LI NEAR SPLIT AXIS WRE BONDER Rel ated Application [0001] This application
is related to and clains priority fromU. S. Provisional Application Serial

- No. 60/568;530 filed May 5, 2004, the disclosure of which is incorporated
herein by reference in its entirety. Field of the Invention [0002] The
invention relates to the field of wire bonding equi prent and, nore
particularly, to positioning of a bonding tool relative to a device. .
Background [0003] Wre bondi ng processes and nachi nes are used extensively
as a practical and expedient nmethod to bond wires to sem conductors. One
exanpl e of the use of wire bonders in a sem conductor manufacturing process
is for attaching a seni cOINBEATOSPLET AXISr 8dREyBONDRERI rcuit substrate. The
substrate includes nunerous traces which ternmnate in pads that are. :
positi oned adjacent to the place where the die is 'to be nmounted. The die
itself includes nunerous die pads that are to be electrically connected to. .
the pads on the circuit board. A wire bonder is used to attach a conductive
wire, typically having a di amet‘g - ﬁig‘ 8 . 00051 to 0.030 inches, to
each die pad and then to the pa clffed X mfél fiint board. The configuration of
the die and the location of the pads require that the wire bonds be forned
at varyi ng{ORMjYThiangppAchtocats oglstefi toeand chithbrpemridy femsi08s )Progisioh@l004]

. Automatic wire bonders have been, devel oped which utilize stored position

- data for. eaghliosice JeeaH NoTl§e/3881530p adeN sy Us @00AetHeogkdloife datshittoiscont r ol
the bonding operation. Common bonders use a wire bonding head that is

) [}56“1 Y Ofncorporated herein by reference in its entirety. '

!
e

Field of the Invention

{0002] The invention relates to the field of wire.bondih—g equipmen.t and, more

particularly, to positioning of a bonding tool refative to a device.

- Background

{0003] Wire bonding processes and machines are used extensively as-a practicai and
expedient method to bond wires to semiconductors. One example of the use of wire

bonders in a semiconductor manufacturing process is for attaching a semiconductor

.die directly to a cifcuit substrate. Thc.' substrate includes NUIMErous traces_which
terminate in pads th-aﬁ are positioned adjacent to the place where thé die is to be
in,ounted. The die itself includes humeroué die pads that are to be electrically
connected to. the pads bn the circuit board. A wire bonder is used to attach a
conductive Wire, typically' having a diameter of between 0.00051 to 0.030 inches, to
each die .pad and then to the pads on the circuit-boafd. The configuration of the die
and the location .Of the pads require that the Wire.bonds be formed at varying X, Y

and Z locations (i.e., in three dimensions).



rotatably displaceable in the Z direction (i.e., vertically) along with a
sem conductor work table that is translatable in the X, Y directions. Three
hi gh-speed notors (one associated with each direction of novenent) are used
to position the sem conductor device and bonding tool at the appropriate

| ocations. [0005] Cenerally, the speed2of a bonding machine is nmeasured by
the nunber of units that are conpleted per hour or the nunber of wres
bonded per hour. One way to reduce the costs associated with the

- manufactur gogly & t%ﬁﬂtﬁ%‘?éj%x? crPRAMGLenl velifod WIRIERRR, NESARRAiCRT L he

bondi ng math to I Rcrease e n G ts produce per ‘hour. The high
speeds of current chi iret ItjLbondln head. and the tab to nove
DS ae or ot e e 386 e BSRR ente ERTeR it 1S obBrL gt Pone
above this range has been difficult due to the large' nass ‘and inertia that
i s i nvol vebbridingropdragen. h€owanero bendeshpsnentiy bindingeheashthahée hesshlivrss. 10
[ 0006] Therefore, it would be desirable to provide an inproved hi gh speed
wire bondidiga Mﬂ@iﬁp[@eab_léi_n theuaretioh QDA Yerdestie) diong With aserexenbloasry |
“enbodi ment of the present invention, a wire bonding machine for bonding a
wre to a ggp ﬁB@%&tl@&a{;@xﬂasﬁ m%anfcow cﬁﬁe@no&;hem% hfghbs?egd RGtdFREdHene
“includes a wre ondlng head aV|ng a bondi ng t-ool un to1t. The
bondi ng tool. ted, t aktac end t nduct or Vi ce.
bondi ng hediotBB )it Beflof bR bR SRR DRI BB ISR bl Toa
direction- g and translates t he bond|n9 t ool along a flrst hori zontal axis. A
k_t abl e&ufpActondse tpelfd thapraail ORI or device to be wire bonded. A
wot kit abl e conveyance

: [{}OOS] Generally, the speed of a bondmg machme 1s measured by the number of

units that ‘are completed per hour or the number of wires bon_ded per hour. One way
to reduce the costs associated with the manufacture of a se'miconductbf product is.to
increase the speed of the bonding machine to increase. the ﬁumber of ﬁﬁits produced
pér hour. The high speeds of current fnachiﬁes require the boncﬁng head and the
table to move at accelerations of" betweeﬁ' 10 and 12 g’s. Increasing the
..accelérations -abbve this range has been difficult due to the large mass and inertia

that is involved in moving the various components of the bonding machines.

