- 1 - WRE BONDI NG APPARATUS COVWPRI SI NG ROTARY PCSI TI ONI NG STAGE
Field of the Invention The invention relates to wre bonders, and in
particular to a bondhead for wire bonders that make electrical wre
connections on el ectronic devices. Background and Prior Art Current
wi re bonders typically have bondheads iconprising rocker arns that
rotate a bonding tool up and down about a horizontal axis with a
smal | angul ar stroke. The angul ar stroke of the rocker arm positions
t he bonding tool along a vertical Z-axis. The bondhead is nounted on
nmut ual Iy orthogonal nd ey L- APEARATOE AOvPRISAY e in order to
posi tion the bondi ng toof - o zontal pl ane.
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The said Z-axis notion of ROTARMNGIOSITIONING STAGRI |y driven by a
direct drive notor, such as a voice coil motor. For instance, US
Pat ent Nunber 7,025,243 entitled "Bondhead for Wre Bondi ng

Appar at us#ieg{@qua%ﬁ%nﬁo}qondi ng tool held by a bondhead body, which is
driven by a bondhead actuator to rotate in order to position the

bondi ng tool with respect to a bondi ng surface.

The invention relates to wire bonders, and in particular to a bondhead for wire

bonders that make electrical wire connections on electronic devices.

Backaround and Prior Art

Current wire bonders typically have bondheads comprising rocker arms that
rotate a bonding tool up and down about a horizontal axis with a small angular
stroke. The angular stroke of the rocker arm positions the bonding tool along a
vertical Z-axis. The bondhead is mounted on mutually orthogonal X and Y
motion stages of an XY table in order to position the bonding tool in the X and Y

axes on a horizontal plane.

The said Z-axis motion of the bonding tool is usually driven by a direct drive
motor, such as a voice coil motor. For instance, US Patent Number 7,025,243
entitled “Bondhead for Wire Bonding Apparatus” discloses a bonding tool held by
a bondhead body, which is driven by a bondhead actuator to rotate in order to

position the bonding tool with respect to a bonding surface.

FIG. 1 is a side view of a prior art wire bonder bondhead that is mounted on an
XY table. The wire bonder generally comprises a bondhead body 10 to which a
bonding tool such as an ultrasonic transducer 12 is mounted for generating
ultrasonic bonding energy. The bondhead body 10 is enclosed in a bondhead
housing 14 and it is rotatably positioned on a pivot, such as a flexure bearing 186,
to create the aforesaid rocker arm mechanism. The bondhead body 10 and

ultrasonic transducer 12 are drivable to rotate about the X-axis by a direct drive



FIG 1 is a side view of a prior art wire bonder bondhead that is
nmounted on an XY table. The wire bonder generally conprises a
bondhead body 10 to which a bonding tool such as an ultrasonic
transducer 12 is nounted for generating ultrasonic bondi ng energy.
The bondhead body 10 is enclosed in a®pondhead housing 14 and it is
rotatably positioned on a pivot, such as a flexure bearing 16, to
create the aforesaid rocker arm nechani sm The bondhead body 10 and
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generated needs elaborate cooling arrangements to prevent it from migrating to

the bonding area, which may affect the accuracy of bonding operations.

Due to higher speeds of the XY table, which in turn require higher accelerations,
the vibrations generated by motion of the moving mass have also increased
considerably. These vibrations are transmitted to the work-holder which holds
the substrate or carrier being bonded, thus adversely affecting bond-placement
accuracy on the same. Since the X-stage has to move the largest mass, the

vibrations created by the X-stage have the highest magnitude.



- 3 - Another observation is that the linear bearings of the X-stage
are the worst stressed, due to high preloading for high stiffness and
al so due to the high nonent | oading resulting fromthe of fset between
an actuating X-force and the shifting centre of gravity of the nass
carried on it that is nmoving in the Y-glirection. Wth a viewto
overcom ng sone of the above problens, US Patent Nunmber 6,460, 751
entitled "Bondhead for a Wre Bonder" describes a wire bonding
apparatus in which the linear X-stage has been al together elim nated.
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bondi ng tﬁgl of %he wi re bondi ng apparatus to achi eve high _

accel erati on oV relatively small distances nore efficiently, while

mai nt ai ni ng corrpact ness and avoi ding sone of the aforesaid

shortcom Rﬁﬁouogfh tth dgsngn is metant to solve the aforementioned problems associated
with the conventional X-stage, it has its own limitations. Firstly, since the total
angular travel range is relatively large (+/-15 degrees), the force that is required
of the direct drive motor - although less than the purely linear X-stage that it
replaces - is still quite substantial with the result that the direct drive motor cannot
be made very small and compact. Furthermore, use of air bearings places very
high demands on the precision of the manufactured parts and their assembly. It
also takes up quite considerable space. Being relatively heavy, it increases the
loading on the Y-stage which may then begin to face problems similar to the
ones mentioned above for the X-stage. Air-bearings also consume copious
amount of compressed air even when the bonder is not bonding, thus adding to

the running costs.



