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{9004] Now referring to Figs. 1A-1D of U.S. Patent No. 5,945,065, én- exemplary
conventionai ball bonding sequence includes: {1) using electric discharge to form a free
air ball 4 on an end of a wire 2 extending from a capillary banding tool 1; {2) lowering
. the capillary 1, and pressing the ball 4 to an electrode 5 of an IC chip 6, and applying
ultrasonic waves to the ball through the capillary 1 to form a bond between the ball and



- 2 - the electrode 5 (where the I1C chip 5 including
the electrode 5 |Is heated by a heater block); (3)
routing wire 2 (through notion of capillary 1) toward
above outer lead 8, and lowering wire 2 to outer |ead
8; (4) bonding the wire 2 to the outer |ead 8 through
the application of ultrasonic waves; and (5) cutting
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bonding a portion of the wire to the second bonding location to form a second
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{0008] The methods of the present invention may also be embodied as an
apparatus (e.g., as part of the intelligence of a wire bonding machineg), or as
computer program instructions on a computer readable carrier {e.g., a computer

readable carrier used in connection with a wire bonding machine).



- 3 - [0009] According to a second aspect of the
present invention, there is provided a conputer
readabl e carrier including conputer program

i nstructions which cause a conputer to inplenent
method of formng a wre |oop, the nethod conprising
the steps of: (1) formng a first fold of wire; (2)
bonding the first fold of wre to a first bondi ng

| ocation to forma first bond; (3) extending a |ength
of wire, continuous with the first bond, between (a)
the first bond and (b) a second bonding | ocation; and
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form aweegpddioed.t he fol | owi ng fi gures: Fi g.
1A is a side view of portions of a convent i onal
sem conduct or GRYEFCSEIORCHTION I0F TMNETRABANGS ext endi ng
between a sem conductor die and a substrate;
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Fig. 1B i isa top vuew of a conventronai semiconductor device similar to

that shown in Fig. 1A;
Fig. 1Cis a detailed view of a portion of Fig. 1A indqding a wire loop;

Figs. 2A-21 are block diagl;am views illustrating a "m'ethod of forming a

wire loop in accordance with an exemplary embodiment of the present invention;

Figs. 2J-2L are block diagram views illustrating alternative steps for a
portion of the method of forming a wire loop in Figs. 2A-21, in accordance with another

exemplary embodiment of the present invention;

Figs. 3A-3] are block dlagram views illustrating 2 method of forming a
wire loop in accordance with another exemplary embodiment of the present invention;

Figs. 4A-4] are block diagram views illustrating 2 method of forming a
wire loop in accordance with yet another exemplary embodiment of the present

" invention;

Fig. 5 is a side view of a wire loop in accordance with an exemplary

embodiment of the present invention;



Figs. 3A-33 are block diagramviews illustrating a
met hod of formng a wire loop in accordance with

anot her exenpl ary enbodi nent of the present
i nventi on; -‘Figs. 4A-43 are bl ock

ﬁb%@ﬁ%ggd ews illustrating a nmethod of form,,@gmgzﬂmﬂyﬂgm
| oop 1n accordance with yet another exenpla

enbodi ment of the present invention;
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imembodti nent of the present invention;
Fig. 7Ais a perspective view of a bonding tool in
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ent Jjnven /B is a de | ed view of
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f or med L@Qr’% 'a acistpitethviewvik PodiediohGigt vl ;

Figs. 9A-9B are side and top views, respectively, of
second bried 8Af8Br are didd ahd Gopavi &) dispectiva19) ofi second bonds formed
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Flg 10A is a detailed view of a portion of a bonding tool in accordance
W|th another exemplary embodiment of the present invention;

Fig. 10B is & side view of a second bond formed using the bonding too! of
Fig. 10A; and

