-1- APPARATUS AND METHOD FOR ALI GNVENT OF A BONDI NG TOOL Field of the
Invention 5 The invention relates to an apparatus and nethod for determ ning
an alignment of a bonding tool, such as a die pick and place tool found on
a sem conductor die bonding machine, in particular by utilizing a force
sensor. 10 Background and Prior Art In a Hie bonding operation in a

sem conduct or assenbly and manufacturing process, a bonding tool may pick
up a die (which nmay be an el ectronic device such as a sem conductor
integrated circuit device or sem conductor chip) at a 15 first | ocation and
nove the die toAPPARATUSIANDRIMETHOD FORALIGNMENT CFABOKNBING qidimid.
Commonly, the die is bonded to a substrate, such as a circuit board, or
anot her die. At the bonding location, the bonding tool will nove downwardly
(this is knowFiag dfltse Ewvehtiggct i on) until the die touches the substrate or
another die. Tn order to apply a required bond force during the bond
operation,fihe 20 bondi ng tool nmay be driven downwardly further to exert the
required forc ; [ ratu d n by this bond
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pl aced on die tilt and bond |ine thickness specifications. The bondi ng tool
usual |y hag}a goulet tpatlés gffd to contact a 30 die to be bonded. The
collet is t Rl g2 R | ke stainless steel or tungsten carbide,
with a conpliant material (such as rubber material) added to the tip of the
collet to forma contact surface to hold the die. The collet includes a
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process, a bonding tool may pick up a die (which may be an electronic device

such as a semiconductor integrated circuit device or semiconductor chip) at a

15 first location and move the die to a second location at which the die is to be
bonded. Commonly, the die is bonded to a substrate, such as a circuit board,
or another die. At the bonding location, the bonding tool will move downwardly
{this is known as the z-direction) untii the die touches the substrate or another
die. In order to apply a required bond force during the bond operation, the

20 bonding tool may be driven downwardly further to exert the required force on
the die.

Apparatus and methods for controlling this bond force need to meet a number

of requirements. For example, they should preferably be able to apply a bond
25 force over a wide range, should be susceptible to feedback and control, and

should be able to respond rapidly to required changes in the bond force.

There are demanding requirements placed on die tilt and bond line thickness
specifications. The bonding tool usually has a collet that is used to contact a
30 die to be bonded. The collet is often made of metals like stainless steel or
tungsten carbide, with a compliant material (such as rubber material) added to
the tip of the collet to form a contact surface to hold the die. The collet
includes a suction aperture through which a holding force can be provided by
air suction. The contacting surface of the collet of the bonding tool should be



air suction. The contacting surface of the collet of the bonding tool should
be -2- parallel to a pick-up surface and a placenent surface so that a
bonding force is evenly distributed onto a die to be picked and placed, and
the die can be placed correctly onto a bonding position. 5 If a bonding
tool is not aligned properly, so that the Zontacting surface is not
substantially parallel to the placenent surface, die crack or an
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the bondi ng.  JFATHS & RIS AUGRGE HohAEIacRBRE Stpdsed MR AR TEE S o
achi eve | evel ijg@vehigtdistibute@tonts atdi@o b pitkeidoar plabe®t Ry thetdi@Tandever ti cal
di stance between a [owest 10 point on a die and a highest point on the die

when carri ed b@a?%c%fﬁ?ﬂYﬁatot%BP"d‘%B?s%@ smal l er than 16 microns. One

met hod of aligning the bonding tool is to nount a circular stanmp on the
bondi ng tool and then to land the stanp on a perfectly flat anvil block. A
15 carbon papelf aikongingcled srmat réigred, popsripcse et 8ist eomactingi susteicatis oot t he
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since it relies on subjective visual determ nation oper at or not her
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6,179, 938 for miethosmhand tnaodes sistend.or Al i gni ng the Bonding Head of a
Bonder, In Particular a Die Bonder”. In this patent, an alignnment plate

provided with two plane parallel surfaces is placed on a supporti ng surface
o comdussor A oy PRSI 10 o At RSP SR 0 o
bonding tool and then to land the stamp on a perfectly flat anvil block
15 carbon paper is placed on the anvil block to obtain an imprint of the circular
stamp. By checking the roundness or completeness of the imprint, an
operator is able to visually determine whether the bonding tool has been set
up comrectly to achieve an acceptable leveling. If the imprint shows an
incomplete circle, the operator may correct the alignment of the bonding tool
20 according to the tilting direction of the bonding tool as interpreted from the
imprint. This method is manual and not very accurate, since it relies on

subjective visual determination by the operator.