[0006] Therefore, it would be desirable to provide an improved high speed wire

bonding machine.



systemtransl ates the sem conductor device in a second horizontal axis.
According to another exenplary enbodi nent of the present invention, a

met hod of bonding a wre to a device is provided. The nethod incl udes
supporting a device to be wire bonded on a work table, and noving the
device along a first horizontal axis wth a work table conveyance system
.The nethod al so includes noving a wire bonding head with a bondi ng head
conveyance system al ong a second horizontal, axis and along a verti cal
axis. The nethod al so includes bonding a wire to the device. 10008] It is
under stood that the notion of the dgwmeafral ong the work table by the work

- . table conveyance systemrefers to novenent during the wre bonding

operation é}e.%. , precise novenent). For exanple, a plurality of .

seni conductb887] fesprdiag tpeary exerplasy) erpbydigenh pb Hih prasertonyerime rfalii§osi t i on

on the work table. During the wre bonding operation, the work table
conveyanceb@ayliteenmeiue ot bendiey b oeise toah cagicanhatorzdevicd isgxosided. tThe preci se
position along that axi's for bonding. According to certain exenplary :
enbodi ment &0t A8e PARERBLN IRIAH RE bohdifg Wodd Havirdk » bakliSy ERDIURYARAE System
may be conbi ned w%h a general conveyance system for coufse novenent of the
devi ces into, argeneral j i ong 1 . I t .AX] S - 1,The
f or egoi ng ttgnﬁ(:jag ebeorndf%%ga@ﬁ?Lessadgﬁe(?lﬁ%&?dﬁbgm?eg%ddéﬁgl %hj\}ggrﬁdgaté)g[jg‘ggghé present
invention wil| become. nore ...a;g arent .in.l _the_ fol -'--O-V“-'Q?H-dﬂ ail ed

I i ght . of
deseri pti obPTEHnG PRASCECBNEIAR G CMEBATHBAICS (RO 801 it B THAF ABediBompanyi ng

figures. As will be realized, the invention is capable of nmodifications in
vafibus rasbewsiiesalhe bpnding deolddre & firg hprigmtalpsis. ndatienkgable Asprtsi ngl y,
the drawi ngs and the description are to be regarded as - illustrative in

- nature, ang kadt @s ge&s‘tdﬂdmtioveisvﬂeitefbeae'se biopdddon Aofvotih eabll¥ awhveysnce
sy.sfem translates the _sem’icon_duétor device in a second horizontal axi's. According
to another exemplafy enibodiment of the present invention, a method of bonding a
wire to a device is provided. The method includés supporting a device to be wire ,

| bonded on a.work table, and moving the device along a first horizontal axis with a
work table conveyance system. The method aiso inélﬁdes méving a wire bonding
head with a bonding head conveyance system along a second. hor.izbntal,{ axis and

along a vertical axis. The method also includes bonding a wire to the device.

{0008] It is understood that thé motion of the device along the work table by the
work table conveyanée system refers to movement during the wife bonding
operation {e.g., precise movement), For example, a plurality of semiconductor
devices (e.g., dies) may be brought into a general position on the work table. During
fhe wire bonding operation, tﬁe work table conveyance lsystem moves the devices
along a horizontal axis to the precise position aiong that ‘axis for bonding..

According to certain exemplary embodiments of the present invention, the work



" inventi on;Bplerrayeiengs sE

[ 00101 For the purpose of illustrating the invention, the draw ngs show a
formof the. invention that is presently preferred. However, it should be
understood that this inventionis not limted to the precise arrangenents
and instrunentalities shown in the drawings. 100111 Fig. 1 is an isonetric
view of a wire bonding nmachine accordipg to an exenplary embodi ment of the
present invention; [0012] Fig. 1 a is an enlargenment of a portion of the
wi re bonding machine of Fig. 1; [0013] Fig. 2 is a top plan view of ‘a wire
bondi ng machi ne accordi n% to an exenpl ary. enbodi rTFnt of the present

$18 a2t Bp CBmQHlBG. B5°Rgial GRNEYMSRAYPIGThER hi ne
showmn in Fig. 2 wwth the bonding head in a different position and aligned
on a di ff esoarde mavenienppeihe demiceninth mgeneral posiéxe aipnglye korbodiatexnis. of t he
present invention; _5- [0015] Fig. 4 is atop plan view of a wire bonding
machi ne hayvi wo | anes for r s ati n wor k pi.eces, a d the w bondi ng
head is al anﬁ%d%w ﬁi‘fe%o‘%raﬁ?dp‘?té‘ére SHIECHA t}IleaHHe‘E‘) Fhéng)? 5@56@6&‘?\{;?{50 an
exenpl ary enbodi nent of the present invention; [0016] Fig. 5is a top plan
vi ew of t hgresint enteatidn rigilihetsine nyhevapp iieniFing light ofiies &dllowihg detziledbondi ng
head is aligned with a work piece in an other |ane (Lane A) according to an
exenpl ary eubogticrent thé dxbmphirgsemodinwent hofilustafedOh7 thdiage B amymgt op pl an
view of a wire bondi ng nachi ne having two |anes for translating work pieces

and a.canefig,acc A Ngnk Qeeﬁﬁe@xﬁgﬁh@&&oﬁ@%%%?@& ﬁ{odﬁﬁt‘%ﬁo@ &5 ¢aliodsnventi on;.

{0018] Fig.”7 1s a top plan view of a w re bondi ng machi ne having two | anes
fO? r/\t}ér ans%e%f;el:c? aﬁow%hoqw %%Sfrtl cg’rom ae”%%@nﬁ"cf‘r‘ler ccoralrrllgly? Wl }a{nf%] Sozlindrmver’rent_

the description are to be regarded as illustrative in nature, and not as restrictive.

Brief Description of the Drawings

(6010} For the purpose of illustrating the ihvention, the drawings show a form of the
invention that is presently preferred. - However, it should be understood that this .
invention is not limited to the precise érrangements and instfumentalities shown in

- the drawings:.

[6011] Fig. 1 is an isometric view of a wire bonding machine according to an

exemplary embodiment of the present invention;
- [0012] Fig. ais an enlargement of a portion of the wire bonding machine of Fig. 1;

[0013] Fig. 2 is a top plan view of a wire bonding machine accbrding to an-

exempléry embodiment of the present inveﬁtion;

{0014] Fig. 3 is a top plan view of the wire bonding machine shown in Fig. 2 with
. the bonding head in a different position and aﬂgned on 4 duferem WOI‘K ‘piece

according to an exemplary embodiment of the present inv_ention;



‘bondi ng head and the work pieces in a horizontal plane with the bondi ng head
and canera in different positions and aligned on different work pieces
according to an exenplary enbodi nent of the present invention; ]0019] Fig.
8 is an isonetric view of an anot her exenpl ary enbodi ment of the present
invention with a fixed upstream canera .[0020] Fig. 9 is a schematic view of
an exenpl ary enbodi nent of the present invention illustrating the

mul ti-process capability provided by the invention; and [0021] Fig. 10 is a
fl ow di agr 1 l.ustratin nmet hod. of .bhondi.ng a wi.re.ta a device .in

hccor dancdO it akerl el Bibioth et e e areC e tnd ARG o 6.

