CLAMP CALI BRATI ON APPARATUS AND METHOD Field of the Invention 5 The

i nvention relates to an apparatus and nethod for calibrating a clanp, such
.as to measure a wire clanp's clanping fotee and gap between cl anpi ng
menbers for the purpose of calibration. The apparatus and nethod is
suitable for use with a wire clanp integrated with a w re-bondi ng nmachi ne
for 10 sem conductor devices, but it should be appreciated that the

invention is capabl eLAMPCARIBRATION HPFARAFOSKENDWETROBD Prior Art 15

During w re-bondi ng of sem conductor devices, wierein efrectrical _
connections are made between bond pads of di ce and/ or substrates on which

they are atp,@mqhemvehgmpommn toutilize a wire clanp to feed a roll of

bondi ng wire ing site. The clanp is opened to allow wire to
feed thrdugh during threading of the wire through a capillary and
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towards the G¥ V. ng or the notor. The bonding wire is very
fine, to theédcgféger Sﬂﬂ%aﬁllé&fdnl ess. Thus the wire is 30 easily broken if

subj ected to excessive force. It is inportant that a clanping force

exerted by t @ E!C! iz Fs1ufficient to grasp the wire, but not too high
So as to ca@gCk ¢ BB tion or to break the wire. It is also
inportant that a gap between the nmovable and fixed arms is sufficient for

the wire to
5t During wire-bonding of semiconductor devices, wherein electrical connections

are made between bond pads of dice and/or substrates on which they are
attached, it is common to utilize a wire clamp to feed a roll of bonding wire
towards a bonding site. The clamp is opened to allow wire to feed through
during threading of the wire through a capillary and thereafter closed to

20  control the wire. The wire clamp may also be used to hold the wire in position
during the making of a first bond and a second bond on the die and/or
substrate. The clamp is further commonly used to enable looping of a length
of bonding wire between electrical contact points on the die and/or substrate,
and/or to pull wires from bonds after the bonds have been made.

25
The clamp typically comprises a movable arm or member, and a fixed arm or
member. The movable arm is opened and closed by a solenoid or a linear
motor, and is usually urged towards the fixed arm by a spring or the motor.
The bonding wire is very fine, to the order of 1 mil or less. Thus the wire is

30  easily broken if subjected to excessive force. It is important that a clamping
force exerted by the wire clamp is sufficient to grasp the wire, but not too high
so as to cause abnormal deformation or to break the wire. It is also important
that a gap between the movable and fixed arms is sufficient for the wire to
pass through, and yet not be so large as compared to the size of the wire



pass through, and yet not be so large as conpared to the size of the wire 2
when opened so that the clanping force cannot be easily or reliably
.controlled. In view of the above, it is.psually necessary to calibrate a
wire clanp prior to 5 using it. Prior art devices for calibrating wire

cl anps have been devised, but such prior art devices involve too nuch human
i nterventi onwhed oranednéeocthat thesslanirgctforce aanndiebeli easily eos refiatiyondi ng

W res decreaa%‘t;ocﬂggt her with decreasing dinensions of sem conductor

packages. 10 For exanple, in order to neasure clanping force, a gram gauge
(see Fig. 1) has been used in the prior art. The gram gauge has a
neasures a defl ecting force exerted on the |ever
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not sufficiently sensitive where the clamping force is small and only deflects

the deflectable lever minimally.

In order to measure a gap between clamping members, a thin gauge sheet of
a known thickness may be inserted between the clamping members (see Fig.

20 2). If the gauge sheet cannot fit into the gap, it means that the distance
between the clamp members is smalier than the thickness of the gauge sheet.
If the gauge sheet can fit into the gap with space to spare, then the distance is
much larger than the thickness of the gauge sheet. The distance between the
clamp members should be adjusted so that the gauge sheet just fits into the

25 gap. Thus, this method is based on trial-and-error, and the error margin gets
larger as the distance between clamp members (for smaller diameters of
wires) gets smaller. In the event, this method does not offer sufficient
accuracy for thinner wires for smaller semiconductor packages.

