding method, but it is possible to introduce
corresponding movement of the position of the attached wire during any part

of the above operations.



10. Thereafter, the capillary 22 is noved towards a second bondi ng position
whil e extending the wire 20 fromthe recessed portion 18 to forma wire 15
connection between two or nore points. It should be appreciated that

al though the above description refers spegifically to the formation of a
first bond or ball bond at a first bonding position using the nethod
according to the invention, the invention is also applicable with 20

sui t abl e nodi ﬂ'heatdlmmingotetblre comkaimigg obalbtdmear tmsilllmsftral\d:s ea longmrisomc| udi ng
without Iimtation to th ondbn or stitch bond a_second ndi ng
bosi 1 on o wAPkFerhS tAioRpEApiois; BAE ingcind, A oAl Bopdh rgake oo JBRG aF « ne
first bondi ngpmseréd embolimdritiot thasrentitie withrigiphovald sdHesicexbetadenghé rom t he
second bond é g Cf%\gf g?%g l?ﬂ%; to term nate adjacent to the second 25
wire bond if Il bop fromthe second bonding position are to
be nmade. further, it is generally preferred that the position of the
attached wire is maintained relatively stationary while noving the

capil lary 22|during the 30 dxcBakShear Sirengtidomboy e B SHPHPIRBIREIM) blut it is
possi ble to introduce corregspondidig ifRnesEnt of dsiigy dAEntibrNbédingh
attached wr j lations.— 8 The follow ng
t abl e cont ai ni ng ' Maximushear |data ill #flrates a ¢onparisoi*!between g
traditional sTngrgdaLh bond and a bakl, bond created usipgythe preferred
enbodi nent of_the |nvent| onwth inproved adhesiion between the bal] bond
and the bonding patteab Bal | |Shear St ﬂeﬂgth (gm |Ball She&25Strengthl (gm

1

usi ng i nventi ui’iija's%dg%"iﬁﬁ‘ti ofral—bondihng—MvaxtmmR23—1141
1.32 0.83

()

Deviation

In particular, it was found that the average ball shear for a bump ball formed
on a bonding pad using a conventional wire bonding method according to a
particular set of parameters was 12.5 grams. That means that the wire bond

10 was dislocatable by applying a shearing force of 12.5 grams or more. When
the ball bond was formed using the preferred embodiment of the invention
using a similar set of parameters, the average ball shear increased to 20.2
grams. The improvement in ball shear strength of the bond from 12.5 grams
to 20.2 grams amounts to about 62%.

15
It would be appreciated that an advantage of this method is that no increase
in ultrasonic power for forming each bond is required to obtain the
improvement in shear strength. Therefore, metal peel or cratering can be
avoided or reduced as compared to the prior art. Another advantage is that a

20 smaller ball size can be used to bond a wire to a larger opening of a
connection pad. Thus, the wire bonds can be wholly located on the
connection pads with greater repeatability during bonding. With the said
advantages, parameter optimization for forming the first bond can be made
simpler and more accurate.

25
Further, this method can obtain very low looping heights as compared to the

aforementioned prior art bonding method. This improvement is advantageous



M ni muml7.411. 1 Mean20.212.5 Standard 1.320.83 Deviation In particular, it

was found that the average ball shear for a bunp ball fornmed on a bonding

pad using a conventional w re bonding nethod according to a particular set
of paranmeters was 12.5 grans. That neans.ghat the wire bond 10 was

di sl ocat abl e by applying a shearing force of 12.5 grans or nore. Wen the

ball bond was fornmed using the preferred enbodi nrent of the invention using
a sinlar setsinge ipdreabending witehie ta\ber enpapbualatedswidaiplastic meateral, adower. 2

granms. The i ' from12.5 grans
to 20.2 gr ammg%%ﬁﬁ{s}%?%&a %L% s@%ﬁ}g\’ &%ﬁ‘%gg\%{%§|°§t‘t?t§%é‘ge&§gi ated that an
advantage of this nethod is that no increase in ultrasonic power for

