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JAM DETECTION APPARATUS AND METHOD FOR INDEXING OF SUBSTRATES AND

LEAD FRAMES

FIELD OF THE INVENTION

This invention relates generally to wire bonding equipment. More
specifically, the present invention relates to an apparatus and process for detecting

jamming of iead frames and substrates during ejection from a wirebonder.

BACKGROUND OF THE INVENTION

Modern electronic equipment relies heavily on printed circuit boards on
whi;h semiconductor chips, or integrated circuits (ICs), are mounted. The
mechanical and electrical connections between the chip and the substrate have posed

10 challenges for chip designers.

The most common of these processes is wire bonding. In wire
bonding, a plurality of bonding pads are located in a pattern on the top surface of the
substrate, with the chip mounted in the center of the pattern of bonding pads, with
the top surface of the chip facing away from the top surface of the substrate. Fine

15 wires (e.g., aluminunﬁ, copper, or gold wires) are connected between the contacts on
the top surface of the chip and the contacts on the top suiface of the substrate.

I:\K&S\130US\pat02.doc



Chi p scal e packages (CSPs) offer a solution to the challenge of shrinking
the size of sem conductor devices relative to the size of the chip (die)
contained in the package. Typically, the CSP size is between 1 and 1.2 tines
the perinmeter size of the die, or 1.5 tinmes the area of the die. The CSP

of fers a K¥IPERYSs size near that of a2bare die or flip chip technol ogy, and
offers greater reliability, because the CSP need not suffer fromthe sane

t hermal expansion inconpatibility problens which are known in flip chips.
Most CSPs use a fl edfibkenle phdabes (ESHshbfferposauti¢retgthe ehaflehgd of de fil m or
tape), h I rek ] rings in
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mounted on the interposer. An example is the Micro Ball Grid Array (Micro BGA)

design. The wirings redistribute the peripheral terminals of the interposer to a grid

array of solder ball lands that cover the interior area of the chip. The chip is

mounted on the interpoSer, and the plurality of terminals in the interposer are

15 bonded to the plurality of contacts on the periphery of the chip using a conventional
bonding technique, such as ultrasonic (wedge) bonding. Once the device is wire

bonded it is ejected into an output magazine for further précessing.

There is a drawback, however, in that because the substrates and/or

iead frame are heated during the bonding process there is a tendency for the devices

20 to jam and crumple during ejection from the wire bonder into the output magazine.
Conventional detection systems using contact type sensors do not d,etect these jams
until significant damage has occurred to the lead frame and/or substrate. Also,
conventional gripper systems that are used to eject the lead frames and/or
substrates do not adjust their gripping force as the devices are moved through the

25 zone where crumpling can occur (“the crumple zone"). Accordingly, there is a need
for a system that detects crumpling before significant damage is done to the newly
bonded devices as well as a system where the gripping force on the devices is
adjusted as the devices move through the crumple zone.



until significant damage has occurred to the | ead frane and/or substrate.

Al so, conventional gripper systens that are used to eject the |ead franes
and/or substrates do not adjust their gripping force as the devices are
nmoved t hrough the 25 zone where crunpling can occur ("the crunple zone").
Accordi ngB$-130uSe is a need for a systemthat detects crunpling before
significant damage is done to the newly bonded devices as well as a system
where the gripping force on the devices is adjusted as the devices nove

t hrough the crunple zone. KE&ESIMBBWSOFIFHEIPVENRIONF THE | NVENTI ON I n vi ew of
the shortcom ngs of the prior art the present inventionis a system and

nmet hod for detecting jamm ng of at | east one workpiece for use with a wre

bonder. s The appaifiiy SFARRShSRSOMAn§SBEHe PP ok RBGHeRM: ARRRLIoRIsAAL N Of
travel of the at |east one workpiece, the sensor receiving notion

i nf or mat ispétein’ 1Y tmBGodifor @a&ingPRMMBE P bERASt dttwarkpRiek Fé dsRiwigpapl ed to
the sensor for receiving and processing output signals fromthe sensor

based on witeehgmats.on i nformati on, the processor generating control signals
based on the output signals to control to novenent of the at |east one
wor kpi ece, wherein the controller stops novenent of the at |east one

e R RARIIR A B e SR
of the at least one workpiece, the sensor receiving motion information from the at
least one workpiece; and a controller coupled to the sensor for receiving and
processing output signals from the sensor based on the motion information, the
processor generating control signals based on the output signals to control
10 movement of the at ieast one workpiece, wherein the controller stops movement of
the at least one workpiece if the at ieast one workpiece becomes jammed along the

path of travel.

