W RE PAYOUT MEASUREMENT AND CALI BRATI ON TECHNI QUES
FOR A W RE BONDI NG MACHI NE CROSS- REFERENCE TO RELATED
APPLI CATI ONS [ 0001] This application clainms the

benefit of U S. Provisional Application No.

61/ 037,133, filed March 17, 2008, the contents of are
i ncorporated herein by reference. FIELD OF THE ‘

| NVENTI ON [ 0002] The present invention relates to
WPRUHBHA ng machi nes, and nmore parti cul FFF¥12¢
techni ques of measuring and calibrating wre payout
on W re bondi ng nmachi nes. BACKGROUND OF THE | NVENTI ON
(00133]In the manufacture and processing of various

01S¥}en usegﬁ-(ME"’&?gm{E&gﬁ‘T Amf CELRARE WT%%Q% GESSF&{ & wire

rconnectl
conmponents in the de\?ﬂoéigé ﬂ"ﬁ‘g Wﬁ erconnect| ons are
typically provided in t awre |oop that is
"bonded' ~ bet WBEF" 55'?5553'%951'803?8”@"? BEHTBR (e.g., a
die pad of a sem conductor die) and a second bond| ng
11802kl on This pplicalionedpimuiee b?f@”r‘gé’r?bﬁmﬁlﬁ"’?z ARpietiphiies
Fu6137,233, flett Madgh 0F, 2408, dkeddontante pf arSincHpanpiedhdaeimell efprence.
machi nes typically include a wire feed system for
feeding a wire on aFiEDleF BFJOVENTEONM bond head of the
W re bondi ng machi ne. The bond head of the wire
Haestilng nmEehreenttiypitvalréigtesciamire sndingwiacknafagngd, maepe
tob AABEH CBtechRq@bs of mBduktlgldnd SBiaEind Wind Seg6iE BF Jir@Bdhdg
Q%ggéngtool (e.g., acapillary tool, a wedge tool,
etc.), anongst ot her conponent s.

BACKGROUND OF THE INVENTION

foog3] In the manufacture and processing of various semiconductor devices,
wire bonding machines are often used to provige interconnaciions between components
in the devices. The interconnections are typically provided in the form of a wire loop
that is “bonded” between a first bonding location (e.g., a die pad of a semiconductor
die) and a second bonding location (e.g., 2 conductive region of a substrate such as a
lead of a leadframe). Such wire bonding machines typically include a wire feed system
for feeding @ wire an & wire spool to a bond head of the wire bonding machine. The
ﬁond head of the wire bonding machine typicaliy carries a wire clamp, a transducer
(e.g., an uitrasonic transducer) and a bonding tool (e.g., & capillary tool, a wedge iool,

etc.), amongst other components.

rong4] The wire bonding machines provide for motion of the bonding tool (e.g.,
through the motion of the bond head) in order to form a wire loop of a desired shape.
During motion of the bonding tool (e.g., while shaping the wire loop) the wire ciamp is.
'operated between an “open” and a “closed” pamtmn such that wire may be fed from a
wire spool through the wire clamp when the wire clamp is open, but additional wire Is
not fad from the wire spocl when the wire clamp is ciosed. The wire length that is fed
:past the wire clamp during the jooping motions {i.e., when the wire clamp is open) is
6ften termed the wire “payout.”

fO005] It would be very desirable to know the wire payout provided by looping
motions of a wire loop, because the wire paydut will affect the ultimate shape of the
wire ioop. Conventionally, if desired, the wire payout has been calculated using offline

manuai measurements taken after the wire loop is formed. Such caiculations tend to




