1 WRE BOND W TH MULTI PLE STI TCH BONDS Field of the Invention 5 The
invention relates to the use of conductive wire to establish an electrical
connection for linking connection pads of electronic devices, and in
particular to a wire bond that is forned to attach the wire to a connection
pad. 10 Background and Prior Art During -slem conductor assenbly processes,
there is sonetinmes a necessity to nake electrical connections between
connection pads of electronic devices. The electrical connections can be
formed by using conductive wires to 15 establish |inkages between the

connection pads. The ”WRE‘@!MWWMWLW! @gﬁrﬁéﬁl% § Gold (Au) and
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or on interc o S rates. Awire bond secures the wire to the
connecti on pOFpel(a 81 ik é'ﬁ{?otn nsure that the electrical connection 20 is
secure and the wire is not easily disl odged fromthe connection pad. There
is typically g fjrst bon n sition i.rst wire bond is made and
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of 25 a wire bonding device and usi n%ét he capillary to mani pul ate and bond

the wire A tiQF Wi bond bhapigfainmgy ioraltasbdhe !é’“'ﬁé‘? aiceape@ionadler i bed. The
capillary is first |ocated over a first bonding position. A clanp
controlling the wire opens and 30 wire extends out of the capillary. An
el ectro fllanmeBagkfiraupddndiRrioggder ated to create a free air ball at a tail of
the wire and the capillary noves towards the first bonding position with
the free air ball. The free air ball is placed onto the

During semiconductor assembly processes, there is sometimes a necessity to

a

make electrical connections between connection pads of electronic devices.
The electrical connections can be formed by using conductive wires to
15 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

20 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
25 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
30 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



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 nade, the
capillary noves away fromthe first bonding 5 position and wire is extended
by the capillary as the capillary is novezl-towards the second bondi ng
position in order to forma wire |oop. The capillary noves to the second
bondi ng position and presses the wire onto second bondi ng position.

U trasoni c entdldp cgerie grisstowirebord beimeesdhewirs anddhe gppreciian padiat 18 bondi ng
is performed g ddHiny pitRln. the capillary tip, thereby 10 stitching the wire
to the connection pad at the second bonding position. After the second bond
is made, the capillary noves away fromthe connection pad at which point
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the wire is pulled and severed from the wire bond made at the second

15  bonding position.

It may be difficult 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



t he second bondi ng position. The process is described in US Patent Nunmber 30
5,960, 262 entitled "Stitch Bond Enhancenent for Hard-to-Bond Materials". On
the other hand, BSOB involves first formng a ball bunp at the second
bondi ng position, before placing a stitch bond on top of the ball bunp. This
process is described in US Patent Nunber-3%,328,079 entitled "Method and
Arrangerrent for Bond Wre Connecting Together Certain Integrated Crcuit -3
Conponents”. Both these nethods assist in increasing a contact area between
a wire bond aRemMaoedifiectBAR thege svelwds cassidriBaereasia adegnteet gfea
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| nvention It erefore an objec Invention to inprove %ond qual ity
and stitch pusufficientlyearmhoe thef wme\tw peeveohsidewiaysemation. dﬁngkswrre refers ke

aforesaid di qué/r?dﬁé%%g%? 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



of the prior art. 25 According to a first aspect of the invention, there is
provided a nethod of formng a wire bond bonding a wire to a connection pad
of a sem conductor device, conprising the steps of formng a first stitch
bond on the connection pad, and form ng 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 wre to a connection pad of a sem conductor device, conprising a -4 first

stitch bond offSt RHCR RRTEC PN dhe prannapiPa PIE B as$40BA Hibey beRd ot the

connecti on paghdrafior Sad Al istePHguNstit e frit'shichtdrach bond. 1t woul d be
conveni ent hereinafter to describe the invention in greater detail 5 by
reference to the acconpanying drawi ngs which illustrate one enbodi ment of
the i nvent i ony iy Ba'doh Gt etePbnd i GURNHEYR: ARANGEE if Bligdlgperi ption
is not to be understood as superseding e generality o e broa

i dentificdii opy reférenhe to theeatdoompanyindedrawiangsbwhich dlusiratenone drob&liment

Description of,.the i ngs EXx | es pf a nethod aof, form a Ww.re.bond in
accor dance wi PHPE fenfill dE et abegusiinds erd i (idke Refulbihf&'r ot he
acconpanyi ng astawibagmderstoodvs @pertbdihg dhie gederaligvas tile brdddodemtifichiidre of a
tip of a capil)Jary used for, bond formation noving froma first bondi ng

position to aogstS%ﬁH&"B%a? ﬂ@ﬁ'%ﬁgﬁﬁa'@?gure 2 shows an anplified view of
the circled area at point Gof figure 1 20 illustrating a stitch bonding

notion profile according to the preferred enbodinent of the invention;
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 pian 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