According to another aspect of the invention, the apparatus also
includes a gripper electrically coupled to the controller. The gripper imparts motion
15 to the at least one workpiece along the path of travel based on the control signals

from the controller.

According to a further aspect of the present invention, the gripper is
detachably coupled to a portion of the at least one workpiece with a predetermined

force based on a position of said at least one workpiece along the path of travel.

20 According to a yet another aspect of the present invention, the
predetermined force is reduced if the at least one workpiece is within a

predetermined portion of the path of travel.



I ncludes a gripper electrically coupled to the controller. The gripper

I nparts notion is to the at | east one workpi ece along the path of travel
based on the control signals fromthe controller. According to a further
aspect of the present invention, the gripper is detachably coupled to a
portion &®Sth¥UE | east one workpi ece-##-th a predetermi ned force based on a
position of said at |east one workpiece along the path of travel. 20
According to a yet another aspect of the present invention, the

pr edet er m ned f or céAckrerdingdgcestili Fnotihrr aspettafshe presemioinkpitine thegrgneni n a
predeterm ned portion of the path of travel. K&S-130US -4 According to a
still andt#rsouglegdeam ghe waekpince e qoptraligrideatermings thiat biroat lepst angcoupl ed
fromthe workpiece if the controller determ nes that the at |east one

wor kpi ec&orépipc indemaiediond et obtravelayel . According to a further aspect
of the present invention, the sensor is an 5 optical sensor disposed either
above the path of travel or on a side of the path of travel. According to
anot her aspect of tAveordingsterd fuirtihéeaspart of thagpressnp iivestignalhe sehsonis be opti cal
sensor has a predeterm ned periodicity. According to yet another aspect of

t he pr esenpticalisensuridisposed pitimeraibotvé ehe pathalf ttazakdr wna siderdf phepathicf | ndi cat ed

based on a change in the predeterm ned periodicity of the output signal.
travel.

According to another aspect of the present invention, the output signal

from the optical sensor has a predetermined periodicity.

According to yet another aspect of the present invention, a jam of the
10 at {east one workpiece is indicated based on a change in the predetermined

periodicity of the output signal.

In certain exemplary embodiments, the method comprises the steps of
imparting motion to the at least one workpiece along a path of travel in the bonding
machine; monitdring motion of the at least one workpiece along the path of travel;

15 generating output signals based on the monitoring step; determining a signal profile
of the output signals; and discontinuing further motion of the at least one workpiece

based on a change in the signal profile.

According to another aspect of the invention, the method also
comprises the steps of reducing a predetermined gripping force on the at least one
20 workpiece when the at least one workpiece is within a predetermined section of the
path of travel; and removing the gripping force from the at least one workpiece if the

at least one workpiece becomes jammed based on this determination.



In certain exenplary enbodi ments, the method conprises the steps of
inparting notion to the at | east one workpi ece along a path of travel in the
bondi ng nachine; nonitoring notion of the at | east one workpi ece along the
path of travel; is generating output signals based on the nonitoring step;
det er m niK@&f-a38Ugnal profile of the e6t-put signals; and discontinuing
further notion of the at | east one workpi ece based on a change in the
signal profile. According to another aspect of the invention, the method

al so conprises the stepPRIEF PEAGRIFTEOM Ofr BtlePRAWINGE gri pping force on the
at | east one 20 workpiece when the at |east one workpiece is within a
predeterm ned section of the path of travel; and renoving the gripping force
fromthe at |east aqne Workﬁi ece if the at least one wor kpi ece becones
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Fig. 2 is an exemplary output signal produced by the exemplary

10 embodiment of Fig. 1;

Figs. 3A-3B are perspective views of exemplary approaches o

mounting the inventive sysfem; and

Figs. 4A-4B and 5A-5B are exemplary output and response signals

according to the exemplary embodiment of Fig. 1.