30 Summary of the Invention

An object of the invention is to seek to provide a more effective apparatus and
method to measure and calibrate clamping force and gap of wire clamps to
cater for wires of smaller diameters as compared to the aforesaid prior art.



nmet,hod to nmeasure and calibrate clanping force and gap of wire clanps to
cater for wires of smaller dianeters as conpared to the aforesaid prior
<art. 3 According to a first aspect of th&-invention, there is provided
apparatus for calibration of a device for clanping a workpiece, conprising
a sensor nmenber adapted to sense settings of the clanping device, said
sensor nenber 5 providing signals relating to the settings, a nonitoring

device for masidreihgng a SirsIrRpectesrathatihihtibh OfRd 6 PRIV BFFEPSius fBPd means
to index the workpiece during calibration, wherein the nonitoring device
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t he cl an&ng_ devi ce at various positions of the clanping device relative

to the ns§CalRISE | whereby the clanping device is calibrated. 25 It

wi |l be convenient to hereinafter describe the invention in greater detail
by reference to the acconpanying draw ngs, which illustrate one enbodi ment
of the invehesasting tThe seaend espent iof $heohventiondtrené rsgerosided taheethet dored

descri ption Lginration of a device for clamping a workpiece, comprising:
(i} a sensor member adapted to sense settings of the clamping
15 device
i) providing signals relating to the settings from said sensor
member;
(ii)  a monitoring device for monitoring signals emanating from the
sensor member;
20 (iv)  means to index the workpiece during calibration; and
(v}  incrementally changing the position of the clamping device
relative to the sensor and sensing feedback from the clamping
device at various positions of the clamping device relative to the
sensor member, whereby the clamping device is calibrated.
25
It will be convenient to hereinafter describe the invention in greater detail by
reference to the accompanying drawings, which illustrate one embodiment of
the invention. The particularity of the drawings and the related description is
not to be understood as superseding the generality of the broad identification
30 of the invention as defined by the claims.



not, to be understood as superseding the generality of the broad

i dentification 30 of the invention as defined by the clains. 4 Brief

+description of the Drawings Fig. 1 is andisonetric view of a gram gauge of

the prior art being used to neasure a clanping force of a wire clanp; 5

Fig. 2 is an_isonetric vifepl/v f a gauge sheet being used to neasure a gap
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bet ween cl a OB OTANEY d8anp; Fig. 3 is a schematic isonetric
representation of a sensor jig according to a 10 preferred enbodi nent of
the invention which is set up to nmeasure a clanping force and gap of a
wire clanp ofigalvisran Isomgittig) vieppal atgrsm Fauge df the pricrcdre eirigcugddato vi ew of

the set-up o e g Lncrel.at] to the wre-bonding apparatus; 15
Fig. 5is a é‘?é%ﬁ??ﬁ%@gbé@'gh%?ﬁ%ﬂe %J%%B rel ati onshi p between forces

nonitorecdd by a force sensor as a wire clanp nenber is noved to bias

agai nst the [g.orﬁe sensor  for calibration of the WI%\E clngﬁnép; and 20 Fig. 6
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di spl acenment bgt@aen tlads memb@ggﬂﬁmeeﬁrﬁmr of awire clanp is noved to

bi as against a fixed object. Detailed description of the preferred

enbodi ment of the invention 25 Fig. 1 shows an isonetric view of a gram
gauge 100 offjyhe L i idWH | f r. 104
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notor to control opening

Fig. 4 is a2 schematic plan view of the set-up of the sensor jig in relation to the
wire-bonding apparatus;

15
Fig. 5 is a graphical representation of a relationship between forces monitored
by a force sensor as a wire clamp member is moved to bias against the force
sensor for calibration of the wire clamp; and

20 Fig. 6 is a graphical representation of a relationship between an output of a
displacement sensor as a wire clamp member of a wire clamp is moved o

bias against a fixed object.

