-1- BOND HEAD LINK ASSEMBLY FOR A WIRE BONDING MACHINE
Cross-Reference to Related Application [0001] This application claims the
benefit of U.S. Patent Application No. ,11/152,861, filed June 15, 2005,
the contents of which are mcorporatedlhereln by reference. Field of the
Invention [0002] The present invention relates to wire bonding
apparatuses and more particularly, to a link assembly for a wire bonding
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[0G05] 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



tool support arm. The potential reach by the conventional wire bonding

machine is sometimes referred to as the "throat" of the machine. [0006]
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bonding tool. The pair of pivot links are pivotably connected to the frame and the tool
support member is pivotably connected to each of the pivot links. The frame, pivot
links and tool support member define a link mechanism in which the pivot links pivot
in the same angular direction to provide substantially constant angular orientation of
the tool support member.



support member is pivotably connected to each of the pivot links. The

frame, pivot links and tool support member define a link mechanism in

which the pivot links pivot in the sary angular direction to provide

substantially constant angular orientation of the tool support member. 2a

[0010] In example embodiments, a link assembly for raising and lowering
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machine comprises a tool support member adapted for supporting the
wire bonding tool, and first and second arms. Each of the arms is
pivotably connected to a frame of the wire bonding machine and to the
tool support member at first and second locations of the arm. A pivot
length for each of the arms is defined between the first and second
locations of the arm. The pivot length of the first arm provides a trajectory
for the second location of the first arm having vertical and horizontal
components. The pivot length of the second arm is less than that of the
first arm to cause pivoting of the tool support member with respect to the
frame. The pivoting of the tool support member results in a tool pivot
motion of the tool with respect to the first arm that includes a horizontal
component. The horizontal components of the first arm trajectory and the
tool pivoting motion are substantially equal and opposite to each other to
provide substantially linear movement of the wire bonding tool. [0012] In
example embodiments, a method for configuring a linkage mechanism of
a wire bonding machine is provided. The method includes the step of



determining a desired amount of vertical displacement for the wire
bonding tool. A tool support member adapted to support the wire bonding
tool is provided. First and second arms each adapted for pivotable
connection to a frame of the wire bonding machine and to the tool support
member at first and second locations of the arm are also provided. The

[0011ethod msa(mp@egﬁfm@m@tsd@tw@@gmém@mﬁb«o«rdm@m displacing

a w1r965§§|%§ 3%[%?%1‘% VV vd ?ﬁ%sec r’}?ﬁ%%ﬁﬂ%@ ﬁ#ngefg e %'B!]_gﬁfrﬁéﬁﬁ?g%mber

rajectory ocation o0 Irst arm

adapﬁﬁ@lﬂe%uﬂﬁ’é’gtﬁﬁ %M&?rﬁﬁﬂﬁ’g”@ deebRN T PiPoCISRGHNSesti8 g kg ch of the
arms ¢aysegpatdgtingohtwtetbtd sufsppore roéihisewingtbrerpegt noattierfeanrel dbtiiee fool

“éﬁé%%ﬂw%w'gﬁ%"é?ﬁc’i"%%%%‘eﬂg?%‘ﬁ*@&ﬁ“ﬁﬁ?ﬁq ey oach of
the oyl LB REINGR B e EORnSES B IO B g gify Fhe pivot
lengtidrafvingdinstisaemphavided thitajactwidiing tbesantod peaetics tfethe first arm
havin U@Hﬁ:&%ﬂ@%@ﬁ%@la&@ﬁm@w@tT%é%l@ot@éh@lﬂ GINtrRNsBEnd arm is
s ﬁf SR PR are alal PRaLPd O ISURER IR it
carlt fﬂd Fin't cfrawmgs A the off?)gvlng igures:. [66‘191? T
requsér%bm\fw@m’av% PiyAtNteal fa@&ﬁbwmwﬁzﬁfaﬁﬁg%@mﬁéoof pivot
moticaceortingde! aﬂ;ﬁmmw@m@ﬁmem@&m IngRRigNatheriasaembbtiponent.