15

DETAILED DESCRIPTION OF THE INVENTION

As used herein, the term "jammed” refers to any unintended state of
motion of a workpiece along a path of travel of the workpiece. For example, based
on the particular application, such states may include (a) stoppage of motion of the

20 workpiece, (b) an unintended reduction or increase in the speed of motion of the

workpiece, and/or (¢} movement of the Workpiece outside of a predetermined area



I o enbodi nent of Fig. 1; Figs. 3A-3B are perspective views of exenplary
approaches to nounting the inventive system and Figs. 4A-4B and 5A-5B are
exenpl ary out put and response signals according to the exenplary enbodi nent
of Fig. 1. 15 DETAI LED DESCRI PTI ON OF THE | NVENTI ON As used herein, the term
"jamed" k&s$-@BBUSO any uni ntended stateg-of notion of a workpiece along a
path of travel of the workpiece. For exanple, based on the particular
application, such states nmay include (a) stoppage of notion of the 20

wor kpi eceaaloridthegrativiof traeeld ddterjadoming ofhtherworkpieeasayigrcad dorspaedglgf noti on of
t he worﬁgi ece, and/or (c) novenment of the workpiece outside of a

pr edet er ihraghamisteRds! dBbas of Eheaworkpiachavithioa btrodtute dwisig travet of theni ng of t he
wor kpi ece may occur, for exanple, through unintended contact of the

wor kpi ec eVakpigce, andy/erctnintended phdefectivealpesitiontnf thewsystpineaesing g or

uni ntended or defective operation of the systemcausing the notion of the
wor kpi eceMOdenRfBeWatkPigeiy to Fig. 1, a bl ock diagram of an exenplary

enbodi ment of the present invention is illustrated. As shown in Fig. 1,
system 100 conprises detector 104, such as an optical detector nodel nunber

ADNS- 2051 nanuf act wReferring)hoAiol e\t 1, EEBIbaOHIAGF®S 0Pén BRéApiAht embadiieat ni a,

coupl ed to processor 108, which is in
of the present invention is illustrated. As shown in Fig. 1, system 100 comprises
detector 104, such as an optical detector model number ADNS-2051 manufactured
by Agilent Technologies of Palo Alto California, coupled to processor 108, which is in
turn coupled to indexer board llb via a communication channel 104, such as an SPI

10 bus. Indexer board 110 is desirably coupled to (1) indexer motor controller 112 (for

example via communication channel 111, such as an SPI bus), (2) microstepper
board 114 (via contro! line 113), and {3) a gripper {not shown) (via control line 116).
The gripper is used to hold and move (drag and/or push) workpiece 102 along a
conveyor system (not shown) though the bonding process. Communication channels

15 104 and 111 may be the same communication channel or may be separate

communication channels based on design considerations.

In operation, detector 104 generates output signal 106 (best shown in
Fig. 2) in response to optical stimulus 103 received from a surface of work;:;iece 102.
Output signal 106, which has a pulse width based on the velocity that workpiece 102
20 rﬁoves along the system, is provided to processor 108. In one exemplary
embodiment, it is contemplated that the speed at which workpiece 102 proceeds
through the system will be substantiaily constant and less than about 10

inches/second. According to the present invention, output signal 106 is not limited



turn coupled to indexer board 110 via a comuni cati on channel 104, such as
an SPI io bus. Indexer board 110 is desirably coupled to (1) indexer notor
controller 112 (for exanple via comunication channel 111, such as an SP
bus), (2) mcrostepper board 114 (via control line 113), and (3) a gripper
(not showgs-(90ws control |line 116). -The gripper is used to hold and nove
(drag and/ or push) workpi ece 102 along a conveyor system (not shown) though
t he bondi ng process. Conmuni cation channels 15 104 and 111 may be the sane
comuni cdribemgchauadrhtuse signgl (be., eshown én Figomamdaby be anyafraienizsed on
design considerations. In operation, detector 104 generates output signal
106 (bestofsmpiapripte signals, foy examplesheingle pesiodistqutput signakul us 103 recei ved
froma surface of workpiece 102. Qutput signal 106, which has a pulse width
based on the velocity that workpiece 102 20 noves along the system is
provided to processscebt 108G es s6IHRt Slghal oW Shd Bfvidds lcoliindRitvidTp! at ed
that the speed at which workpi ece 102 proceeds through the systemw || be

subst ant i @mriumetvhaianad d o4as Tohtranmatatiéntldt wdrRpiees 1 62 G0Md. sydes®r i ng to
the present invention, output signal 106 is not limted K&S 130US -7 to