Detai |l ed Description (0022] As used herein, the term sem conductor device
refers to tenglablg avonk pbeses end thtevire banding hoat worlwaed By B8k peice sy

sem conductor chips, integrated circuits, substrates, PCBs, interconnect

- struct ur esneéire. (LaanB) atyording e ardexenpdary rivbodedent of the praseatenbaniad. {00231
As used herein, the terns "bondi ng head conveyance systent and "work ©)
tabl e conveyance systent are intended to refer to any apparatus/ nmechanisnms):
whi ch can [Bb/bi]ilﬁé- %h‘é e plag Yiewi Ynthe Agirg (peRding Hagchinee SHOTD 1 Aiged to the
exenpl ary structures described herein. (00241 Referring now to the drawngs,
wher ei n | iTweereieftbe encebandivey ldad is hligretiratle a veok pespendn mgiorasi {fahar

el enents t hroughout the several views, Figs. 1 and la are isonetric views
of a portign@brdnMd & BRAMIRY cABeMnRE d0hapeREdiingntionan exenpl ary :
enbodi nent of the present invention. The wire bonding nmachine 10 includes a

W re bondi ng head 12 which has a bonding tool 14 attached to it for
. [0D017] Fig. 6 is a top plan view of a wire bonding machine having two lanes for

i
M
ey

translating work pieces and a camera according to an exemplary embodiment of the

present invention;

: [0618] Fig. 7is a top plan view of a wire bonding machine having two lanes for
translating work pieces and a camera wherein the direction of movement of the
,.b'onding head and the work pieces in a horizontal plane with the bonding head and
camera iﬁ different positions and aligned on different work pieces according to an

exemplary embodiment of the present invention,

[0019] Fig. 8 is an isometric view of an another exemplary embodiment of the

present invention with a fixed upsiream camera,

[0020] Fig. 9 is a schematic view of an exemplary embodiment of the present

invention illustrating the multi-process capability provided by the invention; and

f0021] Fig. 10 is a flow diagram illustrating a method of bonding a wire to a device

in accordance with an exemplary embodiment of the present invention.



di spensing and/or channeling a wire to a work piece 20 (e.g., substrate,
PCB, die, chip, interconnect structure, etc.). Many of the detailed
features of the wire bonding head 12 are conventional in the art and are

- not necessary for an understanding of the present invention. As such, no

di scussion is provided in this applicagion. Simlarly, many of the aspects
of the wire bondi ng nmachi ne are conventional and, therefore, are also not
descri bed herein. Those skilled in the art are famliar with the general
construction and arrangenent of such conponents, and would be readily
capabl e of applying the teachibeilpd ®csctdpkidrer ein to such nachines. -7-

[ 0025] The bonding head 12 is positioned above a hi gh speed conveyance
system 16, which, in the enbodi nent uggustraied in Figs. 1 and |a, may

i ncl ude a [OR%AvantsedrhereiBeine dermy sRrpgondiiclos deyics Aefers oy rofdy PUBbY Rt shown)
for translating the work piece 20 (e.g., a sem conductor device) relative
to the bonltviegs Heddding. seamiyonductyh- dips estnwiorsiugton déhips, ciorgestathcercsiist em may
be used in connection with the present invention. The work piece 20 is
mount ed OnyBstvMBssk PUMA|l htdRofitat strithrdslese. fand hogt oiher ddvivhigéndealidpeone or
nore work pieces 20. A magazine handler 30 as shown in Fig. | may supply
the fixturg 24 (Qn magazine) to the high-speed -conveyance system 16. [0026]
I'n the enbodi ment of Figs. 1 and | a, the work piece 20 is translated by the.
hi gh speed conveyance system 16 in-a-direction parallel to an axis indicated-
by arrow [0d23] Ahesdbheliciy the aetnk2“liondinganstatoadeimncangithei’ dridghweieed
conveyance system 32 in adirection parallel to a different axis indicated
by{ aj row "tble ddiReySXENRARRY GRNUBNAREOSKTEEM 3Ry f Hhatdna/Bendhnm(bead 12
shown in Fig. 1 includes guide rails 34 and a notor drive 36. In an

exenplary @Hi‘eﬂdééﬁeﬂlto’vicfehﬁlenﬁés‘?feddfnioﬁgn. ‘As such, they are not limited to the

exemplary structures described herein.

{0024} Réferring now to the drawings, wherein like reference numerals iﬁusfraie
Eonespondi.ng or similar elements throughout the several view;rs, Figs. 1 and 1a ére
' isonﬁetric views of a portion of a wire bonding machine - 10 according to an
exemplary embodinient of the pres‘e_ﬁt invention. The'wire_bonding machine 10

includes a wire bonding head 12 which has a bonding tool 14 attached to it for

~dispensing and/or _channeling a wire to a Wﬁrk piece 20 {e.g., substrate, PCB, die,
chip, interc-onnect. structure, etc.). Many of the detailed features of the wire bonding
hﬁzad .12 are conventional in the art and are not necessary for an understanding .of. the
preseﬁt invention. As such, no discussion is provided in this application. Similarly,
many of the aspects of the Wire bonding machine are conventional and, therefore,
are also not described herein. Those skilled in the art arefamiliar’ with the general
construction and arrangement of such compo‘nents, and would be readily capable of

applying the teachings provided herein to such machiﬁes.



