K&S- 130US PATENT JAM DETECTI ON APPARATUS AND METHOD FOR | NDEXI NG OF
SUBSTRATES AND LEAD FRAMES FI ELD OF THE | NVENTION This invention rel ates
generally to wire bondi ng equi prent. Mire specifically, the present
invention relates to an apparatus and process for detecting jamm ng of |ead
frames and substrates during ejection froma w rebonder. s BACKGROUND OF THE
| NVENTI Gk&sA1deus el ectroni c equi pnent relies heavily on print @AaTENTcui t
boards on which sem conductor chips, or integrated circuits (1Cs), are
nmounted. The nechanical and el ectrical connections between the chip and the
substrate have posed to challenges for chip designers. The nost 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 nounted in the center of the pattern of bonding pads, with the top
surface of the chip facing away fromthe top surface of the substrate. Fine
15 wires (e.g., alumnum copper, or gold wires) are connected between the
contacts on the top surface of the chip and the contacts on the top surface
of the substrate. 1:\K&S\ 130US\ pat 002. doc K&S-130US -2 Chip scal e packages
(CSPs) offer a solution to the chall enge of

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 lead frames and substrates during ejection from a wirebonder.

BACKGROUND OF THE INVENTION

Modern electronic equipment relies heavily on printed circuit hoards on
which 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., aluminum, copper, or gold wires) are connected between the contacts on

the top surface of the chip and the contacts on the top surface of the substrate.

[:\K&S\130US\patl02.dac



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 times the perinmeter size of the die, or 1.5 tines the area of the die.
The CSP offers a conpact 5 size near that of a bare die or flip chip

technol ogy, and offers greater reliability, because the CSP need not suffer
fromt hexk@gsmmeouser mal expansi on i ncoapatibility problens which are known in
flip chips. Most CSPs use a flexible, sheetlike interposer (e.g., a
polyinmde filmor tape), having fine, flexible wring embedded therein. The

fine wirings in ”@mb@cél@b@él&%@(c%ﬁ’ offbr PSEILABR LG thd Bfdfilengé 8f near the

peri phery of the chip whe he chip nounted on the |nter oser. An
exanmpl e 8Nk the Sz8 OééFW"CGF‘ﬂ'éctNrﬁ’%YfeEIVP'EPYF Bahe sizfedfi YR chimdiedi ri ngs

relclljI str Ib éuld\ltarémm merﬂa?kvﬁjealntp&rarrv Nk eopfsidehie blefW@afnppaﬁtﬂ 1tptlﬁ1e§fthe§ih array of
sol der ba and over e interior e he chip is
nount ed ' "E‘F{Srfﬁ? 8?%@5‘@? o t'ﬁﬁ?%? ares ?f% %fe t-gi’errﬁﬁgpbgfsrfa £BPFSY ltoerposer
are 3s baralechrttbatt dfen pdrardid bt §ipahipctent reddgy, endmfferspmeardneelyamifty,t he chip
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Once the device i8S an ol u zine for
further pobeswssihigh afﬁwle'roevn@fhpdhlaWOack however, in that because t he
substrates and/or |ead frame are heated during t he bondi ng process there is
a tendency for the devices 20 to jam and crunple during ejection fromthe

wi re bonder into tMestdiPsuse Rlpxibisheetlise nderrregrrae. Qjef’é’@{ﬁ"ﬁﬁjesr%‘t@rrs usi ng

contact gyep h%en@qrrn% ﬁ@x.ﬁl@tw.ﬂﬁ @fibelil@PthelARB The Mink lwishgdinftheant damage has
occurred to the rane and/ or substrate, Al so conventi onal lg;rl pper

syst'8ns PHAPOSY @“gééae'i'@eéf“et@fmt“ﬁﬁ @5 pelipberapldihs chip when the chi

rmounted 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

ts 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 processing.

