LI NEAR SPLI T 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 inits 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 bonding processes and machi nes are used extensively
as a practical and expedient nethod to bond wires to sem conductors. One
exanple of the use of wire bonders in a sem conductor manufacturing process
is for attaching a seniconductor die directly to a circuit substrate. The
substrate includes nuner n pads that are
positioned adjacent to t %a ere gkqhﬂﬁ&ﬁgkbe mount ed. The die
itself includes nunerous d|e pads t hat 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 dianeter of between 0.00051 to 0.030 inches, to
each die pad and then to the pads on the circui't board. The conflguratlon of
~the die and the location of thd&g eligatien t hat the wire bonds be formed
at varying X, Y and Z |locations (|. ., In three dinensions). -2

[0001] This application is related to and claims priority from U.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 equipment and, more

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

Background

[0003] Wire bonding processes and machines are used extensively as a practical 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 circuit substrate. The substrate includes numerous traces which
terminate in pads that are positioned adjacent to the place where the die is to be
mounted. The die itself includes numerous 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 diameter of between 0.00051 to 0.030 inches, to
each die pad and then to the pads on the circuit board. 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).



.[0004] Automatic wire bonders have been devel oped which utilize stored

position data for each wire bond. The wire bonders use the position data to
control the bonding operation. Conmon bonders use a wire bondi ng head t hat
is linearly or 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 (er associ ated with each direction of
novenent) are used to position the sem conductor device and bonding tool at
the appropriate | ocations. [0005] Generally, the speed of a bondi ng nmachi ne
is neasured by the nunber of units that are conpleted per hour or the
number of WAk Abtmpsis wise bRpdars harredbemydeveloppeatiieh phizecyted ResEOBI at ed

with the manufacture of a sem conductor product is to increase the speed of
t he bondi ngatagohiefsh tvirei buzideaThe e bemdeey uwf thenpdsitiqor dateicedonprer theour . The
hi gh speeds of current machines require the bonding head and the table to

move al_acgelh fbhatie ! RRIHEBolRrAL 1218 SondifiCRERPINAD S fifkarly or

accel eratlons above this range has been difficult due to the |arge mass and

inertia e va Qp&nt s of t e, bondi ng
machi nes. %@6%?‘#%%%@?@?&“ qu&ﬂﬂﬁ@ng 19§§?g?@£ f%%ﬁﬂ%mgﬂ roved
hi gh speed wire bonding machine. -3 Summr y [0007] Accor ding to an
exenpl ary &eBobipethat léftfapﬁ‘étab}ee@éh? X; Wvarrctions. Bugr heh-spsehimetPrédsi ne f or
bonding a wire to a sem conductor device is provided. The

associated with each direction of movement) are used to position the semiconductor

device and bonding tool at the appropriate locations.

[0005] Generally, the speed of a bonding machine is measured by the number of
units that are completed per hour or the number of wires bonded per hour. One way
to reduce the costs associated with the manufacture of a semiconductor product is to
increase the speed of the bonding machine to increase the number of units produced
per hour. The high speeds of current machines require the bonding head and the
table to move at accelerations of between 10 and 12 g’s. Increasing the
accelérations above 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.



wi re bondi ng machi ne includes a wire bondi ng head having a bondi ng t ool
nmounted to it. The bonding tool is adapted to attach a wre end to a

sem conductor device. A bonding head conveyance systemtransl ates the

~ bonding tool in a vertical direction and translates the bonding tool along
a first horizontal axis. A work table supports at |east one sem conductor
device to be wire bonded. A work table,conveyance systemtranslates the
sem conductor device in a second horii%htal axis. According to another
exenpl ary enbodi rent of the present invention, a nmethod of bonding a wre
to a device is provided. The nethod includes supporting a device to be wre
bonded on a work table, and noving ice along a first horizontal axis
with a work table conveyance syste%gﬁgégynethod al so includes noving a wire |
bondi ng head with a bondi ng head conveyance system along a second

hori zont al [008%] AcéitdingalooRy eRenplatyi e@bodiricst off i pRLOAdinat8dn| ACWirdes

bonding a wire to the device. [0008] It is understood that the notion of the

devi ce al Oe&d“i&e%\a@ﬁihe tf@tbhtg}]cg?(%éhﬁre W5 %eﬁlﬁ;@%@c@&n&&y&nﬁ rsvatemmpefers to