Detailed description of the preferred embodiment of the invention

25
Fig. 1 shows an isometric view of a gram gauge 100 of the prior art, which
comprises a deflectable lever 104 attached to a weight scale 102, being used
to measure a clamping force of a wire clamp 106. The wire clamp 106
generally comprises a movable jaw or member 108 and a fixed jaw or

30 member 110. Clamping of a wire extended between the movable member
108 and fixed member 110 is achieved by using a motor to control opening
and closing of the movable member 108.



and cl osing of the novable nenber 108. -5 In order to neasure the clanping
force of the wire clanp 106, the deflectable I|ever 104 is placed agai nst
‘the novabl e menber 108 of the wire clanp®106 in an open position while the
gram gauge 100 is firmy secured. As the |ever 104 Is defl ected by closing

novenent of the noyvable 108 he .5 ht S 102 di spl ays
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be the t s of th %&ed%e sheet 112 that can be inserted. 20
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sheet 112 cannot be inserted, it means that the gap is smailer than the
thickness of the gauge sheet 112 and a thinner sheet is used, until a certain
thickness of gauge sheet 112 can be inserted. The size of the gap would be
taken to be the thickness of the gauge sheet 112 that can be inserted.

20
Nevertheless, it would be appreciated that the gap measurement is at best an
estimation by an operator. As with any estimation, there is a potential for
inconsistent results due to human error. Moreover, it has been found that the
wire clamp gap cannot be properly measured if the gap is very small (for

25 example, if the gap is less than 2 mil). The cleanliness of surfaces of the wire
clamp members 108, 110 in contact with the gauge sheet 112 may also be
affected by residue from the gauge sheet 112 being left behind on these
surfaces when it is forcibly inserted and removed.

30 Fig. 3 is a schematic isometric representation of a sensor jig 6 according to a
preferred embodiment of the invention which is set up to measure a clamping
force and gap of a wire clamp 1 of a wire-bonding apparatus 20. The wire
clamp usually includes opposed fixed and movable arms for holding the wire.
Generally, the wire-bonding apparatus 20 comprises a base 5 on which is



30 Fig. 3 is a schematic isonetric representation of a sensor jig 6
according to a preferred enbodi nent of the invention which is set up to
. measure a clanping force and gap of a wbre clanp 1 of a wi re-bonding
apparatus 20. The wire clanp usually includes opposed fixed and novabl e
arnms for holdingtthe wire. Cenerally, the wre-bonding apparatus 20
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Fig. 4 is a schematic plan view of the set-up of the sensor jig 6 in relation to

the wire-bonding apparatus 20. The force sensor 7 of the sensor jig 6 is in

contact with a surface of the movable clamp member of the wire clamp 1

20  adjacent to the clamping area. The force sensor 7 is arranged such that it is
perpendicular to the said contact surface of the clamp member and opposes a
ciamping motion of the movable clamp member.

The sensor jig 6 is connected to a monitoring device such as a sensor signal
25  detection device 11 to provide readings of forces exerted by the moving clamp
member on the force sensor 7. The opening and closing of the wire clamp 1
is controlled by a wire clamp control device 8. Movement of the XY table on a
horizontal plane is controlled by an XY table control device 9. The sensor
signal detection device 11, the wire clamp control device 8 and the XY table
30 control device are operatively connected to a central operations control device
10. Itis in turn connected to a memory device 12, which may consist of any

type of electronic memory device, such as random-access or flash memory.



menber on the force sensor 7. The opening and closing of the wire clanp 1
is controlled by a wire clanp control device 8. Mvenment of the XY table on
.a horizontal plane is controlled by an- XY table control device 9. The
sensor signal detection devi ce 11, the wire clanmp control device 8 and the
XY table 30 %ontrol devi re o eratlvel connected to a central

operations coft Pof® dedidP ica Gepre e"?@“‘?rhofl?r Relatensom batwesnafareem(§) devi ce
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random access or flash menmory. -7 Fig. IS a representation of a

rel ati onshi pb'%t%@éﬁtftbﬁcf@éce( BENSAfDA| f@brfédjbft&yoa Gfoﬂ‘ce\ﬂs‘en@amp7‘las Xa novabl e
| |
wire clamp megRgknisSp %N@%ahgthfbk‘?staﬁféahg%emfe EQRRC RS s ImbQld

calibration o represents posi i ons O
the wire x| aowardsntherfoice samsed The watibrdton beockss wnmmcnbeﬁm mafd brati on

