-1- W RE BONDI NG METHOD FOR FORM NG LOW LOOP PROFILES Field of the
Invention 5 The invention relates to wire bonding to electrically connect
different electrical contact pads of electronic conponents using wres, and
in particular, to the formation of wire | oops with | ow height profiles.

10 Background and Prior Art During certain sem conductor assenbly processes,
sem conductor dice are placed on a carri‘er such as a | eadfranme substrate.

El ectrical connections in the formof wre bonds are then nade between the
di ce and substrate, or between 15 individual dice. Gold, alum niumor copper
wires are coomonly used to make these connections. Wre bonds are forned at
bondi ng sites WIRECBONDINGMETHOD FOR'PFORMING LOW-LOOPPROFLEBYPI cal |y
using an ultrasonic transducer 10 generate ualtrasonic energy to attach a

|l ength of wire fed froma capillary to the sem conductor device or carrier.
After the '%% bonds are made, the dice, wire 20 | oops and substrate are
encapsulabé@ﬁ&%%ﬂgiﬂﬂﬁgpﬁ material to protect the sanme. A sem conductor
packagg is thus produced. There is a continuing desire in the sem conductor

industry to devel op ever smaller and thinner sem conductor packages. Since,
as expl ai ngwe invendiont netateg 3o wiree boodprg toh eldciridadly fadringce diffgrent aeleettidah t he

final k he 1 hi of th Kk | d be affected by the height
of "t e FEMASpRSd, H “SPER PR R BARTAGIIY VESh oF G, | PATRUBhel S of |

the wre |{8BRRStIGHBF \Wﬁ‘e‘f@@is With foWwhBight Brofilédlen the thickness of the final
package can be correspondi ngly reduced. 30 Furthernore, there is a demand in

the industry for sem conductor devices with
10  Background and Prior Art

During certain semiconductor assembly processes, semiconductor dice are

placed on a carrier such as a leadframe substrate. Electrical connections in the

form of wire bonds are then made between the dice and substrate, or between

; 15 individual dice. Gold, aluminium or copper wires are commonly used to make
i these connections. Wire bonds are formed at bonding sites where the electrical
connections are to be made, typically using an ultrasonic transducer to generate

ultrasonic energy to attach a length of wire fed from a capillary to the
semiconductor device or carrier. After these wire bonds are made, the dice, wire

20 loops and substrate are encapsulated with a resin material to protect the same.

e A semiconductor package is thus produced.

There is a continuing desire in the semiconductor industry to develop ever
smaller and thinner semiconductor packages. Since, as explained above, the

25 wire loops should be fully encapsulated in the final package, the thickness of the
package would be affected by the heights of the wire loops that are formed
during wire bonding. If the heights of the wire loops can be kept to a minimum,
then the thickness of the final package can be correspondingly reduced.

30 Furthermore, there is a demand in the industry for semiconductor devices with

stacked dice. The advantage of having stacked dice is that stacked dice



stacked dice. The advantage of having stacked dice is that stacked dice -2-
I ncorporate nore silicon functionality by stacking nultiple dice into a
single package. This reduces overall size by elimnating additional
packages on the «circuit board. Furthernore, it increases space savings
whi | e enhancing el ectrical performance_ by reducing propagation tine for
signals to traverse fromone chip 5 to &rfother. Stacked dice allow a greater
density of integrated circuits on a given area of the carrier, and may

[ ffici S h die. i h k | equi .

L ease EAEABY o et M leh, BB o SEEEIE Yo o o
wire | oopspadkagbor TRid. rédeces vensli Bireyby iglimivating Qédiﬂéhélebaélw_ﬂ]é&i 6 thé 0ops
to be profiled as | ow as possible to cater for this need. 10 us, there is

a desire icirauitdaasdi doinidhesnore,iihinceaasgsispase siavingsanhileceshanging elestrical o f or m

wire loops with |owheight.profiles.. Fqr exanple S .patent .nunber .
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Bondi ng MefohrbtRad SidcReSUcH abwaPgreatdrdensfe ol integfédicRcli®yonid gvépop by
15 crushing a part of a bonding wire onto a top of a bonded ball with a

capi | | ary.areahef thie eamriespand mayrinerease dticiencyn tSiece eashedievinrtbe $lapk obl em
wth this approach.of crushing the bending wre.by bonding. it ,to the . ball
bond i st NAPUIEHEAE a1y eteclicR roMReEiom & dhg safien o 0 1ten ey SeNEal. Thi s
20 makes Iltaya&r 6f WireCRIBpsPAre fd?m&ﬂgka’dr%boﬁﬂiﬂgw, SRWRER beSheteMforl Nige Wi r e
pull strength of the wire bond is reduced. Furfher, the crushing of the
bondi ng wi loeps tmbe profded aisllow@sdporsibleda kater fordhismeatht h of the ball bond,

résul t1i ng in weakened adhesi on between the ball bond and the bondi ng
su‘r’fac@. Moreover, additional wire is required to |oop the wi re backwards