0 for translating the bonding head 12 is driving in one direction only and
is nmounted directly to the bonding head 12. [00027] The bonding head 12 is
mounted to the bondi ng machine 10 through a conventional attachnent which
permts the bonding tool 14 to nove vertically (i.e., in a direction
parallel to an axis indicated by arraw Z") relative to the work piece 20.
U.S. Pat. No. 4,266;710, the disclosure of which is incorporated herein by
reference in its entirety, describes one type of nounting arrangenent that

Cot e 0O AR BRE T RS e AR ER chbihpo eple e,
which pernmits the 8- bonding.tool 14 to r_r_ovg_ up .and down in the Z-direction
(towar d and: awaighs iprihe Hanbaggmgntyilbskatod) s sigseriniaid ¢ e WeHAINGH8r 2t he wires
to the work piece 20 (e.g., sem conductor device 20) at various verti cal
posi ti ons.colihasenskiet beguide railsel Saartd ametorfdaive I(hetrshwivih fsutmalagingttheg
arrangenments as wel |l as other mechanisns for vertical positioning of a
bondi ng t ogbrkansbe INQILS LEdnicOidcttirideice e tive $b et bendnecaed. 1Al Agy attached
to the bond head axis 12 is a canera/optics system 26 to extract position -
dat a used i:p. the wi i ' ' j he readily
i ncor por at%gl ! %ﬁi%g%n%%‘? g%@gg e%%{l ?%gfé \%\%r SFGEDE% dgf gé’l%ds%{;%&g%&% i&z@etﬁgnd _
Soffa's 8028 Ball Bonder

Maxgm | C Bal | Bonder . I, tional
SV s BRI o RSl & prs e i B Rl RET eI o0

the Y-axis, nmust be carried by the other axis, thus dramaticall i ncreasi ng
~ t he_ dynami Bxtyien?4tiheeh heldsonamy meceverkamncers )l i Agmagaziar hendler N
bofli ment shown in Fig. 1, the X-axis is orthogonal to the Y-axis and the
X- axi s anshoWmaii Figr & inay papplyl éle fiktme24( (oremaghong)z ontilad: hpgtanesd t hat are
ort hogonal to ' -

conveyance system 16.

[6025] In t_ﬁe embodiment of Figs. 1 and 1a, the work piece 20 is translated by the
high speed conveyénce systern 16 in a direction parallel to an axis indicated by
arrow “X.” The bonding head 12 is translated by another high speed conveyance
system 32 in a direcﬁon paraliel to a different axis indicated by arrow “Y.” The
exemplary conveyance system 32 for the'bonding head 12 shown i_n Fig. 1 includes

guide rails 34 and a motor drive 36. In an exemplary' embodiment, the motor drive

for translating the bonding head 12 is driving in one direction only and is mounted

directly to the bonding head 12.

[(027] The bonding head 12 is mounted to the bonding Machine 10 through a
convenﬁonal attachment which pénnits the bonding tool 14 to move veﬁicaﬂy (ie.,
ina direct_ion pa'raﬂel to an axis indicatEd by arrow “Z”) relative to the work piece
20. U.8. Pat. No. 4,266,710, the disclosure of which is incovéerated hérein ‘ay‘
refere:nce in its entirety, describes one type of mounting arrangement that could be
used in' the prescnt. invéntion. The figures illustrate another embodiment. The

mounting arrangement may include a pivot or hinge mount which permits the

&. In the



the Z-axis. The bonding machine 10 in Fig.1 splits the X-axis positional
~control of the work piece 20 fromthe Y-axis and Z-axi s positional control
of the bonding head 12. This reduces the noving mass of the bonding head 12
to less than half of that of a conventional bonding head, in turn, reducing
the power and dynam c requirenents ofgthe bonding machine 10. [0029]
Referring to Figs. 2-3, the notion of the bonding head 12 and work pieces
20a, 20b relative to each other is illustrated. Fig. 2 illustrates a first
position ondln head 12, and n rti.cul ar e pbond

with resngPéW8t%3ﬂoﬁR 9%&%?a@fdﬁﬁﬁhlé?&ﬂﬁ§wPP?Q?F@ﬁ?@@P§W§%E§ﬁH%EOS|t|on
of the bonding head 12 and bonding tool 14 wth respect to a work piece
20b. [ 0030forkrpigteg20pfo phenichelibegdinganf the weepisiha viveld pdeset Be (bendi ng t ool
14 is above the work piece 20a to perform a bondi ng operation on the work
pi ece 20a.sethiconfestbotdsniee bongt nigicap eedichlopositionsoTKogR m&ee&mbthetalatearﬁi xture 24
(with the work pieces 20) is noved along the X-axis (i.e., to the left in

‘the draw ng i Qﬂtﬁ chhhﬁ&ﬁhn}gl A%ﬁﬁdeméf%s as%w@H\a@%t@rmhsﬁs@m!f@txvaném e.

upward in t ravvl ng) to poSition the bondi ng tool 14 above work pi ece

20b. [0031 As desc ed,.above, th | ent i_pvention. contro transl ation

of the worf@SEBe" %g?lhdf]l]&’ 8}0(;&2(1 'ﬁﬁ% %Lrtg(g?gm%\&f)sm& 186’884*‘1’% ‘&%8xi s by
translating the work table: 22 along gui de rails 18. It is contenplated that
~ the rails a@chgduiodhpbene hesf gxisehd @r?dcaém%tﬂ@ SySERHP 0 KEUHSMPSHgihead 12
such that the travel of the work table 22 would be along a linear path from
the_| eft - sdate uséd timehé ivgue dondingt precq:ssghﬁ‘htsmd@eahmvemmn afant e répelnigti ng '
mac@ne 10. After work on the work pieces 20 of a fixture 24 is conpleted,
the™fi xt Uf@c&ﬁoﬁ&)ﬁ trt@ednyt GortviaBtisrag Riird Poddees, fdughiresKanekeoaid gbffufze bondi ng.