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 froma first 25 stitch bond; and Figures 4a to 4d illustrate
various views of a double-stitch wire bond forned according to the
preferred enbodi nent of the invention. 305DPetail ed Description of the
Preferred Enbodi mnent Figure 1 shows a notion profile of a tip of a capillary
used for bond formation noving froma first bonding position to a second
bondi ng posi t Fapilaryrig ussd cbelf‘PEFCH’ﬁSi/ wige { L%é%rah‘eople%@a?ﬁganhen% PN

el ectrical cogdRritbRBANAGIOWERASs aP8RET @nfrofifg ReClorBtiREtwiRdHohdy, controlling
the formation of wire bonds. The capillary Wwth a free air nolten ball

formed at a tail of the wire by an 5 electro flame-off spark is first
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stitch bondi ng Wit leep fipkingdhe @rsémm@s@cgn&b@ndmg 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 capillary 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



20 el ectrical connection between the connection pads. After stitch bonding,
the capillary is lifted away frompoint G and the wire is broken. Figure 2
shows an anplified view of the circled area at point G of figure 1
illustrating a stitch bonding notion profile according to the preferred 25
enbodi mrent of the invention. This notionfrofile may be used to forma 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
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direction is é}eé?l?ﬁr@tﬁ 8ffferent to a direction that the first stitch
bond is oriented by angle 0. This helps to inprove the stitch pull

tol erance and_mnimze the risk of snake wire being created that m ght
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plan view is also at an an I rect
from p0|nt dto p0|nt e on a plan view is also at an angle 6 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



15 noved by the capillary fromthe first bonding position, Ato the second
bondi ng position, G Point a is slightly horizontally offset fromthe first
stitch bond that was nade at point a so that a center of the second stitch
bond position is offset froma 20 center of the first stitch bond position.
During the various notions, the wire clamp is open 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 stit cHoBBiRAE gnaddiionabistiel] Bercheontiguphe with tag fist ppg/Rr pesrnd 4Gy
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lifted away frompoi'nt f after formng the second stitch bond. The wire

clanp is cl olenificandyimeroxpde i s severed fromthe second stitch bond. The
capillary is now ready to nake another electrical connection, and the next
bondi ng cycle can begin. 30 The di stance between the first stitch bond and
t he second stirigatesbéando chh illustratedyaritusdvibws t dfea sarfubleastéctt oviter bbhd P t he
capill ary, buft o r.ef rgg‘l?e t.hat second ,stitch bon@spverl s the
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the wre bondigueea, shagwitddohdol1 G tis iedated @nds satshd bendingnesitionn pad. The
process can be continued such by -7 formng an addjtional stitch bond
Bont | guoue wi RIS g SXnigToR o TtbEITRE RoSBoRE tis SPetngciih ¢ pl e
stitch bonds, pdsiRnStAtithd eRd ok tHeobSHARRCRIre aR, & eirst Sti@Ritdon@amdtihthe Bgpgaved. 5
Figures 4a to 4d illustrate various views of a double-stitch wire bond 10

formed acthr o?frR) ciescenebesidss berkandingWie nienic the ewectioepad.o SR ring to

figure 4a, thgiiwh bend96'% APmkd onA6F 0P theirsBsEN BBAd RANHISErPAR! lldsUh A
bonding wire 12 extends froma first bonding position to this second bondi ng

posi tion. At emevesaps de first stiehdiong i whilealsoDeing it pastialt eamtassdirectly i n t he

shape 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 6, 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



10 of a crescent bonds the bonding wire 12 to the connection pad. A second
stitch bond 16 is fornmed on top of the first stitch bond 14 and partially
lies on or overlaps the first stitch bond 14 while al so being in parti al
contact directly wth the connection pad. 15 Also illustrated in figure 4a
is an angle 9 representing approxi mtely-ghe angle by which the capillary
is noved relative to the line of notion between the first and second
bondi ng positions during the reverse nption undertaken after formng the
first stitch BN EbenerriiAEntbatveen Jistheng subseavents stieh onds. itriser ef or e,
the angl es of epitivEeNtedlsl A8 Phanyden€ sRESEBhd TieRtfiohi dfsd mithtidi&biitlteRrel4 20 and
second stitch bond 16 are offSet fromeach other by angle 9, which has the
at t endant adveAndaayekacsuire @priopravgd stitchawligelerancel erance and minimzing risk
of snake wire creation as nentioned above. Accordingly, the second stitch
bond 16 is also oriented in a different direction relative to the I ength of
wi re 12 cdnnethesidverdionttdesoibed Heoeid is Susceptitié tpuvarsatidbs, troodiiicatiohsignd/at e

different viewy of . the W r hown, . i.n . fiqure. 4 nd will
ot be- descr  Bird her Tl S sProfcal el antp 48 pa B ict FRE
preferred enbbdiimantionfnciudes iafl\weioh ivariativels pmoddiatiahsi anavar vaziditions ahict r engt h
and stitch quality as canpared to rmal bgndi.ng using a single stitch bond.
The probl ens %l" Wgﬁlﬁih‘?/\f“?'@ %H&%H%RQ‘%%@%&%SC” g%’b | ess serious as conpar ed
wi th using so-called BBOS and BSOB techniques. Furthernore, the bonding
cycle tinme 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 relatively easy to change the shape and

orientation of a multiple-stitch wire bond and acquire an inproved stitch
pull tol erance.



