-1- 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 neasure a wire clanp's clanping forde 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

i nvention is capablecﬁAMPdmLIBMNQMApPARBaWAanrbLPrlor Art 15
During wi re-bondi ng of sem conductor devices, wherern electrical connections
are made between bond pads of dice and/or substrat es on which they are
attached, it Ef|¢efBMmMichtEhilize a wire clanp to feed a roll of bonding
wire towards™a bonding site. The clanp is opened to allowwire to feed
through daring threading of the wire through a capillary and thereafter
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made. 25 The summe h‘qrpjsea.hntryaGmrq:)clampsnmgrmadib.hth awiregondiegheachida fbra flxed

arm or e armis.open and cl osed sal enoi d or

 hear  mior SeRMRAMALOHE SaicBS Pl TN 46 PhreRaed Mt drE BB Bg or ¢ he
notor. The b@ggamgomr@rbppn@wﬂfl ne, to the order of 1 ml| or less. Thus
the wire is 30 easily broken if subjected to excessive force. It is

i mportant that a clanping force exerted by the wire clanp is sufficient to

grasp the w r%ac@%&uﬁ@hn&wiohk&h so as to cause abnormal deformation or to

break the wwré& " TU 1S al'so I nportant

15 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 mif 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



that a gap between the novable and fixed arns is sufficient for the wire to
pass through, and yet not be so |large as conpared to the size of the wire
-2- when opened so that the clanping foreg-cannot be easily or reliably
controlled. In view of the above, it is usually necessary to calibrate a
wire clamp prior to 5 using it. Prior art devices for calibrating wire

cl anps have bwBANJEReRay sopiat Hecklamring farae gapnetedei RIBIWErtEHaklich human
intervention and.haye become |ess effective as the diameters of bonding

wi res decrease together with decreasing dinensions of seniconductor
packages. 10 For exanple, in order to neasure clanping force, a gram gauge

(see Fig. 1) - I.n: t ri T : :
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t he gauge sheet cannot fit into the gap, it neans that the di stance between

the clanp nmenbers is smaller than the thickness of the gauge sheet. |If the
gauge shedP c&arexampig: & eKler fmpreasute dpmeigtferceparasam: gauget(see figstlance i s
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1 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 smaller 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.



An object of the invention is to seek to provide a nore effective apparatus
and - nethod to neasure and calibrate clanping force and gap of wre clanps
to cater for wires of snmaller dianeters.gs conpared to the aforesaid prior
art. -3- According to a first aspect of the invention, there is provided
apparatus for calibration of a device for clanping a workpiece, conprising
a sensor nmenmber adapted to sense settings of the clanping device, said

sensor nenber i i I a o,t aring
devi ce for ﬁé?&rp%:égg éllq'r& %b%@ﬁgfgjl %’ otn t'?%% ggﬁwlgg%ﬁggga ho means
to index the calbrajorecs demcmg)r@Hmmm@almkplemroempnsimg arsamisioo hentbetevi ce i's
capabl e of Si f eedback fromt cl i.n vi ce vari ous positions
of the cl anpiaﬂ tagvﬁo 81 a??h?gst ﬁ? C%Eﬁ’érb‘f c%ﬁl?ﬁersa"{/ﬁgpé?fy WGWSD%I anpi ng
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there is provided a nethod for calibration of a device for clanp
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cl anpi ng devi ce e sensor Sensi ng

cl anpi ng 18eviscealiatatedr i ous positions of the clanping device relatlve to the
sensor menber, whereby the clanping device is calibrated. 25 It will be
convenient to hereinafter describe the invention in greater detail by
reference to teeomiirgotrpabydong abpaei ofthe imientitn,ithénesis ipadvideana neathodlforent  of

calibration of a device for clamping a workpiece, comprising:
(i) a sensor member adapted to sense settings of the clamping
15 device
(ii) providing signals relating to the settings from said sensor
member;
(i  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.