Another method of aligning a bonding tool is disclosed in US Patent Number
25 6,179,938 for “Method and Apparatus for Aligning the Bonding Head of a
Bonder, In Particular a Die Bonder”. In this patent, an alignment plate
provided with two plane parallel surfaces is placed on a supporting surface
which is set plane parallel to the bonding surface upon which the
semiconductor chip will be bonded to a carrier material. A measuring device
30 is then calibrated, after which the alignment plate is held at a slight distance
above the measuring device. The alignment of the bonding tool is adjusted
until the signal from the measuring device is equal to the signal obtained

during calibration.



30 is then calibrated, after which the alignment plate is held at a slight

di stance above the neasuring device. The alignnent of the bonding tool is
adjusted wuntil the signal fromthe neasuring device is equal to the signa
obtained during calibration. -3- A disadvantage of this nethod is that
there has to be prior calibration each tide the bonding tool is to be
aligned. The inductive range-finding nethod used by the allgnnent appar at us

requires prior lib I| t o be red ince it
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force froma part of the bonding tool acting on that sensing section. 25
According to a second s ?f the invention, there is provided a nethod
for aligning §JBBKEL@3—E§3L——8%npr|S|ng the steps of: providing a force
sensor conprising a plurality of force sensing sections, each sensing

section being . ) ) ) )
It is thus an object of the invention to seek to provide a sensor for measuring

15 an alignment of a bonding tool quickly and accurately while avoiding some of
the drawbacks of the abovementioned prior art.

According to a first aspect of the invention, there is provided an apparatus for
aligning a bonding tool, comprising a force sensor configured to measure a
20 force generated by the bonding tool on the force sensor, wherein the force
sensor comprises a plurality of force sensing sections, each sensing section
being adapted to individually detect an amount of force from a part of the

bonding tool acting on that sensing section.

25 According to a second aspect of the invention, there is provided a method for
aligning a bonding tool, comprising the steps of: providing a force sensor
comprising a plurality of force sensing sections, each sensing section being
adapted to individually detect an amount of force from a part of the bonding
tool acting on that sensing section; causing the bonding tool to generate a

30 force onto the force sensor; measuring the force generated by the bonding
tool onto the force sensor; and adjusting an alignment of the bonding tool
based upon the amount of force measured by each sensing section.



adapted to individually detect an amount of force froma part of the bonding
tool acting on that sensing section; causing the bonding tool to generate a
30 force onto the force sensor; neasuring the force generated by the bonding
tool onto the force sensor; and adjusting an alignnent of the bonding tool
based upon the anmpbunt of force neasured by each sensing section. -4- It will
be convenient to hereinafter describe the invention in greater detail by

reference to t cCO awi ngs which jllustrate one e nt of
Lhe T memt on NHHESS 2R o FERbA et el MicriRinio Brertel BRIEer i ot i on
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|dent|f|cat|on 5.of the iLnvention as gefl ne y the clains,
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to the preferrgdio b8 pRBRIIERES sQﬁerE@tﬁng 'flﬁ(aeﬁérﬁé?ﬂlltWolf khe "2l GgcHRifiEatidaed Wi th
reference to the acconpanying drawi ngs, in which! Figure 1 is an isonetric
view of a i ezfdheventiont as definsdbydheClaims.i s usable to detect an al i gnment
of a bonding tool according to the preferred enbodi nent 15 of the

i nvention; Figures 2a and 2b illustrate schematically one nethod by which
the force serBref Descfiptipnef the Meywibes f abri cat ed; Figures 3a and 3b
illustrate cross-sectional and side elevation views respectively of a

nol di ng apparatus that can be inplenented to formthe 20 piezoelectric
force sensor ofnfeégiise 1of Eirgwrpparfhtw andpnaethud edcadrdiag prRl Ythen glefdriddm | ai d

out on a p nted ci.rcu oard f d tectlng an tpu of, t he force sensor;
Figure 5 | B%émgatpf S imntln ol iy benagiorBRswin Seisisin © the

i ncor porat i ng adcBmphAyia ﬁgg ifh Qhickensi ng an al i gnrrent of a bondi ng tool
according to the 55 pref erred enbodi nent of the invention; and