et osent at | el WEre/8ce Jo B diap R ehis er et doics sromna B 1o

si nul t aneousfoyceTsersior 2an bl asgl tYsihiafetuly naBulica &iathpiRg FbREPank 10 At
position X0, the novable wire clanp nenber is not in contact with the

force sensor93f NAIS@aMMl-e control device 9 noves the XY table 3 towards
the force sensor 7 until position X01 where the novable wire clanp nenber

is in contact with the force sensor 7 but is not yet exerting a force on
it. At t¥l s At pogition KO, ths, arivablgi wise Glammp membeyy isonottinecontaat withathe 1 i s

exerting a G St T, tabl e
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moves the XY table in fixed increments (equivalent to the distances Ax1 and
Ax2 in Fig. 5) towards the force sensor 7. The increments may be in the order
of 0.5um, but the exact value depends on the sensitivity of the measurement
that is desired, as will be explained below.
20
At position X01, the movable wire clamp member is in contact with the force
sensor 7 and starts to exert an increasing force on the force sensor 7 as the
moving clamp member starts to be deflected by the force sensor 7, as
represented by the rising graph between X01 and X02. At each incremental
25  position, the sensor signal detection device 11 may be programmed to sample
a number of readings and the average reading of the force (F) is taken. At
each position, the sensor signal detection device 11 may check for a change
of the force reading AF beyond a certain threshold, say 0.5 grams, which
indicates an equilibrium position has been reached. The threshold value will
30 depend on the sensitivity of the force sensor 7 and other factors.

At position X02, the force measured is F1. After incrementally moving the XY
table 3 by Ax1 to X1, the force measured is F2. If AF (F2-F1) is less than the
threshold value, it means that an equilibrium position has been reached, such



novi ng cl anp nenber starts to be deflected by the force sensor 7, as
represented by the rising graph between X01 and X02. At each increnental 25
. position, the sensor signal detection de¥%ice 11 may be programmed to sanple
a nunber of readings and the average reading of the force (F) is taken At
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will 30 depend on the sensitivity of the force sensor nd ot her factors.

At position RY3deler@inedr ce neasured is Fl. After increnental ly nmoving the
XY table 3 by AxI to X1, the force neasured is F2. If AF (F2-Fl1) is |less
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t he graph, an operator would be able to determ ne Ing force 15
(F2) and t hePQakprivardsen the clanp nenbers of the wire clamp 1 (X2-X1). As
regards the sensitivity of the calibration, sensitivity can be increased by
decreasing the increnmental novenment between positions of the XY table.
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gﬂgi i br‘ié‘m({?% iahh%'e ig%piﬂ%t&gg the glg%%dmé%bgrspgfs t'he v9|pe cla ? rb&(%)and XL,
As regards the sensitivity of the calibration, sensitivity can be increased by
decreasing the incremental movement between positions of the XY table.

This can be illustrated by the position of the graph at Ax1, wherein the
equilibrium position is in fact reached in a position between X02 and X1, and
20 not exactly at X1. If the increment Ax1 is decreased, there is a closer
correlation between the position X1 and the actual position where the

equilibrium position is reached.

Other measures can be taken to improve the accuracy of the reading results.

25 For example, the force signals may be processed with a low-pass filter to
remove signals that are above a certain pre-determined level, which are
attributable to electronic “noise”.

Another measure is to counter signal drift which may occur in certain force
30 sensors, such as piezoelectric force sensors. For example, a certain voltage
in the sensor representative of a certain pressure may be different at positions
X1 and X2 due to signal drift. A solution is to measure relative peak and
trough values instead of absolute values of the respective voltages at X1 and
X2, so that even in the event of signal drift, the relative values can be