I e
The B T A IS ELAERy a0 s TPl Hifon e
su Sﬁ%gct%%ﬁév%?tk%p%ﬁ@%éad %@%Enﬂ‘}iﬁ}%f Y. Pf"fﬂ%%%@ﬁ?ﬁ@i‘a"y linear
moveshentrointizeraisedpaoditignedth respect to the work piece; [0017] Fig. 4 is a

{004 ﬁ'de e'e\ﬁﬁt'o&‘gﬁ%ﬁi@f the\BeARRead assembhngfiFig,3; c@%@]rﬁi% 5is fhkage
ectjve view of a bond head assembly for ire bo g

mecf%eea P e T TS S BEOHER: ST AR PO step of

deterpigyngfatidesitgdc@rarerdiof ewtiatbadisipacarneant ﬁwnﬂw«aemaémdmg tool. A

tool Qfﬂﬁ@ﬁm\ﬂé}%@@p heasRrsamRblia Q&%ﬁ@ RSO OW@] First and
igs, 7A througt gélllustratlon owing tool pl{?ﬁh ondin
SECO'P1or|zon?aﬁ10(l)lﬁJ % ond %%%dc ssembefy ot B C? o

machipga@nd fo the tooi supporﬁ member at first and second toca‘ttons of the arm are
also provided. The method also includes the step of determining a first arm pivot
length defined between the first and second locations of the first arm to provide a
preselected trajectory for the second location of the first arm. The method includes
the step of determining a second arm pivot length selected 1o cause pivoting of the
tool support member with respect to the frame of the wire bonding machine by a
preselected pivot angle.

Brief Description of the Drawings
[0013] The invention is best understood from the following detaiied description
when read in connection with the accompanying drawings. lt is emphasized that,
according o 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 perspeciive 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;



assembly of Fig. 5, and a bond head assembly of a prior wire bonding
machine, respectively. Detailed Description of the Drawings [0021] The
present invention relates to wire bonding machines used for bonding wire
to a work piece. The term "work piece*is meant broadly to include
semiconductor devices, such as dies and chips as well as substrates,
such as printed circuit boards and lead frames, to which the

rotansiconducty. devigasdareialaaticalbieonneciandnie Leaded wieiy. 1;
[0022] As used herein, the term "wire bonding tool" refers to any tool of a
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"bond head" refers to any structure of a wire bonding machine supporting
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assembly are movable with respect to a fixed link. [0026] As used here,
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of IFigtiSrs bbwhegniee hanitheis! gasendbly piaditieréhegesimoissnot meant to be
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0028] As used herein, the term "four-bar linkage" refers to a close
reqpREty&embly including a frame, a pair of side links pivotably connected

to the frame, and a 5%'%95%&5‘&9&\‘—%@@)4 otelplal Cﬁﬁ%\ﬁiﬁ h of the side

links. [0029] As used herein, the terms "coupled to", “coupled between",
[oerd 1"conneaute g tescatarnaaniiadzeasly eavenbatinglementsedilgedyfor bonding

wsFeOWS%%WB%%@erme term “work piece” is meant broadly to include semiconductor
devices, such as dies and chips as well as substrates, such as printed circuit boards and
lead frames, to which the semiconductor devices are electrically connected by the

bonded wire,

{oo22] As used herein, the term “wire bonding tool” refers to any tool of a wire
bonding machine (e.g., a capillary tool) receiving a bonding wire and adapted to bond

the wire to a work piece.

[0023] As used herein, the term “bond head” refers to any structure of a wire

bonding machine supporting a wire bonding tool.

[0C24] As used herein, the term “closed-loop link assembly” refers to a series of

substantially rigid members interconnected by joints to form a closed chain.

[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.



as well as elements interconnected by one or more intermediate
elements. [0030] Referring to the drawings where like numerals refer to
like elements, there is illustrated in Fig. 1 a bond head assembly 100 for
use with a wire bonding machine accérding to a first exemplary
embodiment of the invention. The bond head assembly 100 includes a
tool support member 102 for supporting a wire bonding tool, such as
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depicted embodiment is supported by a transducer 108, which is secured
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tool and a work piece throughout a range of motion of the mechanism.

