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During semiconductor assembly processes, there is sometimes a necessity to
make electrical connections between connection pads of electronic devices.
The electrical connections can be formed by using conductive wires to
establish linkages between the connection pads. 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
semiconductor chip or on interconnection substrates. A wire bond secures
the wire to the connection pad in order to ensure that the electrical connection

is secure and the wire is not easily dislodged from the connection pad.

There is typically a first bonding position where a first wire bond is made and
a second bonding position where a second wire bond is made. Generally, the
wire bonding process involves feeding a conductive wire through a capillary of
a wire bonding device and using the capillary to manipulate and bond the

wire.

A typical wire bonding process is hereinafter described. The capillary is first
located over a first bonding position. A clamp controlling the wire opens and
wire extends out of the capillary. An electro flame-off spark is generated to
create a free air ball at a tail of the wire and the capillary moves towards the
first bonding position with the free air ball. The free air ball is placed onto the

first bonding position, and ultrasonic energy and pressure is applied onto the
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first bonding position with the free air ball. The free air ball is placed
onto the first bonding position, and ultrasonic energy and pressure is

applied onto the -2- ball to create a first wire bond between the wire and
the connection pad at the first bonding position. After the first bond is
made, the capillary noves away fromthe fi2st bonding 5 position and wire
IS extended by the capillary as the capillary S aned towards the second

bondi [ d | I h
cecond bondi nd B8 ToR et wreBERE oPhsRr BE Wrre® 8 EBNESBARAG I 1 o
U trasonic eneﬁrgtybc&rml'\g)p@ﬁtﬁn‘re Is applied onto the wre and stitch bonding

Is perforned to the wire at the capillary tip, thereby 10 stitching the wire
to the connection pad at the second bonding position. After the second bond

i s made, the cafird tharfirstBIRSisanade, fth@%hblhﬁ’ry%ﬂﬂ%céwwfrBﬁﬂtheaﬁrsMBéerhd)m nt
the wire has been bonded between t Wo BOI nts. the capillary noves away

fromthe sdronePSieMdiRg WeRiis i aendede bltaﬁpﬁapﬂlaﬁf @sethes papillantais m@V\%ﬂ wireis
pulled and se t%@%gdé HUNSLBEd R aRANELSIRAL [P brddi oS RFANE wihe 1BGRT it

position. It ma |cuIt to m a su |C|entl strong stitch bond at
t he second bomlllagy posyesi iontheosecoprdt kundingy pesitiarf aodrmessesomep\ams amnéd ng

conventi onal sid t h | er . Of ond,
which is the a COBE bo?ﬂ% %jqop i é%%@@gﬁgﬂ%atn% %8%%]'&%6'1%8%{"[% &é gh%efore
di sl ocati on, iwire:sandl dtijcts balhdllng dmdefcfdxmat fot thle wjiva lak the baplﬂm‘y thombreby
especially Qnv ntlon stitch pondi S uti e -fine
o Pen ot G DHERNG FE BT LR RealT Bad e “eohd bpESng dpsifoh L Atter
pul | ed away f r & delebng GORE 03 mide Pvd, cdpfiacy n@végawazeddnamd ¢dmheetfon bae
eliectrical connection made. In order to increase the bond strength, 25

speci al bondi n@t WRIER RPEY e Wise bagBeen BpaYed Relwgen we Raints . /&%Fhee‘aﬁpﬂ@w bond

moves away from the second bonding position, the clamp is closed such that
the wire is pulled and severed from the wire bond made at the second

15  bonding position.

It may be difﬁcﬁlt to form a sufficiently strong stitch bond at the second
bonding position for certain types of connection pads using conventional stitch
bonding. The stitch pull tolerance of the wire bond, which is the amount of

20 pulling force the wire bond can withstand before dislocation, is usually small
and the stitch quality is not good, especially when conventional stitch bonding
is utilized for ultra-fine pitch wire bonding. If the bond is not strong, the wire
may be easily pulled away from the connection pad, leading to unreliability of
the electrical connection made. In order to increase the bond strength,

25 special bonding techniques were developed, such as the so-called ball bond
on stitching ("BBOS”) or ball stitching on bond (“BSOB”).