20.not exactly at X1. If the increment Ax1 is decreased, there is a closer
correl ation between the position X1 and the actual position where the
~equilibriumposition is reached. O her n®asures can be taken to inprove the
accuracy of the reading results. 25 For exanple, the force signals my be

rocessed with a er to renove signals that are above a certain
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Anot her rreasmngenmetsgn@ounter signal drift which may occur in certain force
30 sensors, such as piezoelectric force sensors. For exanple, a certain
voltage in the sensor representative of a certain pressure may be different
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capture the relative forces fromthe sensor “provid by specific current
val ues. In tfﬁp@r\ﬁéﬂfent Aed g sesultinghioice eenrrated: by a ﬂamrngcmenmﬂ fand t he

resul ting fog rrg.tc j);gd%t }Tmng menber for any given wire clanp is
det er m ned. ernatlv a gap of the wire clanp needs to be

nmeasured, a senS| ng rrechanl smin the formof a displacenent sensor nay be

adopt ed ‘fsmt/ﬁ?éilné)tvefy i Qrgca% 3 %) Ire'%léjmg%l 23816 Ve FeaEed! ayse%%nwsgl st of a

phot oel ectric Ssen
mechanism in the form of a displacement sensor may be adopted instead of a

force sensor. A displacement sensor may consist of a photoelectric sensor, a
proximity sensor, a laser sensor, a vision sensor, or the like. A displacement
sensor enables a position of the wire clamp member to be monitored through

20 the sensor output. With a similar set-up as that in Fig. 3, with a protruding
member to bias the movable clamp member but without a force sensor
(depicted as item 7), the movable clamp member can similariy be moved by
the protruding member.

25 As examples, a proximity sensor or a laser sensor may be placed on the side
of the moving clamp member opposite the protruding member, in relatively
fixed relationship to the position of the wire clamp, or a vision sensor which
may comprise a CCD camera may be positioned above the wire clamp
members to move along with the wire clamp, to monitor movement of the

30  moving clamp member. For simplicity, gap measurement is illustrated in Fig.
6 in graphical form, by comparing a sensor signal against the distance moved
by the wire clamp. Fig. 6 is a graphical representation of a relationship
between an output of a displacement sensor as a wire clamp member of a
wire clamp is biased against a fixed object, such as the protruding member.



proximty sensor, a |laser sensor, a vision sensor, or the like. A

di spl acenent sensor enables a position of the wire clanp nenber to be
*nmoni tored through 20 the sensor output?’” Wrth a sinilar set-up as that in
Fig. 3, with a protruding nenber to bias the novable clanp nenber but

Wi thout a force sensor (depicted as item?7), the novable clanp nenber can
simlarly be noved by the protruding nenber. 25 As exanples, a proximty
sensor or a Xaspnesemswsitiony dﬁehe)D(a(cedleoas theewire dtamp imérhieeme thongedc | anp

menber opp05|te protru in relativel i xed relatjonship to
the positi on°8’f”'“i%@‘%&%°&|%ﬂ?€s f8Pfea$eO tthr?%‘éﬂ%B'lg”ah?tj $AY. (FaD XY i se a
CCD carmer a ngansbe Beford iposieon XA0uR plotullingSnéhBaDis R P 8bRtationiPyR al ong
with the wire claﬂ to nonitor npvenent of the 30 noving clanp nenber. For

sinplicity, Gayn P dRemPes and thyst thgt eeNsph signg! rersaing Tglatively cRat f orm by
conparing a st bR claAdRTRRoek fsest%héﬁawcm QY &b pr%yru&.fﬁgee MehBerc! amp.

Fig. 6 is a graphical representation of a relatiohshi n an out put
of a di spl adéregentaehwish the mevigior dampanembenised &tﬁﬂ%to miove the mayings bi ased

agai nst a figfgd,OoRleRtHer §é1ctnea§Ytfé%ieorSOtrﬁdb%'sn%e”meclamPl %%arrdgmg'n sents

positions of the XY table as the wre cla ds the
sensor, and fBotra¢ingseambet. heTusnstbe mr’gnalagmfal smreasaespgmdumly yas thensor .

