BOND HEAD LI NK ASSEMBLY FOR A W RE BONDI NG MACHI NE

Cross- Reference to Related Application [0001] This
wapbiissaed on claims the benefit of U 'S, PatentPCT/US2006/019946

Application No. 11/152,861, filed June 15, 2005, the

contents of which are |ncor]porat ed herein by

reference. Field of the Invention [0002] The present
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[0005] The bondable area for certain conventional wire bonding machines is
limited by interference between the work piece and supporting structure for the tool
support arm, which is located at or below the location of the tool support arm. The
coverage area for such wire bonding machines, therefore, is limited by the length of the
tool support arm. The potential reach by the conventional wire bonding machine is

sometimes referred to as the “throat” of the machine.

[0006] Certain wire bonding machines include a link mechanism for raising and
lowering a wire bonding tool with respect to a work piece. The link mechanism includes

a tool support member and a pair of arm links pivotably connected to the tool support
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of substantially parallel pivot members, and a tool support member supporting the wire
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Drawi ngs [0013] The invention is best understood from

the foll ow ng dBriefDes$cdpsion gfttheDravengsead i n

connection with the acconpanying drawings. | t is
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according to common practice, the various features of the drawings are not to scale.
On the contrary, the dimensions of the various features are arbitrarily expanded or

reduced for clarity. Included in the drawings are the following figures:

[0014] Fig. 1 is a perspective view of a bond head assembly for a wire bonding
machine according to an exemplary embodiment of the invention, the assembly in a
lowered position with respect to a work piece;



On the contrary, the di nensions of the various
features are arbitrarily expanded or reduced for
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an exenpl ary enbodi nent of the invention, the assenbly
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[00% Rs usedehereln s:he term ‘rc]:h)sed -loop link assembly” refers to a series of
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[0025] As used herein, the term “link mechanism” refers to a link assembly in
which two or more links of the assembly are movable with respect to a fixed link.

[0026] As used here, the term “planar link mechanism” refers to a link
mechanism in which the motion of the mechanism is generally planar, The term is not
meant to be limited to mechanisms including substantially planar bar or plate
members. Thus, the link members could have substantial dimensions extending

transversely to the plane of motion.
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[0032] The bond head assembly 100 also includes a wire clamp 112 secured to
the tool support member 102 above the capillary 104 and transducer 108. The wire
clamp 112 is adapted to receive a bond wire from a wire feed system (not shown) and
direct the wire vertically downward to the capillary 104. The wire clamp 112 is adapted
to respectively engage and release the bond wire to disable or enable the payout of the
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mechani sm the angul ar orientation of the coupler |ink
[003G6]1 | r efmapplied to the link assembly 116 of bond head assembly 100, which is

a parallelogram mechanism, tool support member 102 and arm links 118, 120
respectively define the coupler link and pivot links of the mechanism. The arm link
support member 124 of bond head assembly 100, which is fixed with respect to the
pivoting action of the mechanism, defines the frame of the parallelogram mechanism.
As may be seen by comparing Figs. 2 and 4, the arm links 118, 120 remain

substantially parallel to each other, and the angular orientation of tool support member



constant during pivoting of the pivot |inks. [0036] As
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membige 130y Refﬁ;rgn@ ta big. 2 a coil support member 140 supports the c0|l 136 and

is coupled between the coil 136 and the upper arm link 118 of link assembly 116. The
drive system 132 provides a magnetic circuit in which electromagnetic interaction
between the coil 136, when energized, and the permanent magnets 134 drives the link
assembly 116 with respect to the slide member 130 to raise and lower the tool support
member 102,



The drive system 132 includes a pair of pernmanent

magnets 134 and an energi zable coil 136 located in a
wapaoasssef i ned between the magnets 134. The naPOBEUS2008619946

of the depicted drive system 132 are partially
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pivot lbeattomel support nenber 102 to separ ate the capillary
104 fromthe work piece 106. [0043] The upper and
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remains the same regardiess of the direction in which the tool support member 102 is
translated by the wire bonding machine during the formation of a loop. This uniformity
in the capillary orientation desirably promotes loops of consistent shape.

[0045] The depicted link assembly 116 includes a pair of substantially parallel
arm links 118, 120. The bond head assembly could conceivably include additional
substantially parallel arm links pivotably connected to the tool support member 102,
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As a result, the vertical orientation of the capillary
wQebensseed ns substantially constant. Thus, thePCT/US2006/019946
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[0055] As a result of the forward location of location 226a with respect to 226b,
the arm pivot length for upper link 218 defined between locations 222a, 226a is shorter
than that for lower link 220, which is defined between locations 222b, 226b.