BBOS involves placing a ball bump on top of the stitch bond already made at
the second bonding position. The process is described in US Patent Number
30 5,960,262 entitled “Stitch Bond Enhancement for Hard-to-Bond Materials”.
On the other hand, BSOB involves first forming a ball bump at the second
bonding position, before placing a stitch bond on top of the ball bump. This
process is described in US Patent Number 5,328,079 entitled “Method and

Arrangement for Bond Wire Connecting Together Certain Integrated Circuit



on stitching ("BBOS") or ball stitching on bond ("BSOB"). BBOS invol ves

pl acing a ball bunp on top of the stitch bond already nade at the second
bondi ng position. The process is described in US Patent Nunber 30 5,960, 262
entitled "Stitch Bond Enhancenent for Hard-to-Bond Materials". On the other
hand, BSOB involves first formng a ball b3rp at the second bonding
position, before placing a stitch bond on top of the ball bunp. This

process is desgaribed in, US Patent Numher 5,328,079 entitled "Method and
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techni ques require a | onger bonding cycle tinme because of the need to form

a ball bunp i nSEifigiepinangner the m‘rﬁdogr%v[eing sideways motion. Snake wire refers to
a tendency of the wire in the capillary to recoil after a wire is broken at the

second bond position when forming a ball bump, thus affecting the linearity of

15 the wire for the next bond. There is at present no effective way to solve these
problems with the BBOS and BSOB techniques. Furthermore, the BBOS and
BSOB techniques require a longer bonding cycle time because of the need to
form a ball bump in addition to forming a stitch bond.

20 Summary of the Invention

It is therefore an object of the invention to improve bond quality and stitch pull
tolerance of a wire bond while avoiding some of the aforesaid disadvantages
of the prior art.
25
According to a first aspect of the invention, there is provided a method of
forming a wire bond bonding a wire to a connection pad of a semiconductor
device, comprising the steps of forming a first stitch bond on the connection
pad, and forming a second stitch bond on the connection pad that is
30 contiguous with the first stitch bond.

According to a second aspect of the invention, there is provided a wire bond

bonding a wire to a connection pad of a semiconductor device, comprising a



20 Summary of the Invention It is therefore an object of the invention to

i nprove bond quality and stitch pull tolerance of a wire bond while

avoi di ng sonme of the aforesaid di sadvantages of the prior art. 25 According
to a first aspect of the invention, there is provided a nmethod of formng a
wire bond bonding a wire to a connection p&d of a sem conductor device,
conprising the steps of formng a first stitch bond on the connection pad,
and formng a second stitch bond on the connection pad that is 30

conti guous wi tSt RHCh; bid &pjthe FRBRationPEdr #ithg ?‘?fpoéds%‘&%&m&gp%tth%f t he
invention, thegghrestidh Pad BadistonifGokORth tHOPREH difcrPbdMd. € to a connection pad
of a sem conductor device, conprising a -4- first stitch bond on the
connection pad and a second stitch bond on the connection pad that is
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in which: 15 Figure 1 shows a notion profile of a tip of a capillary used

for bond formation o _
10 Brief Description of the Drawings

Examples of a method of forming a wire bond in accordance with the
invention will now be described with reference to the accompanying drawings,
in which:

15
Figure 1 shows a motion profile of a tip of a capillary used for bond formation
moving from a first bonding position to a second bonding position;

Figure 2 shows an amplified view of the circled area at point G of figure 1
20 illustrating a stitch bonding motion profile according to the preferred

embodiment of the invention;
Figure 3 shows a plan view of the circled area at point G of figure 1 illustrating
the formation of a second stitch bond at a different orientation from a first

25  stitch bond; and

Figures 4a to 4d illustrate various views of a double-stitch wire bond formed

according to the preferred embodiment of the invention.

30 Detailed Description of the Preferred Embodiment

Figure 1 shows a motion profile of a tip of a capillary used for bond formation

moving from a first bonding position to a second bonding position. The



nmoving froma first bonding position to a second bondi ng position; Figure 2
shows an anplified view of the circled area at point G of figure 1 20
illustrating a stitch bonding notion profile according to the preferred
enbodi ment of the invention; Figure 3 shows a plan view of the circled area
at point Gof figure 1 illustrating the f@rmation of a second stitch bond
at a different orientation froma first 25 stitch bond; and Figures 4a to

4d illustrate varjous vie doubl e-stitch ond f accordi ng
e e oD e Sy i b e 2Pt S i &9,
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used for bond fornatlon nmoving froma first bonding position to a second

bondi ng position. The -5- capillary is used for feeding wire to make
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a wure loop Itnklng the first and second bonding positions. Reverse motions
such as that from points B to F are typically utilized to lower a height of a wire
loop that is subsequently formed.
15
From point F, the capillary is then moved in a loop motion to the second
bonding position at point G while extending the wire. A loop is therefore
formed from the first bonding position at point A to the second bonding
position at point G. At point G, stitch bonding is performed to complete the
20 electrical connection between the connection pads. After stitch bonding, the

capillary is lifted away from point G, and the wire is broken.

