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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 determining an alignnment of a
bondi ng tool, such as a die pigk and place tool found
on a sem conductor die bondiﬁa'nachine, in particular
by utilizing a force sensor. 10 Background and Prior
Art In a die bonding operation in a sem conduct or

assenmbl y and manuf act ur i n% £rocess, a bondi ng tool may
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as a sem conductor int egrat ed circuit device or

sem conductor chip) at a 15 first |ocation and nove the

di Eialdobthedowandionocati on 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
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exert the required force on the die. Apparatus and
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surface of the | et of the ng t
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
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
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



2 parallel to a pick-up surface and a pl acenent surface
so that a bonding force 1is 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 too
is not aligned properly, so t & t he contacting surface
is not substantially parallel to the placenent
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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.
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until the signal fromthe neasuring device is equal to
the signal obtained during calibration. -3 A

di sadvantage of this nmethod is that there has to be
prior calibration each time the bonding tool is to be
al i gned. The inductive range-fitdi ng method used by
the alignnment apparatus requires prior calibration each
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apparatus for aligning a bonding tool, conprising a
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force sensor conprises a plurality of force sensing
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According to g second aspect’ of t I nvention,
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conprising the steps of: providing a force sensor
copprising a plurality of force sensing sections, each
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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

30

aligning a bonding tool, comprising the steps of: providing a force sensor
comprising a piurality 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
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.
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tool onto the force sensor; and adjusting an alignnment
of the bonding tool based upon the anount of force
nmeasured by each sensing section. -4 It will be
convenient to hereinafter describe the invention in
greater detail by reference tg t he acconpanyi ng

drawi ngs which illustrate one enbodi nent of the
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the “acconpanying draw ngs, 1 n which: Figure 1 is an
isonetric view of a piezoelectric force sensor that is

\ 0 _al i gnment of a bondi ng too

POl QLIS IAWINGSY enbodi ment 15 of the
invention; Figures 2a and 2b illustrate schematically

one met hod by which the force sensor of figure 1 ma
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t haccoropgyinsodrwings: & wielte sensor of figure 1; Figure

4 is a plan view of a polyimde filmlaid out on a
printed circuit board for detecting an output of the
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respectively of a molding apparatus that can be implemented to form the

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
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

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 1 is an isonetric view of a piezoelectric force
sensor 10 that is usable to detect an alignnent of a
bondi ng tool according to the preferred enbodinment of
the invention. The force sensor. 10 conprises a
plurality of ceramic fibers 12with pi ezoel ectric
properties that are enbedded in hardened -5 epoxy
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of figure 1 may be fabricated. Referring first
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central shaft 14 which is used to fashion the holl ow
center 15 of the force sensor 10. Strips of ceramc
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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 assembied 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



respectively of a nolding apparatus 20 that can be
inplemented to formthe piezoelectric force sensor 10
of figure 1. A base 22 of the nolding apparatus 20 is
made of stainless steel. Two pieces of Teflon 24 are
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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
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conprising separate sections can be fabricated are
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force sensor 10 according to the preferred enbodi nent
of the invention. The alignnent station 50 is spaced

fr Cl'lﬁ\etél?nﬁféﬁﬂbfaﬂoﬁ 30l coﬁtﬁhs@)ﬁ lh‘é%eaplﬁiea@ éH WARhAS héifited a

15 The force sensor 10 pluralit force sensing
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bondi ng tool acting on that se secti on.
poly|m|de film 40 such that each group of its ceram|c 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. Boits 56 aré
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.



The alignment station 50 conprises a base plate 52, on
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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.



of the sensing section(s) that detect the greater

force. Adjustnent is made 15 until a substantially
equal distribution of forces is detected. Figure 6 is a
cross-sectional view of a bondi,ng tool in the formof a
die pick and place tool 60 inforporating the force
sensor 10 according to the preferred enbodi nent of the
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nounb@@mtbb;ﬁbesmforce actuation unit bracket 64
by a bond force notor coil nmount 72. Located adjacent

the bond 10 force nptor coil 70 are a bond force notor
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€S 568HihG ag4insChMuface, 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. 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 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



linear notor that inparts a controll able bonding force
onto the collet assenbly 62. A conpression spring 80
serves to provide a preload force to the collet 15
assenbly 62 as agai nst a suppofg_datumin the formof a
bonder shaft 82. The pick and place tool 60 is
connected to a bond head of a bondi ng machi ne through
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the pick and place tool 60 can be realigned either
manual |y, or automatically with suitable additiona
mechani snms that are configured to realign the pick and
pl ace tool 60. 30 It should be appreciated that this

enbodi nrent has an advantage over the separate

al ignment station 50 of figure 5 and the devices of the
prior art since real-tine closed-loop feedback of the

al i gnnent of the pick and place tool can be obtained

and any m salignnent can be renedied i nmediately. Tine

-10 required for alignnment of the pick and place too

is al so reduced by not having to nove the pick and

pl ace tool to a separate station each tine alignnment is

to be checked. 5 The invention described hereinis

susceptible to variations, nodifications and/or

addi tions other than those specifically described and
it is to be understood that the invention includes al

such variations, nodifications and/or additions which

fall within the spirit and scope of the above

descri ption.