Fig. 11 is a flow diagram illustrating a method of forming a wire loop in
accordance with an exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0011] In accordance with certain exemplary embodiments of the present
invention, wire bonding techniques are provided whereby free air ball formation may be
substantially reduced or even omitted. However, the present inverntion does not suffer
from mg direction probiems associated with conventional wedge bbnding. For example,
in certain exemplary embodiments of the present invention, a fold of wire {or multiple
 folds of wire) is used instead of a free air ball at the first bond site. This fold of wire
may be formed at the bonding location, or alternatively, the fold of wire may be formed
at another focation (i.c., a forming location) and the fold of wire may then be brought
to the first bonding lacation for bonding. These and other aspects of the various
'exempiary _embodiments of the present invention are described in greater detail below.

[0012] Fig. 1A-1C illusirate semiconductor die 104 mounted on a substrate 102
-~ {e.g., leadframe 102). Wire bonds 106 provide. electrical interconnaction between (1)



Fig. 10A; and Fig. 11 is a flow diagram
IllTustrating a nethod of formng a wire loop in
accordance with an exenpl ary enbodi ment of the
present invention. DETAILED DESCRI PTI ON OF THE
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a first bonding location. In the exanple illustrated,
the first bonding location is die pad 250a of

sem conductor die 250. In Fig. Zr, fold of wire 210
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- 7 - damagi ng sensitive regions of the sem conductor
die. Further, in an effort to overcone directional
issues in formng the wire | oops, additional folds of
wire may be added to the "ball." Further still, the

| fold(s) may assist in reducing t
‘gg?g%}tol%g for undesirable wire rotation. pg'romsmusmazs?s
addi ti onal reasons are contenplated. [0018] Thus, in
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t on artion of_wr 06,
tovghd, o B Bl ok 0870 (i 360, i e QL3S Tad seross
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[.ocat.j ustrate second

st- SR 08 o § 8T bt Foe 45 IR eensisn hothieen S56 sC banding
- locaggn{i.e. | die Fady35@1 Anca sewor dobiingllogatiog . (in the skartinih illbsnatd,

secdrd BC{JQH |ﬁ§ﬂ9c91rbrﬁ9 QhHREr IES@%O’%@?&adﬁMe '3@8)':'19 Figp 31 dzf Hond

n.severed such that re 304 en
ot 5 AU RBERAN 7  T0 o™ SO0 EG e Joian it n g 1L 16 DS
bee severad anch chat oop 384 8ngasd sﬂnownﬁlannbdﬁdmg 83,300y &phm&m
fron?%f% r%ﬁf@ﬁﬁ& \plﬁ‘é WesB14li &s Q%Qen%ﬁ@% §11 e%&b ?ﬁl éﬁen\é%

bet R n%w ges first bond
' “éei?a éee%aé‘ BGAA 954 #60F-0 YA parghis "asév%s ﬁrﬁtlbesﬂi %%féefsﬂéh of
wiredi16t tist seepehipirar3i6enbodi nent of the. present

invention. As opposed to formng the "ball" including

| '[002@}9 f ol {l§ss haofs iiMsfrﬁte%t anétﬁéaéxbﬁ‘ﬁlary enﬁbodlm@:&%ftﬂéeé‘resent

|n the ’f | gcati on
e D5 anpBecd 6 g etk Tadfiing Br il o e s s
is simlar to the exanple shown in Figs. 3A-31 in
that the "ball" is fornmed on the first bonding
| ocation at the tine of formng the wire | oop.
- However, Figs. 4A-43 differ fromFigs. 3A-3), for
exanpl e, because in Figs. 4A-4J the "ball" is forned
on a bonding | ocation of a substrate (e.g., a |lead of



|.owered toward, and |laid across, |ead 460a in Figs.
46-4D. After wire tail 404a is laid across | ead 460a,
it is called first portion of wire 406 (anal ogous to
first portion of wire 206 in Fig. 28). In Fig. 4E,
tion of wire 408 is laid across fi i