Figure 2 shows an amplified view of the circled area at point G of figure 1

illustrating a stitch bonding motion profile according to the preferred
25 embodiment of the invention. This motion profile may be used to form a first

stitch bond on the connection pad, and a second stitch bond on the

connection pad that is contiguous with the first stitch bond. At the second

bonding position generally at point G, the capiltary brings the wire onto the

surface of the connection pad at point a. A first stitch bond is formed at point
30 a by applying ultrasonic energy and pressure onto the wire.

Thereafter, the capillary is lifted to point b and moved in the direction of the
first bonding position to point ¢ in a reverse motion. Figure 3 shows a plan

view of the circled area at point G of figure 1 illustrating the formation of the



15 Frompoint F, the capillary is then noved in a |oop notion to the second
bondi ng position at point G while extending the wire. Aloop is therefore
formed fromthe first bonding position at point Ato the second bondi ng
position at point G At point G stitch bonding is performed to conplete the
20 el ectrical connection between the conne@tion pads. After stitch bonding,
the capillary is lifted anay frompoint G and the wire is broken. Figure 2

shows an anplified vi i are fi
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first stitch b cpe}lg 1 Entag?ed in figure 3, during the reverse notion,

it is preferable that the capillary is noved frompoint b to point ¢ at an
angle6to d' ecti rmed th apillary fromthe first_bondin

posi t1on, 1 0T ealayTe tiniHesk vesliio o mols Ycbefi midin 62 ek MoHoT
direction I S t’ﬂﬁ‘b&ﬁ@é‘i‘n 3 Grectlbh fteatadlophbsite @ theClevenRetation difectbhriidmstitch
bond is oriented by angle 6. This helps to inprove the stitch pull

tol erance and RPIAt @ @ RO Fi siPaipt §n'§k€"% the seconf doadingdrPesiten mtght
af f ect predetermined search height. Figure 3 shows that the direction of motion

from point d to point e on a plan view is also at an angle &8 to a direction
15 moved by the capillary from the first bonding position, A to the second
bonding position, G.

Point e is slightly horizontally offset from the first stitch bond that was made at
point a so that a center of the second stitch bond position is offset from a
20 center of the first stitch bond position. During the various motions, the wire
clamp is open and feeds out a short length of wire as the capillary moves from
point a to point e. The capillary and wire are lowered onto the connection pad
at point f, and a second stitch bond is formed adjacent to the first stitch bond
using ultrasonic energy and pressure to smash the wire. The capillary is then
25 lifted away from point f after forming the second stitch bond. The wire clamp
is closed and the wire is severed from the second stitch bond. The capillary is
now ready to make another electrical connection, and the next bonding cycle

can begin.

30  The distance between the first stitch bond and the second stitch bond can be
adjusted by the software controlling the capillary, but it is preferable that the
second stitch bond overlaps the first stitch bond to some degree so as to
increase the contact area between the wire bond comprising the two stitch
bonds and the connection pad. The process can be continued such as by



the next bond to be made. 10 The capillary is then lifted vertically to
point d, before noving in a flex notion to point ain adirection that is
opposite to the reverse notion direction from point b to point c. Point e
is over the second bonding position at a predeterm ned search hei ght.
Figure 3 shows that the direction of notioh- frompoint d to point a on a
plan viewis also at an angle e to a direction 15 noved by the capillary
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froma 20 center_of the first stitch bond position. During the various
motions, the wHPBIIEAYIMPEOMSHen and feeds out a short |ength of wire as the
capillary noves from point a to point e. The capillary and wire are | owered

onto the connection pad at point f, and a second stitch bond is forned
adj acent t oSt hEiguressttasto; ¢ Hllusyimte vadoysy viewsr ab énfeullerstigh winel andsdlire to
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t hat the cond stitch,bon erlaps the first stitch bond to,sonme degree
so as to ? cr8 Qézr!??f@”&gﬁf‘ T T F’ 'B%t%eﬁétt%éh%cb%n%'ﬂa Ragnpfi S6CRY tge t wo
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by -7- form ng an additjonal stitch bond contiguous with the first and/or
second stitch oroverlaps the first stitch bond 14 while also being in partial contact directly

with the connection pad.