Bef or e it rot rudi rlS n ontact the 5

novi ng ¢ anpﬁj%n%qecﬁnggﬁ%e%??%ﬁs}ﬁ%qgl@ﬁ? % e a?eé%l nEegf- a\tﬁ‘%'l Mlat,

si nce the nXa2, n@echampgnaaﬂnﬁr membet ad iirpniae )fullyékipe}ﬁed pdxtichr @hd WahAet menber
isin contact wtht gﬁc.a me?r{rg and starts to nove the noving
cl anp nenberM3E 3 ?S? 3 Mg%e"? %NS8n P rtRak 1R S88SeMEIaNEk ot r udi ng
menber . ThUSbecbh%sSr@IﬁiOéIKS‘laﬂ'alenl MEHeERYBbIR R eR/ Eé’ abR tb"tﬁ >P'IIQCE!TBV iang cl anp
menber noves, c| oser di spl acenent sensor. "Then novi ng

cl anp menberfurtaer, H'Sﬁ'?éeft(]l)ﬁ%/b%@-ﬂ?@do‘p@lti i t&ﬁdswﬁ@!ﬁ beosignifeaptcl oser to
Lhe di splsacamaii wReQRah, 1O ddiabr HE vif “élﬁhgshgc%' be PEEIiRed Hsinleve! v 1 at

agai n. The XY table may be
distance between X1 and X2.

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

20  the invention includes all such variations, modifications and/or additions which
fall within the spirit and scope of the above description.



further distance to X3 because of laxity, but this should not be
significant. 15 Fromthe graph, the gap of the wire clanp 1 can be

- determined as the distance between X1-ddd X2. The invention described
herein is susceptible to variations, nodifications and/or additions other
t han those specifically described an 'Atl LS to be understood that 20 the

i nvention includes all such vari ati o#s di fications and/or additions
which fall within the spirit and scope of the above description. - 11
CLAIMS 1 . paratus for calibration of a device for clanping a workpiece,

conprising .15 (iPPeraldssF FAIRFRIONaghR clevice denskamping | :gworkpieche

cl anpi ng dexirfsrisind:i ) sai d sensor member providing signals relating to the
settings; (iii) a nonitoring device for nonitoring signals emanating from
the sensbor nmenbdd; afdsersofimgmberaadanted itadense retlingskeli theecldmping
calibration, wherein yhg.emnitoring device is capable of sensing feedback
fromthe clanping device at various positions of the clanping device

rel ati ve to the dinsosaesshecr, meimbeepypviding sigraipratatindetoitee séttings;al i br at ed.
15 2. Apparatus according to.claiml.  wherei.n the hol ding, deyice conprises
two grip arnms angﬁ;'g\,hegerin ntiq{ggsci%\gq% foﬁéaﬂ@%é'aﬂpﬁlgf?é% eg@nggr&q ¥rﬁﬁhﬂ‘§’
arranged to be cont actegsd?ynémigeri andir m of the cl anpi ng device and a sensing

mechani syp i n operational relationship with the arm said indexing neans 20
bei ng ad@pt ed to‘ﬁ’hanﬂ@aﬁﬁstpt'f‘ﬁﬁ’é s B‘ﬂﬁ’é""%qeaﬁﬁﬁ"?ﬂg calikratien. rwherein the; o t he

contact neans incremegioditbhingdesredisACHpaBIE NbfabESsitP Heédacki fhmt e cont act
eans. clamping device at various positions of the clamping device
relative to the sensor member, whereby the clamping device is
calibrated.
15
2. Apparatus according to claim 1, wherein the holding device comprises
two grip arms and wherein the sensor means comprises contact means
arranged to be contacted by a grip arm of the clamping device and a sensing
mechanism in operational relationship with the arm, said indexing means
20 being adapted to change positions of the clamping device relative to the
contact means incrementally as said arm maintains contact with the contact
means.

3. Apparatus according to claim 2, wherein the indexing means is
25 adapted to move the clamping device towards the contact means.

4. Apparatus according to claim 2 or claim 3, wherein the clamping device
is a wire clamp associated with a semiconductor wire-bonding apparatus.

30 5. Apparatus according to claim 4, wherein the indexing means is an XY
table of the wire-bonding apparatus.



