TRANSDUCER TOOL HOLDER FI ELD OF THE | NVENTION 5 The invention relates to
transducer horns used in the bonding of wires to bonding pads, and in
particular to the support of a capillary in an ultrasonic transducer horn
for use in a wire bonder. BACKGROUND 104Japanese Patent Abstract 11121546A2
"Capillary-holding structure of ultrasonic horn" describes a capillary
held in a slotted aperture which is clanped around the <capillary by a

transverse bolt fitted throunggNqut%Lsgbi into a nut. 15 The mass
of the transducer horn in thi i s unbal anced due to
the head of the bolt Iying on one side of the transducer tip. This
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ul trasonic bondlng" describes a 20 bondi ng tool carried in a passage in
the tip of sonlctra sduger. A threaded set screw at the tip forces
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transducer &QTHSEHR 3R PONEEr n both the prior art arrangenents C|ted above,

the transducer capillary or tool experiences a reduced vibration anplitude
at ultrasonic frequencies due to the additional nmass of the nounting screw
and associ aBALKG B which absorbs kinetic energy for its notion. 30

10
Japanese Patent Abstract 11121546A2 “Capillary-holding structure of ultrasonic
horn” describes a capillary held in a slotted aperture which is clamped around the
capillary by a transverse bolt fitted through a washer and screwed into a nut.

15 The mass of the transducer horn in this prior art arrangement is unbalanced due to
the head of the bolt lying on one side of the transducer tip. This imbalance causes
the transducer tip to twist or sway as it is advanced toward the bonding site.

United States Patent No. 5,180,093 "Apparatus for ultrasonic bonding” describes a

20  bonding tool carried in a passage in the tip of an ultrasonic transducer. A threaded
set screw at the tip forces the tool against edges and flat surfaces in the passage
to secure the tool to the transducer. This arrangement does not provide an
efficient transfer of ultrasonic energy due to the small area of contact between the
transducer and the tool.

25
In both the prior art arrangements cited above, the transducer capiltary or tool
experiences a reduced vibration amplitude at ultrasonic frequencies due to the
additional mass of the mounting screw and associated hardware which absorbs
kinetic energy for its motion.

30
Also, the additional mass of the clamping hardware at the tip of the transducer
drastically reduces the low frequency resonance of the tip (i.e. below 2000 Hz) by



Al so, the additional mass of the clanping hardware at the tip of the
transducer drastically reduces the |ow frequency resonance of the tip
(i.e. below 2000 Hz) by 2 at |east 100 Hz, reduces the resonant frequency
at the ultrasonic frequency range and_increases the inpedance of crystals
in the ultrasonic transducer. Furthernore, arrangenments requiring

adj ustnment of a threaded screwto tighten the tool or capillary nounting
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SUMVARY OF THE I NVENTION It is an object of one enbodi nent of the invention
to provide &nitepiStatesyPaienn No. 6,422,448 "Ultrasonic horn for a bonding apparatus”

describes a capillary mounted in a hole in an ultrasonic horn. The capillary hole

15 communicates with a parallel second hole by way of a slot. A non-circular jig
temporarily inserted into the second hole is rotated to widen the capillary hole
allowing insertion or removal of a capillary tool. Upon a second rotation of the jig,
the capillary hole returns toward its original size to grip the capillary. This provides
a more repeatable attachment of the capillary to the transducer, than systems

20 requiring adjustment of a threaded bolt or screw. However, the insertion of the jig
from above, and the rotation of the jig to manipulate the size of the capillary hole,
can apply undesirable forces to the Z-axis assembly of the bonding apparatus.

25 SUMMARY OF THE INVENTION

It is an object of one embodiment of the invention to provide a capillary-horn
mounting system which reduces at least some of the problems identified above
with the prior art.

