-1- METHOD AND APPARATUS FOR FORM NG A LOW PRCFI LE

W RE LOOP CROSS- REFERENCE TO RELATED APPLI CATI ONS
[0001] This application clains the benefit of U S
Provi si onal Application Noj- 60/646,950, filed January
25, 2005, the contents of which are incorporated
herein by reference. FIELD OF THE | NVENTI ON [0002]
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[0005] This "crushing” technique may provide relatively low profile wire loops;
however, this technique also suffers from a number of deficiencies. For example,
because the wire is crushed, there are certain points of weakness in the wire, primarily
in the region just downstream of the crushed portion. This weakness may result in
unsatisfactory and inconsistent pull values in a nhumber of applications.
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connection with the acconpanying drawing. It is
[ooogenphasimrdmbiAad .of the present invention may also be embodied as an

- apparatus {e.g., as part of the intelligence of a wire bonding machine), or as computer
program instructions on a computer readable carrier (e.g., a computer readable carrier
used in connection with a wire bonding machine).

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The invention is best understood from the following detailed description
when read in connection with the accompanying drawing. It is emphasized that,

. according to common practice, the various features of the drawing are not to scale. On
the contrary, the dimensions of the various features are arbitrarily expanded or reduced
- for clarity. Included in the drawing are the following figures: |




according to common practice, the various features of
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[0013] The present invention relates to a method and system for producing low-
profile wire loops for use in wire bonding. In certain embodiments of the present
invention, after a wire bond is formed at a first bonding location, a looped portion is
formed in the wire. After the looped portion is formed, a wire bonding tool (e.g., a
capillary tool) used to form the looped portion is lowered towards (or at least in the
general direction of) the site of the wire bond. This downward motion of the wire
bonding.tool is stopped before the tool contacts the wire bond, and as such, potential
weakness in the wire caused by such contact (or crushing of the wire to the wire bond)
is substantially eliminated. Subsequently, a second end of the wire is bonded to a
second bonding location to complete the wire bonding operation.




bondi ng. tool is stopped before the tool contacts the
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Speci fically,
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A, B, C, and D. A second combination of motions is shown in solid and dashed lines
and includes A, Bl, B2, C, DI, and D2. For example, a user of a wire bonding machine
. may select either of these first and second combinations of motions (or other
combinations of motions within the scope of the present invention) while exercising
. loop controt in order to form the desired loop shape.

[0018] Regarding the first combination of motions, the wire bonding tbol is
raised above first wire bond 100 at step A. At step B, the wire bonding tool is moved
along a downward angle away from first wire bond 100. Subsequently, the wire




A, B, C, and D. A second conbination of notions is
shown in solid and dashed lines and includes A BI,
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whil e exercising loop control in order to formthe

bondieg taodds tatxed = fségpeC, §ia0th8h the gérediongingteolfik sdved along another
dowfSEATY Sk, Sibsint) \alRas WBR WMol fonde U b6 Bl Adyeg, Dethe

ral se
motipih gilagigrtae islowavary erae i4 btanwpted padronghe mdrovwmm taoigl e

contéwﬁy ffréto'mnfe itbad 10b! SFoRGRH %g) D; egé%ﬂﬁ'ee'ﬂ o the @/ﬁ“%v\é béhded to

bond |n tool iIs ralse and then
a SeWr\deb%‘(S’H‘& gtiogonot shawsy ecFigl bng anot her  downwar d
angl e substantially towards first wire bond 100 at
[0018}t ep D. RApardihgphdseddne cofibdiriabon aimeﬁéwetdeA@@rmmg tool is

d h di
osa 0L, ek P Bkt Bl R T co -
moverh laggrelle adap frotmhBirsthvire homd bidAdent tostep E’szahewdrebbmuﬂmggool is
lowete@C %ulﬁ@q&&ﬁlﬂ/ %0\)09?9 PBnE h? toojr)is f s%gjag?]ste%e@agﬂ 9{} t\ﬂfe

second nbi hat 1 on bon
b°”di'r!9 toa'ga.!ﬁtefa&yga%veguewds. 3 aesmnr abayeficst peice hend fepalastep DI,