According to a first aspect of the invention, there is provided a

wi re bondi ng apparatus for an electronic device, conprising: a
bondi ng tool nounted on a bondhead body; a positioning table on which
t he bondhead body is nounted, the positioning table having first and
second notors coupled to it that are qperative to drive the bondhead
body to positions along respective first and second orthogonal axes;
a pivot connecting the bondhead body to the positioning table such

t hat t he Bomdiregdf bedinvestioot at able rel ative to the positioning table
about a third axis which is substantially orthogonal to the first and
second axes; and a third notor operative to drive the bondhead body
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of a preferred enbodi nent of a W re bondi ng apparatus i n accordance
wi t h t he thirdenetpbepevative todivsethedindhbad bapy o ralaterahecit theothird @xis.
acconpanyi ng drawings, in which: FIG 1 is a side view of a prior art
wi re bonder bondhead that is nmounted on an XY table;

According to a second aspect of the invention, there is provided a method of wire

bonding an electronic device, comprising the steps of: providing a positioning
table having first and second motors coupled to it; driving a bondhead body
mounted onto the positioning table to a position along first and second
orthogonal axes with the first and second motors respectively; rotating the
bondhead body with a bonding fool connected to it about a third axis which is
substantially orthogonal to the first and second axes with a third motor so as to
position the bonding tool at a first bonding point; making a first wire bond at the
first bonding point; rotating the bondhead body about the third axis to position the
bonding tool at a second bonding peint; and thereafter making a second wire
bond at the second bonding point to form a wire connection between the first and

second bonding points.



FIG 2 is an isonetric view of a wire bondi ng apparatus according to
the preferred enbodi nent of the invention; FIG 3 is a plan view of
the wire bonding apparatus illustrated in FIG 2; and FIG 4 is an

i sonetric view of the bondhead of the wire bondi ng appar at us
according to the preferred enbodi nent_sf the invention. Detailed
Description of the Detail ed Enbodi nent of the Invention FIG 2 is an
isonetric view of a wire bonding apparatus 32 according to the
preferreditestideti cenverséntt fvehemireriter alesciibe thv rievdrdiodi inggraptmrd&ta'rk 32
i ncludes a stem 33. | ocated at the ar a to
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t he support structure 34. The bondhead body 10 and support structure
34 are noynted on a ptioning table in the formof the XY table 30.
The XY t able e IS o first notor (such as X-notor 36)

and a second notor (such as Y-notor 38) coupled to it to drive the

bondhead body 10 to positiaons along respective first and second
or t hogonafn x§xaRigle. of a preferred embodiment of a wire bonding apparatus in

accordance with the invention will now be described with reference to the
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accompanying drawings, in which:

FIG. 1 is a side view of a prior art wire bonder bondhead that is mounted on an
XY table;

FIG. 2 is an isometric view of a wire bonding apparatus according to the

preferred embodiment of the invention;
FIG. 3 is a plan view of the wire bonding apparatus illustrated in FIG. 2; and
FIG. 4 is an isometric view of the bondhead of the wire bonding apparatus

according to the preferred embodiment of the invention.

Detailed Description of the Detailed Embodiment of the Invention

FIG. 2 is an isometric view of a wire bonding apparatus 32 according to the
preferred embodiment of the invention. The wire bonding apparatus 32 includes
an optical system 33 located at the top of the apparatus to view a bonding
position. A bonding tool in the form of the ultrasonic transducer 12 is mounted on
the bondhead body 10. The bondhead body 10 of the bondhead as previously