8028 Ball Bonder or M.axum IC Ball Bonder. - -

[06028] In a conventional X-Y éxis systemn, the bearing system and drive motor for
one axis, typically the Y-axis, must be carried by the other axis, thus dramatically
increasing the dynamic vibratioﬁ modes and more than doubling the driving load. In
the embodiment shown in Fig. 1, the X-axis is orthogonal to the Y-axis and the X-
axis and 'Y-axis -are in .paraﬂel planes (i.e., horizontal planes) that are orthogonal to

the Z-axis. The bonding machine 10 in Fig. 1 splits the X-axis positional control of

the work piece 20 from the Y-axis and Z-axis positional control of the bonding liead
12. This reduces the moving mass of the bonding head 12 to less than half of that of
2 conventional bonding head, in turn, reducing the power and dynamic requirements

of the bonding machine 10,
[0029] Referring to Figs. 2-3, the motion of the bonding head 12 and work pieces
202, 20b relative to each other is illustrated. Fig. 2 illusizates a first position of the

bonding head 12 and, in partic_ular the bonding tool 14, with respect to a work piece



machi ne 10 as the next fixture 24 travels into the bonding machine 10 from
the left - side. [0032] Referring nowto Figs. 4-5, there is shown a top
plan view of a wire bonding nachine 40 according an enbodi ment of the

i nvention having two |anes, Lane A and Lane B, for translating work pieces
20. In this enbodinment of the inventiof, there are two work tables 22a, 22b
running in parallel, one in each of Lanes A and B. Lane A includes guide
rails 18a and a notor drive (not shown) for translating the -10- fixture
22a. Lane B inglud uide rails 18b ap tor driye (pot. shown) for
Cransi ati e e ARstaeosstcoppestionst fig winea e 1LAed beyudadanbe: e

manuf acturing process by noving the parts in and out of the bondabl e area

i n paral | evitivrasheuitto stoplppisge e process of attaching wires. For exanple,
with reference to Fig. 4, nultiple work tables 22a, 22b in parallel allows

t he course ement of . the rk t e 22a.s0,th rk.piec 20y in Lane A
can be nov@g?i{]n{“fﬁgogdﬁhﬁgoﬁ%@g%‘%cﬁ%\}ﬁ ?Oéﬁ{%dﬁ%ﬁzﬁmﬁﬁ@&a@c’ﬁ% ilsszboé’f}t achi ng
wires on work piece 20x in Lane B. [0034] In Fig. 4, the wire bonding head
12 is al i gledvauktpices @or ko prided 2050nding aprsation opwhe evarkeitsentfiangThead 12 is
attaching wires to work piece 20x, the fixture 24a in Lane Ais noved into
bondi ng pogdtfdrona banidey dpreativinre barkdiieng 20h, the fikiype 8d¢witR@xe werkcgiagdset e, t he
bondi ng head 12 is then noved into Lane A and aligned with work piece 20y
- i n.fixtures@4a el RGHhIWKLASs i@, WO ike RREE eil@Ywats) $he WL bdhdhidhead. Wil e
t he bondi ng ‘head 14 is attaching wires to the work pieces 20 in Lane A, the

Fixtyre 24b 10 a0PaBag Ak PEdPYRY BihrPln H0%:RARG) RO IREH AE vblafRd @ new

too! 14 above work piece 20b.

[0031] As described above, the preéerit invention controls translatioﬁ of the work
table 22 (and, thﬁs, the work pieces 20)'a10ng the X-axis _by translating the work
table 22 along guide ra.ils 18. It is contemplated that the rails 18 would preferably
extend cornpletely under the bonding head 12 such that the travel of the work table
22 would be.alo'ng a linear path from the left side of the ﬁgures to the ﬁght ‘side and
~out of fhe bonding machine 10. After work on the work pieces 20 of a fixture 24 is |

- completed, the fixture 24 may travel to the right in the figures and out of the bonding

machine 10 as the next fixture 24 travels into the bonding machine 10 from the left
side.. |

[0032] Referring now to Figs. 4-3, there is shown a-top plan view of a wire bonding
machine.40 according an embodiment of the invention having two lanes, Lane A
and Lane B, for translating work pieces 20. In this embodiment of the invention,
there are two work .ta’bles 22a, 22b running in parallel, one in each of Lanes A and

B. Lane A includes guide rails 182 and a motor drive (not shown) for translating the



fixture may be positioned in Lane B. The bonding. machine 40 can simlarly
al ternate between Lane A and Lane B to al nost continuously attach wres

wi thout waiting for course positioning of a work piece 20. [0035] The
bondi ng machine 60 in Fig. 6 includes a canera 50. The machine 60 also
includes two parallel work tables 22a3p22b and the canera 50 is mounted to a
conveyance system 52 that carries the canera 50 in a direction along the
Y-axis. The machine 60 uses two work tables 22a, 22b that all ow package

i ndexi ng @n, on k tabl 2b_whil e, attaching wre . n.tRe.alternate
wor k t abl gixg%liZg)i\gﬂmFO%égﬁug}%sec@g%&g 55%3 é@%r?gm\é\%g ggggggﬁ%gl}wgg %gt h wor k
tables 22a, 22b in the Y- direction as the tables 22a, 22b nove the work

pi eces 20 rangpna he fxiwgg22b.  conventi onal ~software is used to retrieve,
store and extract position data for use by the bonding head. Accordingly,

no- further, i j it |, sLnple
Fixed footSBITERY 9Ruis THER SRHE B meRBEREne LB HILO0RE BETRLY 1

noves with the bonding _head 12. The caner 0., used to collect eyepoint
and bond Pags i1 gAd pat RF tﬁﬁgoﬁ érﬂédntﬂ?éﬁl?ir‘rﬂm%‘t SEORBIIEIP PIPFRSH Ysed to
verify the device |location before attaching the wire bonds. This allows both
- i ndexi ng attaching wdresr dtosgretipten with tpécrpeaef ©or Figd4omubipde work takded @2R2b whil e
attaching wire bonds on the alternate work table 22a. [0037] The canera 50
recor ds/ st2abes phratiglealbatsathe ebake chovembineofhe-kvoplt ebée 20 so tBpeairkipkakl y, the
camera 50 stores position data, such as X-Y location and orientation, of
the work piecg 1%20e30Q¢aRhebARMMNGIS B6miihOPSsiAPn WIBIWRE hoRHBES130-12 iEhe data
isifed to a"mcroprocessor or simlar controller for use in controlling the