3. .Apparatus according to claim2, wherein the indexing neans is 25
adapted to nove the clanping device towards the contact neans. 4. Apparatus
-according to claim2 or claim3, whereird2t-he clanping device is a wre

cl anp associated with a sem conductor w re-bondi ng apparatus. 30 5-

of "The i r o-Bonai iy ARbdiha B Ok Efatic s oo hergh ¢he sAgiaghe of

clainms 2 to meandar lecatetiun agigtraciintedafdlatich 1008 alc?kl helted fori Ioiamg ed in
relation to a mr%@%ddg. for holding a sem conductor device. 5 7.

Appar at us actor'g? {{F€one of clains 2 to 6, wherein the contact neans
Is a protrudi ng nmenber fixedly located in opposition to a clanping force
of the armof the clanping device. 8. Apparatus according to any one of

claims 2% 0 %7, wireratus secerding tagnyienenelelaimshte Gmwhesels the contaot
selected fr i NS Sk ot . C nsor and
di spl acemn?ﬂggﬁfﬁ ?O%E”%g'ggr@%ﬁg g%@%%%&?é\%??do%ﬁ:agpé%’"g(?rp\?\%gr Ié'larﬁ]-'%'ﬁ}%e

di spl acenentfoserefdne awowpthesdamping elevice. sel ected from the group consisting
of : photoelectric 15 sensor, proximty sensor, |aser sensor and vision
sensor. 10. Apparatus according to any one of clains 2 to 9, wherein the
apparatus i& adappadatus aceadingeoanyl amrepbingaiferZ @ Bf whbeirc trengdneingdevi ce.

20 11. aratus according to any one of .cl ai 2 to 10, wherein the

appar at ﬁ@oi Jn ‘L%}éaﬂ'sé'ﬂ QPH'pHg'?%arsee” obaéeg@?&@é’hrt% grRYPHPNSISHRY 8F S8 anpi ng
device. 12. spier abhacbsarRbehngdisplagdeft¥er@br.cl aims 2 to 11, wherein the
sensing 25 nmechanismis |ocated on the contact neans between the said arm

and t_he contact neans. 13. A et hod for calibration of a device for
cl anpi ng a ver kp'ﬁ&!’p@ratufrcﬁﬁébio@ﬁd‘% claim 8, wherein the displacement sensor

comprises a sensor selected from the group consisting of photoelectric
15 sensor, proximity sensor, laser sensor and vision sensor.

10.  Apparatus according to any one of claims 2 to 9, wherein the apparatus
is adapted to measure a clamping force of the clamping device.

20 11. Apparatus according to any one of claims 2 to 10, wherein the
apparatus is adapted to measure a gap between clamping arms of a clamping
device.

12.  Apparatus according to any one of claims 2 to 11, wherein the sensing
25 mechanism is located on the contact means between the said arm and the
contact means.

13. A method for calibration of a device for ctamping a workpiece,
comprising:
30 (vi} a sensor member adapted to sense settings of the clamping
device
(vi) providing signals relating to the settings from said sensor
member;



30.(vi) a sensor nenber adapted to sense settings of the clanping device
(vii) providing signals relating to the settings fromsaid sensor nenber;
- -13 (viii) a nonitoring device for noni-t!dri ng signals emanating fromthe
sensor menber; (ix) means to index the workpiece during calibration; and

{6 the sensor and“BEnarmaniertf B8RS 1S TnBicd8 g SMhctile Bm e ous
positions of the cl ansengprdeember;rel ative to the sensor nenber, whereby

t he cl anpi ng devi s calibrated. 14. Methpd accpording to claim 13,

conpri sirrﬁg tghe st@g O%e&%&;ﬁ)mcﬁé%%gorkj_)@@ '8P Cﬁ@%h?'%a?é‘da sensi ng
nmechani sm whi ch ggnsesndreradbtaiik chaagingn taenpexitidrhef Ch@gamging e¥eviee and

cont acti the arm of the c|anping device with the sensing nmechanism 15.
Met hod agor ding to clr%{?wfelk’, "\ﬁﬁ%@%af‘%éeﬁﬂﬁgé‘%@d%M@m e chewing a 15

certain position and i4Bgicela@VRiidle SIAWIORS of Shd ASHBIRHEVide/relRVE % har ds the
force sensor. 16. Method according to claim15, in€¢luding the step of