portion of wire 406. First portion of wire X&E{US%/&OW?B%
second portion of wire 408 laid across, is referred

to as fold of wire 410. In Figs. 4F-4G fold of wire
410 is bonded to | ead 460a8to create first bond 412
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B8 R RO A TR, Bt s e
Sepé'ab%dtfm %oy fermgd wire togp #ilB.s s Basmn i2 £ 61, wikerleor 4idp
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one ano ormn
secanpdhonddle RBY Pp directhyobrndeh todi“% PR 505 Bitheytdntetvenisg cond

conthefide bmp @20l 560a, this is an exanple, and of course,
the order could be reversed such that first bond 512

[Dﬁ‘é@f f or ﬂEdS Qn Jkad Ie 5vg gpﬁnr%%ﬁ‘i@%%e? %Rzgcégr]dgp‘%’t\e’a wqr} %r}oéher

on. d|e
exerﬁﬂ'&%%? t*\ed?f@ealé v eriog- \iﬁw warjoys ptepA Usrricteferamyise
loopi1Bhare edt samn l‘res:peeixial:'r;pl Hie)crieiod) @sHchmg bf A1f. § RenfARSBSp
i-nvention. In fact, the process of formng the wire
|l oop in Figs. 6A- 63 is very simlar to the process
shown Figs. 2A-21. That is, both processes (i.e., the
process shown in Flgs. 2A-2] and the process shown in
Figs. 6A-6)) illustrate formng a "ball" including a
fold(s) of wire on a first surface, and then noving
the fornmed "ball" to-a first bonding |ocation. Figs.




- 10 - and a second bonding location (in the exanple

illustrated, second bonding location is | ead 660a of .

| eadf rane 660). In Fig. 63, a second bond (e.g., a

stitch bond) is fornmed on | ead 660a, and subsequently
W) the wire will be severed such t |

(gg%‘wgngbgged in capillary bonding tool 600 Wpﬁm%ﬂgﬁﬁoszsvs

separated fromw re | oop 618. As shown in Fig. 63,

wire | oop 618 extends between die pad 650a and | ead

660a. Wre |oop 618 includeés first bond 612, |ength
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sl o o B Bl JaHPFOHER bR Feinpst B g isate orming
the a1t Rdyrening beationdhatie different romeahasqabmed bonding location of the
pre@RREIP FordNBd GArY Ic%pl Ihd @cg'ﬁﬁ?gsioca[tigg %@y@e ahp _59% tp'aﬂ d)f the

orLi N, 700a j.s also s ter ra |us

e b o A altp it SBS0) TNt HHERe Bie frpIams o whp sed
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I
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Wire Eifi 6942 Frthem g)wgragﬂ Piverde atd laal arrgsscloanihe loesonsdape FigeX 68 -
6D. CAYErSire thin 6045 ik Wid 5&%&%%9& %c%onoéﬁbeft iq &ﬁéc“ﬁrsz BOGion of

ure.

are
wird Ot (oS cyf 3 hiaP pd i B rS 550 By 26 i k. sespa pater
of wirg§08 dmiaidiagrves fisst periion ofivize 506 {dnyrdasited\feres hagyes cidigt may
be éikb@ed%fsfa&frégémh@ Sttio 808 &)Sﬁlgybtﬁ{!zn §(§/&§ %p%%n%f%re 606,

) \mtrl 0025 Flr%)éﬁ wirs 50 jrle Srl'o and dp i I
&5 Qf Witg{o 0B Jig RGO tiefts ftBPﬁ@éF?fs"l’F‘Pgﬁlé’ In Fig.
6F, folshafovitsi 6dBas rdirpd dibnge fooning Idaati@DE40; a6 in Fifs. §%- 6!@,/%@%f wire
6103 iﬁoﬁédq:gw%%nh%n%éoﬁt‘gﬁme 5@%%#6%&41%@&&0? ﬁ%%%g tf ?rrz]aate