bondi ng heg chlirzlg @/rf'r%s Bg %rﬁ?%ietcgabx i ane B,

[0034] In Fig. 4, the wire bonding head 12 is aligned Witﬁ a work piece 20% in Léne
1. While the bonding head 12 isr attaching wires to work piece 20?{, the fixture 24a
in Lane A is moved into bonding position. Once the wire bonding on work piece
20x is complete, the bonding head 12 is then moved into Lane A and aligned with
work piece 20y in fixture 243. to attach wireé to work piece 20y as shown in Fig 5 _
-~ While the. bonding head 14 is attaching wires to the work pieces‘ 20 iﬁ Lane A, the
f@) ﬁxture 24b in Lane B can be moved out of the bonding machine 40 and a new
h - fixture may be positionf;d in Lane B. The bonding machiner 40 can similaﬂy
alternate between .Lan_e A and Lane B to almost continuously attach wires wi‘thout

waiting for course positioning of a work piece 20.

[0035] The bondiﬁg machine 60 in Fig. 6 includes a camera 50. The machine 60
also includes two parallel.work tables 22a, 22b and the camera 50 is mounted to a
coiiveyance system 52 that carries the camera 5Q in a direction along the Y-axis.
The machine 60 uses two work tables 22a, 22b that allow package indexing on one

work table 22b while attaching wire bonds on the alternate work table 22a.



[0038] Referring to Fig. 6, the canera 50 acquires and processes the full
vision data on one or nore work pieces 20 on one work table 22a in Lane A
while the bonding head 12 attaches wires on one or nore work pieces on the
other work table 22b in Lane B. Wien the wire bondi ng machi ne 60 has

conpl eted attaching the wires on the mork piece(s) in Lane B, the upstream
canera system has conpleted acquiring and processing all of the data
required to attach the wires on the work piece(s) in Lane A The bonding
head 12 th es e n . i |.0 i fiducial)
‘to begin a@p %@Eﬁhegc?ﬁeé\%\n%@essﬁg% a?rﬁg%%}e&%gf"g’é@} OI?% lt%g%\“a’gﬁi&’ Q-Z Rémﬁgggg] Fig. 7
shows these processes in , the alternate | anes. These processes _continuously
al t er nat e HECHRRASL eta,hlleéngzaaa% govehthe BoEf |Péf‘;9ﬁ?r?§1 eheenwdiek Xratie 22
transfer, inmage acquisition and processing wth the attaching of wires. This
can i ncr e@sweventioml ghferarcos us¢rblomebiavaestple andraxtrepiappsioubdaga fateemsti ng on
the work piece 20 configuration. [0040] In the enbodi nrent shown in Fig. 8,
t he camer athbBohding Hehd e dcoriisganno datter discldsborcafraich @Dosard G neddv@ but
instead, retrieves information related to the entire table on a |line by
line basi sags hilgnaous: %ﬁf@m@ﬁy'c%&aazs?m?g'b@qnam&% thel A Wl e the

above di scussi on ﬁas ngCI’I bed the use o e present Inventi or$ on a wre

bondi ng head far .f or.mi i 1o Lons, ' | so b
onai ng eg% d;lu(?)l{ gﬁgft%{,‘r esv{”%%lﬁglleglggo%{ge%%?ﬁtﬁpn@}? %agr?eé‘ég l(:i\?n %ée%ntocc%@ &' so be

used wi'th ces,su Wwedge hder, a
pi ck and place head, an epoxy dispenser an uring .system . a cl eani ng head
or a Iaser?ﬁpawfmsﬁoé’rﬁ/ a _eqﬂirrbe_ragngw df“%eheﬁall it B"FB&‘%@&O .
caéa' ility of this invention. Those skilled in the art would be readily
capabl e of vérifigl Gaedaviarg lachiéorp rhesunt atiapiiaat the ivirg komdany T tliese beifist ens.

indexing and vision recognition to be performed on one work table 22b.while

attaching wire bonds on the alternate work table 22a.

[0037] The camera 50 records/stores image data related to the work piece 20.
Speciﬁcally, the'. camera 50 stores positidn data, such as X-Y location and
orientation, of the work piece 20 and/or bonding locations on the work biece 20.
The data is fed to a microprocesSof or similar controlle; for use in controlling the

bonding head 12 and bondihg tool 14,

[0038] Referring to Fig. 6, the camera 50 acquires and processes the full vision data. |
on one or more work pieces 20 on one work table 22a in Lane A While the bonding |
head 12 attaches wires on one or more work pieces on the other work tabie_ 22b in
. Lane B. When the wire bonding machine 60 has completed attaching thé wires on
the work piep’e(s) in Lane B, the u_pﬁream camera system has completed acquiring
and pr_bcessing all of the data quuiréd to attach the wires on the work piece(s) in
Lane A. The bonding head 12 then moves t§ Lane B and only takes a registration

image (fiducial) to begin attaching the-wires on the work pieces in Lane A.