nmovenent during the wre oper ation .g., precise novenent). For
exanple, a plurality of.sem conducto evic e.g., dies be .br ought
Thto a gentiEbopteE St i banfie hiakGie hetis bolBurt
operation, the work table conveyance system noves the devices along a
hor i zont al toaiki $he bondies ipobtsi aslapted &9 atiash aayienend: tharseaisasdpelpr doynen: ny.
According to certain exenplary enbodi nents of the present invention, the
wor k -4 t abéeliggheslycineeysis tsgstemeyanblates didbborelihgricbh iraa gernenbdiretioueyance
system for

and translates the bonding tool along a first horizontal axis. A work table supports

at least one semiconductor device to be wire bonded. A work table conveyance
system translates the semiconductor device in a second horizontal axis. According
to another exemplary embodiment of the present invention, a method of bonding a
wire to a device is provided. The method includes 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 also includes moving a wire bonding
head with a bonding head conveyance system along a second horizontal, axis and

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

[0008] It is understood that the motion of the device along the work table by the
work table conveyance system refers to movement during the wire 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
the wire bonding operation, the work table conveyance system moves the devices
along a horizontal axis to the precise position along that axis for bonding.

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



course novenent of the devices into a general position along the horizontal
axis. [0009] The foregoing and other features of the invention and

advant ages of the present invention will beconme nore apparent in |ight of
the follow ng detailed description of the exenplary enbodi nents, as
illustrated in the acconpanying figures. As wll be realized, the invention
is capable of nodifications in various respects, all w thout departing from
the invention. Accordingly, the drawings and the description are to be
regarded as illustrative in nature, and not as restrictive. Brief
Description of the Drawi ngs [ 00101 For the purpose of illustrating the

i nventi on, e i r I i i esently
proforrod. PR MBTS A MA, bEE R Bnet dn BRI AhvEPRbe S BRRE" )
limted to the precise arrangenents and instrunentalities shown in the
drawi ngs. (UEETROYERENt of the dsRicr e BFIera} Pt on al&“&/iﬁ}eél%l&ﬁﬂtiaﬁﬁ“ﬁnc hi ne
according to an exenplary enbodi nent of the present invention; [0012] Fig.
la is an e of: rii e [ [ Lg. 1
[00131° Fi gRUBPERE RrcRling BAIAhaNaRhrlelfr e SBRN B AR A ES 10 an
exenpl ary enbodi.nent. of resent invention; 100141 Fig. .3 i op plan
T ow of 3 hE dROaR RS TN R g g8 G (i Tl Beilst hoat 1 a
different position and aligned on a different work piece according to an
exenpl ary égspopliorent th¢ exgmppre serhodimendnt #sonlustrgted in the accompanying

figures. As will be realized, the invention is capable of modifications in various
respects, all without departing from the invention. Accordingly, the drawings and

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

Brief Description of the Drawings |

[0010] For the purpose of illustrating the invention, 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 arrangements and instrumentalities shown in

the drawings.

[0011] Fig. 1 is an isometric view of a wire bonding machine according to an

exemplary embodiment of the present invention;
[0012] Fig. 1a is 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 according to an

exemplary embodiment of the present invention;
{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 aligned on a different work piece

according to an exemplary embodiment of the present invention;



[0015] Fig. 4 is a top plan view of a wire bonding nmachi ne having two | anes
for translating work pieces and the wire bonding head is aligned with a
work piece in one |lane (Lane B) according to an exenplary enbodi nent of the
present invention; [0016] Fig. 5is a top plan view of the w re bonding

- machine shown in Fig. 4 wherein the wire bonding head is aligned wth a
work piece in an other lane (Lane A) according to an exenplary enbodi nent
of the present invention; [0017] Fig.-%-is a top plan view of a wire bonding
machi ne having two |lanes for translating work pieces and a canera accordi ng
to an exenplary enbodi nent of the present invention; {0018] Fig. 7 is a top

plan view o5 1ol & RUNAPHIBEY Ba Wik BhdiHP RS hhhe rhbARRsAhk Na Wor K

pi eces and canera wher the direction o vement of “the I ng head

and the mo%k i.eces kn.a hori% ntaléplgne mﬁ%h Hhe onﬂ%ng/ﬁgad and camera
in differeRtSHOCE TYRPLIEHRE Af T Fndiredsrd it ADPE ifed & PISF ding to an
exenpl ary enbodi nent of the present invention; [0019] Fig. 8 is an isonetric

vi ew of anozmlenhdrane v rmptudingdeho gxgmmerysmbodancns pbispreseplviarenti wit h a
fixed upstream canera; [0020] Fig. 9 is a schematic view of an exenplary

enbodi nment e esent invention.illustrating the | ti-praces

capabi | i ty[(@rlgf/F@e? Hya E?R—} plllaﬁ]vgﬁ?vi 3 ,theamfe [@65%9@3%1nqgh?“én a &ﬁ%’w di agram
illustrati ng@g, nmet hod of honding a wire to a device . in accqordance with an
exenpl ary ¥REEH! Henrirpbondies peaskis pligngs with 2orork paece in an other lane (Lane