30
In broad terms in one aspect the invention may be said to consist in a tool holder
having at an end portion thereof a transverse passage for clamping engagement



mounti ng system which reduces at |east some of the problens identified
above wth the prior art. 30 In broad terns in one aspect the invention
may be said to consist in a tool holder having at an end portion thereof a
transverse passage for clanping engagerrgnt 3 of part of a tool, the passage

being intersected by a first slot, wherein the first slot divides the end
portion of the tool holder into two separate arms having free distal ends.
s Preferably e .t ool H_,Ider Iudes an end wall which is spaced from
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second slot is greater than the width of the first slot bly the
tool hol der §ngs part of a bonding transducer. Preferably, the tool holder is
an ultrasoni c transducer horn for a bonding apparatus. 15 Preferably, the
tool is a capillary. Preferably, the first slot extends fromthe free
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Preferably, the width of the second slot is greater than the width of the first slot.
10

Preferably the tool holder is part of a bonding transducer.

Preferably, the tool holder is an ultrasonic transducer horn for a bonding
apparatus.
15

Preferably, the tool is a capillary.

Preferably, the first slot extends from the free distal ends of the arms, through the
passage, and into the tool holder beyond the passage.

20
Preferably, the passage is cylindrical.

Preferably, the end wall is joined to, and spans between, respective distal ends of
a pair of substantially parallel side walls; the end wall and side walls extend over,

25 and are spaced from, the arms; and the side walls are provided with respective
apertures which form continuations of the cylindrical passage.

Preferably, the passage is circularly cylindricai.

30  Preferably, the first slot has substantially parailel and planar side walls.



2s and are spaced from the arns; and the side walls are provided wth
respective apertures which formcontinuations of the cylindrical passage.
Preferably, the passage is circularly cylindrical. 30 Preferably, the first
sl ot has substantially parallel and pl arlgr side walls. 4 Preferably, the

first slot has substantially parallel and planar side walls and the axis

of the cylindrical passage is substantially perpendicular to the walls of
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10
BRIEF DESCRIPTION OF DRAWINGS

A preferred embodiment of the invention will now be described, by way of example
only and without intending to be limiting, with reference to the drawings of which:
15
Figure 1 shows an isometric view of an end potion of a first embodiment of
tool holder according to the current invention,

Figure 2 shows a side view of the end portion shown in Figure 1,
20

Figure 3 shows an end view of the end portion shown in Figures 1 and 2,
Figure 4 shows a top plan view of the end portion shown in Figures 1 to 3,

25 Figure 5 shows an isometric view of a sectioned portion of the end part
shown in Figures 1 to 4, the section taken at the vertical plane A-A as
indicated in Figures 2 and 4,

Figure 6 shows an isometric view of a sectioned portion of the end part
30 shown in Figures 1 to 4, the section taken at the vertical plane B-B as
indicated in Figures 3 and 4, and



25 Figure 5 shows an isonetric view of a sectioned portion of the end part
shown in Figures 1 to 4, the section taken at the vertical plane A-A as
indicated in Figures 2 and 4, Figure 6 shows an isonetric view of a
sectioned portion of the end part 30 shown in Figures 1 to 4, the section
taken at the vertical plane B-B as indi“cated in Figures 3 and 4, and -5
Figure 7 shows an isonetric view of a sectioned portion of the end part
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10  described by way of example only.

It is to be understood that references to up, down, above, below, upper, under,
underside, front, rear, left, right, inner, outer, end, side, horizontal, vertical, and
other similar references, e.g. to directions or to the relative positions of
15 components or features described, are given only for the convenience of
description and are to be understood, unless where inappropriate, in the context of
the orientation of the portion of the horn as shown by the isometric view of
Figure 1, and are not to be construed as limiting the invention to any particular
orientation
20
The figures show an end portion 1 of an ultrasonic transducer horn which is
adapted for holding a tool (not shown). In a preferred application the tool is a
capillary used for wire bonding and is made by sintering a powder to provide a
ceramic capiliary with tightly toleranced dimensions.
25
The end portion of the transducer hom is machined from bulk material by the
combined use of wire-cutting and an Electro-Discharge Method (EDM) to form a
passage 2 between two resilient arms 3 which act as jaws to clamp the tool in the
transducer horn. The passage is shaped to correspond to the shape of the shaft
30  of the tool which is preferably cylindrical and more preferably a circular cylinder.