deternining rel ati ve SBBREINtMYRBEOWhEIRDY N MBMPINLIEEM eecls galibratask act nmeans
whereat a force exerted 20 by the armis relatively constant over a range
of positions. 17. Method according to claim 16, including determning a

cl anpi ng gaplby Methodrdcagrdingetadtisinride ocomeprising dihe tstep 60O prwidingetiteed by t he

ccor di nf) o Fe) mebes 58 & sehefih Rec AR AR Feb e SRR FRET IS ARG 1 or ce
of the cl anpifrtge dewipirg byvice asd comtgctirivethe ansieofaite slaimping device witls theexer t ed

by the armis relativel constant over a range of positions.
y sensing edhantsny. g P

15.  Method according to claim 14, wherein the contact means is fixed at a
15 certain position and the clamping device is incrementally moved towards the
force sensor.

16.  Method according to claim 15, including the step of determining relative
positions of the clamping device and contact means whereat a force exerted
20 by the arm is relatively constant over a range of positions.

17.  Method according to claim 186, including determining a clamping gap by
measuring the distance over which the force exerted by the arm is relatively
constant over a range of positions.

25
18.  Method according to claim 16 or claim 17, including determining a
clamping force of the clamping device by measuring the force at which the
force exerted by the arm is relatively constant over a range of positions.

30 19.  Method according to any one of claims 16 to 18, wherein the relatively
constant force is established where a change in force over an incremental
distance is within a predetermined threshoid value.



30 19. Method according to any one of clainms 16 to 18, wherein the
relatively constant force is established where a change in force over an
- incremental distance is within a predet®r4ni ned threshold value. -14 20.
Met hod according to any one of clains 14 to 19, including determining a
cl anpi ng gap ay "ﬁaﬁ%i the di st ance between P osi tions whereat the arm
is fully cloftd aM§MRearceidingstorany I pletlaims 141q 19.iiacluding seteimining t h t he
contact - eanglantping gap/by MehsaRRG Y ditahes BEBRDA3lioRt WrEReat thd AnfC:

wherein the sensin ani sm conpri ses sensor selecte romthe group
consi sting ofs:f Uf'bP%éed S8 sien %@ftélttopgervﬁwﬁ ihisdndiontach odthethe coatesbr . 10
22. Method agfeghging to claim 21, wherein the displacenment sensor
conprises a sensor selected fromthe group consisting of- photoelectric
sensor, proxinity sensor, |aser sensor and vision sensor 23. Met hod

according t 0,any f n ath t 15 sensing

mechani sm bef ﬁeen’agglog aé:(raﬁql%lo %83‘%}9 ﬁ'la 'ﬁ%Ug g’ﬂﬁ]?%’&' 9 reans.

24. Met hod ameohamsrg ctormpzcrsescmeertsbr eébcm figm ttoe Zlﬁoup/\b@’fsﬁstmgtd”fefo%@ﬁpl ng
associ at ed a sem conductor w re-bonding 20

device is a W I
appar at us. zgenﬁe%tqqgg%g‘g%qoa.aﬁgdr S %oNSWhherein an XY table of the

W re-bondi ng apparatus changes posi t | ons of the clanping device relative
to the conta 2@ 25 26. Method according to any one of clains 14 to
25, incl gﬁl ocaf hﬂﬂ afrerdipg nica Slaime dhs Whieren; the cemeanh semsation to a

wor k hol der ésmprisdlsdangeror SRIBEE Gk Qhe A5BLES Sconsisting of: photoelectric
sensor, proximity sensor, l[aser sensor and vision sensor.

23.  Method according to any one of claims 14 to 22, including locating the
15 sensing mechanism between said arm of the clamping device and the contact
means.

24.  Method according to any one of claims 14 to 23, wherein the clamping
device is a wire clamp associated with a semiconductor wire-bonding
20 apparatus.

25.  Method according to claim 24, wherein an XY table of the wire-bonding
apparatus changes positions of the clamping device relative to the contact
means.

25
26.  Method according to any one of claims 14 to 25, including locating the
contact means on a jig mounted in relation to a work holder for holding a
semiconductor device,