Figure 1 is an isometric view of a piezoelectric force sensor that is usable to

detect an alignment of a bonding tool according to the preferred embodiment
15  of the invention;

Figures 2a and 2b illustrate schematically one method by which the force

sensor of figure 1 may be fabricated,

Figures 3a and 3b illustrate cross-sectional and side elevation views

respectively of a molding apparatus that can be implemented to form the
20 piezoelectric force sensor of figure 1;

Figure 4 is a plan view of a polyimide film laid out on a printed circuit board for

detecting an output of the force sensor;

Figure 5 is a cross-sectional side view of an alignment station incorporating

the force sensor for sensing an alignment of a bonding tool according to the
25 preferred embodiment of the invention; and

Figure 6 is a cross-sectional view of a die pick and place tool incorporating the

force sensor according to the preferred embodiment of the invention.

Detailed Description of the Preferred Embodiment
30

Figure 1 is an isometric view of a piezoelectric force sensor 10 that is usable

to detect an alignment of a bonding tool according to the preferred
embodiment of the invention. The force sensor 10 comprises a plurality of
ceramic fibers 12 with piezoelectric properties that are embedded in hardened



Figure 6 is a cross-sectional view of a die pick and place tool
I ncorporating the force sensor according to the preferred enbodi nent of the
i nvention. Detailed Description of the Preferred Enbodinent 30 Figure 1 is
an isonmetric view of a piezoelectric force sensor 10 that is usable to
detect an alignnent of a bonding tool accdrding to the preferred enbodinent
of the invention. The force sensor 10 conprises a plurality of ceramc
fibers 12 with piezo Iect@%c ﬁrogert'e hat 5-
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1, the ring is nomnally divisible into four equal sections or quadrants

with a col IRecttheforse seesnilcnay Bispdakexother feges section of the ring. A bundle
of four ceramic fibers 12 is grouped into each section. Therefore, it is
possible 10 to determine a force exerted on each sensing section of the
force sensor 10 figurell athievimgtis nominally ldivisiblarirnte fewotquahsectiongur gsadrantand 2b
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into the nol d reldflivanslttal dtheetirdeosdetioglen. The cylindri cal | y- shaped har dened
epoxy 16 with enbedded ceramic fibers 12 is renoved fromthe nold 18 and

central shaft 20 14, then diced and polished to forma plurality of the
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sensor 10 of figure 1 may be fabricated. Referring first to figure 2a, a mold 18
15 is prepared, which has a central shaft 14 which is used to fashion the hollow
center 15 of the force sensor 10. Strips of ceramic fibers 12 are then inserted
into the mold 18. As shown in figure 2b, epoxy 16 is then added into the mold
18 and allowed to harden. The cylindrically-shaped hardened epoxy 16 with
embedded ceramic fibers 12 is removed from the mold 18 and central shaft
20 14, then diced and polished to form a plurality of the ceramic ring illustrated in
figure 1. Chromium-gold electrodes are then applied to cover the four sensing
sections containing the fibers 12. Thereafter, an electric field is applied to the
ceramic fibers 12 at an elevated temperature to elicit the piezoelectric
properties in the fibers 12.
25
Figures 3a and 3b illustrate cross-sectional and side elevation views
respectively of a molding apparatus 20 that can be implemented to form the
piezoelectric force sensor 10 of figure 1. A base 22 of the molding apparatus
20 is made of stainless steel. Two pieces of Teflon 24 are assembled to form
30 a cube with a shape of a hollow mold 18 at its center. After assembly, the two

pieces of Teflon 24 are secured together with screws 26.