(0004) The wi re bondi ng nachi nes provide for notion of

t he bonding tool (e.g., through the notion of the

bond head) in order to forma ﬁﬁre | oop of a desired

shape. During notion of the bonhding tool (e.g., while

shaping the wire loop) the wire clanp is operated

bet ween an "open" and a "cl osed' position such that
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stormed. Such calculations tend to 2 be inaccurate
and tinme consum ng. Problens arise because of the

| ack of accurate an Ufhﬂgﬁ [ﬂgﬁiyﬁﬁﬁﬁyf f wre
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tform the wire payout also changes
llﬂQhE]mgSl wtre plampjané a Ibomb&g fwely the mebgid rcatprysingehe Istteps of: (a) determining a
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during step (b) being performed on one of (1) a second wire bonding system that is different than
the first wire bonding system, or (2) the first wire bonding system with at least one wire bonding
system variable changed from step (a); and (¢} adjusting at least one wire bonding process variable,
and repeating step (b) with the at least one adjusted wire bonding process variable such that the
second wire payout length determined in the repeated step (b) is closer to the first wire payout

Jength than the second wire payout length determined in the initial step (b).

[0008] According to a second aspect of the present invention, there is provided a method
of determining a wire payout related to looping motions used during formation of a wire loop, the
wire loop being formed by a wire bonding system including a bond head, the bond head including a
wire clamp and a bonding tool, the method comprising the steps of: (1) bonding an end of a wire to
a bonding location using the bonding tool to form a first bond, raising the bond head with the wiré
| clamp open until the wire clamp is a first distance above a predetermined point such that a length of

wire pays out still connected to the first bond, closing the wire clamp, raising the bond



calibrating a wire payout related to predeterm ned

| oopi ng notions used during formation of a wire | oop,

the wire |l oop being fornmed by3a wire bondi ng system

i ncluding a bond head, the bond head including a wire

clanp and a bonding tool, the method conprising the
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.measuring wre payout in accordance with an exenplary
embodi ”e@ﬁ;% stgglo&rd%?am wéu@&%ﬂ%‘e&@ofa wire bonding machine

: during a step of a method of measuring wire payout in accordance with an exemplary

embodiment of the present invention;

FIG. 2B is a block diagram view of elements of a wire bending machine
during another step of a method of measuring wire payout in accordance with an

exemplary embodiment of the present invention;
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FIG 2Cis a block diagramview of elenents of a wire
bondi ng machi ne during yet another step of a nethod
of nmeasuring wire payout in accordance with an

exenpl ary enbodi nent of the present invention;

FIG 28 is a block diagramview of elenents of a wire
bondi ng machi ne during yet another step of a nethod
oo P ng wi re payout in accordance wiR/USf0o/031626
exenpl ary enbodi nent of t Re present invention,

FIG 3Ais a block diagramview of elenents of a wire
bondi ng machi ne during yet another step of a nethod
of neas ur, Y 200 T @1 RN 1R Ha e WAL waE &%Q@W & v){\‘etb_gnoﬂ'!& machine
P BB TRl B L BLEE o N DL Bl i,
FEREPATY erledmaneoidie PRTRNBYeNEBt her step of a net hod
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present i BEEsK ik @Biock diagram view of element dPa wire bSndhg frhd@Mihe
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%3?%%%%45{ RN G T S O
FETTRYY FEPITEIE O toF PEsei P ¥Bp i n accordance with an
exenpl ary_enbodi ment of the present invention; )
FIG 6 isF& 38 P hradresm vier G5emanshy 2 FrRBeKiy "grhine
detiar yei siothgr sienwf e enghaogct] tnerselingt v pavouk Bagtodpnerprithans
S ebiaY Elnb@inteaf ¢rakd @8seaf in@niéni € | 00p in accordance
with an exenpl ary enbodi nent of the present
I nvent i ONgrG. 4 is a graph comparing Wlrépaydutitér direfdnOwirdboagdr-am
plat sty a0 2o L0, QoA BiALA Bl Brallf drBoBAYAUS tre
related to [ooping notions use uring formation of a
WP B accordance with an exenpiary enbodi ment

of the present invention; and o ,
FIG. 5 is a flow diagram if!ustrating a method of calibrating a wire payout

refated to predetermined iooping motions used during formation of a wire toop in

accordance with an exemplary embodiment of the present invention;

FIG. 6 is & flow diagram illustrating a method of determining a wire
payoui related to looping mations used during formation of a wire loop in accordance

with an exemplary embodiment of the present invention;

FIG. 7 is a flow diagram illustrating a method of calibrating a wire payout
related to looping motions used during formation of a wire loop in accordance with an

exemplary embodiment of the present invantion; and

FIG. 8 is a flow diagram illustrating a method of determining & length of

wire in & wire loop in accordance with an exemplary embodiment of the present

invention.