[0042] Fig. 10 is a flow diagramillustrating a nmethod of bonding a wire to
a device. At step 1000, a device to be wire bonded (e.g., a PCB, a
substrate, a die, a chip, an interconnect structure, etc.) is supported on
‘a work table. At step 1002, the device is noved along a first horizontal
axis with a work table conveyance systm At step 1004, a wi re bondi ng head
is noved along a second horizontal axis (e.g., an overhead horizontal axis)
and along a vertical axis using a bonding head conveyance system At step

1006, a w i.S..oonded to the device. At optional ste 08, another device
Lo be vi 1 0BG’ TS SHabedRomgie i o oSBT S JRES RS Ser vor k
13 table conveyance system At optional step 1010, the wre bonding head is
noved al oifglinpaisbeimaptn Hpivesh ane dxansl lang B towge eHerriag thecuprkarpls using a
bondi ng head conveyance systemtoward the another device. At" optional step
1012, a wi Yetrimsferbonatedactjoisithoe amdairbesssidg withethe [200A8hg Fheimet Abd dahl ust r at ed
in Fig: 10 may.include other steps as descri bed above wth respect to the
ot her enbogiiei Sir@idhpet BF eseRhciiny Bthed, thiPHo@Xan®pendinktonl iheatdn of a
camera in connection with the wire bonding operation. Further, it is clear

t hat the of; feps is not limted to that illustrated in Fig. 10.
[ 0044] The}glgn‘ge{%(g‘gfng%g{:aﬁo ed above with respect to Fig. 10 (with or without

addi ti onal steps as described above) may be inplenented in a nunber of
al ternati vi@04oeii trescmbodimexanpbien it H&gnet thedcammra K8 isns tfadeleldnso peaan
exi sting conmputer system server as software (a conputer systemused in

conpect i ongyhdel, TAE chlbRH RS Q6 mWd But, Bistvhd 8--BRNEH R IAEDH R dted kaiideher , the
met hod nay operate froma conputer readable carrier (e.g., solid state

e coP el A BBV Syl et ks POMERRA 8ol um 20! o
- [0041] While the above discussion has described the use of the present invention on
a wire bonding.head for forming wir‘e'intt;rconnections, tﬁe invention can also be
uséd with additional Wire bonding devices, such as a ball/wedge bonder, a pick and
place head, an epoxy dispenser and curing system, a cleéning head or a laser/plasma
deposition head. Fig. 9 shows the multi—p.rocess cépabﬂity of this invention. Those

skilﬂed‘ in the art would be readily capable of implementing the present invention

 with any of these systems.

[0042] Fig. 10 is a flow diagram illustrating a method pf bonding a_wire to a devicé.
At siep 1000, a device té be wire bonded {(e.g., a PCB, a substrate, a die, a chip, an
. interconnect structure, etc.) is supﬁoﬁed on a work table. At step 1002, the device is
moved aion_g a first horizontal axis with a work table conveyance system.- At step
1004, a wire bonding head is moved along a second horizontal aiis (e.g., an
overhead horizontal axis) and along a vertical axis using a bonding head conveyance
system. At step 1006, a wire is bonded to the device. At optional step 1008, another

device to be wire bonded is moved along a third horizontal axis with another work



U conputer instructions (e.g., conputer programinstructions) related to the
met hod of bonding. a wire to a device. [0045] The present invention nmay be
enbodi ed in other specific forms without departing fromthe spirit or
essential attributes thereof and, accordingly, reference should be nmade to

t he appended clains, rather than to thg foregoing specification, as

i ndi cating The scope of the invention. -14- Wat is clainmed is: 1. Awre
bondi ng machi ne for bonding a mﬁre to a sem conductor device, the wire

bondi ng ne_conprisi e d _havi ng,. ondi ng_t ool

mount od ¢ oEPE SERSBER S, dar oF AR R A0 RE AR Wil RIS Dot

seni conduct or devi ce;  a hondi n head conveyance system adapt ed to (1) nove
“the bondi ngorpde sqcnn%hvmr}t@aqmﬁﬁra%éltonaﬁ QNEFTCe)) A4b RENE Hed BB Aeid ool
linearly along a first horizontal axis during a wire bonding operation
wher ei n t heonweyanch gydiemgtovape it ianethérsdehes. pdd cpdiondf step t14¢hi mgviee conduct i ve
wi re between bonding | ocations on the sem conductor device; a work table

adapt ed t oh&saRP S theaanS 8l doNelIct or device to be wire bonded, . and adapted to
position the sem conductor device into a bonding position prior to the wire
bondi ng operation: and a work tabl e conveyance sgstem adapted to translate

t he sem cofifthddl Bhe meghnddidugiraserdyinaigetbmay studeoriber stepsiag dgenribad above r e

bondi ng operation, wherein the second horizontal axis is different from t he '
. first hori ndiht wspa?xns thendthwhentiodiments of the-present invention, for example, S

- utilization of a camsra in connection with the wire bonding operation. Further, it is
| SR .
i

clear that the order of the steps is not limited to that iltustrated in Fig. 10.

[0044] The method described. above with respect to Fig. 10 (with or without
additional steps as described above) may be im_plernented in a number of alternative
mediums. For example, the method may be installed on an .existin'g' computer
system/server as software (a computer system used in connection With,'er integrated
with, a wire bonding rnachine). Further, the method may operate from a computer
readable carrier (e.g., solid state memory, optical disc, magnetic disc, radio

frequency carrier medium, audio frequency carrier medium, etc.) that includes

computer instructions (e.g., computer program instructions) related to the method of

bonding a wire to a device.

[0045] The present invention may be embodied in other specific forms without
departing from the spirit or essential aftributes thereof and, accordingly, reference
should be made to the appended claims, rather than to the foregoing specification, as

-indicating the of the mvention,



the translation of the sem conductor device during the w re bonding
operation is distinct fromthe positioning of the sem conductor device into
the bonding position. 2. The wire bondi ng nachi ne according to claim1l
wherein the first horizontal axis and the second horizontal axis are
substantially orthogonal to each other. 3. The wi re bondi ng nmachi ne
according to claim1 wherein the first ki zontal axis and the second
horizontal axis are substantially parallel planes. 4. The wire bondi ng
machi ne according to claim1 further conprising: a second work table for
suppor t i ngvaaadd ¢laimedédri conduct or device to be wre bonded; and - 15 a
second work table conveyance systemfor translating the another

sem conductor device along a third horizontal axis. 5. The wire bondi ng

machi ne aqgcor dingirk Qoﬁdnﬁ%ﬁh&nﬁ\é‘% Bbitin e whE 6PDEEnABShduBoF fevi@X B8R WAfE
substantially parall el The w re bondi ng machi ne according to claim4