A round disc 28 with an outer diameter that is the same as the inner diameter
of the mold 18 is inserted into the bottom of the mold 18. A central shaft 14



sections containing the fibers 12. Thereafter, an electric field is applied
to the ceramc fibers 12 at an elevated tenperature to elicit the
pi ezoel ectric properties in the fibers 12. 25 Figures 3a and 3b illustrate
cross-sectional and side elevation views respectively of a nolding
apparatus 20 that can be inplenented to f-&mthe piezoelectric force sensor
10 of figure 1. A base 22 of the nolding apparatus 20 is made of stainless
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composne rod. After the epoxy material 16 has been totally cured, the top
15 plate 32 is removed. The screws 26 are unscrewed and the two pieces of
Teflon 24 are separated. The cylindrically-shaped composite rod can then be
removed from the molding apparatus 20 and the central shaft 24 can be
pulled out from its center. Thereafter, the composite rod can be diced to form
force sensors 10 in the form of rings as shown in figure 1.
20
In this embodiment, the force sensor 10 comprises a ring with a hollow center
and each sensing section is of substantially equal size. Other embodiments
of composite wafers by which a suitable sensor comprising separate sections
can be fabricated are disclosed in US Patent Number 6,190,497 entitled
25 “Ultrasonic Transducer”, in particular FIG. 4 and FIG. 5 therein. However, the
embodiments described herein are not meant to be exhaustive, and other
embodiments of force sensors that are configured to sense force distribution

exerted on different sections of the sensors are possible.

30 Figure 4 is a plan view of a transmitting material comprising a plurality of
individual electrical conductors, such as a polyimide film 40. The polyimide
film 40 is laid out on an electronic circuit, in the form of a printed circuit board
42 to be coupled to the force sensor 10 for detecting outputs from the force
sensor 10. The polyimide film 40 includes four sensing zones 44, 45, 46, 47



renoved fromthe nol ding apparatus 20 and the central shaft 24 can be
pulled out fromits center. Thereafter, the conposite rod can be diced to
form force sensors 10 in the formof rings as shown in figure 1. 20 In this
enbodi ment, the force sensor 10 conprises a ring with a hollow center and
each sensing section is of substantially -equal size. OQher enbodinents of
conposite wafers by which a suitable sensor conprising separate sections

can be fabricate n US Pat en 6,190,497 entitled 25
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el ectrical cuforcstatting engaok setteh dfithd fotce SSRVE N0 \eee detemhingbleones 44, 45,
46, 47 mhiﬁ£ 5 are channeled to a signal processor on the electronic circuit
or printed'ircuit board 42 connected to signal output termnals 48 forned
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the force sensgicoldingts @t prefrialbfbolifnent of the invention. The alignment

station 50 is spaced from the bonding tool and may be a stand-alone device.

15 The force sensor 10 has a plurality of force sensing sections, each sensing
section being individually adapted to detect an amount of force from a part of
the bonding tool acting on that sensing section.

The alignment station 50 comprises a base plate 52, on which is mounted a

20 printed circuit board 42. A layer of polyimide film 40 is laid on top of the
printed circuit board 42. A force sensor 10 is positioned on top of the layer of
polyimide film 40 such that each group of its ceramic fibers comprised in each
sensing section is aligned with the respective electrodes in the sensing zones
44, 45, 46, 47 of the polyimide film 40. Similarly, another layer of polyimide

25 film 40 is positioned on top of the force sensor 10 that has one common
electrode for the electrical ground of all its sensor zones. A biasing member
or sensing top plate 54 is placed on top of the top layer of polyimide film 40,
thereby sandwiching the force sensor 10, polyimide films 40 and printed
circuit board 42 between the top plate 54 and base plate 52. Bolts 56 are

30 used to secure the biasing member or top plate 54 to the base plate 52 and to
provide a preload force to the top sensing surface of the force sensor 10. Ina
conventional piezoelectric sensor, the preload force is normally necessary to
obtain a substantially linear relationship between force exerted and electrical
current produced.



Figure 5 is a cross-sectional side view of an apparatus for aligning a
bonding tool in the formof an alignnent station 50 incorporating the force
sensor 10 according to the preferred enbodi nent of the invention. The
alignment station 50 is spaced fromthe bonding tool and nmay be a

st and- al one device. 15 The force sensor t*@+has a plurality of force sensing
sections, each sensing section being individually adapted to detect an
anount of force froma part of the bonding tool acting on that sensing
section. The alignment station 50 conprises a base plate 52, on which is

mounted a 20 |prordérad nidasatd 4n bng&rnmbrﬁafabohamgrto@fthpcanghrmibdtestémdmm& is laid
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is positionableonto the 5 a nment station owering It onto the top
pl ate 54 and aefpthedensing se@uon{s) that detect the greater force. Adjustment is made

15 until a substantially equal distribution of forces is detected.