adapt ed for
is a capillary used for wire bonding and is nmade by sintering a powder to

provide a
portion of

hol ding a tool (not shown). In a preferred application the tool

ceramc capillary with tightly tol eranced di mensions. 25 The end

the transducer horn is machiped frombulk material by the

conmbi ned use of wire-cutting and an El ectro-Di scharge Method (EDM to form
a passage 2 between two resilient arns 3 which act as jaws to clanp the
d.to the

e OHAE SR s LR TR R7Pe BrBrDT Do SafRl 5 BORE rof o o

preferably dndhe emtadirogti stiswn in6thEhBgures sthef padsageds sapstantiallyr warsesiyse to

tool in the
shape of th

t he general
the figures
alternative
w il be fur
is a circul
are not fle
cylindrical

BT B B o el e e e ubriRafelycPazon

in
in an

tanbestseras wilnby fbtes ulgsidinat balowy horizontally transverse as
t her expl ained below. 5 In the enbodi nent shown, the passage 2
ar cylinder which has a natural dianeter, i.e. when the arns

X8 the &hbsdim@ht Showre 35e bb@é&gb@i% aoélrd.ll"é‘? c?ﬁ}ﬂfeﬁ' which fasCh ﬁﬁﬂa’l'ré}r ly

tooI to be carried in the horn. when i nsert

I nto

t he passagedidmetge| § weenthg ?r"m%arﬁﬁ'@t fexed. @i/slnghély&sgrtbafmy\aépf theeshaftraf about
ta Qfculdiy Gtvﬁﬁdlnca-r%l ?d Bérl%‘aﬁflzld' iR tRE .*Fubﬁ%e’ e?h@fogll ﬁﬁé’r‘i thsBhted ][ﬁ‘ﬁ?ﬁrem

the 10 shaf
whi ch cl ose

about "t he tool The resi ence I nherent I1n the arns O

horn or toolthégaerageyisgeeld seperelit instheasn Gy dhe lsameisg af ¢henbons abbut theol |

SR¥ft aq% técne ﬁ%oélah{ﬁ é]fs‘. a%ﬁ’éﬁgﬁﬁ h&%e r2)(?|tﬁle'? ralrrinQ M?& %ng nce of

and to tfer
any fastene

15

20

25

30

rsu t hrea
about the tool. The resilience inherent in the arms of the horn or tool holder urges

the arms to close the passage about the tool, and to thereby clamp the tool in the
horn or tool holder in the absence of any fastener such as a threaded screw or
bolt.

As may be best appreciated from the side view of Figure 2, a rectangular C-
shaped transverse slot 4 is machined in the tip of the horn. The upper, end and
lower inner surfaces 5, 6, 7 of this C-shaped slot define the upper, outer and lower
perimeter of the arms. The upper, end and lower outer surfaces 8, 9, 10 of the C-
shaped slot define the inner surfaces of upper, end and lower walls 11, 12, 13
which cover the two arms 3. The end wall 12 is joined to, and spans between, the
respective distal ends of the upper and lower walls 11, 13 which are substantially
mutually parallel. These walls provide a cover over the tool-holding arms of the
horn to protect the arms from damage.

The arms 3 are separated from one another by a further slot 14, as may be best
appreciated from the top plan view of Figure 4. The slot 14 is substantially vertical
and divides part of the tip of the horn into the two arms. The slot 14 separating the
arms extends inwardly beyond the passage 2 but does not extend outwardly
beyond the outer end surface of the C-shaped slot. The axis of the passage 2 is
thus substantially paralilel to the vertical slot 14.



As may be best appreciated fromthe side view of Figure 2, a rectangular C
Shaped transverse slot 4 is machined in the tip of the horn. The upper, end
and |ower inner surfaces 5, 6, 7 of this C shaped slot define the upper,
outer and lower perineter of the arns,7The upper, end and | ower outer
surfaces 8, 9, 10 of the C 20 shaped slot define the inner surfaces of
upper, end and lower walls 11, 12, 13 which cover the two arns 3. The end
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parts of the of the C-shaped slot 4 and the vertical slot 14 each have
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aperture 15 is cut into the end wall 12, as may be best appreciated from
the 5 end @Ndpwsr valisutle 13. The qangouationpassages 6.1 Iearg appronsiately sizede

verticaligs! &f alidhv aR§line&Hoh BEha sRBft of Bfe th@o! - hol di ng passage is continued
by respective passages 16, 17 in the upper and lower walls 11, 13. The

continuation passages 16, 17 are appropriately sized 1o to allow axial
insertion ofrpbhemshaldn ki 128 dp3f'to open the tool-holding passage 2 by inserting the

thin end of a wedge (not shown) into the aperture 15 and into the slot 14 between
the arms. With the passage 2 wedged open, a tool may then be readily inserted