bei ngsa pekenipkig emigiitherdt ofehe pAseshidvention, lchig andlysisand compalsorasly of a
nunber of appropriate signals, for exanple, a single periodic output
si gnal . PRrupasdgral 108 wiihad predsteominzdtthedshaldl valis Andx@mnplangteestmidrands vi a
conmmruni cation channel 104 to control novenent of workpiece 102 In the
syst em |valuesis ahoex thpiiliisecordd obi armth erdxentpdanyrarsndimentvefithe presenhi s
analysis is a conparison of

invention, this analysis is a comparison of output signal 106 with a real-time speed

signal (e.g., communicated by the motor controller), thus allowing the detection of a

10 jam during non-steady-state motion {i.e., acceleration or deceleration).

As shown in Fig. 2, in normal operation, as workpiece 102 proceeds
along in the process, output signal 106 has a pulsed profile 120, for example, that
has a periodicity 121 based on the speed of workpiece 102, If, during the process,
the movement of workpiece 102 is negatively effected, such as by jamming during

15 ejection for example, the profi{e of the output signal will change. In the example
presented, the profite of output signal 106 becomes steady state at a digital "1”
state. It is also contemplated that the output signal may become a digital “0” steady
state during a jamming condition of workpiece 102. Further stili, other changes to
the signal profile (e.g., in connection with a threshold value) may also be used in

20 accordance with the present invention. In any event, this information (i.e., the
change in the profile of the output signal) is provided by processor 108 to indexer

board 110 via communication bus 104,



out put signal 106 with a predeterm ned threshold value. An exenplary
threshold value is about 16 mlliseconds. In another exenplary enbodi nent

of the present invention, this analysis is a conparison of output signal

106 with a real-tinme speed signal (e.g., conmunicated by the notor

control | gfgls-1860ys al l owing the detectign of a to jamduring non-steady-state-
notion (i.e., acceleration or deceleration). As shown in Fig. 2, in nornal
operation, as workpiece 102 proceeds along in the process, output signal

106 has a pul sed pripirideRerliZdard 100 recedalifforhB@dén friaSpracdRbi egg city 121 based
on the speed of workpiece 102. If, during the process, the novenent of

wor kpi eceandibitirigsa jeagaf wmﬂ&pyeoefn‘oactr&téxe:st as0lwil dastrabnghatufurti@r15 ej ection
for exanple, the profile of the output signal will change. In the exanple
pr esent ednovdmeerirafwdriepiede 1O putoraimanding 166 ghippan(@st sh@at\ytostiebs: ¢ a
digital "1" state. It is also contenplated that the output signal may
becone a hdidjon alorkmcest(Padidterpativaty,dandi orgadatiticnatty,rigdexen dioa rdomapflseor kpi ece
102. Further still, other changes to the signal profile (e.g., in

connett i clemanand thet metes ifodtashenind epedrtyy mave theparippesdo hnltm enmHoigatian wi t h
the present invention. In any event, this information (i.e., the <change in
the prof ighanegls dhd apdiqsul 3silyisealyo F@tsmlﬁt@bthabynmwewgml (woBshown) ndexer
board 110 via conmuni cati on bus 104. K&S-130US - i ndexer board 110
recei ves WikPsaeReiased £ agviss %@é@@b@m&e@thelfﬁws&PMHQ%S? shatgemgdivkpi ece 102,

I ndexer board 110 will desijrab alt further novenent of workpiece 102 by
commandi MGERSHEEHMEY P& taketule @ﬁ%ﬁmec oPleMase its

In one exemplary embodiment, a force exerted by the gripper may
10 also be controlled by indexer board 110 based on where in the process the workpiece
currently is positioned. For exampie, in certain situations where the workpiece is in
motion (e.qg., outside of the jam window) the force on the gripper may be set to a
high level to ensure that the workpiece remains stationary to achieve higher
accelerations. Another example relates to bonding of the workpiece, where the

15 gripper is desirably completely disengaged from the workplece.