323523?%%2&'?%?% ira‘;‘déé?reziﬁ th8@eRAtdndubidiSndiistey idsdeK © aRrRassithankugrds is
to form wire loops with low height profiles. For example, US patent number
6,933,608 entitled “Wire Loop, Semiconductor Device Having Same, Wire
Bonding Method and Wire Bonding Apparatus” seeks to form a low wire loop by
15 crushing a part of a bonding wire onto a top of a bonded ball with a capillary.

The wire loop is then extended from the crushed wire.

A problem with this approach of crushing the bonding wire by bonding it to the

ball bond is that the strength of the neck portion of the wire bond is weak. This

20 makes it more susceptible to neck crack and breakage. As such, the wire pull

- strength of the wire bond is reduced. Further, the crushing of the bonding wire
onto the ball bond may weaken the strength of the ball bond, resulting in

weakened adhesion between the ball bond and the bonding surface. Moreover,

additional wire is required to loop the wire backwards and then bond the wire to

25 the ball. This wire that is looped backwards is unused. Thus, there is

unnecessary wastage of bonding wire.

Summary of the Invention

30 It is thus an object of the invention to seek to provide a method of forming a wire

bond wherein a height of a wire loop connecting different bonding points may be



unnecessary wastage of bonding wire. Summary of the Invention 30 It is thus
an object of the invention to seek to provide a nethod of formng a wre
bond wherein a height of a wire | oop connecting different bondi ng points nmay
be '3 reduced while avoiding sonme of the aforesaid di sadvantages of prior
art wire bonds. According to a first aépect of the invention, there is
provided a nethod of formng 5 a wire™dond with a bondi ng tooI conpri si ng
the steps of: form ng a ball bond onto a bonding surface; raising the

bondlngtoo y. fro e ball bo to Jorma . neck po Lnteqgrated with
2 top of  (REuBER iAo Soins 8 e AhisRsh disBGiantaeh PR STGAE ng
tool onto gdypigneck portion; pressing the neck portion with the
circunference of the tip to forma depression in the neck portion w thout
bondi ng 10 t he neck portion to the ball bond; and thereafter rai si ng the
bonding to fromt bond ccordin 0,a S d ect of
the | nvenckesordtee fist BfberrdRs nyPBoRofiFre LopRHidet8 mEhaR o Softinon.
neck pey tiggibdmPwith atmmdqgg; kodwécsmﬁﬁs.ha%e sfepsloT: Fd?ﬁﬁﬁq HERbId SHitsect | Y
extending a bonding wre fromthe bal ortion |n a drection of awmre

| oop, a deprhendinghsurfaceieraisiugk tIp@ruqndeaM| taveaywnfrom theopall dondnidi fogmfaom a
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I nvention. The particulFarity of the draw ngs and the related description is
not to be clrmlmnferermt afsthedmeta;feﬂmmgdepresgmmnathetryeohfpartm witbadt bonding
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from the ball bond.

According to a second aspect of the invention, there is provided a wire bond
comprising a ball portion, a neck portion on top of the ball portion that is
15  constructed by directly extending a bonding wire from the ball portion in a
direction of a wire loop, a depression on the neck portion and the wire loop

extending from a side of the depression away from the neck portion.

It would be convenient hereinafter to describe the invention in greater detail by
( 20 reference to the accompanying drawings which illustrate preferred embodiments
L 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.