15 into, or removed from, the passage. Upon removal of the wedge, the flexed arms
close about the shaft under their inherent resilience and tightly engage the shaft of
the tool.

The degree of clamping of the tool by the horn is defined by the resilient flexure of

20 the arms machined from the bulk material of the horn and not by any adjustment,
such as the tightening of a clamping screw by a human operator. This absence of
a screw fastener to clamp the tool avoids the unbalance and energy-absorbing
problems of the prior art noted above, while at the same time providing a
repeatable clamping action. Furthermore, the tool can be replaced in a shorter

25 time than in the case of a screwed clamp, while still achieving a repeatable degree
of clamping. This is of advantage in a production environment.

The current invention also provides an improved dynamic rigidity as well as good
ultrasonic energy transfer at the horn-tool interface due to the repeatable clamping
30 and to the larger contact area between capillary and horn.



The arnms 3 can be flexed apart to open the tool-holding passage 2 by
inserting the thin end of a wedge (not shown) into the aperture 15 and
into the slot 14 between the arnms. Wth the passage 2 wedged open, a tool
may then be readily inserted 15 into, o renoved from the passage. Upon
renmoval of the wedge, the flexed arns close about the shaft under their

I nherent resilience and tightly engage the shaft of the tool. The degree
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with free distal ends as described above, the arns may Iexe to open
t he t ool - holiPRR) PisderEedyapplicaion.nserti on of a wedge in the | ongitudinal
directiog of the horn. The force applied to the horn in this operation is
largely in the longitudinal direction. This is in distinction to the
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The current Tnvention therefore I"oWs Br ces
on t he hor naswvppeft expopeds sByromjttingtite walls, the tip of the horn can be made more

compact while maintaining the dimensions of the arms as in the arrangement

15 described above. Alternatively, by omitting the walls, the arms can be made larger
while keeping the external dimensions of the horn within the dimensions of the
arrangement described above.

In yet a further arrangement not shown, the passage which accommodates the

20 shaft of the tool is substantially horizontally transverse to the generally longitudinal
axis of the hom; ie. the passage is substantially perpendicular to the slot
separating the arms. In this case, insertion of the wedge into the slot between the
arms, rather than expanding the passage to allow insertion or removal of the tool
(as in the embodiment shown in the figures), causes the passage to bend. The

25 horn is fabricated by first forming the arms by cutting the slot between the arms.
Secondly, a wedge is inserted between the arms to flex the arms apart. And
thirdly, the passage is formed in the outwardly flexed arms.

The passage is thus formed with a first length portion in one arm and a second
30 length portion in the other arm. After an appropriately-dimensioned tool shaft is
inserted into the passage the wedge is removed. The resilience of the arms



particul ar undesirable deformation forces on the z-axis assenbly of a wre
bonder in one preferred application. 10 In one alternative arrangenent
(not shown) , the covering walls 11, 12, 13, which cover the arns in the
arrangenent descri bed above, are dispenged with and the arns |eft exposed.
By onmitting the walls, the tip of the horn can be nade nore conpact while
mai nt ai ni ng t he dinen5|ons of the arnms as in the arrangenent is described
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t he passage whi ch accommbdates the 20 shaft of the tool is substantially
horizontally transverse to the generally |ongitudinal axis of the horn;
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The 25 horn is fabricated by first formng the arnms by cutting the slot

bet ween t he 3FPRPANYRGHAMS, a wedge is inserted between the arms to flex
the arns apart. And thirdly, the passage is fornmed in the outwardly fl exed
arnms. The passage is thus fornmed with a first length portion in one arm and
a second 30 length portion in the other arm After an
appropri atel y-di mensi oned tool shaft is inserted into the passage, the
wedge is renoved. The resilience of the arns 9 urges themto return to
their natural position, ms-aligning the respective axes of the two length
portions of the passage which thus cl anps agai nst the tool shaft.