5 The invention described herein is susceptible to variations, nodifications
and/or additions other than 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: 1. A nmethod of fogmng a wire bond bonding a wire to
a connection pad of an electronic device, conprising the steps of formng a
first stitch bond on the 5 connection pad, and form ng a second stitch bond
on the connecEBdMBad that is contiguous with the first stitch bond. 2. A
method as clainmed in claim1, wherein the second stitch bond partially lies
on the first stitch bond and partially lies on the connection pad. 10 3. A
met hod as cl af.nmed A meghas %fofﬁiﬂg@l\&irmand berdirg a véreplos cormection padof second

stitch bond i an gegﬁgﬁlc%?Qg%aco%q (ﬂofﬁecgtaﬁg]gf ft)frﬁlﬁélaaflgfs%%nclfg&qd on théA‘ met hod

as clainmed in an arrangi ng the
second stig chcdmndtlcmjpaﬂ tdmaltformlngsa maoedtsauthlbond ah theaeroanéctabinrpeet thah
relative to the oF i ent at{hq g ﬁ@hfb'r t stitch bond. 5. A nethod as cl ai ned
in any one of'stcﬁa PreEE E ifst;s OH fuding arranging the second stitch
bond such that it is oriented in a different direction 20 rel ative to a

| ength of wir nnect dtot r.e ond 6., A method as any one
of the precedfng d‘paﬂ‘ od \ @ © "Heij HB Cmé i ¢hergiy %I}eoﬁpaorp;ﬁ?c ab9n and

i ncluding the p&rtigly s dmwé'ﬁgsttshf%h%ﬁwa'nafdérﬂdﬂyﬂes bR IR §@1r1&hd>r9ﬂa&il rect| on
that is dlfferent to a direction that the first stitch bond 25 is oriented

after maklthg the first stitch bond and before making the second bond. 7. A
method as cl agmed A thdthéd Bk RiaihBa!iH AR 11BY R L21GwitéiBinl 4 Bb¥itibM oft the

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

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

20 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
reverse motion direction that is different to a direction that the first stitch bond

25 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
direction that is opposite to the reverse motion direction to a second stitch

30  bonding position to form the second stitch bond.

8. A method as claimed in any one of the preceding claims, including
forming an additional stitch bond on the connection pad that is contiguous

with the first stitch bond and/or second stitch bond.



direction that is opposite to the reverse notion direction to a second
stitch 30 bonding position to formthe second stitch bond. 8. A nethod as
clainmed in any one of the preceding clains, including form ng an additional
stitch bond on the connection pad that is contiguous wth the first stitch
bond and/ or second stitch bond. -10 9. A1Gi-re bond bonding a wire to a
connection pad of an electronic device, conprising a first stitch bond on

t he connection pad and a second stitch bond on the connection pad that is
contiguous with the first stitch bond. 5 10. A wre bond as clained in claim

9, wherein the se@onie Bbhd 66ndIAGS w@alroté eédnechd;rega@aféﬂi\elearém& délicéch bond
and partially lies on the connection . A wre bond as clainmed in

claim9 or cl@MArBNg At slitgh §°B6§Ptth%ﬁ°@?e°c“ﬁ€ pad@nglea 89PNEtStAPBENd i s
of fset from aorpfﬁ%'cbhﬁébtfbh gdaansd is %BntﬂdthbthQHéiflds’rgtltcﬁ‘bWhae bond as cl ai med

in any one of clains o 11, wherein the second stitch bond is oriented in
a differeri dlrectlon relatlve to the orientation of the flrst stltch bond.

15 13. A wire pondg, gﬁrecﬂ)g}{d”r?gcﬁlé}m@aylao(?%erehWhgkéTﬁ tﬁe s%c(r}icf 5 Ve redy the

second stltch jond IS orie Ina ITectron 0 a length
of wire connetialy lies onhbe first stitob bdnd 20d partially lies en bencbraectidrepared i n any
one of clains 9 to 13, including an additional stitch bond on the
connection pad that is contiguous with the first stitch bond and/or second
stitch bond. 1f. Anwiéeohd @siclaitiedirceain®orickimd 0 Maerdin @ positidnastred ai med i n

n f 2 I 14.
any o 15 ¢ sﬁa‘cgrﬁd gtltch bond is offset from a position of the first stitch bond.

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.

15
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.

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

stitch bond and/or second stitch bond.

15.  An electronic device comprising the wire bond as claimed in any of
25 claims 9 to 14.