A) according to an exemplary embodiment of the present invention;

{0017] Fig. 6 is a top plan view of a wire bonding machine having two lanes for
translating work pieces and a camera according to an exemplary embodiment of the

present invention;

- [0018] Fig. 7 is 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
bonding head and the work pieces in a horizontal plane with the bonding head and
camera in 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 upstream 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

[0021] 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.




Det ai | ed Description [0022] As used herein, the term sem conductor device
refers to any of a nunber of devices including sem conductor dies,

sem conductor chips, integrated circuits, substrates, PCBs, interconnect
structures, etc., and any other device intended to be wre bonded. [0023]
As used herein, the terns "bondi ng head conveyance systent and "work table
conveyance systent are intended to refer to any apparatus/ mechani sn(s)

whi ch can provide the desired notion. As such, they are not limted to the
exenpl ary structures described herein. [0024] Referring now to the draw ngs,

wherein |i ke reference nunerals illustrate corresponding or simlar
el ements throughout the several Dgﬂ'aﬁg@;)egd';ﬂﬁiod and la are isonmetric views
of a portion of a wire bondi ng Tachi ne according to an exenplary

enbodi ment of the present invention. The wire bonding nachine 10 includes a
wi re bondi[f622]etduskd hendiohthh dsmasdnonahidugtor devicd defatsttaehe o f aawintbef of
di spensi ng and/or channeling a wire to a work piece 20 (e.g., substrate,

PCB, die, dehte inél08iRECMIestdustor Udikd!r €miedreuttor b, Ghtebf€edd @irdiitsed
features of the wire bonding head 12 are conventional in the art and are
not necess f.or u I the _pre i tid ch, no
di scussi onﬁli)gsltrapt)?so@@esdH?%’Cﬁ{fégggg%f[ﬁ%%teitﬂ%’nérﬁs?@f@aﬁ @é@?&%ﬁé&dgﬁ? ﬁg aspects
of the w re, bondj gg machi ne are conventional and, therefore, are also not
descri bed We¥ePH®Those skilled in the art are fanmliar with the general
construction and arrangenent of such conponents, and would be readily

capabl e of [0023] As used herein, the terms “bonding head conveyance system” and “work

table conveyance system” are intended to refer to any apparatus/mechanism(s)
which can provide the desired motion. As such, they are not limited to the

exemplary structures described herein.

[0024] Referring now to the drawings, wherein like reference numerals illustrate
corresponding or similar elements throughout the several views, Figs. 1 and la are
isometric views of a portion of a wire bonding machine 10 according to an
exemplary embodiment of the present 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 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 discussion is provided in this application. Similafly,
many of the aspects of the wire bonding machine are conventional and, therefore,
are also not described herein. Those skilled in the art are familiar with the general
conétruction and arrangement of such components, and would be readily capable of

applying the teachings provided herein to such machines.




appl ying the teachings provided herein to such machines. -7 [0025] The
bondi ng head 12 is positioned above a high speed conveyance system 16,
which, in the enbodinent illustrated in Figs. 1 and la, may include a
conventional set of guide rails 18 and a notor drive (not shown), for
translating the work piece 20 (e.g., a sem conductor device) relative to
the bonding head 12. Any high-speed wre bonding conveyance system may be
used in connection with the present invention. The work piece 20 is nounted
on a work table 22 that includes a fixture 24 which holds one or nore work
pi eces 20. A magazi ne.  handler 30 as. shown in Fig. | may supply the fixture
24 (or nad£92$1éﬁ1q‘apqdﬁg haghl%s isaeasitiongth gRgisrtt Bigdyspeetcasy ey pess28picih t he
enbodi ment of Figs. | and la, the work piece 20 is translated by the high
speed conviyawiiehs ysttben chibddmmentdillustratedninphigal lleland ol ammaxiisciudeiacat ed by
arrow "X." The bonding head 12 is transl ated by anot her high speed '