DETAILED DESCRIPTION OF THE INVENTION

[on133 As used herein, the term “wire bonding system variable” relates to

number of system features on a wire bonding machine that may be changed. Asis
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FIG 8 is aflowdiagramillustrating a nethod of
determning a length of wwire in a wire loop in
accordance with an exenpl ary enbodi ment of the
present invention. DETAILED DESCRI PTI ON OF THE

| NVENTI ON [ 00137As used herein, the term"wre

bondi ng system variable" relates to nunber of system
features on a wire bondi ng machi ne t hat

cHARYRH™s is WO 2009/ 117170PCT/ US2009/" 6%’5!%22‘8’%“’26
under stood by those skill &d in the art, wire bondi ng
system vari abl es include a bonding tool type, a wire
type, the direction of formng the wire loop (e.g., a
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errbyes, agfongst foess features related to a wire bonding
process that may be changed. As is understood by
AR ski Aslusel! greit, liee tgrm wabp@mﬁ?ﬁeﬁgafﬁﬁb@ gddes 1o
viasnba bt @6cebaTedtutdEremitani tb @ wire B&idg @rocse tital mey beghamied. As
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[GD15] According to the certain exemplary eﬁﬁbodiments of the present

_invention, improved methods of determining wire Een'gﬁ':s and wire payout lengths, as

well zs mproved methods of calibrating wire payout, are provided. These technigues
may be used to improve various wire bonding operations. As used herein, the term
“wire payoul” may have a number of different meanings depending on the context in
which it is used. For example, the wire payout associated with a wire lcop may be
considared to be the length of wire in the wire loop. In contrast, the wire payout

-associated with looping motions is the length of wire that is in a wire loop because of

looping motions {e.g., shaping, bending , etc.) which is beyond that length that would
be in a relatively "straight” loop. More details wili foilow on each of these expressions
below. Nonetheless, it wiil be clear to one skilled in the art that either of the
éxpressions {or other related expressions) may be used in connection with similar wire

bonding operations.

[0016] As provided above, during wire loaping, wire payout {e.g., the magnitude
of the wire payout} is important, for example, because the wire payout is related to the
ultimate wire loop shape. There are many variables that affect wire payout, for
exampie, friction in a capiilary bonding too!, variation in the tension provided by the
wire feed system, the direction of the wire lcop being formed (e.g., 12 o'clock direction,
6 o’'clock direction, etc.) amongst others. Cetfain exempiary techniques of the present
invention are directed at providing a more consistent and desirable wire payout. As
detailed below, an exemplary system and method measures the wire payout after
certain lbopiﬂg motions and uses the measufed payout data to perform automatic

adjustment to achisve the desired looping,

fooi7} For exanipie, certain of the technigues described-herein may be used to
automatically measure wire payeut during wire looping, and to further automatically
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[0020]Wre feed system 102 (of which certain
conponents are omtted for clarity) includes wire