and #tstep @?Oﬁb wﬁ‘eg ?owmge td¥P WloR@rddO Ofhel cﬁ)twng{&g@ %dt@h edtﬁhb Bétep D2
s i 7P bp HRLt e ook smtvafiin ey Wire hon 108 Foloving

step P@ndisagpridomid éfshe aireds bahdesit @fteCextéhsitn ohthewivir€) to a second
bondh@Ng} t t |y moved towards a position
on gng"n?m (ﬂBﬂ shichud ﬁ%’a*l) and at step D2,

ove first wre 00 at step DI,
the wire bonding tooI i s | owered. The downward notion
[002Q4,r i ng ‘<t ppthe; "goliane dilysiypteddinprio.of may hehvarigi rwhile still being

- withih @ndiddpetople pRBEMCRIdMON.I IFr e¥ArhS) eb%ﬂoﬂ-% mE;?'ble FebAed

a _seco
entirel, (et P B (f Pty é@eafwoﬂsanwygfr Belist e bone
- 100) Shflgtlovsﬁnbhm matiofri @. Ydt)anotta® 20krn@kvd aiodidobe t'dflﬂadliﬂgt gﬁﬁ@*n B
r E e el
(ot P b dPHoRINE Sl B S S
an Upé‘é@ @'e vty i feamn first rvdse b@dné@at ed entirely, such that
rmtl on Bl (a substantially lateral notion away from

[0021f i r st \Nuﬁﬁelb@mbr cb%)nahé}ns’ of hewets Mystidd Cm F% 1\%%

contofpRERE R LSRR [ B 05, B 0, A Bl By a2 anc
(3) Abnel m_ocandvm hFartlmsrtsuun nkiom@ (aubsanedll PGt rAvRy) may be
epla 9  fchin e RS Hnlt A g g bons 100

- Such agpatiopptoaidepreceds aryxefnpbtmn B.1BI, motC ()nnsanAamtBid;m@t wimngte there
is no Potl&r?l:oﬁesp%hdmgto% or §I‘j‘.d %s, f'{mgclear that the present invention is
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[0022] In operation, the present invention may be embodied in software of a
wire bonding machine. Certain parameters used in connection with the present
invention may be set in the software such as distances and directions traveled by a wire
bonding tool (e.g., a capillary tool). Fig. 1 illustrates a number of parameters. "Kink

- Height" relates to the vertical distance traveled during step A. "Reverse Motion" relates
: to the distance and direction traveled during step B (or steps Bl and B2). "Rmot

- Angle" relates to the angle between the reverse motion direction and the vertical plane.




(3) A, B, C D, and D2. Further still, notion A (a
substantially vertical notion) may be replaced by a
~notion extending al ong an upward angle away from first
wire bond 100. Such-a notion could precede any of
notion B, BlI, or C (in an enbodi nent where there is
no notion corresponding to B or BlI). Thus, it is clear
that the present invention is not limted to the
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202a, looped portion 202b, wire kink 202¢, and second end 202d.

[0024] Fig. 3 is an illustration of a wire bond 304 formed in a manner similar to
‘wire 202 illustrated in Fig. 2H. More specifically, wire bond 304 extends between a first
bonding location (i.e., die 300} and a second bonding location (i.e., leadframe 302).
Wire bond 304 includes wire bump 304a (bonded to die 300}, looped portion 304b, wire
kink 304c¢, straight portion 304d, wire kink 304e, and second end 304f (bonded to
leadframe 302). Wire bond 304 (illustrated in Fig. 3) is different from wire 202




direction (i.e., the "Kink Height" notion) as
illustrated in Fig. 2B. Wre bonding tool 200 then
noves laterally away fromthe first bonding | ocation
at Fig. 2C (the "Reverse _Wation"), with an Rmot angle
of approximately 90 degrees (simlar to direction
illustrated in connection with step Bl in Fig. 1). In
Fig. 2D, wire bonding tool 200 is raised vertically
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shaped as desired. [0025] Figs. 4A-4J are bl ock
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locatioq @RS inSKg 430 wirB on@ingédl 400 is raised, and wire 402 is shown cut and
separated from wire bonding tool 400. As shown in Figs. 4l-4J, wire 402 extending
between a first and second bonding location includes wire bump 402a, looped portion -

402b, and second end 402¢.