the invention. The particularity of the drawings and the rel ated description
is 'not to be understood as superseding the generality of the broad
identification 30 of the invention as dejined by the clains. -4- Brief
description of the Drawings Fig. 1 is an isonmetric 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 Bdefdssciiption efheDrawiggsige sheet being used to neasure a gap

bet ween clanp nenbers of a wire clanp; Fig. 3 is a schematic isonetric
representation of a sensor jig according to a 10 preferred enbodi nent of
the inventionFighilcis ars isetetdip vtaw m‘easgnam gacgewpiting priboadebengl ugep tof a wire
clanp of a w re-bondi nlg Fr%afr (%; | 4 is a schematic plan view of the
set-up of t heMEBRYE@ f @p PEEA | WEE53MWe  wi re- bondi ng apparatus; 15 Fig.
S is a graphical representation of a relationship between forces nonitored
by a force sensor. as a wire clanp nmenber is noved to bias against the force
sensor for caFigbrza‘@l%h‘st?fnect%V\ﬁWrBfEI%‘Hﬂe shegt being; ypedatol @eﬁsﬂ?aﬂnﬁﬁéal

represent ati opeffeeft d&h@mmggfgqp%@n output of a displacenent sensor
as a wire clanmp nenber of a wire clanp is noved to bias against a fixed

obj ect. Detailed description of the preferred enbodi ment of the invention
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Fig. 4 is a schematic ptan 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 to

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.



108 and fixed nenber 110 is achieved by using a notor to control opening
and ‘cl osi ng of the novable nenber 108. -5- In order to nmeasure the cl anping
force of the wire clanp 106, the defl ectabl.e |ever 104 is placed agai nst
the novabl e nmenber 108 of the wire clanp 106 in an open position while the
gram gauge 100 is firmy secured. As the lever 104 is deflected by closing
movenent of t HeOEY Ebineagyrartpe wiamrg iwes of e Wreweiagh 184G dhe defiectatilepl ays
the cl amping f I anpi ng
force is obt alegéﬁ%%—b\?fel?/éﬁ% Héér}ghg cﬁle ﬁ?ﬁgegg‘f&cgtﬁg%wgﬁn})ogﬁﬁsrralI
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isorretric Vi ew auge sheet 112 ed to e a bet ween t he
ovabl ¢ of anponete ASHEraRHS foea e PG digtsvet Whee BE aridRe falfs o6, 1
order to neasiyreldtibely@all, thegadepn sheedr ih1de gfark gauge 1080 iftrsdeees Alds

i nserted between the cla alrpsrrbers 108, 110. If the gauge sheet 112 cannot

be inserted, MEGERAPIURR Wem(’j’éﬁureg‘%‘ﬁﬁfrloé? dye 4¢ hufan f’rﬁ‘i’rciﬁﬁ'&gr%'ﬂ t he
gauge sheet 1%&1@@@!0@ lgmdﬂrt%pérnﬁgésm&wéasmdcoﬂwétl Wit tﬁ@rrﬁcwame hferfeness of

gauge sheet 112 Tan be inserted he size of the gap woul d be taken to be
the thi cki@ss188. AR@ 'gaulydhe messureentyaan vail apd berBegnsédent20 Nevert hel ess,
It would be appreciated that the gap neasurenent is at best an estinmation
by an operator. As with any estimation, there is a potential for

i nconsi st ent Fipsdlis andsmmetoc viewaof 2gauge shdet 402 éeingi useldds nimssord agapd t hat

e e o SRR ARSI R R T8 Al A SR LB T e
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al so be  gffegtad by residus {LOMLLNE, Qds Shest 1R, BeoNg! Ll Dghi nd on
sheet 112 cannot be inserted, it means that the gap is smaller 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 wouid 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 resutts 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 1o 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



surfaces when it is forcibly inserted and renoved. 30 Fig. 3 is a schematic

| sonetric representation of a sensor jig 6 according to a preferred

enbodi ment of the invention which is set_gp to neasure a clanping force and
gap of a wire clanmp 1 of a wire-bonding apparatus 20. The wire clanp

usual Iy includes opposed fixed and novable arns for holding the wre.
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opposes a _clanping notion of the novable clanp nenber. The sensor jig 6 is

connect ed1Po arrapgement agwike desasibed inmoge detal below @m@lanon to Fig. 6.