conveyancecon§¥iiofnl #2of Puide Hilsei®t drdh PBtorldiot (A sBowhf, ffer @itsiaaxk Shd ndi cat ed
by arrow "Y." The exenplary conveyance system 32 for the bonding head 12

shown in F\!v%%{ Jﬁeéerfd {,'é%[e.,ﬁae s&nlgiitcglr?dl%?cjr ld%vi@e?) and,a tme%onq{r{gr]vkgea§QQ. I Q3N

exenplary e I ment rrve or translating onding head 12
is driving.in one directi.on only and is nounted irectly toth ondi ng
head 12. ?@s@weeﬁ*h%lr% RBFIRG RBYYARZ S THY &RF P%?%t %@%ﬁﬁl%ﬂ?ﬁéﬁ? ne 10
through a conventional attachment which permts the bonding tool 14 to nove
verti cal | ypresenginvention. The work piece 20 is mounted on a work table 22 that includes a

fixture 24 which holds one or more work pieces 20. A magazine handler 30 as

shown in Fig. 1 may supply the fixture 24 (or magazine) to the high-speed

conveyance system 16.

[0026] In the embodiment of Figs. 1 and 1a, the work piece 20 is translated by the
high speed conveyance system 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 parallel to a different axis indicated by arrow “Y.” The
exemplary conveyance system 32 for the bonding head 12 shown in 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.

[0027] The bonding head 12 is mounted to the bonding machine 10 through a
conventional attachment which permits the bonding tool 14 to move vertically (i.e.,
in a direction parallel to an axis indicated by arrow “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 mounting arrangement that could be

used in the present invention. The figures illustrate another embodiment. The

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



-in a direction parallel to an axis indicated by arrow "Z") relative to the
work piece 20. U S. Pat. No. 4,266,710, the disclosure of which is

i ncorporated herein by reference in its entirety, describes one type of

. mounting arrangenent that could be wused in the present invention. The
figures illustrate another enbodinent. The nounting arrangenment may incl ude
a pivot or hinge nount which permts g@g -8 bonding tool 14 to nove up and
down in the Z-direction (toward and away fromthe work piece 20) to permt
the bonding of the wires to the work piece 20 (e.g., sem conductor device
20) at various vertical positions. Those skilled in the art are famliar
“with such heuding iegl & famgsnntesd dewpel theab-dedtion (favedid and gway diony et i cal
positioning of a bonding tool and, therefore, no further discussion is
needed. Al sork atdcacligdot gertditettzobshdhgadf abkd s/irk2 tb sha watepiadoopi@g.,.syst em 26
to extract position data used in the wire bonding process. The present

i nvention Qéifﬁlg@ﬁdx{cﬁﬁcﬂeb%ée 20) G0N RERL Rhkidal HOsiHBILY THOEY 8AlIEP IR theWif &rebONder's,
such as Kulicke and Soffa's” 8028 Ball Bonder or Maxim | C Ball Bonder.

[ 00281 fn coanventional X-Y axis system the bearing.system and. drive notor
for one a%rgl,?lali ‘{Y%%‘CGEQT gloflﬁgng(%%%e%eﬂﬁsats %eéle%saﬁs rerag%lﬁl{s‘ﬁgr%f KEHClyi st hus
dramatically  increasing the dynam c vibration nodes and nore than doubling
the drivi ngosibering pha oRdingBeldinde HerdaiswAo ifirther gliscyssiqmis needsd- sAlse
orthogonal to the Y-axis and the X- axis and Y-axis are in parallel planes
(i.e., horiagasedlto pheabesl) h¢ddatxial 2 iva chogermptict eystanh@6Aoaxiract fgdsgidnondi ng
machine 10 in Fig. | splits the X-axis positional control of

data used in the wire bonding process. The present invention can be readily

incorporated into many conventional wire bonders, such as Kulicke and Soffa’s

8028 Ball Bonder or Maxum IC Ball Bonder.

[6028] In a conventional X-Y axis system, 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 vibration 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 parallel 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 head
12. This reduces the moving mass of the bonding head 12 to less than half of that of

a 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
20a, 20b relative to each other is illustrated. Fig. 2 illustrates a first position of the