form ng each hond is. reguired to.obtain tf i npravenent .in.shear strength.
Theref ot o ol MlionGRSIER o] 1 Arrestibie b PAEOGT el e W par ad o
the prior srtaddhioft loeHer Athrathoss epedfidalatiescribed swalil isito balundsistedbdctaat be used
to bond a wre to a_l arger, openi ng of a connection %%? Thus, the wire
bonds can be RRIMEPLODHERIULES & SURR vargiianscogiications andias asdiighs which

repeat abi | i t ya@lifithinGhd St 2ha-schbé bf thB@new@ SescAplicHIt ages, par anet er

optim zation for formng the first bond can be nade sinpler and nore
accurate. 25 Further, this nethod can obtain very |ow | oopi ng heights as
conpared to the aforenentioned prior art bonding nethod. This inprovenent
i s advantageous 9 since if the bonding wire is to be encapsulated with
plastic material, a |ower



wire height nmeans that a smaller package size can be achieved. The invention
descri bed herein is susceptible to variations, nodifications and/or 5
additions other than those specifically described and it is to be understood
that the invention includes all such vary@tions, nodifications and/or
additions which fall within the spirit and scope of the above description.
-10 CLAIMS: 1. Method for bonding a wire to a bonding surface with a bondi ng
tool, conpriGliAMS:he steps of: 5 contacting the bonding surface with the
wire at a bonding |location; applying bonding energy fromthe bonding tool
to attach the wire to the bonding surface at a bonding point Iying along a
central | ongitudi Mdthekfe mindinghe vicntt achdnairlg sumiadenwitt laebdratia tgplt ool away
fromthe bondin Jocgbi OFﬁQ %\(ﬁhcont acting the attached wire with the bondi ng
tool at an of PIBY'SPYS'® SRS Mhere the central Iongitudinal axis of the

bondi ng t@ol is ofbatetting e dondingRifete with Mhéire tdh aboaBPgYbd@ionondi ng force
and power to deformthe attached wire until an underside of the deformation

not al ready in cofPR¥hgRAHingRNesgnliPRghe hopding toaldo afash teswiriéo kendi ng

surface. 2. Nnape siffdebaitBHonrding pBiniving fatrighs 'ceARAPbAGitUMh! RisSérep of
extending the wire fromthe deformation in the attached”wre after

def ormi ng t hehe hopdinaéalnire. 20 3. Method as clained in claim2, wherein
ool 15 moved 1o S AROREbERIRo ol R e e BTk O he 't tached”
wire. 251 Mt hodoatsctingthesattached mjreowith tife boreling toobdt ag offbeli pasjtionher ei n
the where the central longitudinal axis of the bonding tool is offset from the
bonding point; then

applying bonding force and power to deform the attached wire until an
underside of the deformation not already in contact with the bonding surface

15 contacts the bonding surface.

2. Method as claimed in claim 1, further comprising the step of extending
the wire from the deformation in the attached wire after deforming the

attached wire.

20
3. Method as claimed in claim 2, wherein the bonding location comprises
a first bonding position, and the bonding tool is moved to a second bonding
position after deforming the attached wire.

25 4, Method as claimed in any one of the preceding claims, wherein the

bonding location comprises a second bonding position of the wire to which the

bonding tool is moved after forming a wire bond at a first bonding position.

5. Method as claimed in claim 4, further comprising the step of severing
30 the wire from the wire bond after forming the wire bond at the second bonding

position.

6. Method as claimed in any one of the preceding claims, wherein said

underside of the deformation is bonded to the bonding surface.



bondi ng | ocati on conprises a second bondi ng position of the wire to which
the bonding tool is noved after formng a wwre bond at a first bonding
position. 5. Method as clained in claim4, further conprising the step of
severing 30 the wire fromthe wre bondjpfter formng the wire bond at the
second bonding position. 6. Method as clained in any one of the preceding
clains, wherein said underside of the deformation is bonded to the bonding
surface. -11 7. Method as clained in any one of the preceding clains,

wherein the _step . ng.:the .bondi t oql fromt he hondi | ocation
conprises t he7§ st g%ﬁ%ﬁé%\r}?aﬁ%‘eﬁﬁg %gnﬁ%nﬁpmeoﬁ},&édggsgghﬁﬁ Vﬂ%%rg'ﬁt "®5 .
Met hod as cl atepeof movieg tienbohdingtobualvagfrdrinehe bepding lovatiomgombesdsothdi ng  t ool
at a constanttseafrch .sggﬁ\%%rdomtt hle searcﬁbﬁlei ht until it contacts the
attached wir &' 01BN Bl9stPP 1,2 searcyneightt hod as claimed in any one of