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
clamping 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 contro! device 8 and the XY table
30 control device are operatively connected to a central operations control device
10. It is 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.



25 detection device 11 to provide readings of forces exerted by the noving
clanp nenber on the force sensor 7. The opening and closing of the wire
clamp I is controlled by a wire clanp comtrol device 8. Mvenent 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 clanp control device 8 and
the XY table 8@ chri$ roldraphisal segrasepipdipat ofve| nplagionsiipt ketween sforest (Rl

operations CORidbieie) §rcd Qenbdr 7 85 binbilil GABNAGHE Hndrind: IEHABVEY eV ce
12, which may consist "of any type of eléctronic menory dévice, such as
random accessb@s hgaipst themborge sensori7g forscalipratiogr aphe avire egtaregeht aXi on of a
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wire clanmp nenbe Fas agarn of ce" sensor or
cal i brati o6 otowdrds\he éorcé aepsdr. The caipraioenirecesssistnamndesdribebden XYoreabl e as
the wire clanp

nmher s noved, 5 towards the farce nsor. The caljbration
process is po@egﬁé’ﬂﬁ rghederpqg W&P% 9rapiyes feW§%t§9néPzeﬁ&Z’?§B°WW8 ROMBRi cal
representati Oforcd sehfor San 8BQNel GoMultdiRoubT BBaS8B D Elabfiind forts @fdt O
si mul t aneously neasure a clanping force and gap in a wire clanp 1. 10 At

posi tion X0, ©ARIMBVAR @aMPrle clanp nenber is not in contact with the force
sensor 7. The XY table control device 9 noves the XY table 3 towards the
force sensor 7 until position X0l where the novable wire clanp nenber is in
cont act wilPh WidasiioneX@etheomovaligtwires chlaow yembsxds tiodn £ohtact avitbnthet . At

this tine, t'?@rcg‘%‘éﬁ%%r??.""?rﬁ@t)ﬁ‘et%c X FBe\ﬂ{:e bﬁﬁo%&tﬁ@k\f‘a&%lésiﬁwﬁaﬁm ng a

15 clanping force and is in sed position. e control device
9 noves the X\ fabd eensorf/i netd poatioe it whéredbe vadvabte woe tdhamplinstratrres 4x1
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measur enent ikt the rdegdbiedvireaslamp Imdmberxpd tenadrebelhow. 120 Herrasiat i on
X01, the qgva%\aemg}nﬁé ?or%g aargl% ig‘?ﬁ?ﬁé cliogeti:l r;]::o(s:i(t)lcralrtl.acrt]'re\’\g(;[{r}al:Ewlger:ofn?r[)Fg.evice 9
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 signa! 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



sensor 7 and starts to exert an increasing force on the force sensor 7 as
the - noving clanp nenber starts to be deflected by the force sensor 7, as
represented by the rising graph between Xg1 and X02. At each increnmental 25
position, the sensor signal detection device 11 nay be programmed to sanple
a nunber of readings and the average reading of the force (F) is taken. At
each posi ti onthat thee dampimg feicgna ool tte the @actimviocs: Byiwhil tdéoke semsca change
of the force eadln AE beyaond certain threshol d 0.5 gra whi ch
“ndi cates an bonErePean BEanev e Rk ek P ERRRedr S Al tme BB E2 A e i 1)
30 depend on tHue detersiiiedci ty of the force sensor 7 and other factors. At
position X02, the force neasured is Fl. After increnentally noving the XY
table 3 by 4x1 to X1, the force neasured is F2. If AF (F2-Fl) is less than

the threshol dsvipeugy talb|ér%a@§nﬁmts N neflel tHeb riovabROGirE | @AmBameRaRA
reached, such -8- that the clanping force is equal to the reaction _force by
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¢l anpi ng forcseﬁ%erspos&mg XiehRg Ko ede tét@sealm@orm pB8iien Bef@eathine O move

the novable wire ¢ I ncr enent al toward e sensor 7, the
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device 11 det he c ange I n alrn a