25 Brief Description of the Drawings

An example of a preferred embodiment of a wire bonding method in accordance
with the invention will now be described with reference to the accompanying
drawings, in which:

30



An exanple of a preferred enbodi nrent of a wire bonding nethod in accordance
with the invention will now be described with reference to the acconpanyi ng
drawi ngs, in which: 30 -4- FIG 1 is side view of a |loop notion profile of a
wi re bonding tool enploying a wre bonding nethod according to the
preferred enbodi nent of the invention; 5 FIG 2 is a top view of the | oop
motion profile of FIG 1; FIGs. 3(a) to43(i) are diagrammatic illustrations
showi ng the shapes of a bonding wre at different positions of a bonding
tool during |oop formation according to the preferred enbodi nent of the
invention; and 10 FIG 4 is a perspective view of low wre | oops forned

"oventi o TBscalt Sderdew B of St BRAL of owRE M 18T gHbEgRG 4, "
si de vi ewwife boh@iﬂg methodradeoeding ¢o tHe preférred eatidiiehbol théGnesntiopyi ng a

wi re bondi ng net hod according to the preferred enbodi nent of the invention.
Figures 3(a) to 3(i) are diagrammatic illustrations show ng the shapes of a

Figures 3(a) to 3(i) @ matic i1l ustrations showing the sha
For mat Son 15 21Aé BANITRGT Hie BELNBAST R PPIE.TY 107 i S ucea to 1 ocd

bonding wire 12 to bond the wire between a first bonding position A and a
second bondi ng position 1. A ball bond 14 is first nade at the first

bondi ng pddGs: Skrlde Hhearediagraampatioiliustretiens shovieg thetshapesialia fondingi cal | y
upwvar ds afite Ta{ Bﬁ?e?é]’ﬁ pIdsrit%nsb&néj b&ﬁdihB 883! cﬂ}rin%' |088 formation according to the

( preferred embodiment of the invention; and
-~ 10

FIG. 4 is a perspective view of low wire loops formed using the wire bonding
method according to the preferred embodiment of the invention.

Detailed Description of the Preferred Embodiment

15
FIG. 1 is side view of a loop motion profile of a wire bonding tool 10 employing a
wire bonding method according to the preferred embodiment of the invention.
Figures 3(a) to 3(i) are diagrammatic illustrations showing the shapes of a
bonding wire 12 at different positions of a bonding tool 10 during loop formation
20
The bonding tool, such as a capillary 10, is used to feed bonding wire 12 to bond
the wire between a first bonding position A and a second bonding position I. A
ball bond 14 is first made at the first bonding position A. The capillary 10 is then
moved substantially vertically upwards away from the first bond 14 to point B.
25
At point B, the capillary 10 is moved in a reverse motion diagonally downwards
and in a direction away from a second bonding position | to point C. This reverse
motion forms a neck portion 18 at the top of the ball bond 14 and bends the wire
12. From point C, the capillary 10 is moved diagonally upwards to point D
30 towards the direction of the second bonding position I. At point D, the capillary



At point B, the capillary 10 is noved in a reverse notion diagonally
downwards and in a direction away froma second bondi ng position Ito point
C. This reverse notion forns a neck portion 18 at the top of the ball bond
14 and bends the wire 12. Frompoint C the capillary 10 is noved

di agonal |y upwards to point D 30 towards the direction of the second bondi ng
position |. At point D, the capillary 55-10 is positioned above the wire
bond such that a circunference 1 OCa of a tip of the capillary 10 is

directly over the wire bond 14. The capillary 10 then noves down taowards the
wi re bond Huistresitianed aboverthe wire hend sHch thata emumiesences1Qaef adipiofithey' s
circunfer t: ure bond 14, so that the neck
portion 1 g’ﬁla&goﬁdﬁﬁe sanogée}vtﬁgngrélgg?dswl attened. In pressing down on the
wire, only a downwards force but no bonding energy is provided onto the top

of the wire bond 14. As a consequence, a depression 22 is forned at the top
of the wireearillayy 40 thee mevas gewn; owards thp | wirebeRd 14 tepoittE. Thyst he

neck perti Q. ' (o) I 1 t t il Lary 10
toves ger 110G prefebitly, B Aiferb circhitiror®e) fla I Blass difin? if the
capi | | ary vife bbad 140 sesthatthe heckporienskondopofthe@iredsirid ™ is flattenedever se

action notion to point G and thereafter, the capillary 10 is raised 15
further tdndueasing dawm ofithe svires pnly Acdnwakdssiorem Bubaa doRgingeneigyris Thi s

fornms a kink ' . ] to there js..a.

bet veen-t HOYigEd o fhe Belkr e viREoh T4 AERT8NG Ao, ARl Se8n 220,
noved dowfotred fae tise tspnof the wirnbBong 18as theomedk povtien @@t  @nliectecpridrizet, bond
i6 formed. The electrical connection between the first and second bonding

posi t i18ns the negkPosiiem i Bisnot bendaddodhghall badai re cl anp for controlling
rel ease of the wire is open at all tinmes during notion of the capillary 10
frompoints Ato H conducted over the first