Figure 6 is a cross-sectional view of a bonding tool in the form of a die pick
and place tool 60 incorporating the force sensor 10 according to the preferred
embodiment of the invention. The force sensor 10 is coupled to the bonding

20 tool. In the arrangement of figure 6, a separate alignment station 50 is not
required, and closed-loop feedback of the alignment of the pick and place tool
60 can be obtained.

The pick and place tool 60 includes a collet assembly 62. The force sensor
25 10 is coupled to the collet assembly 62 whereby each sensing section of the
force sensor 10 is adapted to detect a reaction force acting on a part of the
collet assembly that is generated upon application of a bonding force onto a
surface. The force sensor 10 is preferably coupled to the collet assembly 62
axially opposite a point of contact between the collet assembly 62 and the
30 bonding surface. Further, the collet assembly 62 preferably exerts a preload
force onto the force sensor 10, the need for which was explained above in

relation to figure 5.



force is exerted onto the top plate 54. Preferably, the top plate 54 has a
contact surface area that is larger than but as close as possible to the
contact surface of the collet. The force sensor 10 will detect the forces
transmtted through the top plate 54 onto each sensing section of the force
sensor 10. If 10 there is an equal distri-Btion of forces through all the
sensing sections, the bonding tool is properly allgned If one or nore
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force sensor 10 according to the preferred enbodinent of the invention. The

force sensé 1‘?9"'id§19cf@tﬁ§|@z’dﬂfcba‘{q‘\‘édﬁmlf\ﬁlgd'%th%(ﬂre Picked padiacedgantior of
figure 6, a Sﬁpa{ &p 3k @t station 50 is not required, and cl osed-I| oop
f eedback of t |gnrrent the pick and place tool 60 can be obtained.
The pick and place tool 60 i ncludes a collet assenbly 62. The force sensor
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pref erably exerts a prel oad ct; onto the force sensor 10, the need for
whi ch was expl%weﬁbso(?%thenboﬂ% AES SRRt 7P dér é4576. 68 epReNtAY ITefm & sentl y

62 and force sgRapmoldt tﬁéﬁn%ﬁﬁ%réc@ﬂoﬂléblébéhdlﬁg'forﬂ@'éﬂfo th@@ohélaéssbﬁbﬁj i dabl e
on a slider or _ ball brushing 68. The slider nount 66
62. A compression spring 80 serves to provide a preioad force to the collet
15 assembly 62 as against a support datum in the form of a bonder shaft 82.
The pick and place tool 60 is connected to a bond head of a bonding machine

through the bonder shaft 82.

Using this arrangement, the force sensor 10 can continuously monitor a force

20 exerted on it by the collet assembly 62. When the collet assembly 62 is not
pushing against a surface, the force sensor 10 experiences a preload force
generated from the collet assembly 62 acting on it. As the collet assembly 62
pushes against a flat horizontal surface, such as a die on a pick-up site or a
bonding site, a distribution of forces on each sensing section of the force

25 sensor 10 can be detected. [f the pick and place tool 60 is not properly
aligned because of an unequal distribution of forces beyond a certain
tolerance, an alarm can be generated immediately and the pick and place tool
60 can be realigned either manually, or automatically with suitable additional
mechanisms that are configured to realign the pick and place tool 60.

30
It should be appreciated that this embodiment has an advantage over the
separate alignment station 50 of figure 5 and the devices of the prior art since
real-time closed-loop feedback of the alignment of the pick and place tool can

be obtained and any misalignment can be remedied immediately. Time



the collet assenbly 62 to slide relative to a bond force actuation unit
bracket 64 in order to nodul ate the bonding force so as to obtain greater
control of the 5 bonding force and to avoi d damagi ng dice that are picked
and placed by the pick and place tool 60. A bond force notor coil 70 is
nmount ed onto the bond force actuation unif0-bracket 64 by a bond force notor
coil nount 72. Located adjacent the bond 10 force notor coil 70 are a bond
force notor f . t 4 r t ond
force notor f%ﬁ@%ﬁﬁ%"@“rﬁ%’?éﬁ% p.,frp%ﬂ&' h%gggoﬂm% r%@%&% %Zé?t H@nd force
notor 70, 72, tMnovTe&he‘;'Ja:kmmmeaﬂobytofa)sepaaatelstmtmreavbttme aliggmentpsatiot s a
controll abl e 3§£qinﬂ force onto the collet assenbly 62. A conpression
spring 80 ser ‘'ovide a preload force to the collet 15 assenbly 62 as
agai nst a support datumin the formof a bonder shaft 82. The pick and