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



the work piece 20 fromthe Y-axis and Z-axis positional control of the
bondi ng head 12. This reduces the noving mass of the bonding head 12 to
| ess than half of that of a conventional bonding head, in turn, reducing
t he power and dynam c requirenents of the bonding machine 10. [00291
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 of the bonding head 12 and,-9n particul ar the bonding tool 14,
wWith respect to a work piece -9 20a. Fig. 3 illustrates a second position of

t he bondi ng head 12 and bonding tool 14 wth respect to a work piece 20Db.
[0030] In Kig.n.2, [ 12 jrt ' t ool 14
s above o1ie gk LRAET S0 B3 pE ol BeRRbERARELE nd BEnRBNRONE o

pi ece 20a. To perforn1abbondiﬂg operation on work piece 20b, the fixture 24
(with the WHREespEEded WoskPiece 2iBved al ong the X-axis (i.e., to the left in

the drawi ng) and the bonding head 12 is noved along the Y-axis (i.e.,

upward in id@gﬁg@gw)m %ggg@'gft&%lmep&m%&go tORndit RBPYL MY Pi ece

20b. [0031 ribe e present 1 nvention controls translation
of the wor table 22 _(and, thus, the.work pieces 20 | ong the Xs.axis by
transl ati ng‘eﬂ*{%f ke 2&%115? Qeﬁhﬁnﬁlaohﬁl%&lﬁ 8%er$té‘?nl g fée )wlol?k ipé&eoﬂ)taeﬁ? ated that
the rails 18 would preferably extend co%l etely under the bonding head 12
such that peréorr abendies opasetianorkwedddiece 2P, (he dixérp 4 Avsh gheawpikndesespat h from
the left side of the figures to the right side and

- 20) is moved along the X-axis (i.e., to the left in the drawing) and the bonding head

12 is moved along the Y-axis (i.e., upward in the drawing) to position the bonding

tool 14 above work piece 20b.

[0031] As described above, the present invention controls translatioﬁ of the work
table 22 (and, thus, the work pieces 20) along the X-axis by translating the work
table 22 along guide rails 18. It is contemplated that the rails 18 would preferably
extend completely under the bonding head 12 such that the travel of the work table
22 would be along a linear path from the left side of the figures to the right side and
out of the 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. 4-5, 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 tables 22a, 22b running in parallel, one in each of Lanes A and

B. Lane A includes guide rails 18a and a motor drive (not shown) for translating the



out of the bonding nmachine 10. After work on the work pieces 20 of a fixture
24 is conpleted, 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
bondi ng machine 10 fromthe left side. [0032] Referring nowto Figs. 4-5,
there is shown a top plan view of a wire bonding mnachine 40 according an
enbodi nent of the invention having twodanes, Lane A and Lane B, for

transl ating work pieces 20. In this enbodiment of the invention, there are
two work tables 22a, 22b running in parallel, one in each of Lanes A and B.
Lane A incl udes gU|de rail s 18a and a notor drlve not, shown) for

transl at i ngxtEe 22a.1d-2ng 8 %Céu@éagllli%%sé&bn@du@é%ot@miﬂée (gt sgoWnEorand a
notor drive (not shown) for translating the fixture 22b. [0033] Using
mul ti pl e | anedatsygabelSixtmoe 2P manuf act uri ng process by noving the parts in
and out of the bondable area in parallel wthout stopping t he process of
attaching wres. For ex , with reference to Fig | t rk tabl es
22a, 22b .lw3ahpa1rngemu§mlw§w§ RBSS iPs e R R vring pf%@S%paﬂ vitg 8924 50
the work piece 20y in Lane A can be noved into bonding position while the
bondi ng heaatts fh asd oat pheid hopdableemreom weraklehwatbeu2gapiing ltenproBess @034] | n
Fig. 4, the wire bonding head 12 is aligned with a work piece 20x in Lane

1. Wil e thgadhanpdiviigs.h@ad etzmpls, afithachrdi@e Wb MeS 4,anwiple wokc@bREX2at he

fixture 24a in Lane Ais noved into bonding position. Once the wire bonding
on work pi g, parallel allows the course movement of the work table 22a so the work piece

20y in Lane A can be moved into bonding position while the bonding head 12 is

attaching wires on work piece 20x in Lane B.

[00634] In Fig. 4, the wire bonding head 12 is aligned with a work piece 20x in Lane
1. While the bonding head 12 is attaching wires to work piece 20x, 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 24a to attach wires to work piece 20y as shown in Fig. 5.
While the bonding head 14 is attaching wires to the work pieces 20 in Lane A, the
fixture 24b in Lane B can be moved out of the bonding machine 40 and a new
fixture may be positioned in Lane B. The bonding machine 40 can similarly
alternate between Lane A and Lane B to almost continuously attach wires without

waiting for course positioning of a work piece 20.