[0031] The capillary 104 of the depicted embodiment is supported by a
transducer 108, which is secured to the tool support member 102 adjacent a lower end
of the tool support member 102, Preferably, the transducer 108 is secured to the tool
support member 102 using fasteners. However, any suitable means of securing the
transducer 108 could be used, such as welding for example. The transducer 108
engages the capillary 104 and transmits vibrational energy to the capillary 104 to
facilitate bonding interaction between the bond wire and a semiconductor device or
substrate. Transducers are, per se, well known and, therefore, no further description is

required.

[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



no further description is required. [0033] The tool support member 102
forms part of a link assembly 116 that also includes upper and lower arm
links 118, 120. The upper and lower arm links 118, 120 are preferably
arranged such that they are substantidlly parallel to each other. The
upper and lower arm links 118, 120 are pivotably connected to the tool
support member 102 for pivot about pivot axes at 122a, 122b,
boiespeetifrehy. thee-spparanth.lowenaid diaksplif: k2P-am piefarably, therefore,

nCRINRSIEL I %,t.ogl member 102 on each of opposite sides of
the tool supplortt mem@ﬁﬁﬁg [0034] The link assembly 116 of bond head
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ﬂ%%ﬁ[‘%@%@ﬁ%aﬁ%&ﬁ%&% having three-members that are movable with
respect to the fixed frame. The moving members include a pair of pivot links pivotably
connected to the frame at spaced locations for pivot about separate pivot axes. The
other moving member, sometimes referred to as a coupler link, is pivotably connected
to each of the pivot links. When the pivot links of the four-bar mechanism are
substantially parallel, which is an arrangement sometimes referred to as a
parallelogram mechanism, the angular orientation of the coupler link will remain
constant during pivoting of the pivot links.

[0036] As applied to the link assembly 116 of bond head assembly 100, which is
a paralielogram 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 crientation of tool support member



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 -7- 102 remains substantially
constant, throughout a range of motion of the mechanism between the
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bonding machine about a vertical axis. [0040] The bond head assembly
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with respect to work piece 106, the invention is not so limited. Other means of
providing horizontal too! movement could be used such as an X-Y positioning device or

by pivoting a portion of the wire bonding machine about a vertical axis.

[0040] The bond head assembly 100 preferably includes a drive system 132 for
raising and lowering the tool support member 102 with respect to the work piece 106.
The drive system 132 includes a pair of permanent magnets 134 and an energizable
coil 136 located in a space defined between the magnets 134. The magnets 134 of the
depicted drive system 132 are partially received by a central aperture 138 of slide
member 130. Referring to Fig. 2, a coil support member 140 supports the coil 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 iower the tool support

member 102.



The drive system 132 includes a pair of permanent magnets 134 and an
energizable coil 136 located in a space defined between the magnets
134. The magnets 134 of the depicted drive system 132 are partially
received by a central aperture 138 of slide member 130. Referring to Fig.
2, a coil support member 140 supports the coil 136 and is coupled
between the coil 136 and the upper arm link 118 of link assembly 116.
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are located adjacent the ends of the arm links
adiq_cganiibe ﬁ'ﬁﬁ)ﬁf&fﬁealﬁﬁ'd@?gﬁow h}i{,@ev{grs{‘%@d be understood, however, that

one or both of the arm links 118, 120 could have end portions that extend beyond the

pivot locations.

[0044] As shown by comparing Figs. 2 and 4, the angular orientation of the tool
support member 102 remains substantially constant during the movement of the link
assembly 116 between the lowered and raised positions. As a result, the vertical
orientation of the capillary 104 remains substantially constant. Thus, the orthogonality
of the capillary 104 with respect to the work piece 104 is maintained throughout the
range of motion of the link assembly 116. Because the orthogonality of the capillary
104 is maintained, the path of the bond wire being fed through the capillary 104
remains the same regardless of the direction in which the fool 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.