t hreshol d19al wée dhirg iMmamipert &s nbhratbeydrrm mavadmuhabrm vpcrsﬁroml arfﬁwe‘rémrber is now
beyond its equi]ibriu ositiaon. T et ect rce . sensor
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an operator V\ﬁuindonb@ar@bl e to determne the clanping force 15 (F2) and the
gap between the clanp nmenbers of the wire clanp 1 (X2-X1). As regards the
sensitivity of the calibration, sensitivity can be increased by decreasing

the increment ?Forﬁ%@@%ﬁh kel ¥R BtoP Yduld Bésab%f td B@te?f?(nbatﬁéeciamﬂhg Jorgan be
HHHustrat ed by J)t%sél taI Ogetvjee%htﬁegcrlaaneh m mégré’ofmgzv?;enclam 1 (X2-X1
an 9ap p me p1{ ).
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 exampie, 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



equilibriumposition is in fact reached in a position between X02 and X1,
and 20 not exactly at X1. If the increnent 4x1 is decreased, there is a
closer correlation between the position ¥l and the actual position where
the equilibriumposition is reached. OQther neasures can be taken to inprove
the accuracy of the reading results. 25 For exanple, the force signals may
be processed wkpdrted tovempamsreldtivbgr cdraistareraven is tgnabsoltiteadaladds afbaye a
certain pre-determ.ned | evel, which are attributable to electronic "noise".
Anot her neasulPB9PE eSS unt er si gnal drift which may occur in certain force
30 sensors, such as piezoelectric force sensors. For exanple, a certain
voltage 1in the sensor representative of a certain pressure may be different
at positions BR$eGAR thetwriBositens Fhand & ARy Pesitien withigihe wireslarergare
relative pgakf@émeeﬁ XQUEHY X8 UfpSnd AEERA coldRlng Witk &13Ab W&ee @hlibrfon.
respective voltages at X1 and X2, so that even in the event of signal

drift, the reFatinstangal theswicaglapw 1 grayehe xadeat the middigi resitonaafithe iggp

consi stent ev hefiy BN - - - r d on the
fwp posi 1 ons g ST BEANLE AeF BER pBE, TRe, RoUlBRImay'Se SA0T b B8, Olen
X1 and X2) cafo balibratedte frelpticumhiubetwegnvthe gosiliampf frer wite clnifb anidathe  For

I nstance, the wr fi e mddl e, posi.ti.on of the gap
(X2-X1)/2, an 'rSeC?ﬂﬂ)\?ée;Ee%r@mé{%gtcuhgﬁ%t@%hayp%esF%"?doﬁ ﬂ@/v*%%msoﬁ%rﬁobe used
t(r)\ cal i br aunle Hhe? ttiee &Atin'eoﬂsﬂfan lsetauemﬂcém&repmeirbi)aﬁmedérgéhérdm thee ebagp 1 and
the wire cla forces. Different currents (DAC). may be used in a driving
motor to 10 dgFQ)’ qohky W?Céft'ccfﬁf?ﬂ“i’ag‘ﬁsaén ﬁ‘bé E’ékﬁt@reé%{aﬁen?' gﬂwﬁ'@”f Bces from
the sensor  piibdeGrdt SREH Iesulfivg et yearfsd dynatchvarﬁpmgxnem& for

rel ati onship between the notor current and the réesulting force generated by

a cl anpi ng meRB¥EIVEsWIreggmgiis dateiningdc] anp is deternmined. 15 Alternatively,
If a gap of the wire clanp needs to be neasured, a sensing nechanismin the
formof a displacenent sensor nay be adopted instead of a

15  Alternatively, if a gap of the wire clamp needs to be measured, a sensing

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 similarly 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 cpposite 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.