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

lead 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 detect 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/ar
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.



substrates do not adjust their gripping force as the devices are noved

t hrough the 2s zone where crunpling can occur ("the crunple zone").
Accordingly, there is a need for a systemthat detects crunpling before
significant damage is done to the newwy bonded devices as well as a system
where the gripping force on the devices is adjusted as the devices nove

t hr ough Kgke1sggpl e zone. K8S-130US -3- SUVMARY OF THE | NVENTION I n view of
the shortcom ngs of the prior art the present invention is a system and

nmet hod for detecting jamm ng of at | east one workpiece for use with a wire
bonder. 5 The apparat us conpuMEABY DFSEHESINVENIIONI oned adj acent a path of
travel of the at |east one workpiece, the sensor receiving notion
information fromthe at | east one workpiece; and a controller coupled to

the sensor for reqfiiiuigr MAhoREARRS bR thabiidhire Bledpiabontlififtiohds gensor

based on the notion information, thé processor generating control signals

based onyLiafh st Mdtnctl PaLclify PR of ot I9BRY 6HE WorifiedelTer ade hitRst one

workplece wherein the contr er stops novenent of the at |east one
wor kpi eG@rd hoddee, at | east one wor kpi ece becones janmed al ong the path of
travel . According to another aspect of the invention, the apparatus also
includes a gripper electrically coupled to the controller. The gripper

i)rans)g{jt 2”@%;020:']?{'%'? ai)ggwgl‘nsscoerggnses aesevr\lgcgrkrposetfzoer}leglagjna%etthae pg&lt(r)} trave‘ ravel

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 least one workpiece, wherein the controller stops movement of
the at least one workpiece if the at {east 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.



fromthe controller. According to a further aspect of the present invention,
the gripper is detachably coupled to a portion of the at |east one

wor kpi ece with a predeterm ned force based on a position of said at |east
one wor kpi ece along the path of travel. 20 According to a yet another aspect
of the present invention, the predetermned force is reduced if the at

| east on&&SawbBbpbece is wthin a preddt-erm ned portion of the path of
travel . K&S-130US -4 According to a still another aspect of the present
invention, the gripper is uncoupled fromthe workpiece if the controller
determ nes that tHecadingtpsa sihanother agpeetel the present invendeyy thagripaeh of
travel. According to a further aspect of the present invention, the sensor
is an $5 4pEqupiad fé‘é'ﬁstBF “ﬂ’i’%&i%%ee'ﬁtf@ ‘E‘}‘Pérro“ﬁ'b@ﬁfé”f“ﬁés shatrthgat feashene or on a

si de of th«E pat h of a\vel Acc % t o anot her aspect of the present

i nvent i J¥PTKPIRES ﬁd?ﬁl?ﬂe%? gRathe P?)t ©VBptical sensor has a predeternined
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
predet ermi ned perAcdiding o ®furtties aspéqbwf tis greaént ihventiont thensepsenislaar y

enbodi ments, the nethod conprises the steps of inparting notion to the at

| eass ormptinelrdepsercdispdsed githepahidvedhe pathvefl travel phen boifdd ofghe path of

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 least 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; monitoring 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,



machi ne; nonitoring notion of the at | east one workpi ece along the path of
travel ; is generating out put signals based on the nonitoring step;
deternlning a signal profile of the output 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 nethod
al so cdM|-1889St he steps of reduci ngSa predeterm ned gripping force on the
at | east one 20 workpi ece 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 WEF%EF@BF*’@E@N GF THeDRAWINGSst one wor kpi ece becomes
j amred based on this determ nation. K&S-130U5 - 5 BRI EF DESCRI PTI ON OF THE
DRAW NGS The invention is best understood fromthe foll ow ng detail ed

description when read in connection w.th ac in rawings. It is
enphasi zed that, a 'PH‘?’H&?W'B% Bﬁﬁ'ﬂﬂ?'iff’%%{‘r%‘et &8’%3 gdfe%é’ @res of the
dr awi ngsdaceptsomehert feagddalcenndatioh vathcibiatacasrpa riyingg dramm@ ohtds of vari ous