[D045] The depicted link assembly 116 includes a pair of substantially parallei
arm links 118, 120. The bond head assembly could conceivably include additional
substantially parallel arm links pivotably connected to the tool support member 102.



one or both of the arm links 118, 120 could have end portions that extend
beyond the pivot locations. [0044] As shown by comparing Figs. 2 and 4,
the angular orientation of the tool support member 102 remains
substantially constant during the movéhient of the link assembly 116
between the lowered and raised positions. As a result, the vertical
orientation of the capillary 104 remains substantially constant. Thus, the
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substantially equal. [0047] Although a parallelogram mechanism provides
[ooagdin benafitexéneplpresasthibyeattianustingt sddimitad. By aditsiingthe achieve
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_provide certain desired features. As described above, for example, the
diggrsiloHRa AN B RRARET LIS RS ShRiieeeansoRZBiiiaks each defining first

and second locations respectively adapted for pivotable connection to a frame and to a
tool support member. The pivot length of each arm link is defined by the distance
between the first and second locations of the arm link.

[0049] The pivot length of the first arm link is selected to determine a trajectory
for the second location of the first arm when the first arm is pivoted with respect to the
frame. With the trajectory of the first arm established, the pivot length for the second
arm link is selected to cause the tool support member to pivot with respect to the frame
by a preselected angle during a range of motion of the mechanism between a lowered

position and a raised position,.

[005G] The tool support member supports a wire bonding tool, such as a
capillary, at a distance from the second location of the first arm. The pivoting of the
too! support member with respect to the frame causes the capillary to experience a tool
pivoting motion about the second location of the first arm. The pivot angle of the tool
support member is selected to provide a certain tool pivoting motion about the second
location of the first arm providing a desirable kinematic or inertial feature for the four-

bar link mechanism.



component in the motion of the tool support member. If linear motion (e.g.,
vertical only) of a supported capillary is desired, the parallelogram
mechanism may be simultaneously translated to null out the horizontal
component of the tool motion. [0048]¥%exemplary method of adjusting a
four-bar link mechanism to achieve a desired feature associated with the
mechanism motion is as follows. In the following discussion, the link
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rring to there is shown a bond head assembly 200 according
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the bond
locations 222a 222b respectively.

[0054] Similar to frame member 124 of bond head assembly 100, the frame
member 224 of the depicted bond head assembly 200 extends downwardly from a
lower surface of a slide member 230 of a linear slide mechanism defining epposite V-
shaped grooves 230a. Frame member 224 includes a forwardly extending portion to
which the upper arm link 218 Is connected such that the pivot axis location 226a of
upper arm link 218 is located forwardly of the pivot axis location 2260 for lower arm
link 220. This differs from the construction of bond head assembly 100, as shown in
Fig. 2, in which the pivot axis locations 126a, 126b of upper and lower arm links 118,

120 are aligned in substantially vertical fashion.

[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.

[00561 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



assembly 200 includes a tool support member 202 for supporting the
capillary 204 and moving the capillary with respect to an underlying work
piece 206 between raised and lowered positions. The bond head
assembly 200 includes a transducer2bB-engaging the capillary 204 and a
wire clamp 212. The bond head assembly 200 is depicted without a drive
system for raising and lowering the mechanism, it being understood that
uppdy stiableemeansaisnogingptharmechanistmly Risgiand KWL LIRSV shown
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222h, 226b. [0056] Referring to Figs. 6A through 6C, the bond head
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inks 218, 220 are substantially parallel to each other own
and vertical' components. From the point of view of the Figs. 6A through 6C, the

horizontal component of the tool pivoting motion will be to the left. Thus, the
horizontal component of the tool pivoting motion is in a direction that is opposite to the
horizontal component of the trajectory for location 222b of lower iink 220.