force sensor. A displacenent sensor may consist of a photoelectric sensor, a
proximty sensor, a |aser sensor, a vision sensor, or the like. A

di spl acenent sensor enables a position ofgthe wire clanp nenber to be
nonitored through 20 the sensor output. Wth a simlar set-up as that in
Fig. 3, with a protruding nenber to bias the novable clanp nenber but

w thout a force sensor (depicted as item?7), the novable clanp nenber can
simlarly be 2. Or ot di r - roximty
sensor or a Iggr\eéﬁ%ssteéﬁ;ssoé&ﬁrtécg{sb%f tﬁtga’@gééggéﬁ? htge s%ﬁﬁ ﬁ@la@%&aﬁ%hﬁ; %lr)\'/él’;‘rr{% Vg anp
menber opposi teavarte thpr eensodt) agd S rdpeesents theebensor eignal fof xsay, agiraximipship to
the position of the wi.re cl Ol a Vi,sipn sensor .whi ch (of0) ise a CCD
canera may be PR i¢E HSA08 X hehipratidng, Bember it iet oot Pths wi

t he \lfvire ch ammoving bRt ﬁ’fenmb\r,ea’lﬁ?ltth@é tﬁ&geﬁ&brnﬁgmgremm rémmtwh l-ﬂaFOF o
sinplicity, ga asurenent is illustrated in F g, in gr ical form by
conparing a séﬁ§gﬁh%p@’{ﬁlg cl3mp ﬁ'%?m??fés(ﬁ&%tloﬁﬂﬁ’e %g&gewot?@ﬁw@ram_

Fig. 6is a gfsaiﬁm&ﬁéctrvﬂfhrtﬁéﬁﬁé@ﬁ? emny nemitr 2hhPBEtsRo RefVBRNMaRingut put of
a di splacenent sensor as a wire clanp nenber of a wre clanp is biased

agai nst a fi xE@gbjreembers genhthes Xthdakie of r Mavey thenwiee . clamg- tovardpribgent s

posi ti ons of pRfnidig Airiadts TG M SEhGUTPSERADRCrd ety Bl e T8 Ne

sensor, and S'repre e sensor sign say, a proximt sensor .
Bef ore podDti omovky, clamg meotbendiavgs miogss to itke nispldosmaphtsaosorwi Then, lad 5

( | and t ! . _ . At

Conce t he movikeo 107 andi el riaBe ROk, e Rly-oR8RE) RRsiBh s R dtember

i Is in co%aet Mfﬂanwlm:m%hel dispiamtenieet _,seamkl, soaltl’:ai t’rmdm;rs;)rt :tignant)vi g_g
a nenper S e a nove re.cla r.ds.. e rotrudin

onbor | Thue, Bentmes ieahy fatadh e banty MAE AnRY bR HE Uit ra hg ci e

nenber noves @hrgeerdidt@nédr®o K3SPERRLEEEST lagigN DUk this eduldehot BE, sidrifcaiovi ng

clanp nmenber is in the fulg¥-opened position and cannot, nove any closer to
the di spl deendfeMsBRseiaPhsdie 93P ¢fhibeswie dianp ghgen be determined as the

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.



beconmes relatively flat again. The XY table 3 may be able to displace by a
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

determ ned as the distance between X1 af? X2. The invention described
herein is susceptible to variations, noditications and/or additions other
than those specifically described and it is to be understood that 20 the

i nvention includes all such variati oy A8 fi cations and/or additions which
fall within the spirit and scope of the above description. -11- CLAIMS 1.
Apparatus for calibration of a clanping device having at |least two grip arns

107 12D 1 VBBt SO S0 le FANGD & Ve fstofg 0" '©

be contacted by e grip armo anpi ng

anot her grigrms for ceanssing @ wbrkpietat, eomiprisirg:a setting of the cl anpi ng devi ce,
said sensor providing signals representi n%at he determ ned setting;  a
moni t or Png devi ckCeBiaCkmEmBer fatds grangediarka regtactashby memewabler grip 10 and

an i ndexi n%gfgfﬁ%_&%?gﬁ %rail%é)bﬂpx ngg&bﬁgah@%rgevi ce relative to the

contact ne during ely er’e vable grip armis forced by

the contact menhegehsordiol ldetérminingt a etting ¢hibeodiampirgy devieesaidhsargon: t he
nonitoring device i s operative to receive signals fromthe sensor at 15

various podieViging signalsseprasapting tir detasmirediselliadi o t he cont act menber, and
t i d - 2t at | ; ' : i th
cl anpi ng devi co 4 SRR ARSI ofitoditf sBRAR dhafdias e 1BRIEYY oi 1°

t he i ndexi ngndlevice is 20 operative to nove the cl anping device towards the
contact nenber. 3 par at us, according to claiml1l or claim?2, wherein the

cl anpi ng devi ce an dexing devica RParalive & mveat%#laémagcqwcweleﬁmﬁai ng
apparat us. he contact member during calibration whereby the movable grip arm is forced
by the contact member to deflect relative to the other grip arm, wherein:
the monitoring device is operative to receive signals from the sensor at
15  various positions of the clamping device relative to the contact member, and
to provide an output representative of the determined settings whereby the

clamping device is calibrated.