15  Also illustrated in figure 4a is an angle 0 representing approximately the angle
by which the capillary is moved relative to the line of motion between the first
and second bonding positions during the reverse motion undertaken after
forming the first stitch bond (see movement from point b to ¢ in figure 2).
Therefore, the angles of orientation of the crescent-shaped first stitch bond 14

20 and second stitch bond 16 are offset from each other by angle 8, which has
the attendant advantages of improving stitch pull tolerance and minimizing
risk of snake wire creation as mentioned above. Accordingly, the second

{ stitch bond 16 is also oriented in a different direction relative to the length of
wire 12 connected to the wire bond 10.

25
Figures 4b to 4d illustrate different viewing angles of the wire bond 10 shown
in figure 4a and will not be described in further detail.

it would be appreciated that the preferred embodiment of the invention helps
30 to improve stitch strength and stitch quality as compared to normal bonding
using a single stitch bond. The problems of sway wire and snake wire are
also less serious as compared with using so-called BBOS and BSOB
techniques. Furthermore, the bonding cycle time can be decreased as
compared to BBOS and BSOB techniques. By adjusting the direction of



bond. By formng nmultiple stitch bonds, the stitch pull tol erance can be
significantly inproved. 5 Figures 4a to 4d illustrate various views of a
doubl e-stitch wire bond 10 formed according to the preferred enbodi nent of
the invention. Referring to figure 4a, the wire bond 10 is | ocated at a
second bondi ng position. A bonding wire 48-extends froma first bonding
position to this second bonding position. At the end of the bonding wre
12, a first stitch bgnd 14 i.n the shape of a crescent bonds fhe bondi ng
wire 12 to the™ 8@ tg‘Snc?ﬂEaryAb%‘?é’Eﬁﬁdﬂrsgﬁ”pcﬁ“tEﬁ?HHeﬁtGSft§ﬁf%‘? d 'bi® t op of

the first stitemthendedsy tar%angétthalslh}apblaﬁha &entationoyfes Indlspléetchi wisd stitch
bond 14 while al so bei ng partial contact directly wth the connection

pad. 15 Al'so i P?Qﬂs@’?da@‘é’d"r?@W'F@R‘@dﬁﬁé‘tqrsp‘d'ﬁoﬁﬁ@?@ B representing
approximately the angle by which the capillary is noved relative to the
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a different direction relative to the length of wre 12 connected to the

wire bond 10. 25 Figures 4b to 4d illustrate different view ng angles of the
wire bond 10 shown in figure 4a and will not be described in further
detail. It would be appreciated that the preferred enbodi mrent of the

imvention helps 30 to inprove stitch strength and stitch quality as
conpared to normal bonding



using a single stitch bond. The problens of sway wire and snake wre are

al so | ess serious as conpared with using so-called BBOS and BSOB

techni ques. Furthernore, the bonding cycle time can be decreased as
conpared to BBOS and BSOB techni ques. By adjusting the direction of -8-
notion of the capillary between first and subsequent stitch bonds, it is
rel atively easy to change the shape and orientation of a nultiple-stitch
wire bond and acquire an inproved stitcﬁgﬁull tol erance. 5 The invention
described herein is susceptible to variations, nodifications and/or

addi tions ot her_Ajh@n those specifically described and it is to be understood
that the invention includes all such variations, nodifications and/or
additions which fall within the spirit and scope of the above description.

-9- CLAIMS: 13.A ”E\HHQM@%{F&HH@Q%JH&E b%ﬂﬂﬂg%oﬂﬁé 'ftga%oﬁfné&ioh%a of .
connection pad 'of "an electroni C device, conprrsing the steps of Tormng a
first stitch zoneledroniddevide, compesingdine ptegs of tormingpa fird etitthdostlidncthebond on

t he connecti on _pad .t hat is contiguous W. the first stitech bo and t hen
sever 1 ng ¢ e iPESHiPBach o grteeote Sulehintl bl esineciPh 83Adpa Rar oo at
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second stitch bond 0 partiall ies on.the first stifch bond and partially
Fes on' t he oo s B i thatwe timintes o the sepand e By ¢t A m 2,
wherein a position of the second stitch bond is offset froma position of
the first stitch bond. 15 4. A nethod as clainmed in any one of the preceding
clains, including AaPtediRyl 3§ elpEnads &b i« whemimdhe RAFONAaStIER bogdor i ent ed
0 a di f f efpentpAidiig &bt 8R the fsPEttMPLdR AREpHibRNAdPReYonhb&tidhi gt Stitch

3. A method as claimed in claim 1 or claim 2, wherein a position of the

second stitch bond is offset from a position of the first stitch bond.