[0059] The pivot angle of the tool support member 202 with respect to location
222b was selected such that the horizontal component of the tool pivoting motion is
substantially equal to the horizontal component of the lower link trajectory. Thus, the
horizontal motion of the capillary 204 is nulled to provide substantially linear (/.e., only
vertical) motion of the capiliary, as shown by the vertical line extending through each
of Figs. 6A through 6C,

[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.



in Figs. 6B and 6C, however, the differing arm pivot lengths for upper and
lower arm links 218, 220, results in differing amount of pivot for the upper
and lower arm links 218, 220. As a result, the upper and lower arm links
218, 220 do not remain parallel to 2&ér other throughout the entire range
of motion of the mechanism. As a result, the tool support member 202
pivots with respect to the frame member 224 during the motion of the
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[C063] Referring to Figs. 7A through 7C, various features and benefits of the
above-described embodiments are illustrated graphically. The graphs of Figs. 7A
through 7C illustrate tool pivot angle and tool horizontal movement during link
assembly movement for the bond head assembly 100 of Fig. 1, the bond head
assembly 200 of Fig. 5, and a prior bond head linkage assembly, respectively.
Referring to Fig. 7A, the bond head assembly 100 of Fig. 1 is adapted to raise the
associated capillary 104 to a vertical position of approximately 320 mils. During the
movement of the capillary from the lowered position of zero mils to the raised position
of approximately 320 mils, the capiliary is moved approximately 17 mils horizontally.
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 iilustrated. As described above, the horizontal



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. -12- [0061] Although the depicted
bond head assembly 200 includes a st¥ortened arm pivot length for the
upper arm link 218 compared to that of the lower arm link 220, the
invention is not so limited. Alternative configurations are contemplated, for
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[0067] The wire bonding tool of a wire bonding machine is typically accelerated
from its lowered contact position to provide for looping or to provide access to form a
free air ball for & ball bonding machine. Given the high speeds that are desired, this
acceleration may be substantial. From an inertial standpoint, support of a wire bonding
tool at the terminal end of a pivoting tool arm, as provided by the prior bond head
assembly of Fig. 7C for example, ideally distributes the mass that must be accelerated
by a drive system to achieve the desired speeds. Such inertial benefits, in turn,
promote reduced power requirements. The desirable inertial/power characteristics (/.e.,
pure pivot and distributed mass) associated with the construction of Fig. 7C may be
contrasted to those of a purely transiating system (e.g., an elevator), in which 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



Referring to Fig. 7A, the bond head assembly 100 of Fig. 1 is adapted to
raise the associated capillary 104 to a vertical position of approximately
320 mils. During the movement of the capillary from the lowered position
of zero mils to the raised position of dgproximately 320 mils, the capillary
is moved approximately 17 mils horizontally. As shown, however, the tool
pivot angle during the mechanism motion is substantially equal to zero.
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range of equivalents of the claims and without departing from the invention.



[0067] The wire bonding tool of a wire bonding machine is typically
accelerated from its lowered contact position to provide for looping or to
provide access to form a free air ball for a ball bonding machine. Given
the high speeds that are desired, this{gcceleration may be substantial.
From an inertial standpoint, support of a wire bonding tool at the terminal
end of a pivoting tool arm, as provided by the prior bond head assembly
Wh of,Fi‘%YC for example, ideally distributes the mass that must be
HeSIE e by a drive system to achieve the desired speeds. Such
inerfial benefits, Jn, {Urn, DIOMRIRFEMICER PUNR LEHHERMENERTDE the bon
desirable inertial/power characteristics (i.e., pure pivot and distributed
heaf 388" BRYGIEBHWIE the construction of Fig. 7C may be contrasted to
tho%emﬁieabgﬁgﬁ%tlég&sl%ﬂgg system (e.g., an elevator), in which mass is

concentrated. In"a purely franslating system, the entire mass of the
systemismaesglaiaias lpaathritesen URl aleagshyaigeabiravekratii-&sonding

illustrated,in Fig. 7C. .howeyer, the support of the tool by the pivoting taql
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purely pivoting canstrugction .of the prior. wire bonding machine of Fig. 7C
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différeampsemise sfmdoendtheagtiassembly 100 from a kinematic standpoint
because the tool 204 is permitted to pivot to some extent to achieve the
desied nullirghsiaorizashesseotiyracddvgiine thadiadwer ichiehracterwsitsng a drive
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some extent from those of bond head assembly 100. Referring again to

Figsi.6A and6Eyideparotissg oibthextootSupportiaeniheri2fBiwiterespectystem
inclifdOANRR %4 ROLRIHIEJD AP R PKOHNG MAtioR @fcapillary 204 having

both horizontal and vertical components. From the point of view of Figs.
6A througIThE& bthrel et ak eonbposentrohid edatli pivat wieticin i e preafetsic

circ‘aﬁﬁggi@gg@gg%%%wmﬁpma%ts and an energizable coil located in a space

defined between the pair of permanent magnets.