The support structure 34 containing the bondhead body 10 is further
connected to the bondhead housing 14 via a pivot, preferably a Z

fl exure bearing 40, such that the support structure 34 is pivotally
rotatable about a third axis (for instance the Z-axis) which is
substantially orthogonal to the first-g@and second axes in order to
position the capillary 24 over relatively small distances along a
hori zontal XY plane as conpared to the X-notor 36. The support
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- 8- FIG 4 is an isonetric view of the bondhead of the wire bondin
apparatus 32 according to the preferred enbodi nent of the invention.
It illustrates that the support structure 34 is driven to rotate
about the Z-axis by the theta notor 42 via the Z flexure bearing 40.
On the other hand, the bondhead body J1p.is driven to rotate about th
X-axis by a fourth notor, such as the voice coil nmotor 18 (see FIG
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-10- CLAIMS: 1. A wire bonding apparatus for an el ectronic device,
conprising: a bonding tool nounted on a bondhead body; a
positioning table on which the bondhead body is nounted, the
positioning table having first and second notors coupled to it that
are operative to drive the bondhead baly to positions al ong
respective first and second orthogonal axes; a pivot
connecting the bondhead body to the positioning table such that the
bondhead bltly4 iiss andsemeabiceview| et thedandheae qidbe it bagdingtsppardiost32a

third axi S I o) I e fi c nd
axes; andgcc\g%IﬁB tb tp%u&%?e?ﬂa[ org}ngég% rﬂv(gfo{ﬂ% 'H&lgq}eh} hg %gétﬁggéﬁ% fjll'

t o rot at esigipout sttdmrel'ﬁmﬁ drivesn o r@tateThI@oththeZb@risleh@ﬂm ataisr 45 via
clainmed i im1, further re str r cont ai ni ng
the bonahise BetysiaratRbc « 18 The wdten hunsh e Baganea oo ghven to
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structure 34. Rotary or rocking motion of the bondhead body 10 relative to the
support structure 34 takes place about the X-axis via another pivot (such as the
X flexure bearing 16) connecting the bondhead body 10 to the support structure
34.

It should be appreciated that in today's wire bonding applications, although the
wire bonding area is increasing all the time, the wire lengths of wire connections
are slill typically less than 10mm for most applications. To use a large motor to
drive the motion part to bond such short wires that require short motion distances
is inefficient in terms of motion time and energy expended. The preferred
embodiment of the invention thus uses the larger XY table 30 to carry the
bondhead body 10 to the locations where the wires are bonded, and uses mainly
the compact theta motor 42 for moving the ultrasonic transducer 12 in the X-axis
during the actual wire bonding. Since the angle of rotation of the vertical axis
rotary stage driven by the theta motor 42 is small, it affords the use of simple and
compact flexure-pivots, thus avoiding the complexity and associated high costs
of air bearings. Since the flexure-pivot is very compact, the entire theta-stage
can be made relatively lightweight and with a low moment of inertia about the
vertical rotation axis. Thus, the torque requirement for this stage is relatively
small. The advantage is that a small direct drive motor such as a voice coil
motor almost identical to that of the conventional rocker-arm voice coil motor 18

can be used. This leads to further cost savings.



4. The wire bondi ng apparatus as clainmed in claim3, further
conprising a fourth notor that is operative to drive the bondhead
body to rotate about the first axis or the second axis respectively,
wherein the fourth notor is at |least partially enclosed by the
support structure. 5. The wire bondi4+®-apparatus as clainmed in any
one of the preceding clains, wherein the pivot conprises a flexure
bearing. -11- 6. The w re bonding apparatus as clainmed in any one
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W re bondi ng ap aratus as claimed in claim7 or claima8, wherein the
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between the wire and the bonding surface.

The invention described herein is susceptible to variations, modifications and/or
additions other than those specifically described and it is to be understood that
the invention includes all such variations, modifications and/or additions which

fall within the spirit and scope of the above description.



10. Method of wire bonding an el ectronic device, conprising the steps
of : providing a positioning table having first and second notors

coupled to it; driving a bondhead body nounted onto the
positioning table to a position along first and second orthogonal
axes with the first and second notorsqpespectively; rotating

t he bondhead body with a bonding tool connected to it about a third
axis which is substantially orthogonal to the first and second axes
with a thCLAIM®t or so as to position the bonding tool at a first
bondi ng point; making a first wire bond at the first bondi ng point;
rotating the bondhead body about the third axis to position the

bondi ng t ool aA vareSRARIMG BSPutane fBPam blechBfictditiRkatb®brising: maki ng
a second wire bond at the second bonding point to forma wre
connection bet®berdingoglimayntac gnaeiiepd gy points. 11. The
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positioning table having first and second motors coupled to it that are operative to
drive the bondhead body to positions along respective first and second
orthogonal axes;

a pivot connecting the bondhead body to the positioning table such that
the bondhead body is rotatable relative to the positioning table about a third axis
which is substantially orthogonal to the first and second axes; and

a third motor operative to drive the bondhead body to rotate about the

third axis.