et Ut oS o BB B o S1B30RD Ofral RIS oo BlrRL b e Gl MdSge 1 the

drawi ngs a "I"OW ng |gures ramo
exenpl arlyotembo@lﬂn&rtthefcontrervmtb@dmmensimem':f N@mpusmegtures are eahlt@t@erl ary out put

si gnal pé,{b@[—[&é‘djo;bbéd%@@d fre #tf” Yncqtgjeﬁqﬁ(?ﬁé ARMNingY alltfle fﬁlomﬁ'\@?l gurds; 3B are

perspective views of exenp ary approaches to nounting the inventive system
and Fig. 1 is a block diagram of an exemplary embodiment of the present

invention;

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 to

mounting the inventive system; 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 (@) 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



Figs. 4A-4B and 5A-56 are exenplary output and response signals according to
t he exenpl ary enbodi nent -of Fig. 1. 15 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
As used herein, the term"janmed" refers to any uni ntended state of notion
of a workpiece along a path of travel of the workpiece. For exanple, based
on the particular application, such states may include (a) stoppage of
not i on of&g-heo@® wor kpl ece, (b) an unentended reduction or increase in the
speed of notion of the workpiece, and/or (c) novenent of the workpiece
outside of a predeterm ned area K&S-130US -6 along the path of travel. The
j ammi ng aéng the padh kpkravel. ity jamening of e warkpiske mavt dncoudor exdirmplended cont act
of the workpiece with a structure during travel of the workpiece, and/or
uni nt endémeush winteoded eordpeirafithe wopfpiacgevitya stprivse 9uneg traxvel afdbe on of the
wor kpi ece. 5 Referring nowto Fig. 1, a block diagramof an exenplary
embodi neMerkpigee .t/ ¢ wytended oefefreiive aperatiqnsefithe systemscasBarthen Fig. 1,
system 100 conprises, detector 104, such as an optical detector nodel nunber
ADNS- 205ToHeh ok Yt wrrkBiecsy Agi | ent Technol ogi es of Palo Alto California,
coupl ed to processor 108, which is in turn coupled to indexer board 110 via
a conmuni cati on channel 104, such as an SPI to bus. |ndexer board 110 is
desi sably coupl ed Refefring novdexigg. hod block diaprarh loé Bn Bk@mpfaoy embrdimpirng vi a
comuni cati on channel 111, such as an SPlI bus), (2) mcrostepper board 114
(vi a comfrtbt présest hygjtiomisdliysspted. ghs payn ipride. Heyarem 100 gowerisesol | i ne
116).

) 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 110 via a communication channel 104, such as an SPI
10 bus. Indexer board 110 is desirably coupied 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
t5 104 and 111 may be the same communication channe! 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 stimufus 103 received from a surface of workpiece 102.
Qutput signal 106, which has a pulse width based on the velocity that workpiece 102
20 maves 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 substantially constant and less than about 10

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



The gripper is used to hold and nove (drag and/ or push) workpi ece 102 al ong
a conveyor system (not shown) though the bondi ng process. Communi cation
channel s 15 104 and 111 may be the same communi cation channel or may be
separate communi cation channels based on design considerations. In
operation, detector 104 generates output signal 106 (best shown in Fig. 2)
in respoe®18ouspti cal stimulus 103 r&cei ved froma surface of workpiece
102. CQutput signal 106, which has a pulse width based on the velocity that
wor kpi ece 102 20 noves along the system is provided to processor 108. In
one exentglbeing & nbadiptusasignat (lies ascriowmdh &iced )t dred Malydesaeef anumberch

wor kpi ece 102 proceeds through the systemw || be substantially constant
and | essoftaparpalBb$19ds, fonexaaplect single periadicoruiBut ¥98de present inventi on,
out put signal 106 is not limted K&S-130US -7 to being a quadrature signal
(i.e., as showmn in Fig. 1), and may be any of a nunber of appropriate
signals, for exanmirécesdoSiTEhfalyREicQthut siitiaptde Shd pedviddy @RaAsEds V88