After that, the capillary 10 moves vertically upwards away from the wire bond 14
to point F. The capillary 10 then moves away from the second bonding position
in a reverse action motion to point G, and thereafter, the capillary 10 is raised
15  further to point H in a direction towards the second bonding position. This forms
a kink 15 at a point of the wire to ensure that there is a gap between the looped
wire and a bonding surface. The capillary 10 is then moved down to the second
bonding position |, whereat a second wire bond is formed. The electrical
connection between the first and second bonding positions is thus complete.
20 Preferably, a wire clamp for controlling release of the wire is open at all times
during motion of the capillary 10 from points A to H conducted over the first
bonding position, such that the motions of the capillary 10 to form a;depression in
the neck portion 18 are conducted without the bonding wire 12 being clamped by
a wire clamp. From points H to |, the wire clamp is closed to pull the wire to the
25 second bonding position.

FIG. 2 is a top view of the loop motion profile of FIG. 1. It would be observed that

the motion of the capillary 10 from point A through to point | is generally in a

straight line from the top view of the motion profile. Thus, all the points lie
30 substantially on the same plane.



bondi ng position, such that the notions of the capillary 10 to forma
depression in the neck portion 18 are conducted w thout the bonding wire 12
being clanped by a wire clanp. Frompoints Hto I, the wire clanp is cl osed
to pull the wire to the 25 second bonding position. FIG 2 is a top view of
the loop notion profile of FIG 1. It would be observed that the notion of
the capillary 10 frompoint A through t®Ppoint | is generally in a straight
line fromthe top view of the notion profile. Thus, all the points lie 30
substanti al | n the same plane. -6- FIG 4 is erspective view of |ow
wire | oopsF rﬁ’e‘a %Qeﬁ‘boqqqgevb{"?‘@ ol wire W@Pﬁcfg”%@gd#%'ﬂ%dh? Vi OOPHIGer 1 ed
enbodi nment } } ) } nt |
urface anTetod BB I he pifeitth Eraiimehof e BERHoR howiBaRrg

i nt egr at ed14vi$ hoadedpnid a bending supfaceéiamd ddmprisesaavballebdndsal basa paftion

ext endi ng bstantial Ly horizontally fromthe_neck portign 18 Thus, A there
is virtual 55, Acneck PPEion 18 Jategrates with @etqpoebﬁa&)@@éetMI%ﬂ%ﬁng e Witgs e
portio 1 ; : : ! t. i S or med
by 1 ho or b2l 24 PERING SubRRhf nfodoly Kok ife Bk ddifiod 8. STHES LS
top of thetHersds pivtuallp molv@rtichl risedntthe wifeoloepaibbvei the top iofl theg base pediont o
forma depression 22. This deformation helps to keep the height of the wire
portion 201Pow by restricting the height of the neck portion 18. As seen in
FIG 4, the depression 22 in the deforned neck portion 18 also causes the
neck portion 18 to have a smaller 15 cross-sectional area than the wire
portion 20lttisasbhsexvexhdisatf thentopt of theenéeck pottiorn 18ds atdfbened &yethe pressure
sﬁscepti ble to riations, nodifications and/or additions other than those
speci f1@al PW@@Z’M"B@&%H@W? Girgugrgerspcantia QRtgoier ieRtofithe basg rertipd 6

i ncludes aly|, iRy cfheY afdras4iaNRire"BIhdiG 2ptdtads 4 i&im 24 dddr@8sioNhosh rald
deformation helps to keep the height of the wire portion 20 low by restricting the
height of the neck portion 18. As seen in FIG. 4, the depression 22 in the

- deformed neck portion 18 ailso causes the neck portion 18 to have a smaller

15 * cross-sectional area than the wire portion 20 that extends from it.

The invention described herein is susceptible to variations, modifications and/or
additions other than those specifically described and it is to be understood that the
invention includes all such variations, modifications and/or additions which fall

20 within the spirit and scope of the above description.