2. The wire bonding apparatus as claimed in claim 1, further comprising a

support structure containing the bondhead body to which the pivot is attached.

3. The wire bonding apparatus as claimed in claim 2, further comprising
another pivot connecting the bondhead body to the support structure such that
the bondhead body is rotatable relative to the support structure about the first

axis or the second axis.

4. The wire bonding apparatus as claimed in claim 3, further comprising a
fourth motor that is operative to drive the bondhead body to rotate about the first
axis or the second axis respectively, wherein the fourth motor is at least partially

enclosed by the support structure.

5. The wire bonding apparatus as claimed in any one of the preceding claims,

wherein the pivot comprises a flexure bearing.



- 12 - 12. The nethod as clainmed in claim11l, further conprising the
step of rotating the bondhead body relative to the support structure
about the first axis or the second axis to nove the bonding tool in
the third axis relative to the first and second bondi ng points. 13.
The met hod as clainmed in any one of chai.ns 10 to 12, wherein the

pi vot conprises a flexure bearing. 14. The nethod as clained in any
one of clains 10 to 13, wherein the third notor conprises a voice
coil notof. 1bhe Wire boetingchpraratlsiasedbimeddn png ngeaff thd piatedbg daint4,
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conprises the step of using either the first notor or the second
notor to adjust a rotary offset of the bonding tool in the first or
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during its rotation is not nore than 5. arredln
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bonding tip of the bonding tool along the first axis or the second
axis driven by the third notor is not nore than 10nm

8. The wire bonding apparatus as claimed in claim 7, wherein the third motor

is operative to drive an angular travel of the bonding tool that is not more than 5°.

9. The wire bonding apparatus as claimed in claim 7 or claim 8, wherein the
third motor is operative to drive a maximum travel distance of a bonding tip of the

bonding tool along the first axis or the second axis that is not more than 10mm.

10.  Method of wire bonding an electronic device, comprising the steps of:
providing a positioning table having first and second motors coupled to it;
driving a bondhead body mounted onto the positioning table to a position

along first and second orthogonal axes with the first and second motors

respectively;
rotating the bondhead body with a bonding tool connected to it about a

third axis which is substantially orthogonal to the first and second axes with a

third motor so as to position the bonding tool at a first bonding paint;
making a first wire bond at the first bonding point;
rotating the bondhead body about the third axis to position the bonding

tool at a second bonding point; and thereafter
making a second wire bond at the second bonding point to form a wire

connection between the first and second bonding points.

11.  The method as claimed in claim 10, further comprising a support structure

containing the bondhead body to which the pivot is attached.



18. The method as clained in any one of clains 10 to 17, further
conprising the step of scrubbing a bonding surface using the bonding
tool at the first bonding point prior to naking the first wire bond
by using the third notor to generate rotary notion of the bonding

t ool about the third axis. -12 -

12. The method as claimed in claim 11, further comprising the step of rotating
the bondhead body relative to the support structure about the first axis or the
second axis to move the bonding fool in the third axis relative to the first and

second bonding points.

13. The method as claimed in any one of claims 10 to 12, wherein the pivot

comprises a flexure bearing.

14. The method as claimed in any one of claims 10 to 13, wherein the third

motor comprises a voice coil motor.

e,

15. The method as claimed in any one of claims 10 to 14, wherein the step of
rotating the bondhead body about the third axis to position the bonding tool at the
second bonding point further comprises the step of using either the first motor or
the second motor to adjust a rotary offset of the bonding tool in the first or the

second axis respectively.

16. The method as claimed in any one of claims 10 to 15, wherein an angular

travel of the bonding tool during its rotation is not more than 5°.

17. The method as claimed in any one of claims 10 to 16, wherein a maximum
travel distance of a bonding tip of the bonding tool along the first axis or the

second axis driven by the third motor is not more than 10mm.

18. The method as claimed in any one of claims 10 to 17, further comprising
the step of scrubbing a bonding surface using the bonding tool at the first
bonding point prior to making the first wire bond by using the third motor to

generate rotary motion of the bonding tool about the third axis.