2. Apparatus according to claim 1, wherein the indexing device is

20 operative to move the clamping device towards the contact member.

3. Apparatus according to claim 1 or claim 2, wherein the clamping device

is a wire clamp mounted on a semiconductor wire-bonding apparatus.

25 4 Apparatus according to claim 3, wherein the indexing device is an XY

table of the wire-bonding apparatus.

5. Apparatus according to claim 3 or claim 4, wherein the contact member

comprises a jig coupled to a work holder for holding a semiconductor device.
30

6. Apparatus according to any one of the preceding claims, wherein the

contact member is a protruding member fixedly located in opposition to a

clamping force of the movable grip arm of the clamping device.



25 4. Apparatus according to claim 3, wherein the indexing device is an XY
table of the w re-bondi ng apparatus. 5. Apparatus according to claim3 or
claim4, wherein the contact nmenber conprises a jig coupled to a work

hol der for hol ding a sem conductor devic 30 6. Apparatus according to any

one of the preceding clains, wherein the “contact nenber is a protruding
menber fixedly |ocated in opposition to a clanping force of the novable

gri p arm of7.t he Apmnptusgactording. to- 42y one dipiber piegedmgedaimng)ovhereimyhene of
the preceding clains, wherein the sensing nenher conprises a sensor

sel ected fISMSINGMETRGS CARRIIERT AgSeisor seldled Jea dhe UBHP £ONSEERERT: and
di spl ace”eﬁ%rc%eéb?%br, Orfact¥RbALHE dzsg):}é)(gs Q,q%g]sﬁal m 7, wherein the

di spl acene sensor ' conprises a sen el ect ‘omthe group consisting
of : photoelectric sensor, proximty sensor, |aser sensor and vision sensor.

9. Apparatuys according to any,.one of the_preceding clains, wherein the 10
setti nggi s & f ortRPaAUS; AGCRING donplRuB| & d&l%e@r %‘%f&?Wéc‘%rlnﬁﬁbiSﬁ@SHévi ce.

10. Appar at rdi ag 3Bk Aimt S5 LHEikingl BB ochBefidirid he
setting is déb%ﬂo& tion o?g(tﬂ-he rmvagl e rﬂrﬁ‘% gﬁm relat ilvg@t gﬁt Re ot edr?n%ri p arm
not cont acensgr,tprexiootyt sertsondaber serkor Ahd vigipasehssr. accordi ng to any one of
the preceding clains, wherein the sensor is |located on the contact nenber

and is configured to determne a force exerted by said novable grip armon

t he contactg ne 1 r ' f ; edi ng
cl ai s, V\,hegr'ei gt)fﬁaﬁaégﬁllsnégﬁg@dg?@%%ﬁ%%@g?gﬂe\ggam %Qﬁnegsvgt%‘%%r'r@yg%l e grip
ar m of 10he setiimpisrayforde exeded dlydhée vaovable hep arimeof theiganapimgdeviceont act i ng
the contact nenber neans increnentally as said novable grip arm naintains
contact with the contact nenber.

10.  Apparatus according to any one of the preceding claims, wherein the
setting is a position of the movable grip arm relative to the other grip arm not
contacting the contact member.

15
11.  Apparatus according to any one of the preceding claims, wherein the
sensor is located on the contact member and is configured to determine a

force exerted by said movable grip arm on the contact member.

20 12. Apparatus according to any one of the preceding claims, wherein said
indexing device is operative to move said movable grip arm of the clamping
device relative to the other grip arm not contacting the contact member means
incrementally as said movable grip arm maintains contact with the contact
member.