As the workpiece is being ejected after bonding, the workpiece is
detected by detector 104 as entering the ejection stage (i.e., the jam window) of the
process. Upon such recognition, detectbr 104 provides output signal 106 to
processor 108. Processor 108 in turn desirably reduces the force exerted by the

20 gripper on workpiece 102 via control line 116. In this way, if workpiece 102 does
become jammed during ejection, the coupling between workpiece 102 and the
gripper may slip, thereby reducing damage to workpiece 102. This feature may be
used in conjunction with, or as an alternative to, the feature described above in

which the motion of workpiece 102 is halted when a jam is detected.



hol d on wor kpi ece 102. Alternatively, and/or additionally, indexer board may
al so s command the notor (not shown) used to nove the gripper to halt via
comuni cation channels 111 and/or 113. It is also contenplated that an
alarmsignal (not shown) wll be generated to advise the operator of the
failure d@®di3eumh so that renedial mesures may be taken to correct the
problem 1n one exenplary enbodi nent, a force exerted by the gripper may to
al so be controlled by indexer board 110 based on where in the process the
wor kpi ece current IA}thpggtpéeﬁl’Y irdndbe ejegtiorestagg bbthe progesstindescsibediat i ons where
the workpiece is in notion outside of the jam w ndow) the force on
the gri ppepPveiycappedtian wigh ahyswagﬂetew@n of thegvrrpiece pagitiompy detektiirece renai ns
stationary to achl eve higher accelerations. Another exanple relates to
bondi ng olfO t AehatRRdsf defgeting ePFfé mtg tB? |eiﬁ§E'P" staggade Farmew%ﬁ?ﬂ EPkI y

di sengaged _from_the workpi ece, jece is hein ected, after

bondi ng, qxﬂ@ RIS vhigh p%ﬂ‘@étaec?r?ﬁ‘?"ﬁe‘i e &PbPresent é?"gh?‘{é'msﬁ@“‘f'ﬂ% ej ection

et oct or ‘53 [P TR ibie phipe 186% Bopero Ao ante 0h MR S8R 108 i n
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slip, the y reauc] ng anage 0 morkplece € may be wused in
conj uncti 40 ag,dlyt gichative to, the feature described above in
whi ch thee‘i‘é%ﬁjonrmé’ pl&éce 1%: Is halted when a jamis detected.

Sensors used to detect motion and/or position of the workpiece may be
10 of any of a number of types of appropriate sensing mechanisms including optical
sensors and roller sensors. For example, a roller sensor may include a rotary
encoder used in connection with a contact mechanism (e.g., a contact “"wheel” that

rotates along with motion of the workpiece) for contacting the workpiece.

Referring now to Figs. 3A-3B, exemplary mounting approaches are

15 illustrated. As shown in Fig. 3A, at least a portion of system 100, such as detector
104 and processor 108, is mounted above a travel path of workpiece 102 (not shown
in this figure) and adjacent rear rail 130 of the conveyor system. This type of
mounting may be beneficial when dealing with thin copper lead frames for example.
Alternatively, and as shown in Fig. 3B, at least a portion of system 100, such as

20 detector 104 and processor 108, is mounted along side a travei path of workpiece
102 (not shown in this figure) and adjacent rear rail 130 of the conveyor system.
fhts type of mounting may be beneficial when dealing with Ball Grid Array (BGA)

devices for example.



K&S- 130US -9- Although entry into the ejection stage of the process is
descri bed above in connection wth physical detection of the workpiece
position by detector 104, other nethods of detecting entry into the

ej ection stage are contenplated. For exanple, a sensor which provides a
"present "gas-13006 present” signal corrggponding 5 to the location of the
wor kpi ece may be used. Further, entry into the ejection stage nay be
detected by software using (1) a known initial position of the workpiece,
and (2) data proviHefdring rsowrtd Eigs.condBpéxedtiplayesigizd disgvams Bee wor kpi ece
(e.g., time elapsed during notion, speed, etc.). Sensors used to detect
nmot i on aniibstrated $oit therendfodirhentvas iFigi 3d¢ eAnshowrein Rigy 4, fangn eteraplagnder of
t ypes of approEriate sensi ng nechani sns including optical sensors and
rol | er sefdidhisk cppperdsathiserme, duning m@maéen@atiomytﬁumlgmdbl%ﬁ hag apylsedéncoder

used in connection with a contact mechani sm a contact "wheel" that
rotates aP®fle P& wf)rctmlbﬂamgwrlﬁsif@é@) @r 'wmaéé@nmgon mé-‘tl?w:r’ﬂpl ece.
Referring now to Figs. 3A-3B, exenplary nounting approaches are
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window is indicated as 140 in Fig. 4A. In an exemplary embodiment, threshold 140

10 is about 16 mSec for reliable jam detection. If after the threshold period 140 is

exceeded and the profile of signal 106 is still a steady state, the condition of jam

signal 142 changes to 142b as illustrated, which is indicative of a jém. Accordingly,

and as described above, the movement of workpiece 102 is halted and/or the grip on

device 102 is released. Fig. 4B is si;nilar to Fig. 4A except that the horizontal scale

15 of the display is changed and that the workpiece under test is a 4 mil thick silver lead

frame.