The foregoi ng describes the invention including preferred forns thereof. 5
Al terations and nodifications as will be obvious to those skilled in the
art are intended to be incorporated within the scope hereof as defined in
the acconpanying claims. -10 CLAIMS: 149 A tool holder having at an end
portion thereof a transverse passage for clanping engagenent of part of a
tool, the passage being intersected by a first 5 slot, wherein the first

sl ot divi de%c!_mmgand portion of the tool holder into two separate arns
having free tal ends. 2. The tool holder as claimed in claim1,

i ncluding an end wall which is spaced from and extends over, the distal
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cl ai red in ckpamatelamhieavingfréddistadehddiol der is an ult rasonl c transducer
horn for a bondi ng apparatus. 20 6. The tool holder as clainmed in any one
of the preceding clainms, wherein the tool is a capillary. 7. The tool

hol der as cloai metthé Itbcﬂlhbld@ﬂas@fau‘hé'@u‘%lé’»iﬁ‘ﬁﬁ'|ﬁ<§ludih§l'aﬁ%nd"\‘i@r@hlﬂhH’ﬂaacgé first
slot extends fromthe free distal ends of the arns, through the passage,

and into tHOM GBF SXRNGEOVER o distahendsektigarms and 'has a second slot which is

10 substantially aligned with the first slot.

3. The tool holder as claimed in claim 2, wherein the width of the second slot
is greater than the width of the first slot.

15 4. The tool holder as claimed in any one of the preceding claims, wherein the
tool holder is part of a bonding transducer.

5. The tool holder as claimed in claim 4, wherein the tool holder is an
ultrasonic transducer horn for a bonding apparatus.

20
6. The tool holder as claimed in any one of the preceding claims, wherein the
tool is a capillary.

7. The tool holder as claimed in any one of the preceding claims, wherein the
25  first slot extends from the free distal ends of the arms, through the passage, and
into the tool holder beyond the passage.

8. The tool holder as claimed in any one of the preceding claims, wherein the
passage is cylindrical.

30
9. The tool holder as claimed in claim 8, wherein the end wall is joined to, and
spans between, respective distal ends of a pair of substantially parallel side walls;



8. The tool holder as clainmed in any one of the preceding clains, wherein
the passage is cylindrical. 30 9. The tool holder as clainmed in claimS8,
wherein the end wall is joined to, and spans between, respective distal
ends of a pair of substantially paraII§11§ide wal l's; -11 the end wall and
side walls extend over, and are spaced from the arns; and the side walls
are provided with respective apertures which form continuations of the
cylindrical ' ' L. At | ai m
o wher of n {Heehd 8 dhe dde Nafls e el Hnd e spBbaf ol S Bhfy Srli g L
claimed in &ide walls ae mrhéldpd w@dﬁageatlwauapsnumemchn farmecorftinuatiors! tnftthbas
substantlallxmﬂﬁkgiﬂ d planar side walls. 10 12. The tool hol der as
clainmed in any one o ¥4inms 8 to 11, wherein the first slot has
substantially parallel and planar side walls and the axis of the

ot s 315.107he T ORSpbisidRtra SRkl h B8RS0 ST WRelelf HE esesdess

wher ei n t he cfrculatly cyingticdlas substantially parallel and planar side walls
and the axis of the cylindrical passage is substantially parallel to the
wal | s of the slot.

11.  The tool holder as claimed in any one of the preceding claims, wherein the
first slot has substantially parallel and planar side walls.

10
12.  The tool holder as claimed in any one of claims 8 to 11, wherein the first
slot has substantially parallel and planar side walls and the axis of the cylindrical
passage is substantially perpendicular to the walls of the slot.

15 13. The tool holder as claimed in any one of claims 8 to 12, wherein the first
slot has substantially parailel and planar side walls and the axis of the cylindrical
passage is substantially paratle! to the walls of the slot.