[0028] Fig. 5 is an illustration of a portion of a wire 500 formed in a manner
similar to that illustrated and described above with respect to Figs. 4A-4J). The
illustrated portion . of wire 500 includes wire bump 500a, looped portion 500b, and




notion illustrated in Fig. 2C. At Fig. 4D, wre

bondi ng tool 400 is |lowered generally towards wire
bunp 402a. The notion carried out in Fig. 4C has an
Rmot angle of , approxi majely 90 degrees. The notions
carried out in Figs. 4C and 4D may be carried . out
by a single notion in a direction along a dowward
angle (e.g., an Rmot angle in excess of 90 degrees),
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the present invention may be




i npl enented in a nunber of alternative mediuns. For
exanpl e, the techniques can be installed on an
exi sting conmputer systenm server as software (a
conputer systemused in _cpnnection with, or
integrated with, a wire bonding machine). Further, the
techni ques nay operate from a conputer readabl e
carrier (e.g., solid state nenory, optical disc,
Whatisdeleitried: di sc, radio frequency carrier nmedium audio
frequency carrier nedium etc.) that includes

conmput ef insg Héﬁfd drilirdy a wir8'BR enern ﬁ@grb%milng location and a

i nstructions) tothe wre I ng technrques.
Secowbégmmgrw@am @%m@m%c@@ﬁmﬁm%ﬁ@@%ﬁ%@{ osed herein

provide an additional benefit in that the portion of

wire absyinghefisi ead obamireya fret sbndificefochtiem using a wire
b or@eﬁ ofndl ng, ort|§ %f conventional wi re bonds, at
ongng,'op %aP'E“i"éf‘i r%} WEL28% of the reduced profile or

hei ght. Such stiffening may desirably result in a

decr eaderniing \ai logpedspeetign i 0@34ire Alljatantdive firsd wirey bond: on

is illustrated and described herein with reference to
speci f 'ISwSr"ﬂboﬂb Wﬁfét Eon&lrl?g?tdo‘i‘\’r?é‘ﬁlr&ﬁfoh SoR&ds] !ﬁb%ﬁaﬂiré Bond
be limted to t det ai | ther, vario

after {hgy farming $tehsihﬁd9w%9nﬁe@ biewgt 'ﬂf@rra%tﬁau prior tptihg w'rﬁr{@ndmg

too! Gohenging sk filsBAge bahdeghd val ents of the clains and
wi t hout departing fromthe invention. -9- Wat is

d aine A IE h f 4 I rst
bondi n%qnéhgt eﬁg Oogn(g eco'ﬁgg%%ﬁ Llf%’ ﬁgﬁﬁm

met hod conprising the steps of: bond| ng a f| rst end of
a wire2o aThemeethodefickalm I1owharein ihe stepgfdovpiing includes

loweWﬂie%ré B&1dingPtobP fnn%é ditetfidn Wwafd) Ml to hidd SOt first wire
| coped portion in the wire adjacent the first wire

bondbond | owering the wire bonding tool in a direction
towards the first wire bond after the forni ng step,
t he | ovéer i nghs tregthdik iof giainm tiewhengih elae piepaf formibdn énakices:
bonding tool contacting the first wre bond; and

bondi n%i@tn%?ﬁé?_me%dﬁlg tB?IeC IvEGnd ﬁr\?ﬁmﬁ‘é%ﬁiﬁi bondi ng

Iocat| on he net ho alm1 erein the step of
owering includes |owering the wire bonding tool in
'atef@{"lﬁé“%\f"ﬂ%glel WiFe benging dool @M{aytf@"hﬂﬁ firat wire RORE. £ i r st
wire bond. 3. The nethod of claiml wherein the step
of f or newdinigricé wiesbonding tool,

raising the wire bonding tool, and

'Eatérally moving the wire bonding tool towards a position above the first wire bond.
4. The method of claim 1 wherein the step of forming includes:
raising the wire bonding tool above the first wire bond,

laterally moving the wire bonding tool away from the first wire bond,
raising the wire bonding tool, and

laterally moving the wire bonding tool towards a position above the first wire bond .