[0035] The bonding 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
conveyance system 52 that carries the camera 50 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.



20x is conplete, the bonding head 12 is then noved into Lane A and ali gned
with work piece 20y in fixture 24a to attach wires to work piece 20y as
shown in Fig. 5. Wiile the bonding head 14 is attaching wires to the work
pieces 20 in Lane A the fixture 24b in Lane B can be noved out of the
bondi ng machi ne 40 and a new fixture nmay be positioned in Lane B. The
bondi ng machine 40 can simlarly altefpate between Lane A and Lane B to

al most continuously attach wires without waiting for course positioning of
a work piece 20. [0035] The bonding nachine 60 in Fig. 6 includes a canera

camera 50 NI IRE samel 30 EB A CUNE B BRSO R PR 20 FHAS Cdrora 50

in adirection along the Y-axis. The machine 60 uses two work tables 22a,
22b that aldiresliqraekdbe thbldexdZag 28h waee thoorkorkapikecs220) algnd éheat¥-axiBi ng wire
bonds on the alternate work table 22a. -11 [0036] The canera 50 scans across
ei ther or nkeminkl softw s i2@rd t@2&rieve, stoee ¥ad eitraec pogitioragdath Her dsetdyes 22a,
22b nmove the work pieces 20 along the X-axis. Conventional software is used

to retrievey. §Qfif AOM eXEEREh Bp%btﬂlﬁﬂerd(ﬁ&ﬁls§19ﬁ o‘f%@c}pyoftv@eﬂ@ 1?95%&9 head.
Accordingly, no f utt her dlSCUSSIOﬂ of such software is needed

addl tional xed faocu anera 28 nount he bo ng head
such t H%f n?({lte?ﬂ?végn%e %ﬁ(eﬁ ﬁéagocﬁgl ht zggngaa,btlezmoﬁlﬁ gggtﬁ@ g %ng sed to
coIIect eyep0|nt and bond position daga The_canera on the bondlng head 12
i s then uséed swh thaif mpvenwiiddhe bending Aeadok - héhe FameRcfivse! tneellit e bonds.
This all ows both
eyepoint and bond position data. The camera on the bonding head 12 is then used to

verify the device location before attaching the wire bonds. This allows both
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 position data, such as X-Y location and
orientation, of the work piece 20 and/or bonding locations on the work piece 20.
The data is fed to a microprocessor or similar controller for use in controlling the

bonding head 12 and bonding tool 14.

[0038] Referring to F1g 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 table 22b in
Lane B. When the wire bonding machine 60 has completed attaching the wires on
the work piece(s) in Lane B, the upstream camera system has completed acquiring
and processing all of the data required to attach the wires on the work piece(s) in
Lane A. The bonding head 12 then moves to Lane B and only takes a registration

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



i ndexi ng and vision recognition to be perforned on one work table 22b while
attaching wire bonds on the alternate work table 22a. [00371 The canera 50
records/stores inage data related to the work piece 20. Specifically, the
canera 50 stores position data, such as X-Y location and orientation, of
the work piece 20 and/or bonding |ocations on the work piece 20. The data
is fed to a mcroprocessor or simlar_gontroller for use in controlling the
bondi ng head 12 and bondi ng tool 14. [&038[ 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 bondiqg head 12 attaches wres
on one or H93&I Higr k7 phewasthese tHeceststed Wt iRltEERI% 1388 Thesq pEeefseSwhen t he
wi re bondi ng nachi ne 60 has conpl eted attaching the wires on the work

pi ece(s) i rortianeusdy altdrpatapstesarhana el Isansths thisasy etloppihg thedverkdablei ng  and
processing all of the data required to attach the wires on the work piece(s)

in Lane A2 Thesfoondhfgdadygattichlartdigcesmivig svithothk anectBn@bfiwires.y Thzkasg a
registration image (fiducial) to begin attaching the wires on the work

pi eces in hfefe%sétma%%gw%% FaBhind ;/)%/*}9&% thiPA6NE OGERAGRg I hB&vékt er nate

| anes. These proces continuously alternate between Lane A and Lane B,

t hus overl appi the work table 22 transfer, inmmge acquisition and
pr ocessi ngp&ng?ﬂgf?fg?ﬂm%%%hi ng of wires. This can increase throughput of the

machi ne by nore than double, depending on the work piece 20 configuration.
[0040] In the embodiment shown in Fig. 8, the camera 50 is a fixed line scan

camera. The camera does not move but, instead, retrieves information related to the

entire table on a line by line basis as the down stream devices are being bonded.