Referring now to Figs. 5A-5B, exemplary signal diagrams are
iliustrated for the embodiment of Fig. 3B. As shown in Fig. 5A, during normal
operation, output signal 106 has a puised profile 106a. Accordingly, jam signal 142

20 has a “0" or “normal condition” output in response. Upon detection of a jam, the
profile of output signal 106 changes from that of pulse 106a to steady state 106b. In
order to avoid false triggering of an alarm condition and subsequent stoppage of the
process, it is desirable to include a threshold time after which a true failure is

indicated. This threshoid or window is indicated as 140 in Fig. 5B. Fig. 5B is similar



102 (not shown in this figure) and adjacent rear rail 130 of the conveyor
system This type of nounting nmay be beneficial when dealing with Ball Gid
Array (BGA) devices for exanple. K&S- 130US -10- Referring now to Figs.

4A- 4B, exenplary signal diagrans are illustrated for the enbodi nent of Fig.
3A. As slh@wnisgudig. 4A, for an exenphary 8 ml thick copper |ead frane,
during normal operation output signal 106 has a pulsed profile 106a.
Accordingly, jamsignal 142 has a "0" or "normal condition"” output in 5

r esponse to Elgo SAdBtEittthonthefwarkpiata uhde® tpstas al 1S @il thidk paiA subgtiale, 106 changes
from that of pulse 106a to steady state 106b. In order to avoid false

tri ggeri mdheodasdiig. A dushrates dipuilserprafild foud 2@ auittitickuBbGAsebstedest oppage of the
process, it is desirable to include a threshold tine after which a true
failure is indicated. This threshold or wndowis indicated as 140 in Fig.

4A. 1N an exenpl ar yeRhaoiElenddie gl thekfhd @ dcinaPRULiNGASEC T or

reliable jam detection ter thet perio exceeded and

the prof 'réf%reﬁice% gﬁ@é.ﬂéé?ﬁ%acﬁm%ﬁ lrbhstflrngérggﬁly mﬁ})atrﬁenaéaetg%nﬁmém @k jam

signal 142 changes to 142 aS| ch i's indicative of a jam

Accor di ngledails sRBFRNARaEBRSCVARRY b @tiohd MaVDEARBAE irPiheWULSRI BN 1R 1S

hal ted and/or the grip on device 102 is rel eased. Fig. 4Bis simlar to

Fig. 4A exsmPind Ribe bR eqliosleARr dhe SeRLatdwithodtepdily A¥mithechanged and
that the workpiece under test is a 4 ml thick silver lead franme. Referring

now t o FiiggentibA- 5B, exenpl ary signal diagrans are



illustrated for the enbodi nent of Fig. 3B. As shown in Fig. SA during
normal operation, output signal 106 has a pul sed profile 106a. Accordingly,
jam signal 142 20 has a "0" or "normal condition"” output in response. Upon
detection of a jam the profile of output signal 106 changes fromthat of
pul se 10§§5;ﬁoﬁtseady state 106b. In _ go_ler to avoid false triggering of an
al arm condition "and subsequent stoppag of the process, it is desirable to
include a threshold tinme after which a true failure is indicated. This

t hreshol ¢y ihBgQN.i s indicated as 140 in Fig. 513. Fig. 5B is simlar
K&S-130US - 11 to Fig. 5A except that the workplece under test is a 13 m|
thick BGA substrate, whereas Fig. S5A illustrates a pulse profile for a 20
m | thick BGA substrate, AIthou%h the invention is illustrated and
described herein with ASYERENOE detpctipe dIMMineeiRsdedrt Png warkriessnfPent i on i s
not intended.ho be bi%ec’_‘ to the s details shown. Rather, various

modi fi calFONEN FYie BONARItePYFIRD EPBTIF89Wi thin the scope and range of

equi val ents of the clains and without departing fromthe invention.