-spool mount 116 (configured to receive a wire supply

such as a wire spool), wire guide bar 120 (e.g

di verter bar 120), and air guide 118. Wre 114
extends fromw re spool nount 116 (where spool nmount
116 hol ds' a spool that supplies Iength of wire 114
alf@ #PaEE%al ong wire guide bar 120 and coffgREAts!
air guide 118, ultimtely being routed through wire
tensi oner 106. In actual operation wire 114 woul d
continue through wire clanp assenbly 108 to wire
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Then, as shown in FIG. 2D, the bond head (carrying wire clamp 206 and bonding (ool
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predetermined point. More specdifically, in the exampie shown in FIG. 2D, second
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first bond 208a} and heighl Hi3 (the bottom of wire clamp 206},
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| ocation to formthe first bond (the bonded free air
ball 208a wll now be referred to as first bond
208a), the bond head (carrying wire clanp 206 and
bondi ng tool 204) is raised with wire clanp 206 open
until wire clanp 206 is a first distance (in the
exenpl ary enbodi nent of the present i nvention shown
in FIG 28, the first distance is "L1") above a
pwede/eyiit ned poi nt such that a | engt h ofPGHLERINGIG26
pays out still connected fo first bond 208a. Mre
specifically, in the exanple shown in FIG 25, first
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' predetermined looping motions) is in the wire of FIGS. 3A-3B in comparison to length
of wire shown in FIGS. 2A-2D. This additional length is essentially the difference
between length L3 and length L2, énd is present in the wire of FIGS. 3A-3B because of
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[0027] Referring now to FIGS. 3A-38, various
conponents shown in FIGS. 2A-2D are shown with the
same reference nunerals. Al so shown is portion 202a
of substrate 202 (e.g., lead 202a of |eadfrane 202).
Al so shown is kinked portion "A" of wire 208. As is
understood by those skilled in the art, various
bends, Kkinks, and other npotions are typlc
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[0031]FIG 4 is a graph conparing w re payout
profiles for three different wire bonder platforns -
(i.e., wire bonder platforns A 5, and C).
Essentially, profiles such as those shown in FIG 4
may be obtained by checking the wire payout Iength
(e.g., the additional length of wire in a given wire
| oop because of predet erm ned | oopi ng notions) for
e®WORMYE7Vhe wire bonder platfornms at eacHCHUSRIN1626
plurality of values of a Br edet erm ned process
variable. For exanple, in FIG 4, for each platform
the wire payout is neasured (e.g., using a nethod
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and the order of the steps may be altered fromthe
order illustrated. [0034]FIG 5 is a flow diagram
illustrating a method of calibrating a wire payout




related to predeterm ned | ooping notions used during
~formation of a wire loop in accordance with an

exenpl ary enbodi nent of the present invention. The
wire loop is formed by a wire bondi ng system

i ncluding a bond head, the bond head including a wire
clanp and a bonding tool. At step 500, a firSt wire
payout length related to predeterm ned wire | ooping
nBeROHETUEed in the formation of a first RSEUBHE/GRISHe
| oop i s deternined. The pFedetermni ned | oopi ng notions
are perforned on a first wire bonding system(e.g., a
f| rst type of wire bonding rrachl ne). For exanple, the
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payout related to | ooping notions used during
formation of a wire | oop in accordance with an

exenpl ary enbodi nent of the present invention. The
wire loop is formed by a wire bondi ng system

i ncluding a bond head, the bond head including a wire
clanp and a bonding tool. At step 600, an end of a
wire i s bonded to a bonding | ocation using the ,
bBRAMY B0l to forma fipst bond. For e /031626
referring to FIG .2A frée air ball 208a is bonded

. to a bonding Iocatlon to formfirst bond 208a. Then -
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used in the formation of a first plurality of the
wire |l oop. The predeterm ned | ooping notions are’
performed on a first wire bonding system where each
of the plurality of first wire payout |engths
corresponds to a different value of a predeterm ned .

process variable. For exanpie, in EIG 4, one profile

corresponds to wire bonder platformA, where each of
the wire payout values corresponds to a different



I nvention. The wire loop is forned using

predeterm ned | ooping notions by a wire bonding
system the wire bonding systemincluding a bond
head, the bond head including a wire clanp and a
bondi ng tool. At step 800, an end of a wire is bonded
to a bonding location using the bonding tool to form
a first bond (e.g., referring to FIG 2A free air
b#O269BBE i s bonded to a bondi ng | ocati orPFESFEY {62
first bond 208a), and theli the bond head is raised
wWth the wire clanp open until the wire clanp is a
first distance above a predeterm ned point such that
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t he techni ques may operate froma conputer readable -

~carrier (e.g., solid state nenory, optical disc, W
- 2009/ 117170PCT1US2009/ 031626 15 magnetic disc, radio

frequency carrier medium audio frequency carrier
medium etc.) that includes conputer instructions