5.  The method of claim 1 wherein the step of forming includes:




rai sing the wire bonding tool above the first wire
bond, laterally noving the wire bonding tool away from
the first wire bond, |lowering the wire bonding tool,
rai sing the wire bonding Egglﬁ, and | aterally noving
the wire bonding tool towards a position above the
first wwre bond. 4. The nmethod of claim1l wherein the
step of formng includes: raising the wire bonding

t ool abesging i Wiré %bn(!lﬁg? o1 Qibdve bt MEediry bBRYI Ng the
wi re bondi ng t ool avvay romthe first wire bond

t i.ng t 00 tera movi ng

aterpfly, Wiy B8 atfen e P nuralon Badrd B tbe t he

first wwre bond . 5. The nethod of claim1l wherein

t he st epaigifg fherwirerdondiog detdsand 10- raising the wire
bondi ng tool above the first wire bond, laterally

movmvmagwﬁehsoﬁmr{gemaom@g doflyaR@alt kS dd Adsfih AoUE the

d raising the w ngt , and rmoving the

first \)Of'rreeb%ndl ng tool along a downward angl e towards a
position above the first wire bond. 6. The nethod of

cl ai m lewher Hienmethed sdfemimf 1 vbemsinntei step cidlemhing riatiadeg
the wire bonding tool above the first wire bond,

novi ng 0 I 0 angle

o, B SREOLRL LGP Bl B NS, o

bonding tool, and laterally noving the wire bonding
movipg dhe wigehonding terlsilarigom dawbward: angle pway frainr e isstawire bond,

The method of claim| wherein the step of formng

i ncl udefa;smgrtabsw@;gb@rtm@vtdoe epﬂndl ng tool above the
first wire bond, novi ng the wire bonding tool along a

the first.wr raisj
ter R BT e S TR oA A BB 5
t ool al ong anot her dovvnvvard angl e towards a position
above fhe flihesmetipd ©f slgird.1 @hergindhenstepoef fomiog dngtudes:
wherein the step of formng includes: noving the wire

bondi norafsfig tha WRObSHAIEPWRI HbVaGhE firsairel haHa, t he first
wire bond, and laterally noving the wire bonding tool

mowﬁé’ i %ﬁe BoRS ﬁg ttoo? alo%goél \Rntn]v?arfdl gnsg‘e g&vgyefromrme first wire bond,

raising the wire bonding tool, and

moving the wire bonding tool along another downward angle towards a position above
the first wire bond.

8. The method of claim 1 wherein the step of forming includes:
moving the wire bonding tool along an upward angle away from the first wire bond, and
laterally moving the wire bonding tool towards a position above the first wire bond.

9. The method of claim 1 wherein the step of forming includes: -
moving the wire bonding tool along an upward angle away from the first wire bond, and

moving the wire bonding tool along another upward angle towards a position above the
first wire bond.




9. The method of claim| wherein the step of formng

i ncludes: noving the wire bonding tool along an

upward angle away fromthe first wire bond, and

nmovi ng the wire bonding top]_al ong anot her upward

angl e towards a position above the first wire bond. -

11 10. A nethod of bonding a wire between a first

bondi ng | ocation and a second bonding | ocation, the

met hod t@npr Asnetod biebmda‘ngsa ofre Hmtbmﬁmg fiest fionding dovdtiod and a

secoﬁd Wbﬁcﬁné q’()(%tl&'\ rtﬁ%or A | ) sr%ﬁ%t g;?]gdgg awre

bondi ng” t ool formng a

| ooped rtlonlnthe Wre adjacent the first wire

bond, t bGP firshent ¢f Aivite torr fingtibRRding docation using awiree
on dmbhg)ﬁ)ﬂmaﬁ\bpw&etﬂaﬂdfl rst wwre bond, noving the

wire bonding tool away fromthe first vvire bond,

ot e " aPRBERE PR B8 g s

of forgtirg ingduding:i nt errupted prior to the wire bonding t ool
contacting the first wre bond; and bonding a second