15 4. A method as claimed in any one of the preceding claims, including
arranging the second stitch bond such that it is oriented in a different direction
relative to the orientation of the first stitch bond.

5. A method as claimed in any one of the preceding claims, including
20 arranging the second stitch bond such that it is oriented in a different direction

relative to a length of wire connected to the wire bond.

6. A method as claimed in any one of the preceding claims, wherein the
wire is fed from a capillary, and including the step of moving the capillary in a

25 reverse motion direction that is different to a direction that the first stitch bond
is oriented after making the first stitch bond and before making the second
bond.

7. A method as claimed in claim 6, including moving the capillary in a
30 direction that is opposite to the reverse motion direction to a second stifch

bonding position to form the second stitch bond.



5. A nmethod as clained in any one of the preceding clains, including 20
arrangi ng the second stitch bond such that it is oriented in a different
direction relative to a length of wire connected to the wire bond. 6. A

met hod as clainmed in any one of the preceding clains, wherein the wre is
fed froma capillary, and including the step of noving the capillary in a
25 reverse notion direction that is different to a direction that the first
stitch bond is oriented after making the fd+st stitch bond and before naking
the second bond. 7. A nmethod as clainmed in claim®6, including noving the
capillary in 30 direction that i.s opposite to the reverse notiqgn
direction to g sec%n'a‘e&opt%(’faﬂ'ﬂ%i"?\@” o¥i& pg,tpe[ Bracs ARG FaMmse dBHWIRY i ¢ ch

bond. -10- 8. foinii®y RACadRBticHaRsHel Hohdady iR eoMledibe gudetRtidgoMtigol®,
including form ng an addjtional stitch bond on the connection pad that is
®

conti guous wwith thefirst stiteh bepd apg/op serengdililhybd¥eond stitch bond. 5 9. A
wire bond bonding a wire to a connection pad of an el ectronic device,

conprising a first stitch bond on the connection pad and a second stitch
bond ternPnali ng Hrwitehkonspansing awirpde atgeanestiondqmsk of qncelectigniadeviee, f i r st

stitch bond, £ | - ] : stitch
bond. 10 10, AORPranparsoaich botthof M drRoldl B hes RephdSuehelng © ch
bond parti al ternlinamgan theeohnestongidd ibht isaodtigueispeitht thel firgt dtitesba, t he
connection pad. , 11, T nd. l.aired, .n cl ai . claim 10, wherein
a position of apﬂéomgeéfs% tﬁ?tﬁﬁ%ﬁ"%gﬁrﬁmﬁ?egﬁ B‘&S Pg Sitcﬁggp?‘i on of the first
stitch bond. 15 12. Awre bond as claimed in any one of claims 9 to 11,
wher el n 8 ¢ E° " A e deleied i SR, nrefl e LSRG boR8

partially lies on the first stitch bond and partially lies on the connection pad.

11. A wire bond as claimed in claim 9 or claim 10, wherein a position of the
second stitch bond is offset from a position of the first stitch bond.

15
12. A wire bond as claimed in any one of claims 9 to 11, wherein the
second stitch bond is oriented in a different direction relative to the orientation
of the first stitch bond.

20 13. A wire bond as claimed in any one of claims 9 to 12, wherein the
second stitch bond is oriented in a different direction relative to a length of

wire connected to the wire bond.

14. A wire bond as claimed in any one of claims 9 to 13, including an
25 additional stitch bond on the connection pad that is contiguous with the first
stitch bond and/or second stitch bond.

15. A semiconductor device comprising:
a wire;
30 a connection pad; and
a wire bond connecting the wire to the connection pad, wherein the
wire bond comprises:



of the first stitch bond. 20 13. A wire bond as clained in any one of clains
9 to 12, wherein the second stitch bond is oriented in a different
direction relative to a length of wre connected to the wire bond. 14. A
wire bond as clained in any one of clains 9 to 13, including an 25
additional stitch bond on the connection pad that is contiguous with the
first stitch bond and/or second stitch bond. 15. A sem conductor device
conprising: a wire; 30 a connection pad;1hnd a wire bond connecting the
wire to the connection pad, wherein the wre bond conprises: -11- a first
stitch bond on the AR t t ] LNg on
t he connecti on padaﬁﬁg?gﬁls:h g%r? ?tgwugﬁu]égc%mt?{éﬁ?ﬁj:a?il %é‘%%s%‘)?‘{bg’ﬁ %&%Tﬁ%gnd
formed such t hermitdtamgven thetcannecticnesadathat isecoméguoud with therfirsiostitich bond,

and formed such that the wire terminates at the second stitch bond.