: using
' "rst?-"’a%sg’s%'e%e B hg- f- gl WQ%?%’B“ with o aoRRis $howw in Rigs. 61-61 a
: Iengtfofpfgme &1Hdn estecarucbaboeh O Brst dasking loyHtde §i.4. Olie Pad 650a)
stronger second bond. Face end portion 700b, having a
face angle of substantially zero degrees, allows for
nore of the wire to becone bonded which reduces the
potential for a short-tail errors, non-stick errors,
and/ or ot her bonding problens. 100263Fig. 10A is a
perspective view of tip end portion 1000a of a

bondi ng tool in accordance wth another exenplary



[0027]Fig. 11 is a flow diagramin accordance with
certain exenplary enbodi nents of the present
invention. As is understood by those skilled in the
art, certain steps included in the flow di agram may

, | ; certain additional steps may be s
‘gﬁﬂ;ﬁ%égn?der of the steps nay be altered f}"%ﬁ}gﬁ%s’“m"’s
order illustrated. [0028]Fig. 11 is a flow diagram

illustrating a method of forming a wire loop in
-accordance with an exen‘pl -a¥3- enbodi nent of the

arf&rae%ﬁgﬁd lﬁéﬂxﬁﬁgtldcgpon the etexﬁmpigoﬁqft%fefd%q%tg :{rgl %B‘@ ocif €,
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sha, COFRrspr e MyisBarep Bliap s ouisn reds G- s il 720 or
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tlons (or for other portions of t oopI ng
Contﬁﬁpg% [ 0030] The present invention nay aI so result

in addltl onal benefits such as, for exanple, reduced
[00BS] ght 9s. WATEB dreside and sehudews, redpettivell, wi secorddmpe 800

fornfeh&%!nbb&:oh%?ﬁoﬁd’l %Bﬁiimg £Hol. eﬁ%ﬂﬁﬁ'&aﬁgg '9[2(5963%‘%‘3%nd top
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[ 0031] Various of the draw ngs include arrows which

Illustrate exenplary notion of a bonding tool. For

exanple, Fig. 2A includes an arrow pointing downward

si gni fyi ng downwar d novenent of bonding tool 200;

‘EB\QW@J s i s understood that these arrows 'ﬁ’ 032378
e‘%r as a guide only and are exenpl ary P/HS2pog?

Addi tional or different notions nay be provided in

the formation of wire | oops according to the present
invention as is known to-ttose skilled in the art.
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to secur

red B8 R 03 P o <Gp e+ o8, Poat P bangig

P"CfchfWﬁa fold of wire by securing a first portion of a
wire to a second portion of a wre, etc. [0032]In
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to specific enbodi nents, the invention is not
intended to be limted to the details shown. Rather,

various nodifications may be made in the details
within the scope and range of equivalents of the

‘%Qg{mg}%%%})d wi t hout departing fromthe i nV€ni>bP/85:003:0;2378

is Clained: 1.A nethod of formng a

| oop, the method conprising the steps of:
(1) forming a first fold of wre; _ (2
bonding the first fold of Mite to a first bonding

Ofl CB§|%£ dpQﬁ]ertvgri%t% g taﬁe éoP{empiag:(e)g ?’ﬁtfﬂh EJjOOl}S t% rﬁt fPWeo%]aqlrleﬁ
bogaddo the %@wcﬁm)!ocmen 4 fosm afissichonmaht(sbap HOSea bngth of wire

s aathied gednbf@dul @ifth tﬁ@drst bond betweet:j (a) th& ﬂt)st B&ﬂ:dé r{&l@lb?a second
f con oca
bo olr:lﬁm\ogghsognc é\tt gﬁeg\%lgg a po |on ofS t%e wire |§bon$ ﬁ;gcaa.ngfbongng
location o fermypseeepd berdp (1) includes fornming the first
fold of wire at the first bonding |ocation.
[0829The rtubodcwliing lta i viErivdes@iplast epbddmentd sl tHe Pfsent