end of the Wafshd e ayi feesmdgfaeﬂamet & tdt Wire Bdnd, The

met hod of cIa|m10 erein estepo noving the wire
bondi ng tool away fromthe first wire bond includes
movi ng t he WPPENGBISd1vi bPRYRa dabsyay drogs st Wit hoad.
away fromthe first wire bond. 12. The nethod of claim
10 wherein traBingttee wie bondinggoblhans re  bondi ng t ool
away fromthe first wire bond includes [aterally

gg\rﬁ Id ng 1; h e_l_\r’]}‘g&ﬁngf ﬁ'@ geg bo{né?ﬁ#nto%mgrﬁg e {'}Et WIIJF%OHW &

nmovi ng t he WNedng plerdieing mt@muptegmam@rstqth% mrer%qndmgrteol

bond i ncl udesntERihd thel fist Wirs BoR@NGHNY tool al ong a
- downward angle towards the first wire bond. 14. The

t hod | 10, wh the st f th
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| aterally nmoving the wire bonding tool towards the '
first vilre Gébadnethad ofclaionptwdereaire duastep of aravirer the wire

bondxh@%dﬂ%ﬁ? AN filst Rir@BAB includes moving the wire bonding tool along

a downward angle away from the first wire bond.

12.  The method of claim 10 wherein the step of moving the wire
bonding tool away from the first wire bond includes laterally moving the wire bonding
tool away from the first wire bond.

13.  The method of claim 10 wherein the step of moving the wire
bonding tool towards the first wire bond includes moving the wire bonding tool along a
~downward angle towards the first wire bond.

: 14.  The method of claim 10 wherein the step of moving the wire
. bonding tool towards the first wire bond includes laterally moving the wire bonding tool
towards the first wire bond.

15. A computer readable carrier including computer program
instructions which cause a computer to implement a method of bonding a wire between

afirst bonding location and a second bonding location, the method comprising the
steps of:




i nstructions which cause a conputer to inplenent a

nmet hod of bonding a wire between a first bonding

| ocati on and a second bondi ng | ocation, the nethod
conprising the steps of:_432- bonding a first end of
awretoa first bonding |ocation using a wire
‘bonding tool to forma first wire bond; formng a

| ooped portion in the wire adjacent the first wire
bond; Ibougding @dirsthendwifraawive haiarfgstt bwidirigniocatidhresitg awire

bondiRYRSo K Bitftwil fnond  after the Torming step.

| owering step rng’interrupted prior to the wire
bond| ng tool contacting the first wire bond; and
bondi ngAMEWc BAPPER PoBoN: Indheivike adiacent deokiral wisadiong:
| ocation. 16. A conputer readable carrier including
corrput elowsriag rtla@wmrtsinﬂmgttb@mm abiitehlors 2¥ERd S tHROMMBUWEE bond

ater (O arany DA Sipabdne B imanrlp Pocufs banding

tool Fﬁ@a@mhthd ﬁrstmplre bomdy dride  steps of. bonding a first
end of a wire to a first bonding |ocation using a wre

bondi Ngpbfg hReldBra Jf'tﬁéhd‘éﬂatr?gan%&tﬁﬁd b ﬁ’ch Ridafon.

Iooped portlonlnthe wre a Wre

bond, st of formn |nc_Iud|n ra|S|ngthe wre

bondi ng’ ? 00l w&ter ﬁ%a#qb%@awrr @cwaﬁa , COMAAT RIOQTREN
instragtioas ek mjsb@cﬂonmw ffor |ﬁ1’[.i§leln|i§htfd F&thodl df ®oR@iNg .a wire between

a e oG it ehila RSt Bobdtha tocfien, B b Eombisiren o

Step%thep being interrupted prior to the wire bonding tool
contacting the first wire bond; and bonding a second

end of b&RIINY 5 Brst @nd O‘F%QIQFédthQﬂ%it M3nkiRG 86da88n using a wire

bonding tool to form a first wire bond;

forming a looped portion in the wire adjacent the f rst wire bond, the step
of forming including:

raising the wire bonding tool above the first wire bond,
moving the wire bonding tool away from the first wire bond,
raising the wire bonding tool, and

moving the wire bonding tool towards the first wire bond, the
moving step being interrupted prior to the wire bonding tool
contacting the first wire bond; and

bonding a second end of the wire to a second bonding location.