[0041] While the above discussion has‘described the use of the present invention on
a wire bonding head for forming wire interconnections, the invention can also be
used with additional wire bonding devices, such as a ball/wedge bonder, a pick and
place head, an epoxy dispenser and curing system, a cleaning head or a laser/plasma
deposition head. Fig. 9 shows the multi-process capability of this invention. Those
skilled 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 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
moved along a first horizontal axis with a work table conveyance system. At step
1004, a wire bonding head is moved 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 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



[0040] In the enbodi nent shown in Fig. 8, the canmera 50 is a fixed |line scan
canera. The canera does not nove but, instead, retrieves information rel ated
tothe entire table on a line by line basis as the down stream devi ces are
bei ng bonded. [0041] Wil e the above di scussion has described the use of the
present invention on a wire bonding head for formng wire interconnections,
the invention can also be used with_gdditional wre bonding devices, such
as a ball/wedge bonder, a pick and place head, an epoxy di spenser and
curing system a cleaning head or a | aser/plasma deposition head. Fig. 9

shows the | ti-process capabjlity qf this Jnvention. .Thqse,.skilled in the
art woul d B Sptihe Aromtfent 710 Hena s Raadind TR0 ShEToSHE i th any
of these systens. [0042] Fig. 10 is a flow diagramillustrating a method of
bondi ng a #pré theosegorfblpiizontal gxissandpalagithe erde)iags ystnde bandiagdeadied (e. g.,
a PCB, a substrate, a die, a chip, an interconnect structure, etc.) is
support ed amvayanoe lsyitednl tewaht tlst aptidCRyicecheAtepiiaml issep Mled wireng a first
horizontal axis with a work tabl e conveyance system At step 1004, a wire

bondi ng hegghdes idéado@bongi@. second horizontal axis (e.g., an overhead
hori zontal 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,
anot her  dEWHskThomsthodiilestiataddedig.d Ormaserichido nthea stehs peiddsonbedoshoat axi s
wi th another work - 13 table conveyance system At optional step 1010, the
wi re bondi withheaskct So nihw estherakmbgditrizatss ef it phsentz orveafioraxfos edathpdd, ong t he
vertical axis using a bonding head

utilization of a camera in connection with the wire bonding operation. Further, it is

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

[0044] The method described above with respect to Fig. 10 (with or without
additional steps as described above) may be implemented in a number of alternative
mediums. For example, the method may be installed on an existing computer
system/server as software (a computer system used in connection with, or integrated
with, a wire bonding machine). 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 attributes thereof and, accordingly, reference
should be made to the appended claims, rather than to the foregoing specification, as

indicating the scope of the inventicn.



conveyance systemtoward the another device. At optional step 1012, a wire
is bonded to the another device. [0043] The nethod illustrated in Fig. 10
may i nclude other steps as described above wth respect to the other

enbodi ments of the present invention, for exanple, wutilization of a canera
in connection with the wire bonding operation. Further, it is clear that
the order of the steps is not limtedyq that illustrated in Fig. 10. [0044]
The net hod descri bed above with respect to Fig. 10 (with or w thout
additional steps as described above) may be inplenmented in a nunber of
alternative nediuns. For exanple, the nethod may be installed on an

exi sting conputer system server asCi@ilM@re (a conputer systemused in
connection with, or integrated wth, a wre bonding machine). Further, the
met hod may operate froma conputer readable carrier (e.g., solid state
nenory, optihekls chiimed ismgnetic disc, radio frequency carrier nedium audio
frequency carrier nmedium etc.) that includes conputer instructions (e.g.,
conput er pyogram,j.: i - r . t i wireto a
devi ce. [0[)45] g]h‘}él?%%élg(glh% %ﬁ%ggﬁ#@%&n%@géﬁ% oad%grgcﬁqdu(%{aﬁggb@%etg?fi c forns
wi thout departing frog]the spirit or essential attributes thereof and,

accor di ngl Yyire pepHpg ARENIng KEIPHSIBE made to the appended cl ains, rather than
to the foregoing specification, as indicating the scope of the invention.