20 within the spirit and scope of the above description. ti -7- CLAIMS: 1.
Met hod of formng a wire bond with a bonding tool, conprising the steps of:
formng a ball bond onto a bonding surface; 5 raising the bonding tool away
fromthe ball bond to forma neck portion integrated with a top of the ball
bond; locating a circunference of a tip_of the bonding tool onto the neck
portion; pressing the neck portion wi tH the circunference of the tipto
forma depression in the neck portion w thout bonding the neck portion to

t he ball b8 I 10 and thereafter raising the bonding tool away fromthe
bal | bond.~=Z= nmethod as clainmed in claiml1, further conprising a reverse
notion diagonally downwards towards the bonding surface in a direction away
froma 15 second bonding position after formng the ball bond and before

| ocati ng the tildetifod ofHermingdh miret and with @ hdreding tdol peormprsing 3he Stepsmft hod
as clainmed in c#aimz

fyrther conmprising the step of noving the bonding
t ool di agonal | y%%gaﬁﬁoggcﬂrﬁ%gt%%}d"?%%&%%e’t he second bonding 20

posi ti after Ll 1 : | r | f kn.of the
Ponding ool i 2GR HOWRIEPtdh Al o B il YeFePIcERER, &ndckobiBn] |
any one ofintégratedewitid artgp off Hherball bbedei n the step of pressing the neck
portion conprises ‘a downwar d force _pressj

ng the. ti f 25 the bongdi ng tool
Dt o the neck. rIORRNI OVTEHBIETEAGHI0) AP Ghpeeraig faeh ents, theeckomhiatnod as
clainmed in any C‘F&E | B cifLfhi e ofnShENg the
bondi ng t ool aﬁgfﬁgﬁﬁg@%gl |§ﬁd\ﬁg ttgfé ?Iormfra?g&t‘%;%f th ﬁb% f a
y depression in the neck portion without bonding the neck portion to the ball bond;
( 10 and thereafter

raising the bonding tool away from the ball bond.

2. The method as claimed in claim 1, further comprising a reverse motion
diagonally downwards towards the bonding surface in a direction away from a

15 second bonding position after forming the ball bond and before locating the tip of
the bonding tool onto the neck portion.

3. The method as claimed in claim 2, further comprising the step of moving
the bonding tool diagonally upwards in a direction towards the second bonding
20 position after said reverse motion until the circumference of the tip of the bonding

tool is directly over the ball bond.

4. The method as claimed in any one of the preceding claims, wherein the
step of pressing the neck portion comprises a downward force pressing the tip of
25 the bonding tool onto the neck portion without applying any bonding energy.

5. The method as claimed in any one of the preceding claims, wherein the
step of raising the bonding tool away from the ball bond after forming the
depression further comprises a reverse action motion in a direction away from a

30 second bonding position to form a kink in the wire.



depression further conprises a reverse action notion in a direction away
froma _ rv 30 second bonding position to forma kink in the wire. r3 -8- 6.
The nethod as claimed in claimb5, further conprising the step of noving the
bondi ng tool to the second bonding position while extending the wire to
create a wire |oop, and formng a second wire bond at the second bondi ng
position after fornming the kink. 5 7. T8e nethod as claimed in any one of
the preceding clains, wherein the notions of the bonding tool all lie

substantig]ly t he sa pl ane.. 8. The thod as cl.aimed in any one of the
ot ecedi ng Bl xi e UG AS MBI IAt Ao g GImPRANGdaiStEp O AORG
conduct ed ;jé ttgtg.hti \ | | BOMRS ; h C ‘ i ond
conpri si né”% a n%t(}??%c%?hgeér%gueport [ ﬂ% %l%éllfoor\é"\ngﬁlet hgé@glq% tlﬁéowllreg}l&t hat

i s construcéate dywiterleop) mndxfoemihgicaa sebormdliwie \biond at dime tseeohd! bondilg
portion in a _direction of a wire | oop, a depression on the neck portion and
the wire IRSSHonaftardormgingtBekinksi de of the depression away fromthe neck

portiop. 10. The wire bond as clainmed in claim9, wherein the neck portion
has a “smaller cross-sectional area than the wire | oop extending fromthe

neck portitn. THe iiethddasvélaiendb i ang oHeaofié precedingreidims, wherain e
wherein the wire loop ul extending fromthe neck portion is substantially
paral | el tBotionsopidhedongingtos! alh liewubstantially qn the same planeocat ed.

. 8. The method as claimed in any one of the preceding claims, wherein the
C 10  said motions of the bonding tool are conducted without the wire being clamped

by a wire clamp.

9. A wire bond comprising a ball portion, a neck portion on top of the ball
portion that is constructed by directly extending a bonding wire from the ball
15 portion in a direction of a wire loop, a depression on the neck portion and the

wire loop extending from a side of the depression away from the neck portion.

10. The wire bond as claimed in claim 9, wherein the neck portion has a
smaller cross-sectional area than the wire loop extending from the neck portion.
20

- 11.

extending from the neck portion is substantially parallel to a bonding surface on

The wire bond as claimed in claim 9 or claim 10, wherein the wire loop

which the wire bond is located.