K&S- 130US - 12- What is Claimed: 1. A systemfor detecting jamm ng of at

| east one wor kpi ece sénsor positioned ddjacentraepdibnd erayvell dfesaklyatf lesstamepri Si ng: a
sensor positioned adjacent a path of travel of said at |east one 5

wor kpf ec workpiged, said semsor eeivingrgnotiotiiinfiormatiar refdted to saildadtdehst onsai d at | east

one
workpiece; and

a controlier in communication with said sensor for receiving and
processing output signals from said sensor based on said motion information, said
processor generating control signals based on said output signals to control

10 movement of said at least one workpiece,

wherein said controtler stops movement of said at least one workpiece

if said at least one workpiece becomes jammed along said path of travel.
2. The system according to claim 1, further comprising:

a gripper electrically coupled to said controller, said gripper impatting
15 motion to said at least one workpiece along said path of travel based on said control

signals from said controller.

3. The system according to claim 2, wherein said gripper is
detachably coupied to a portion of said at least one workpiece with a predetermined

force based on a position of said at least one workpiece along said path of travei.



wor kpi ece; and a controller in conmmunication with said sensor for receiving
and processing output signals fromsaid sensor based on said notion
information, said processor generating control signals based on said output
signals to control to novenent of said at |east one workpi ece, wherein said
control | giresiofgs novenent of said at _ljgast one workpiece if said at |east
one wor kpi ece becones jamed al ong said path of travel. 2. The system
according to claim1l1, further conprising: a gripper electrically coupled to

said controller, said gﬁh@@?ﬁte}rﬂ&h%bﬁdiriwto clﬁnf@tWWeh%aWPl‘édéﬁerﬂnmt one
wor kpi ece al ong said path of travel based on said contro signals fromsaid

control | ésrce & rellbeedy shidint d€0 boé RYripiecelifivithid, a Pheeletdrmisal sbrgén pper i s
detachably coupled to a portion of said at | east one workpiece with a

pr edet er seidguhth bbtraeelbased on a position of said at | east one workpi ece
along said path of travel. K&S-130US - 13 4. The system according to claim
3, wherein said predetermned force is reduced if said at |east one

wor kpi ece is withim a ps mg(\%l;,&g %grdﬂﬂ?jfd QITP-'E, wiabfl ﬁ'@ oriif avel . 5. The

system according to cl ai erern sard gripper 1's's u upled fromsaid

wor kpiseC @nicbupiéd goﬁoﬁﬁ]d ﬂ}b“?ﬁec@@lf KhdESRIeP@teRRinds Bhat! BRI 1G5 onkOr kpi ece 1's

j amred al ong said path o ravel .
workpiece is jammed along said path of travel.

6. The system according to claim 1, wherein said sensor is an

optical sensor disposed above said path of travel.

7. The system according to claim 1, wherein said sensor is an

10 optical sensor disposed on a side of said path of travel.

8. The system according to claim 1, wherein said output signal

from said optical sensor has a predetermined periodicity.

9, The system according to claim 8, wherein a jam of said at least

workpiece is indicated based on a change in said predetermined periodicity.

15 10. A method for detecting jamming of at least one workpiece for

use with a wire bonder, the method comprising the steps of:

imparting motion to said at least one workpiece along a path of travel

in said bonding machine;

monitoring motion of said at least one workpiece along said path of

20  travel;



6. The system according to claim1l, wherein said sensor is an optical
sensor di sposed above said path of travel. 7. The system according to claim
.1, wherein said sensor is an to optical sensor disposed on a side of said
path of travel. 8. The systemaccording to claim1l, wherein said output

si gnal KBEM IS opti cal sensor has- é4predetern1ned periodicity. 9. The
system according to claim8, wherein a jamof said at | east workpiece is

i ndi cat ed based on a change in said predeterm ned periodicity. Is 10. A

net hod for detecti ﬁ@"‘f"éﬁﬂi’ AYtPYE S'Qf‘a'ﬁé’é?%d %éa'ﬂd‘l“k'ﬁ? PG SRR use with a wire
bonder, the nethod conprising the steps of: inparting notion to said at

| east one workpi ece along a path of travel in said bonding machine;