inveRilidH, ?&h;\iaﬁesfi’iatlébeeh disclosed for forming wire loops by providing a “ball”
including at least one fold of wire in lieu of forming a free air ball. Thus, in certain R
applications, the EFO assembly used to form free air balls may be omittad from a wire
bonding machi.ne, thereby saving costs and the compiexities inherent in free air ball
formation and use (e.g., a heat affected zone in the wire potentially resulting In
undesirabie wire leaning, Wi're necking, wire breaks, wire sag, wire sway, etc). Of

‘ course, it is not necessary that the EFO assembly be omitted, as the presant invention
may be used in connection with a machine that uses free air bails for certain
applications (or for portions of a Jooping process) and then uses the inventive
techniques for other applications (or for other portions of the looping process).

10030} The present invention may also result in additional benefits such as, for
example, reduced height of wire loops, reduced pitch of wire loops, flexible loop shape,
increased mean time between assists on a wire bonding machine, etc.

[oD31] Various of the drawings include arrows which Illustrate exemplary motion
of @ bonding tool. For example, Fig. 2A includes an arrow pointing downward signifying
downward movement of bonding téol 200; however, it is understood that these arrows
are provided as a guide only and are exemplary in nature. Additional or different
motions may be provided in the formation of wire loops according to the present
ir_wention as is known to those skilled in the art. Further, as is known to those ékl!led in
the art, force and energy (e.g., ultrasonic energy, thermasonic energy,
thefmocémpressive energy, eic.) may be provided during the looping process as is
desired, for example, to secure (temporarily or permanently) a portion of a wire to a
location, to form a fold of wire by securing a first portion of a wire to a second portion

of a wire, etc.

[0032] In certain of the figures, only a tip end portion of a bonding tool and a
short length of wire is shown. For example, Fig. 2A Illustrates only a tip end portion of
'bonding tool 200, and a short Iéngth of wire 204, As will be apprediated by those
skilled in the art, the wire (e.g., wire 204 shown in Fig. 2A) extends upward through



fold of wire at a forming |ocation, the forning
| ocation being different fromthe first bondi ng
| ocati on. 4. The method of claim3

further conprising the step of noving the forned

‘E,g;zg‘{gﬁge@#od of wire from (1) the form ng Ioc%it@?z.oﬂg,&#,s

irst bonding location prior to step
5. The nethod of claiml further conprising the step
of formng at | east one additional fold of wire on
the first fold of wire. -13- 6. The net hod
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formng at feast one fold of wire at the second
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‘nmethod of claim1l wherein ste 2) includes

F“%%‘ﬁdi ng%ﬁé"“ﬁbf’e%"%camawwf#%e b5k Sen i o ng
impleyeentrd i a turhir iof albernétiveshedionsl, Farkearfiple sthe heandiqogs can be
instaliedibih OA eRSINRGoMPORASIGEM B L Qfnale @ &H%Eér@,&&em used
in connection with, or integrated with, a wire bonding machine). Further, the
technigues may dperate from a computer readable carrier (e.qg., solid state rﬁemory,
optical disc, magnetic disc, radio frequency carrier medium, audio frequehcy carrier
medium, etc.) that includes computer instructions (e.g., computer program
instructions) related to the wire bonding techniques.

[0035] Although the invention is illustrated and described herein with reference
to specific embodiments, the invehtion 15 not intended to be limited to the details .
shown. Rather, various modifications may be made in the details within the scope and
range of equivalents of the claims and without depatting from the invention.



10. The method of claim9 wherein the conductive
region of the substrate is a lead of a | eadfrane.

11. The method of claim9 wherein step (4) includes
bondi ng the portion of the wire to the second bondi ng
| ocation to forma second bond, the second bondi ng
MR 201¢9098Bei ng a die pad of a sem conduct or R§TAIS2008/652378
12. The method of claim 11 further conprising a step

of form ng a conductive bunp, separate fromthe wire

| oop, on the die pad of thggsem conductor die prior

to step (4) such that step (4) includes bonding the
Wit isidaimed: the wire to the conductive bunp fornmed on
the die pad to formthe second bond.