pl ace tool 60 js connected to a bond head a bondi ng machi ne hrough t he

bonder shaft gpe 'U%‘?’H'Q“tq?ﬁenb&fdr%ﬁ@@h%ﬁ@sceP foyaretigen fepdificgtieng,and/or
continuously nRi¥itioRs ofher Widifthos® s d8gkribbd BMd s 16 Bk lRHeRtRIMRAY 62.
When the collet assenbly 62 is no ainst a surface, the force
sensor 10 expehe dmeaton instudes sl sush déﬂatg?@ﬁemg@aatfqnérﬁﬂdm aggitioas whighenbl y 62
acting on it. inst a flat horizontal
surface, such athmﬁ tﬁé)%é &tanﬂ%ﬁéﬁybyhg%goﬁ‘é&%ﬁgﬁﬁl ng site, a distribution
of forces on each sensing section of the force 25 sensor 10 can be detected.
If the pick and place tool 60 is not properly aligned because of an unequal
distribution of forces beyond a certain tolerance, an alarm can be
generated i medi ately and the pick and place tool 60 can be realigned
either manually, or automatically with suitable additional nechanisns that
are configured to realign the pick and place tool 60. 30 It should be
appreci ated that this enbodi nent has an advantage over the separate
alignnent station 50 of figure 5 and the devices of the prior art since



“real-time closed-1oop feedback of the alignnent of the pick and place tool
can be obtained and any m salignnent can be renedied i mediately. Tine -10-
required for alignnent of the pick and place tool is also reduced by not
having to nove the pick and place tool to a separate station each tine
alignment is to be checked. 5 The invention described herein is susceptible
to variations, nodifications and/or additions other than those specifically
described and it is to be understood that1?the invention includes all such
vari ations, nodifications and/or additions which fall within the spirit and
scope of the %Rgﬁﬁspescription. -11- CLAIMS: 1. An apparatus for aligning a
bondi ng tool, =conprrsing:. a force sensor configured to neasure a force
generated by the bonding 5 tool on the force sensor, wherein the force
sensor conpriaes aﬁglural ty. of force sensing, sectjons, the force sensing

sections beind-iso @Qﬂarl‘a:t CLaligning A 2PNAIRg OQLFAMRIHNYY such that each force

section is respecthVecy skASHWBHTiY G mebgure@lmee%é'le\fﬁteﬁ(v GRS bapdhged to it
by a portion of the bonding toolgl?n contact 10 with that fgrce sensdT]ng

section, afd $YVENANR [%4FF FEMOR- r esponsive to forces applied to the force
sensor fromparts @hefdif tRONHIEY deP8br RBIpriSes Nt RGN b foldRakehQRge

sensing section, the apparatus being responsive to differences between the
i ndi vidual |y seetionst doe ffeiceesensingysretiansebeing aisplghade froms iegalal othelppegent i ng
ol gnment . 2. caratdd AT bath Rrck IBRANY Ppebfleny IOBGBe N T o e
of each sensicngpsassivieciordes appbisd datif by laypartiah lofthé Ibandinpdoalrieacamtaat ont act
between the  BORHNIL 128" seRBfg' AR §8a 2ePEBNAT Fori¥pSisive to forces
applied to the force sensor from parts of the bonding tool not in contact with
that force sensing section,
the apparatus being responsive to differences between the individually
detected forces to generate an alignment signal representing departure of the

15 orientation of the bonding tool from the desired alignment.

2. An apparatus as claimed in claim 1, wherein the sensing area of each
sensing section is substantially smaller than the area of contact between the
bonding tool and the force sensor as a whole.
20

3. An apparatus as claimed in claim 1 or claim 2, wherein each sensing
element is comprised of bundles of ceramic fibers, one end of each bundle
being positioned to engage with the bonding tool during operation, and
wherein the sensing area of each bundle is substantially smaller than the total

25 contact area of the bonding tool with the force sensor as a whole.