the preceding clains, including rmaintaining a position of the attached wire
relatively stationary while noving the bonding tool during execution of the
nmet hod. 10. Ket holeiodaselaiered in Gaip orrcleding Hie sier G mavlathaiPREAINGur t her

including 13:,4ha $E6Rstht ddarcH tsé\e%dﬂ’rﬂﬁl fheBr&N hBRht uAfil iRBosBEsOhet he

bonding wire before attaching e wre conprisingthe ball to the bonding
| ocati on. 11.attrehetbwiregt edidoffeet pasitonai m 10, wherein the step of contacting
the bonding tool at said offset position includes the step of first

| ocating the 20 bondi ng tool over an edge of the ball of wire and then

| oner i ng 10he ondMeghod @sl clainetkefroramyt bree vaf r theapreaadiedgdaiots, tihelubiagl of

oS Reg b 4 60 Al ALY oA IR b 79

the bonding tool during execution of the method.

10. Method as claimed in any one of the preceding claims, further including
15 the step of first forming a molten ball at an end of the bonding wire before

attaching the wire comprising the ball to the bonding location.

11. Method as claimed in claim 10, wherein the step of contacting the
bonding tool at said offset position includes the step of first locating the
20 bonding tool over an edge of the ball of wire and then lowering the bonding

tool to deform the wire at an edge of the ball of wire.

12.  Method as claimed in claim 11, including the step of forming a stitch
bond at said edge of the ball of wire.

25
13. Method as claimed in any one of the preceding claims, wherein the
bonding tool comprises a capillary attached to an ultrasonic transducer of a

wire bonder machine.

30 14. A wire bond produced by the method as claimed in any one of the

preceding claims.

15. A wire bond comprising:

a bonded wire having a base in contact with a bonding surface;



13. Method as clained in any one of the preceding clains, wherein the

bondi ng tool conprises a capillary attached to an ultrasonic transducer of a
wi re bonder machine. 30 14. A wire bond produced by the nmethod as clained in
any one of the preceding clainms. 15. A.ypre bond conprising: a bonded wire
having a base in contact with a bonding surface; -12 a recessed portion
substantially at an edge of the bonded wire wherein at |east a portion of
an undersi de of t lerecessesiqmitigosutistantialy ahar edga ot thei tanded evirebsimateing

surface; and t ire [ fr rece. I 5 16. The
W re bond as agll%%?rgﬁnﬁjncwa%nr# '%Fggggfg}enre?%gesteggaﬁd@® '%ﬁfgoagé%@?g]gs a ball
bond. 17. Thebomding dwofiade;zendcl ai ned in claim 15 or claim 16, wherein the 10
recessed portion c rises.a stitch bond. 18. The wi.re bond as clained in
any one of cl ai msa%gﬁgth O‘fy",'revﬁﬁ(i?%ﬁw t?%(?h%()‘??&éﬁeﬁ??@o?s |l ocated at a first
bondi ng pasition and the length of wire connects the first bonding position

to another wre bg_nd at a second bondj nrgi; 15 position. 19. The wire bond as
claimed in anyP-ond N6 WEEPoRd 8 ¢lgimesl inyria® Aot yeereiBniigqbaRged Wire| ocat ed

at a second hQptHridds BBHIboAR. that is formed after another wire bond has
been fornmed at a first bonding position, and the length 20 of the wire
term nates adjacent to the recessed portion of the wire bond.

17. The wire bond as claimed in claim 15 or claim 16, wherein the

10 recessed portion comprises a stitch bond.

18.  The wire bond as claimed in any one of claims 15 to 17, wherein the
bonded wire is located at a first bonding position and the length of wire
connects the first bonding position to another wire bond at a second bonding

15  position.

19. The wire bond as claimed in any one of claims 15 to 18, wherein the
bonded wire is located at a second bonding position that is formed after
another wire bond has been formed at a first bonding position, and the length

20 of the wire terminates adjacent to the recessed portion of the wire bond.