13. The net hod rdéthéed & fbinding\l Gfreildbpf the Vit doBPRsih§ the steps
of-0rmed using a bonding tool, the bonding t oo

defining an aperture along a Iength of the bonding

tool configured to receive a length of wire, the
aperture! %g forminga g feld oB™l@ir king tip of the bonding
tool, wherein a fate of the working tip defines at

| east oné2)demimgdhofirst folt afiwire to a first bonding location 1d fors a first
béHaFpUt er readabl e carrier including conputer program

i nstructions which cause a conputer to inplenent -
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the ste
(aéth,ﬁmtebond and (b) a second br{!@)ngﬁmapmganﬂhe first fold of

wire to a first bonding location to forma first

bond; (4) bonding a portioh3¥ tiextiendi thg seoh®Bglihg0bcatibs & form
. a SROMd fgaQuUs With the first bond, between (a) the first
bond and (b) a second bondi ng Iocatlon and

2. The method of claim 1 wherein step (1) includes forming the first
fold of wire at the first bonding location.

3. The method of cia|m 1 wherein step (1) includes forming the first
fold of wire at a farming location, the formmg location being dlfferent from the first

_bonding location.

4, The method of claim 3 further comprising the step of moving the
formed first fold of wire from (1) the forming location, to (2) the first bonding location
‘prior to step (2). .

5. The method-of claim 1 further comprising the step of forming at

~ least one ad‘d‘itional fold of wire on the first fold of wire.

6. The method of claim 5 wherein the step of forming at least one
additional fold of wire on the first fold of wire is accomplished prior to step (2), and -
wherein step (2) includes bonding the first fold of wire, and the at least one additional -
fold of wire, to the first bonding location to form the first bond.

7. The method of claim 1 wherein step (4} includes forming at least 7
one fold of wire at the second bonding location, and then bonding the at least one fold
of wire to the second bonding location to form the second bond.



(4) bonding a portion of the wire to the second
bondi ng |l ocation to forma second bond.
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_ 8. The method of claim 1 wherein step (2) includes bonding the Tirst
fold of wire to the first bonding location to form the first bond; the first bonding location

being a die pad of a semiconductor die.

9. The method of claim 1 wherein step tz) includes bonding the first
fold of wire to the first bonding location to form the first bond, the first bonding focation

being a conductive region of a substrate.

16.  The method of claim 9 wherein the conductive region of the

substrate is a lead of a leadframe.

11.  The method of clalm 9 wherein step (4) includes bonding the
portion of the wire to the second bond:ng location to form a second bond, the second

bonding location being a die pad of a semiconductor die.

12. The method of claim 11 further comprising a step of forming a

" conductive'bump, separate from the wire loop, on the die pad of the semiconductor die

prior to step (4) such that step (4} includes bonding the portion of the wire to the
conductive bump formed on the die pad to form the second bond.

13.  The method of dlaim 1 wherein the wire loop is formed using a

bonding tool, the bonding tool defining an aperture along a length of the bonding tool
configured to receive a length of wire, the aperture termihéting at a working tip of the
bonding tool, wherein a face of the working tip defines at least one depression therein.

i4. A computer readable carrier mctudmg computer program
instructions whu:h cause a computer to smplement method of forming a wire loop, the

method <comprising the steps of:
(1} forming-a first fold of wire;

‘ (2) bonding the first fold of wire to a first bonding location to form a first
bond;
(3) extending a'length of wire, continuous with the first bond, between

(a) the first borid and (b) a second bonding location; and

(4} bonding a portion of the wire to the second bonding location o form

a second bond.