(6.9, coiput’ér program’instructions) related to the

techni ques. [0043] Al though the invention is
illustrated and descri bed herein with reference



to specific enbodi nents, the invention is not
intended to be limted to the details shown. Rather,
various nodifications my be made in the details

wi thin the scope and range of equivalents of the
~clainms and w thout departing fromthe invention. WO
2009/ 117170pcTl uS2009/ 031626 16 What is Clained: 1.A
net hod of calibrating a wire payout related to
pFeA¥Y'EH ned | oopi ng not ]'l;ons used duri nd FEFHEITEH
of awire loop, the wire T'oop being forned by a wire
bondi ng system i ncludi ng a bond head, the bond head
including a wire clanp and a bonding tool, the nethod
Gedtic fist gadidtesibp Saroér:medium, audio frequency ¢aggjer medium, eftc.)
Al Sl DG p@erd hdoBbrioth (&, RBYPUtEr drejigh Msthetiaipaiated to the
gcggetgrm ned wire | ooping notions used in the

- formatton of a first of the wire | oop, the

Ef)(?%? t \?\Ilr ?Le!g-%g%h!jt?'% %Iv%glgggﬁﬁugﬁe@%d r&gscpgerdfhgll‘egﬁgth%@nce
detrsrfi sIeE mENSeteD RISWPT & "RRpBITed MR ttep éﬂ %‘f &Pito
tshevnp Rethet, erinun enddififatiens|msy i Fdstthoteinie yln in stare and
fréangeet dgORalets o theaamsl aaf withher dsbarend fa@pthe triliention.

predet erm ned | oopi ng notions used during step (b)
bei ng perforned on one of (1) a second wire bonding
systemthat is different than the first w re bondi ng
system or (2) the first wire bonding systemwth at
| east one wire bondi ng system vari abl e changed from
step (a); and (c) adjusting at |east
one wi re bondi ng process variable, and repeating step
(b) with the at | east one adjusted w re bonding
process variable such that the second w re payout

| ength determned in the repeated step (b) is closer
to the first wire payout length than the second wire
payout |ength determined in the initial step (b).




2. The nmethod of claim 1l wherein, using the first wre
bondi ng system step (a) includes: (1)
bonding an end of a wire to a bonding |ocation using
t he bonding tool to forma first bond, raising.the
bond head with the wire clanp open until the wire
clanp is a first distance-above a predeterm ned point
such that a length of wire pays out still connected
t wotwefrize st bond, closing the wire cl anFCVREPEIHES
t he bond head further suchi that the wire tears, and
determ ning a second distance that the wire clanp is
above the predeterm ned point when the wire tears;
(#hat Banghhayg another end of a wire to anot her bondi ng
| ocation using the bonding tool to form another first
bond, per f.or mangetpidied edibratigredrd e reipterod prefefermined
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asging WoH 206 0dlid Tk 7O PEDIST 6 gt 03166 Ieqp, the predetermined
(né’b};m??rtoﬁwbgh@gertohaedfdnrﬁrst\w@;eommemduengt h, wher eby
the first wire payout length is the difference
bet ween t fg shebinfiflngh SkaaGAr-aa¢but BRytS Rpaids est ance.
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(D tndeBdiiRGoANnE SRl wit g chowite oridj Rgtemodibicon

| N [ tool to forma first bond, raising
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clamp is g [fiho 0 SlARE AR S RERUBKBITHAALROIN!
such that A engt h &w r pays out stilli.GORREGLEG.tO
£ice (i SEh et ‘Hﬁ§f‘3H§te‘?ﬁée %//ﬁn?’@g gD, " ralsing tEe
Itk temmhybus Fanhidrdetorpined ke EpRatERisteR (Rdariyer G g st wire
@eyoar hgdh Bgn theSeman dire pabarneett dedrmpbiinihy ipitielstemi) s
~above the predeterm ned point when the wire tears;
~ (2) bonding amed hehoestdiaot 1 ahekinaustng treerfattivée brglitdi ng
- [ ' .he bonding tool to form another first
: 6%?1%%’ S%Eé%iéénlgﬁ% predet erm ned | ooping notions with
the wire i @ 15 b R RGP disiAe 8 tdithingl tool
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" is above the predetermined point when the wire tears;