moni tori ng noti on détesdiringib slghabprofilkafwaldkglitpatesigh#ladarshi d path of 20
travel ; K&S-130US -14- generating output signals based on said nonitoring
step; deternmning a signal profile of said output si gnal s; and

di scontinuing furt Ia% orﬁmu'u? fu?l?he?ﬁ"o%oﬁ {gsgsatt%@a%gowg%pkr%g e I%F %g%noan a

predet erm ned change Tn said signal "profi according to

claim 10 ré’&é?érﬁ'}lﬁlecﬁa{aquggqﬁkéta ?I p,%h@p conpri ses obtaining an opti cal

si gnal f|pom at | east portion surface of said

5 11. The method according to claim 10, wherein said monitoring
step comprises obtaining an optical signal from at least a portion of a surface of said
workpiece; and said generating step comprises generating an output signal having a

predetermined periodicity based on said motion of said at least one workpiece.

12. The method according to claim 10, wherein said imparting

10 motion step comprises the steps of:

gripping at least a portion of said at least one workpiece with a

predetermined force; and

moving said at least one workpiece along said path of motion in a

substantially linear direction.

15 13. The method according to claim 12, further comprising the steps

of:

reducing said predetermined force when said at least one workpiece is

within a predetermined section of said path of travel; and



wor kpi ece; and said generating step conprises generating an output signal
having a predeterm ned periodicity based on said notion of said at |east
one wor kpi ece. 12. The nethod according to claim 10, wherein said inparting
io notion step conprises the steps of: gripping at |east a portion of said
at | east KesSe13guskpi ece with a predetepsmi ned force; and noving said at |east
one wor kpi ece along said path of notion in a substantially |inear
direction. 1s 13. The method according to claim 12, further conprising the
steps of: reduci ngersenich paiegeippingiforsd ffoon said\at deast and warkpiewst sait et

wor kpiece is wthin a predeterm ned section of said path of travel; and
K&S- 130URast one watkpiesy beepraegienypedt hagegdranesaid gatesminingistepeast one wor kpi ece
if said at |east one workpi ece becones janmed based on said determ ning
step. 14. A systemfor detecting jamm ng of at |east one workpiece for wuse

with a bonding sysygm ha\symnafo@rdie&@ah? jAMRirSy 6 KSR BE! BdrRiecdion sensor
positioned adjacent a path of travel of said at | east one workpiece, said

Sensor r aseiithigbdnaiigosystamh Gavmy iaddtippet ahedyitent@irfpdding:east one wor kpi ece;
and a controller in communication with said sensor for receiving and

5 a sensor positioned adjacent a path of travel of said at least one
workpiece, said sensor receiving motion information related to said at least one

workpiece; and

a controller in communication with said sensor for receiving and
processing output signals from said sensor based on said motion information, said
10 processor generating control signails based on said output signals to control

movement of said at least one workpiece,

wherein said controller at least one of i) stops movement of said at
least one workpiece or ii} releases a grip of said gripper on said workpiece if said at

least one workpiece becomes jammed along said path of travel,
15 15.  The system of claim 14

wherein said controller determines if said at least one workpiece
becomes jammed based on a predetermined change in a périodicity of said output

signals.



processi ng output signals fromsaid sensor based on said notion information,
said io processor generating control sil§mals based on said output signals
to control novenent of said at |east one workpiece, wherein said controller
at |l east one of i) stops novenent of said at |east one workpiece or ii)

rel eases a grip of said gripper on said workpiece if said at |east one

wor kpi ece becones jammed al ong said path of travel. is 15. The system of
claim 14 wherein said controller deternmnes if said at | east one workpi ece
beconmes jamred based on a predeterm ned change in a periodicity of said
output signals. -16- 16, The systemof claim1l wherein the control signals
relate t'®-a vidieoRystsma dajm ?awher%laghe GRBtrolsTignle selate to a yalockeohthe @ ¢l ai m
10 wherein the generating step includes generating the output signals such
t hat t hdeasitqnetweikpiemies rel ate to a velocity of the at |east one workpiece.
18. The system of claim 14 wherein the control signals relate to a velocity
of the at | east one workpiece.

17.  The method of claim 10 wherein the generating step includes generating the
output signals such that the output signals relate to a velocity of the at least one

workpiece.

18.  The system of claim 14 wherein the contro! signals relate to a velocity of the at

least one workpiece.