[0056] Referring to Figs. 6A through 6C, the bond head assembly 200 is
respectively shown in a lowered position, a partially-raised position and a fully-raised
position with respect to the work piece 206. In the lowered position of Fig. 6A, the
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0058 plllary 204 of the bond head assenbly 200
of F'E§ %hﬁgﬁ élat a

[0060] Although the angular orientation of the tool support member 202 is not
constant, the pivot angle of the tool support member 202 about the location 222b is
small, less than approximately 1 degree. Thus, the supported capillary 204 will remain
substantially orthogonal to the work piece 206 during the motion of the bond head
assembly 200.



di stance froml ocation 222b of |lower armlink 220. As
aresult, the capillary wll experience a tool

wpEraoet13gogs noti on with respect to | ocation 222brPeEU2996/019946
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poi nt of view of the Figs 26A through 6C, the
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trajectory. Thus, the horizontal motion of the
[0062§lpl | | @y eddofi lmndeadchsB@nphydmOwdsbdMﬂmﬁﬁl aﬂswbly 200, the

upper‘a ncﬁﬁ’&'\ﬁn ik Ilphg QJ'eV s rItFaﬂl kamﬂhf t%rba% ottitilt.el" if Qﬁé Hvﬁ!réfd
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appliedtibn cEfOibﬁa]meerdeelaaﬁ‘ly difnitsaladnagedd tb@S@Mﬁl'}Q baulsgaksed by tool
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tool &dnt&et: po\gﬁg,gﬁ the capillary 204 is positioned for
contacting the work piece 206 either directly or

[0063}jl r eCIQéfbﬁrrtrfgrt@LF@diB a Abppslighgy Gjiviaeipus Reatwikewnd behefits of the
t
abovgedasmasty paE R ulsfla Bk 1 BrafOr PlodD 7

throsghcC tiatrateeokpipot dngly az@mthprnzmaldmvﬁsg@ﬁ uring linke
asseRw ;}ﬂﬂebaﬂg'}to@ gl%]gorfd)ﬁé‘éad hsSetnpRi £6Y bﬂfFlﬁpﬂﬂh@%oh@ Hebe

contact between t calpl ! % 204
assetlly 200 9k5:p¢r!§b% pzeebonm'éea&ﬂmk@e%@?%ﬁﬁnw GERSFVEY e
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As shown, however, the tool pivot angle during the mechanism motion is substantially
equal to zero. For this embodiment, if linear movement (e.g., only vertical) is desired,
the bond head 100 may be simultaneously translated to compensate for the horizontal

component.

[0064] Referring to Fig. 7B, the tool pivot angle and tool horizontal movement
for bond head assembly 200 is illustrated. As described above, the horizontal



bondi ng tool during the application of bond force. The

| ack of lateral notion during the application of bond
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caused by tool "skidding." Although parallelismof the

link arnms 218, 220 in the]1omered position is

preferable, other arrangements are conceived in which

the links are non-parallel in the tool contact
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zero. .For nt, if |inear novenent (e.g.,
and plyguia ig etxc‘%:sglcﬁse&gagéej%s‘r?ed the bond head 100 nay be
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onent 0064] Referring to Fh‘t%t t p
assoqizgief methed O'é?fg’lf'éuﬁﬂ@ thelk msenanism Y fe5ie 'ho%ges"e
objedtiwads S HAMRbIZoARN mdvelddntst tHad ﬂd}poﬁsﬁd demﬂanyt&mil dibshieyld be
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undefqtg?cgg}o %Eattotﬁg %BPS 6908 tblenus acl?ig\')% I:Iééqu%d benefits other
than ot s additibatd ;heeipmab c&ad:hﬁdmsemetlts b@ﬂeﬁlt I@éﬂuﬂﬂs‘r horizantal tool

moveg'rg%necrgl%h % gvﬂgg %lptlg'lq)z%d%&ﬁlaf ESR8& kbW IPowRE P&ftiirements,

ant equal to zero. The arrangenent of
for exaraplei nk assenbl y of bond head assenbly 200,
t herefore, represents a_c

onpromi se in which a.sliaght
[006Z}punt 'B'-pe WG%IbOW'U%ItO‘?@f ﬁé’YnFﬁ p?récgnq B'lagnlglgtlsamplcé}lil 98lelerated
from€&ts! Imvéﬂidﬁ:oht}arct pwtlﬁﬁ td pmlv;démzse Impmgvmrttblpmomdmacmagw fofm a
t hat r
free FEERRc0" 4 EEearERng B2 hE SR R it Ohee TR are dpgired, this
acceleratiddOfay e sbbsteemi Eyoro@mpaentmgstlangaomﬁiuam ?Ba Wiitepponding
tool gttﬁleqléﬁ'ﬂma n bfga %&lnq\’tﬁo‘l\'grhl Eé"ﬁltoﬁ/ﬂfeﬁsoytt%@prﬁl* B@ﬁd head