-14 GLAIMB a wire bonding head having a bonding tool mounted to it, the bonding tool

adapted to attach a wire end to a semiconductor device;

a bonding head conveyance system for translating the bonding tool in a

vertical direction and linearly along a first horizontal axis;
a work table for supporting a semiconductor device to be wire bonded; and

a work table conveyance system for translating the semiconductor device

along a second horizontal axis.

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 in 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



VWhat is clainmed is: 1. A wre bonding nmachine for bonding a wire to a

sem conduct or device, the wire bondi ng machi ne conprising: a wre bondi ng
head havi ng a bonding tool nounted to it, the bonding tool adapted to attach
a wre end to a sem conductor device; a bonding head conveyance system for
translating the bonding tool in a vertical direction and linearly along a
first horizontal axis; a work table fgg_supporting a sem conductor device to
be wire bonded; and a work table conveyance systemfor translating the

sem conductor device along a second horizontal axis. 2. The w re bonding

hi ding to clai inthe first h tal axis and th
econd hori zontaiieeE B KTl Pt bRt gBhal S Rach o MERT S The

wi re bondi ng machi ne according to claim1 wherein the first horizontal axis
and the seceBMPIHBIPLERVIGH aleng & thitddoridortabasdant i al |y paral | el planes. The

wi re bondi ng machi ne according to claim21 further conprising: a second work
tabl e for supporting another sem conductor device to be wire bonded; and -15
a second work table conveyance system for translating the another

sem conductor device along a third horizontal axis. 5. The wi re bonding
machi ne acgor diTw: wRe 6b@diAg thashiak atddrdihg teaeend wafeebit fHef @cond and third

axes are substantially parallel.

6. The wire bonding machine according to claim 4 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.

7. The wire bonding machine according to claim 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 2 magazine

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



axes are substantially parallel. The wire bondi ng machi ne according to claim
4 further conprising: a canera for capturing position data of a

sem conductor device to be wire bonded; and a canmera conveyance system for
transl ating the canera along a horizontal axis. 7. The wire bondi ng nmachi ne
according to claim6 further conprising: a second canera for capturing:
position data of a sem conductor devigg.to be wre bonded, the second
canmera being secured to the bonding head. 8. A wire bondi ng nachi ne

accordi ng to clain1l wherein the seniconductor device is positioned in a

magazi ne %ﬁ 1 g%rénqyogqﬁé %gq; E}or d iLce. A wire bonding
machi ne a or di 8“(5 1R 1825 eizhg? éﬁn E ﬁraé)é%rﬁ‘éngnandl er for
feeding the nmagazine to the work tabl e conveyance system -16 10. The wire

bondi ng machi ng @4 drnéh fphmn%l Fdstfion dadd bh@rseﬁlmﬁhc&bPGew@e EAPE Rard or
capturing position data of a sem conductor device to be wire bonded; and a

canmera conyey 1gdsystem for translating the camera along a horizontal axis.
11. The wire bondi ng machi ne according to claim 10 further conprising a
second camera for capturing position data of a sem conductor device to be
wre 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, the second camera being secured to the bonding head.

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

comprising the steps of:
supporting a device to be wire bonded on a work table;

moving the device along a first horizontal axis with a work table conveyance

system;

moving a wire bonding head with a bonding head conveyance system along a

second horizontal axis and along a vertical axis; and

bonding a wire to the device.



bonded, the second canera being secured to the bonding head. 12. A nethod of
bonding a wire to a device to be wire bonded, the nethod conprising the
steps of. supporting a device to be wire bonded on a work table; noving the
device along a first horizontal axis with a work tabl e conveyance system
noving a wire bonding head with a bondi ng head conveyance system al ong a
second horizontal axis and along a veptical axis; and bonding a wire to the
device. - 17 13. The nethod of claim 12 wherein the steps of noving the
device along a first horizontal axis and nmoving a wire bonding head along a
second horjzontal axis conprise nmoving the device and the w re bondi ng head
in a diredti onTgﬁgsefMtqfafalv12owh%@§éhﬁdqte&5&fwl%@ﬁﬁléw.ce glong pHEstet hod of
claim12 further conprising the steps of. noving another device to be wire
bonded al bomgoatal hkisdntordvagy wiredrndinghedd dong heacomb hérizabdlexsonveyance
system noving the wire bonding head with the bondi ng head conveyance system

al ong t he csmpORAnbELE BRI ceant SheaRie BRI hWd iN @/dide6@dn abk@ntianard t he
anot her device; and bonding a wire to the another device.

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.