5. The bond head assembly according teo claim 1, wherein the arm links are
substantiatly paraliel to each other in any position of the link mechanism within the

range of motion of the link mechanism.

6. The bond head assembly according to claim 1, wherein the second arm
fink is positicned above the first arm link with respect to a bonding area of the wire

bending machine, the first pivot iength being greater than the second pivot length.

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

mechanism.



lowered position to the raised position. Therefore, the vertical component
of the tool pivoting motion is in the same direction as the vertical
component of the lower arm link trajectory. Because the vertical
components are in the same directiomghey are additive. Thus, the range
of motion of the mechanism achieving a given amount of vertical tool
displacement has been reduced from that of the parallelogram structure,
thereby re%m Wer reS lélrnebmenés ¥ 070 AI Q!%J fpe inveﬂu%rs ot
iilustrated and escn Hareim Wit Féreren ce o Specific em tEs)
lenatfe indefitieh bewmfeﬁaédqéwnﬁﬂﬁeatl@mﬁeaetaufg%ﬁawfn.swatﬁl@t during
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the tra e of e unI/alent%t%‘a {he ﬁum% an without departlng from the
IV B4t s Claime %\E) nd head a assembly for use with a
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supporting the wire bonding tool, the arm links being substantially parallel

to edehtatherimbatdeastramesprsitierrefabi@tinkmdokdnsmivating aabeyéesing
subQfREHAN 59{( he.brRkomeahanisma the alurating fhada Jitsdrekifingddy Movement

first arm link having a first pivot length and (2) a second arm link having a
of tBE¥I5E PRASYIEHGH: the first pivot length being different from the second

pivot Iength 2. The bond head assembly according to claim 1 further

comprising a drive system engaging the link mechanism to pivot the arm

links with respect to the frame. 3. The bond head assembly according to

claim 2, wherein the drive system includes a magnetic circuit coupled to

the link mechanism. 4. The bond head assembly according to claim 3,

wherein the magnetic circuit includes a pair of permanent magnets and

an energizable coil located in a space



defined between the pair of permanent magnets. 5. The bond head

assembly according to claim 1, wherein the arm links are substantially
parallel to each other in any position of the link mechanism within the

range of motion of the link mechanisri76: The bond head assembly
according to claim 1, wherein the second arm link is positioned above the
first arm link with respect to a bonding area of the wire bonding machine,

the first pivot length being greater thgpnthggecond pivot length. 7. The

bond head assembly according to claim 1 further comprising a transducer
coupled betivéendiheariressoniin dotoatandt the soupley tdciahthantiides a wire

boR@REARIENMNd & T hedandheadpReRBlYRACHH NP SRIM L IUNEIRIthe wire
thg, first gl\{'ot Ien%tg Ol,s deflntT]d between first and second locations of the
h

M2 SURR: tHACTHAG SRR SPehE'Siest HAMS FHLLTRY 1BF Bre finks
piveiabhtderagiiacofohesirsraenpidde iorldu Hrot ajeoibsy Bapingtiartibal wire
boraéhhabgpsial sospemaRisdbesesandpivotiensth haing defined

between first and second locations of the second arm, the second pivot
length being less than the first pivot length such that pivoting of the tool
support member with respect to the frame results in a tool pivoting motion
of the tool with respect to the first arm that includes a horizontal
component, 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. Abstract
A bond head assembly for use with a bonding machine includes a wire
bonding tool and a link mechanism coupled between the wire bonding tool
and the wire bonding machine. The link mechanism includes a frame, a
plurality of arm links pivotably connected to the frame, and a tool support
member supporting the wire bonding tool and pivotably connected to
each of the arm links.