e and IZOﬂ nnvenent for a rIOT

asseﬁ@ ofdgge?ﬁ)f%y ex,agmp@,, iaslly p%rn@ﬁﬁﬁg?e[ Bgss Hiat must %e accelerated
by a l&'ﬂﬁ@%&lét@m 16 SRREEItRE EBSrduipecds.V stictaimghteal dBdefits, in turn,
ooriresdeens” BRURETER s i s P b 3P g enses e,
puren:ll\VdHariaig:I|$ti‘ib&bederﬁ&ss<))fas®cdﬂgi with. thg @e@Btuction of fig. F60vey be
ottt 0P pEulytay leqgattﬂ*?gag/s@eﬁﬁ?g@ YartQBvat8Pd irf BRich mass is
concentrated. In a purely translating system, the entire mass of the system is
accelerated together as a unit along a vertical travel path. As illustrated in Fig. 7C,
however, the support of the tool by the pivoting tool arm of the prior bond head
assembly undesirably results in pivoting of the tool, and horizontal translation of the

tool, in addition to the desired vertical motion.

[0068] The parallelogram construction of bond head assembly 100 results in

some concentration of mass adjacent the capillary 104 associated with the tool support
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construction of bond head assenbly 100 results in
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head assenbly 100 in order to provide the non-pivoting
tool feature. [0069] As described above, the bond head
assenbly 200 involves a conprom se from bond head
assenbly 100 from a ki nematic standpoi nt because the
tool 204 is pernmitted to pivot to sonme extent to
achi eve the desired nulling of horizontal notion. The
i nertial power characteristics associated wth.bond
head assenbly 200, however, are inproved to sone
extent fromthose of bond head assenbly 100. Referring
again to Figs. 6A and 6C, the pivoting of the too
support nenber 202 with respect to |ocation 222b
results in a tool pivoting notion of capillary 204
havi ng both hori zont al



and vertical conponents. Fromthe point of view of
Figs. 6A through 6C, the vertical conponent of the
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fromthe | owered position _to the raised position.

Therefore, the vertical éc}nt'c?p'onent of the tool pivoting
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t..cal conponents are in the sane direction,
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systeg BKTES e orhe DR GO S e
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claim 1, further %%rﬂ)eradsésgﬁ'nglgdé'cl: .%..@Vt%tcﬁ’én@@%%% thae

i nk rrechanlsm vot t W th respect 1['0
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in a $adk Bkfineh Mﬁr@@h Bhd P@ir@f barenarieat pEgh&gl udes a magnetic
circuit coupled to the Iink nmechanism 4. The bond

head a3§en‘ol 'l?heamlﬁféddigastsémbiy&ucﬂmrﬂ;nngecrIaannl,t \wherein the arm
netic cClLrcult

o B e E L, 3 B Ry oo

wnthlhehmmetdfenqnmrrofd'hepleknrmceﬁmsmgnet s. 5. The bond
head assenbly according to claim1l, wherein the arm
li nks a6.e s\brs bond headassamaly agcordingstaciaipt hewhergingarh of

the ef?ﬁ!slﬁrms(b@ e Ilﬁlb%elché}hsm;fé hapb&eW ddiinBetel @o tiR@geuIr link and to
tion of the |ink nmechanis ng

the frame at first and second locations to define an arm pivot length between the first

and second locations, and wherein the arm pivot length of at least one of the arm links

differs from the arm pivot length of at least one other arm link.

7. The bond head assembly according to claim 1 further comprising a
transducer coupled between the wire bonding tool and the coupler link of the link

mechanism.

8. A link assembly for a wire bonding machine, the link assembly

comprising:
a frame;

a pair of pivot links pivotably connected to the frame; and



6. The bond head assenbly according to claim1,
wherein each of the armlinks of the |ink nmechanismis
w0 e®pastovel y connected to the coupler |ink anPiCT/US100€019946
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l'ink nmeghani gﬁe 131 ﬁ%ﬁl@ﬁ&o@blhy t@@raah|8$|wﬁeﬁelﬂ&ﬁa1 of the pivot
r I‘O out the ra e nechani sm
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a pair of pivot members pivotably connected to the frame; and

a tool support member pivotably connected to each of the pivot members
to define a four-bar mechanism with the pivot members and the frame, the tool support
member supporting the wire bonding tool of the wire bonding machine,

the pair of pivot members being substantially parallel to each other in at
least one position of the four-bar mechanism within a range of motion of the four-bar

mechanism.

14.  The link assembly according to claim 13, wherein the pair of pivot
members are substantially parallel to each other throughout the range of motion of the

four-bar mechanism.
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the horizontal components of the trajectory and the tool pivoting motion

being substantially equal and opposite to each other to provide substantially linear
movement of the wire bonding tool.

18. A method for configuring a linkage mechanism of a wire bonding
machine adapted to vertically displace a wire bonding tool, the method comprising the
steps of:

determining a desired amount of vertical displacement for the wire

bonding tool;

providing a tool support member adapted to support the wire bonding
tool;
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