25
13.  Apparatus according to any one of the preceding claims, wherein:

the clamping device is mounted on a machine; and
the monitoring device is operative to provide said output representative
of the determined settings only from the sensor signals, and without reference

30 to measurements derived from another clamping device or from operation of

another machine.



25 13. Apparatus according to any one of the preceding clains, wherein: the
cl anpi ng device is nounted on a nmachine; and the nonitoring device is
operative to provide said output representative of the determ ned settings
only fromthe sensor signals, and without reference 30 to neasurenents
derived from another clanping device or-18om operation of another machi ne.
-13- 14. A nethod for calibration of a clanping device having tmn

cooperatingiq4grig rﬁ{eﬂ%_dffarr &b ng%f@a wdﬁﬂahgq?ew@é H(L%‘ mgtmﬂﬁeo gh grip

arns is novable relative to the other one he net onprising t st eps
of : cont act@nip axnfs faut clamlaibgeagwopkp@eoa batt leest oree aft Wbichcgupeamnsng grip
5 armof the c a copt act t he, cl anpi ng
devi ce by nB¢V ﬂ@e fP‘%qWE%Qﬁ%%Pﬁquf”?o %EleﬂwfgbO'@BH?'&sﬁh ﬂebcbsr Ofjefl ects the
movabl e grip ar r@csrﬁhaﬁrﬁgfa firSt H&a@t&ﬁﬁ garrhpbaf Rbt tr%ﬂﬂié?q:o%p%vm@g jgn of
settings of the clanping device as the novable grip armis deflectéd by the
cont act Smendren oftid damiping devipe vg aleontast membid; bei ng i ndexed using a

sensor; providi n. si nal s representin he succe sion of ttings fromthe
sensor to a m)ni ﬁ@vp@ p'%.gld:}etyb%’b i MGVIRe! dBﬁf%?frtﬂ@V v tE‘

provi de cal gdyigkt rﬂamaéfr%ﬂa&ﬂsqnefnﬁ&mué BFp Hr Ve 18 thelethdpgriphgmgensor . 15
15. Method according to claim 14, erelnt he contact nenb s fixXxed at a

certain positionsensing aeswk:ammm@f deflinge of thé dlampieg tavice amhednomtdeds t he

20 16. Me di 14 | ai mp 15 | h
of et er m Hih L aCE DR NS Toh ol oot s aniing SohEa s romber

wher eatqp f@é,ﬁg ifeddegsiRy atdemsgpvabl e grip armon the contact nenber is
providing signals representing the succession of settings from the
sensor to a monitoring device; and
operating the monitering device to provide calibration information from
the signals provided by the sensor.
15
15.  Method according to claim 14, wherein the contact member is fixed at a
certain position and the clamping device is incrementally moved towards the

Sensor.

20 16. Method according to claim 14 or claim 15, including the step of
determining relative positions of the clamping device and contact member
whereat a force exerted by the movable grip arm on the contact member is

relatively constant over a range of positions.

25 17. Method according to claim 16, inciuding the step of determining a gap
between the two grip arms by determining a distance over which the force
exerted by the movable grip arm on the contact member is relatively constant

over a range of positions.

30 18. Method according to claim 16 or claim 17, including determining a
clamping force of the clamping device by determining the relatively constant

force.



rel atively constant over a range of positions. 25 17. Method according to
claim 16, including the step of determining a gap between the two grip arns
by determ ning a distance over which the force exerted by the novable grip
armon the contact nenber is relatively constant over a range of positions.
30 18. Method according to claim 16 or cl4irm 17, including determning a
cl anping force of the clanplng deV|ce by detern1ning the relatively constant

force. -14-449. %EWE\@E&@[ AEYf Ml 16 wﬁ@rélﬁtlﬁérel‘éﬂ@él in the
nt 0

relatively consta orce | esta Plshe where a c ange I n rce ov ran

i ncrenent al cortﬁtamtafmee iis aestatlished wherdea echangedin fores hmled amlinctemeng.