{2) bonding another end of a wire te anather bonding location using“che
bonding tool to form another first bond, performing predetermined looping motions
with the wire clamp open and raising the bond head until the wire clamp s at the first
distance abéve the predetermined point, closing the wire clamp, raising the bond hgad
further such that the wire tears, and determining a third distance that the wire clamp is

above the predeterminad point when the wire tears; and



(3) determining the second wire payout |ength,

wher eby the second wire payout length is the

di fference between the third distance and the second
di stance. 4. The nethod of claim 1l wherein step (b)

i ncl udes determ ning the second wire payout |ength
related to the predeterm ned wire | oopi ng notions
used in the formation of the wire |oop, the
pwecetarmi ned | oopi ng notions used duri nHCKEREIFIR6
bei ng performed on the filfst wire bonding systemwith
at |l east one wire bonding system vari abl e changed
during formation of the wire | oop, the at |east one
W re bondiznge:Sy st rerthy tiet veitsl peydueienath.otharebetde feViRdi ng
3hyduCRSh QRR diferd LHARGR thetmntiifighct ol thd ypepaisehanged
Wre type, a change in the direction of formng the
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of claim1l wherein step (b) includes determ ning the
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tthee tiie peedbtompnedtpoiat aben|teawite oere; Wdr e bondi ng syst em
vari abl e bei ng changed i ncl udi ng a changed bondi ng

t 00l t ypE3) determining the second wir pavbhiglenps, mberef the Fegprih vire
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changed wire type, a change in the direction of forming the wire foop, a change in the

wire feed system, and a change in the wire tensioner system.

5, The method of claim 1 wherein at least one of step {(a) and step

{b) inciudes a step of compensating for the elongation of the wire used in the formation -

of the wire loop in the determination of the respective one of the first wire payout

length and the second wire payout length.




9. The nmethod of claim1 wherein step (b) includes
determ ning the second wire payout length related to
the predeterm ned wire | ooping notions used in the
formation of the wire | oop, the predeterm ned | ooping
notions used during step (b) being perfornmed on the
first wire bonding systemwith at | east one wire
bondi ng system vari abl e changed during formation of
twi@zoie7d oop, the at | east one wire bon8FFEFy&Leam
vari abl e being changed i &l uding a change in the
direction of formng a wire | oop. , 10.
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11. The method of claim 1 wherein step (b) includes determining the
.second wire payout Iength related to the predetermined wire looping motions used in
the formation of the wire ioop, the predetermined Inoping motions used during step (b)
being performed on the first wire bonding system with at least one wire bonding system
yari'ab!é changed during formation of the wire loop, the at least one wire bonding

systern variable being changed including & change in the wire kensioper system.
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(2) bonding another end of a wire to another bondi ng
| ocati on using the bonding tool to form another first
bond, perform ng predeterm ned | ooping notions with -
the wire clanmp open and raising the-bond head until
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. _predetermined process variable,

14,  The method of clai-rﬁ 13 whersin the predetermined process
variable is at selected from the group consisting. of an air guide setting and 2 wire

tensioner setting,

15. A method of calibrating a wire payout related to looping motions
use'd during formation of a wire loop, the wire joop- being formed by 2 wire bonding
system inciuding a bend head, the bond head including a wire clamp and a bonding

fool, the method comprising the steps of:

{a) geﬁerating a first wire payout profile, the step of generating. a first
wire paybut profils includes a step of determining a pluratity of first wire payout lengths -

related to predetermined wire looping motions used in the formation of a first plurafity



(b) generating a second wire payout profile, the step
of generating a second wire payout profile includes a
step of determning a plurality of second w re payout
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distance above the predetermined point, closing the wire clamp, ratsing the bond head
further such that the wire tears, and determining a third distance that the wire clamp is

above the predetermined point when the wire tears; and

{3) determining the length of wire in the wire ioop, whereby the iength of
wire is equal to the third distance minus the elongation distance and rinus a fixed wire

length betweenl'the wire clamp and a tip of the bonding tool.
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