-11 CLAIMS: 1. An apparatus for aligning a bonding

tool, conprising a force sensor configured to neasure
a force generated by the bonding tool on the force 5
sensor, wherein the force senspL conprises a plurality
of force sensing sections, each sensing section being
adapted to individually detect an anmount of force from
a puAIMs: the bonding tool acting on that sensing
sectron. 2. An apparatus as clained in claiml,
including a collection of 10 piezoelectric ceramc

mayer i a i i oy Sensi ot
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current produced by each respectlve sensing section to

a respectlve output termnal, 4. An apparatus as
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cupiezaelepirgaliicdrteesinadhe forse exerted e that sansing swtlon
apparatus as clainmed in claim3 or claim4, wherein the
transmtting material is a polyimde fil mfabri cat ed
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to a sensing surface of the force sensor whereby to
exert a preload force on the force sensor. -12

4. An apparatus as claimed in claim 3, wherein the transmitting material is
20 coupled to an electronic circuit to which the output terminals are connected for
measuring the current produced by each sensing section.

5. An apparatus as claimed in claim 3 or claim 4, wherein the transmitting
material is a polyimide film fabricated with a plurality of individual electrical
25 conductors.

6. 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

30 alignment.

7. An apparatus as claimed in claim 6, including a biasing member
coupled to a sensing surface of the force sensor whereby to exert a preload
force on the force sensor.



8. An apparatus as clained in any one of the preceding
clains, wherein the force sensor is coupled to the
bonding tool. 5 9. An apparatus as claimed in claimS8,
wherei n the bondi ng t ool inclugfs a collet assenbly,

and the force sensor is coupled“io 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
borfdi ngASARPaEHUS 89 clamedin apy angt ofthe prededingdaims, wherein

cl 3hdotee %ﬂ%ﬁ@%“{‘?r‘@éﬁgéﬁm@“'-S coupled to the

coll et ass osite a point of contact
between the collet assenbly and the bondi ng surface.
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Sundh o nANPPRGT S BS i Bl & vEefifitn Bonding IRl ngices
t ha tollet eassembly; .and2he Aorcepsévisti US cdsiplebatone EdliefRésembly
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eq@dtongingssurtage. A net hod for aligning a bonding tool,
1pconprising the steps of: 25 providing a force sensor

conprising a plurality of force sensing sections, each
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geroliettassemblyrand tbebondihg sidace sensor; neasuring the

force generated by the bonding tool onto the force 30

sensor; and adjusting an alignnent of the bonding tool
15badad uparappaeataseisnélainied inoclaien Measdard 10y, @hefein the collet

i tion -13 15 A nethod laimed in clai
L4 Sl aeS pirceiaes fsee po e Premsmnsorng

12.  An apparatus as claimed in any one of the preceding claims, wherein
the force sensor comprises a ring with a hollow center.

20
13.  An apparatus as claimed in any one of the preceding claims, wherein
each sensing area is of substantially equal size.

14. A method for aligning a bonding tool, comprising the steps of:

25 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 force onto the force sensor;
measuring the force generated by the bonding tool onto the force

30 sensor; and

adjusting an alignment of the bonding tool based upon the amount of
force measured by each sensing section.



the force exerted on each sensing section by |ocating a
collection of piezoelectric ceramc nmaterial in the
sensing section. 5 16. A nethod as clained in claim 14
or claim15, including separatgety transmtting a
current produced by each respective sensing section to
a respective output termnal for processing. 17. A

metibod ASrneImumsdclai‘ned i cTaifrb 14) mcluumgrwemfmg deiécting
curreg E%Cguced by each sensing section
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14 to 17, including the step of "positioning the

bondi ng tool onto an alignnment station spaced fromthe
515 1gondjyn I : i fouge ryd ared f
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rein the force sensor
is coupl ed to the bonding tool. 21. A nethod as cl ai ned

I t bondi d
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se qCHHx'ﬁé’f 'B¥t-s an anount of reaction force acti ng on a
part of the «collet assenbly. 22. A nethod as clai msd
in claim?21, includi ng coupling the force sensor to
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t hd8col Adnethed @stnigimg alany q&smisﬁlal@Saa 4dei T lmﬁiuwmtlm:step
be I
230" RRSbIAG AL RinartC BRI el 81l FHicedFom the
15i n&poding dod hereat gheafores eens@d isfloeated for aligpmeot.ce sensor
using the coll et assenbly.
19. A method as claimed in claim 18, including exerting a preload force on

the force sensor using a biasing member.

20 20. A method as claimed in any one of claims 14 to 19, wherein the force
sensor is coupled to the bonding tool.

21. A method as claimed in claim 20, wherein the bonding tool includes a
collet assembly, and the force sensor is coupled to the collet assembly such

25 that upon application of a force by the bonding tool on a surface, each
sensing section detects an amount of reaction force acting on a part of the
collet assembly.

22. A method as claimed in claim 21, including coupling the force sensor to
30 the collet assembly axially opposite a point of contact between the collet
assembly and the bonding surface.

23. A method as claimed in claim 21 or claim 22, including exerting a
preload force on the force sensor using the collet assembly.