4. An apparatus as claimed in any one of the preceding claims, inciuding

a collection of piezoelectric ceramic material contained in each sensing

section for piezoelectrically detecting the force exerted on that sensing
30 section.

5. An apparatus as claimed in any one of the preceding claims, including
a transmitting material comprising a plurality of individual electrical conductors

coupled to the force sensor such that positions of the electrical conductors



20 3. An apparatus as clainmed in claim1l or claim2, wherein each sensing

el ement is conprised of bundles of ceramc fibers, one end of each bundle
bei ng positioned to engage with the bonding tool during operation, and
wherein the sensing area of each bundle is substantially snmaller than the
total 25 contact area of the bonding tool with the force sensor as a whole.
4. An apparatus as clained in any one of the preceding clains, including a
col l ection of piezoelectric ceranc materi2d contained in each sensing
section for piezoelectrically detecting the force exerted on that sensing
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the electrical conductors -12- coincide with positions of the force sensing
sections and channel current produced by each respective sensing section to

a respective @ut puhntaPpaiald as clBimeNInIRMAIR WIS tid RAMRAEItInG rRatehianis
wherein the transmtting material is 5 coupled to an electronic circuit to

whi ch the 8ut saepledinamglestranie cieyihiocvhieh tttﬁoutﬁetatgum'nﬁlg arq eornacteshior pr oduced
by each sensi %a%ﬁﬁﬁq%cuzrenﬁgm@tﬂ %gg g_’g%g ?n claim5 or claimb§6,
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wherein the transmt rla mfabricated with a
plurality of individual electrical 10 conductors 8. An apparatus as

clai med in any O”GAﬁgﬁﬁﬁgwﬂ{&¥8Qhﬂﬂjﬂ HFSorﬁShﬁggghékﬁ1{§ ﬁﬁmﬁﬁ@ﬁ@he

| ocated at an align ion space rom

bondi ng t ool |nmt@mmu$ iaopalpiredefitro faltrecasdd githen plusaiiy DOmcﬁ\odualHecamc@nrrent .
9. An appa}hat (?\s claimed in claim8, including a biasing nmenber coupled
to a sensifg SBPYURUSHf the force sensor whereby to exert a prel oad

8. An apparatus as claimed in any one of the preceding claims, wherein

the force sensor is located at an alignment station spaced from the bonding

tool, and the bonding tool is positionable onto the alignment station for
15 alignment.

9. An apparatus as claimed in claim 8, including a biasing member
coupled to a sensing surface of the force sensor whereby to exert a preload
force on the force sensor.

20
10.  An apparatus as claimed in any one of the preceding claims, wherein

the force sensor is coupled to the bonding tool.

11.  An apparatus as claimed in claim 10, wherein the bonding tool includes
25 a collet assembly, and the force sensor is coupled to the collet assembly
whereby each sensing section is adapted to detect a reaction force acting on
a part of the collet assembly upon application of a force by the bonding tool on

a bonding surface.

30 12. An apparatus as claimed in claim 11, wherein the force sensor is
coupled to the collet assembly axially opposite a point of contact between the

collet assembly and the bonding surface.



force on the force sensor. 20 10. An apparatus as clainmed in any one of the
preceding clainms, wherein the force sensor is coupled to the bonding tool.
11. An apparatus as clained in claim 10, wherein the bonding tool includes
25 a collet assenbly, and the force sensor is coupled to the collet assenbly
wher eby each sensing section is adapted to detect a reaction force acting on
a part of the collet assenbly upon application of a force by the bonding
tool on a bonding surface. 30 12. An appBratus as clained in claiml11,
wherein the force sensor is coupled to the collet assenbly axially opposite
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assenbl y exer tssanily ekedsla pesioad foncd be tedfore seegsor . 14. An apparatus as
claimed in any one of the preceding clains, wherein 5 the force sensor
conprises a ring with a hollow center. 15. An apparatus as clainmed in any
one of the pregedi Rg pbatdils ayRRiMed in 8AF Bns W thé Bretelimgl daifls, MmBRGRNt I al |y

equal si ze.
5 the force sensor comprises a ring with a hollow center.

15.  An apparatus as claimed in any one of the preceding claims, wherein

each sensing area is of substantially equal size.