further conprlbpﬁﬁﬂgﬁwdaﬁﬁﬁwmﬁmﬁn&xunLwlng position data of a sem conductor

device to be wire  hOnatdlded FRIRLAGANIGIATRGRRIR S ShndiaB] 2 0

t he canera along a axi e°W T é accordi ng
to claimé6 furmhqmmbmnmmdsawgeemimeh@ﬁdnaaMBﬁard@maxaptur|ng position data

of a sem conduct or be wire bonded, .the second, c a bejng
secured to the bond? ﬁ@%headé?onﬁy\ﬂ“?"egyﬁﬁlﬁ(ﬂ‘ﬂ%ecﬂt&c(ﬁ] mavebe EPB‘{I%'ZOPL claim1
wherein the sem gQagusllddectidt®Mingg2) move the bonding tool linearly along a first

horizontal axis during a wire bonding operation wherein the wire bonding

operation is the process of attaching a conductive wire between bonding locations

on the semiconductor device;

a work table adapted to support a semiconductor device to be wire bonded,
and adapted to position the semiconductor device into a bonding position prior to
the wire bonding operation: and

a work table conveyance system adapted to translate the semiconductor
device along a second horizontal axis during a wire bonding operation, wherein
the second horizontal axis is different from the first horizontal axis, and wherein
the translation of the semiconductor device during the wire bonding operation is
distinct from the positioning of the semiconductor device into the bonding

position.

2. The wire bonding machine according to claim 1 wherein the first horizontal axis

and the second horizontal axis are substantially orthogonal to each other.

3. The wire bonding machine according to claim 1 wherein the first horizontal axis

and the second horizontal axis are substantially parallel planes.

4. The wire bonding machine according to claim 1 further comprising:
a second work table for supporting another semiconductor device to be

wire bonded; and



is positioned in a magazine with at | east one other sem conductor device. 9.
A W re bondi ng machi ne according to claim8 further conprising a nagazi ne
handl er for feeding the nagazine to the work tabl e conveyance system 10.
The wire bondi ng machine according to claim1 further conprising: a canera
for capturing position data of a sem conductor device to be wire bonded;
and a camera conveyance system for transl®ating the camera al ong a horizontal
axis. 11. The wire bondi ng nachi ne according to claim 10 further conprising
a second canera for capturing position data of a sem conductor device to be
wi re bonded, -16- t heecondond Rbhlseravdyaicegysan fiordthnslatingthe bootbérng head. 12. A

nmet hod of bonding a wre.ta a .device.to.be wire bonded, the nethod

conpri si ng thesﬁgﬁ%‘%ﬁ% ¥ dgvice alpnea, ﬁd?ﬁ'ﬁrléonaﬂn\?fﬂée to be wire bonded on a work

table; (2) positioning the device into a bonding position prior to a wire

bondi ng operation: g}g)@rmvi ng the device along a first horizontal axis with
B

a work tabte dopvEy ng {eelipe acprding ta daind Wessein ty spevdanddirdvher ei n t he

W re bonding rad & @%ahiSal gpcess of attaching a conductive wire
bet ween bondi ng 32%%@0%5 %'Rﬁ?ﬁe devi ce, wherein the noving of the device

in step (3) is distinct fromthe positioning of the device in step (2); (4)
noving a wire ndi. ng _head conveyance system a_second horizontal axis
and al'onga veRlT SAF RS BOFTIHE EREig 3 B AR sBebEiRen,
a camera for capturing position data of a semiconductor device to be wire
bonded; and
a camera conveyance system for translating the camera along a horizontal

axis.

7. The wire bonding machine according to ciaim 6 further comprising:
a second camera for capturing position data of a semiconductor device to

be wire bonded, the second camera being secured to the bonding head.

8. A wire bonding machine according to claim 1 wherein the semiconductor device

is positioned in a magazine with at least one other semiconductor device.

9. A wire bonding machine according to claim 8 further comprising a magazine

handler for feeding the magazine to the work table conveyance system.

10.  The wire bonding machine according to claim 1 further comprising:
a camera for capturing position data of a semiconductor device to be wire
bonded; and |
a camera conveyance system for translating the camera along a horizontal

axis.

11.  The wire bonding machine according to claim 10 further comprising a second

camera for capturing position data of a semiconductor device to be wire bonded,



wherein the second horizontal axis is different fromthe first horizontal
axis; and (5) bonding a wire to the device. 13. The nethod of claim 12
wherein the steps of noving the device along a first horizontal axis and
noving a wire bonding head al ong a second horizontal axis conprise noving
t he device and the wire bonding head in a direction substantially
orthogonal to one another. 14. The netho#of claim 12 further conprising the
steps of: noving another device to be wire bonded along a third horizontal
axis wth another work tabl e conveyance system noving the w re bonding
head with the bbasicogl ¢reeaa bany sgard ¢o dy dbading btadng t he second hori zont al
axis and along the vertical axis toward the another device; and bonding a
wire to the anot her device.

12. A method of bonding a wire to a device to be wire bonded, the method
comprising the steps of’

(1) supporting a device to be wire bonded on a work table;

(2) positioning the device into a bonding position prior to a wire bonding
operation:

(3) moving the device along a first horizontal axis with a work table
conveyance system during a wire bonding operation wherein the wire bonding
operation is the process of attaching a conductive wire between bonding locations
on the device, wherein the moving of the device in step (3) is distinct from the
positioning of the device in step (2); |

(4) moving a wire bonding head conveyance system along a second
horizontal axis and along a vertical axis during the wire bonding operation,
wherein the second horizontal axis is different from the first horizontal axis; and

(5) bonding a wire to the device.

13.  The method of claim 12 wherein the steps of moving the device along a first
horizontal axis and moving a wire bonding head along a second horizontal axis
comprise moving the device and the wire bonding head in a direction substantially

orthogonal to one another.

14. The method of claim 12 further comprising the steps of:
moving another device to be wire bonded along a third horizontal axis
with another work table conveyance system;
moving the wire bonding head with the bonding head conveyance system
along the second horizontal axis and along the vertical axis toward the another
device; and

bonding a wire to the another device.