Met hod accord % ¥ one of clal 14 tgj 19, including the step of

det er ni ni ngdaatﬂ 119 a‘ﬁ”bﬁ;?r% 1RER ¥leance between positions
whereat the grip arns are fuIIy closed and when they are fully open while
the novable grip armis in contact wwth the contact nenber. 10 21. Method
accordi iy tﬁOanyM@ﬂmd)facmrdin@tolany on20of chiensild tohtd,secading thengtepsds a
sensor selegted fromth r8roup co forcs sengg{w cont ﬂ.ct sensor

1
oo sl nedbEIiag Mg Radny Raastana theode &b POSIIONR
di spl acemenfhefs We ?ﬂé é?ﬁ@é#e'sﬁmy TlosRdSMd %'eﬁ%@ﬁ dré ‘?Lrj‘w Gﬁerg WHHR the

consi sting of: phot oe ectric sensor, proximty sehsor, [‘aser sensor and

vi si on senstnoval@. griveaino is mmmﬁad:tngth theatpntactememmberai ns 14 to 22, including
| ocating the sensor on the contact nenber so as to determne a force
exerted by the 20 novable grip armon the contact nenber. 24. Mt hod

accor difyg tg1 anyw@ﬂ%%c@ér@m&t&ény%n@of WRfns! 11 205 WHersh th'enéé%@d?g the
cl anpi ng devi ce conprises the step of noving it using an XY table of a
wi r e- bondi ngorappisesitausengsr selected from the group consisting of: force sensor,

contact sensor and displacement sensor.

22. Method according to claim 21, wherein the displacement sensor
15 comprises a sensor selected from the group consisting of: photoelectric

sensor, proximity sensor, laser sensor and vision sensor.

23. Method according to any one of claims 14 to 22, including locating the
sensor on the contact member so as to determine a force exerted by the

20 movable grip arm on the contact member.

24. Method according to any one of claims 14 to 23, wherein the step of
indexing the clamping device comprises the step of moving it using an XY
table of a wire-bonding apparatus.

25
25. Method according to any one of claims 14 to 24, including locating the
contact member on a jig coupled to a work holder for holding a semiconductor

device.

30 26. Method according to any one of claims 14 to 25, wherein:
the clamping device is mounted on a machine; and
the monitoring device is operated to provide the calibration information
only from the sensor signals, and without reference to measurements derived

from another clamping device or from operation of another machine.



25. Method according to any one of clains 14 to 24, including |ocating the
contact nenber on a jig coupled to a work holder for holding a sem conduct or
device. 30 26. Method according to any one of clains 14 to 25, wherein: the
cl anping device is nounted on a machine; and the nonitoring device is
operated to provide the calibration i nfolPati on only fromthe sensor
signals, and without reference to neasurenents derived from another

cl anpi ng device or from operation of another nachine. -15- 27. Apparatus for
calibration of a clanping device on a machine, the clanping device having
two cooper &f.ng Appara iF 6elilbratieni ofy 2a clasampg edevice gvre dfmapghiod, e p ar ns

cont act rerianprieferite ISR AE cdopdablart BnE I Ahibing a IPRBIRED, o
t he cl anpi rtﬁléj@f\/\jvh‘%hfgl? aois BYmbbgbletrbRitive @6 bR 8then grirarth, ahdappasgisor for

determ ning settings of the clanping device, said sensor providing signals
represeft i MPMPIESIAGE er mi ned settings; 10 a nonitoring device for nonitoring

ol Sl g devr ce T SPhER mBEARE s Aot KL bE S hBvERIE aE
cal i br ati orarrnbEthel dlamblity déicd But NGt IS\etHeCethb B cofRdrating grip@arfecei ve signal s

fromthe sensor at 15 various positions of the clanping device relative to
the contact nentesenaerdforidetpimainingesettings gl dbe dynpisendevicg.esad sansor

e e b RGP YRR BRI RRb e, LS el erenee 1o
anot herfgmachi ne.a monitoring device for monitoring signals emanating from the sensor,;
and
an indexing device to move the clamping device relative to the contact
member workpiece during calibration, wherein:
the monitoring device is operative to receive signals from the sensor at
15 various positions of the clamping device relative to the contact member, and
to provide an output representative of the determined settings only from the
sensor signals, and without reference to measurements derived from another

clamping device or from operation of another machine.