anal yses out put signal 106 and provi des commands via conmuni cati on channel
104 t o cemtmohicannnechanhelof04viardoptretmolédentofiviaerkpiesé @02 in thebsyateraxanpl ary
enbodi nent of the present invention, this analysis is a conparison of

out pat sigexdmilef amibddimept efdbt eredent hvehtias tbisdinablsisds a/ompaeiph af v
threshold value is about 16 mlliseconds. In another exenplary enbodi nent
of the prdpeigigns! APEntithom pradetermined thsesholdsvalug o Ap &xeaptarpthreshaldit si gnal
106 with a real -time speed signal (e.g., comunicated by the notor

cont r ol |'&xlye istabgyt 16 milliergndhelnanedber exeronlary ¢rpbediment pf é@ niesedt eady- stat e

notion (i.e., acceleration or deceleration). ) .
invention, this analysis is a comparison of output'signal 106 with a real -time speed

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

o jam during non-steady-state motion (i.e., acceleration or deceleration).

As shown in Fig. 2, in normai 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 profile of the output signal will change. In the example
presented, the profile 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 still, 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.



As shown in Fig. 2, in normal operation, as workpiece 102 proceeds along in
the process, output signal 106 has a pul sed profile 120, for exanple, that
has a periodicity 121 based on the speed of workpiece 102. If, during the
process, the novenent of workpiece 102 is negatively effected, such as by
jamm ng during is ejection for exanple, the profile of the output signal

w |l chaggeizbpst he exanple presented,- the profile of output signal 106
beconmes steady state at a digital "1" state. It is also contenplated that

t he out put signal may becone a digital "0" steady state during a jammng
condi tion of wor kdf adexdOBoarfundheceiadsi ihformatitre froochpogessot @08t he si gnal
profile (e.g., in connection with a threshold value) may al so be used in 20
accor daricdicatiricha fjdte of maslgriecei H2g indexar board AP will desiralith hsit furthernati on (i . e.,
the change in the profile of the output signal) is provided by processor
108 to imeosresnt dhavarkpieae01d by commandcatthe 9ripper 104 shewm) tbyelesse 8s1 f i ndexer
board 110 receives informati on from processor 108 indicating a jam of

wor kpi ed®®!'d pp WorkRiesee04 oAlternatively and/ ereadditignally nigdexsr hoprbmay @igenent  of
wor kpi ece 102 by commandi n tQﬁ griﬁper énot shown) to release its hold on
wor kpi ec@maznd e mptesdp WINEREDFC TQYF thoRIPRSS OihliR FoBERPKEaHAY al so 5

d th d h ' . '
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pr obl emmg&ug&em%%g%%rymeém% ﬁ@{,mb%nlj_orce exerted by the gripper may

In one exemplary embodiment, a force exerted by the gripper may
10 also be controlled by indexer board 110 based an where in the process the workpiece
currently is positioned. For example, in certain situations where the workpiece is in
motion (e.q., 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 workpiece.

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, detector 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 controf 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.



is also be controlled by indexer board 110 based on where in the process the
wor kpi ece currently is positioned. For exanple, in certain situations where
the workpiece is in notion (e.g., outside of the jamw ndow) the force on
the gripper may be set to a high level to ensure that the workpi ece renains
stationary to achieve higher accelerations. Another exanple relates to
bondi ng K#iS-1B@uUswr kpi ece, where the t+9-gripper is desirably conpletely

di sengaged fromthe workpiece. As the workpiece is being ejected after

bondi ng, the workpiece is detected by detector 104 as entering the ejection
stage (i.e., the jAtoupheoty P thaeiechppetgs of Uy prosaesisdeeddadt i on

detector 104 provides output signal 106 to processor 108. Processor 108 in
turn desibPXBifCenBgaliaswith @hyeirdl detsctiph Of thy werkgiese pgpiipp Y dsEeShd kpi ece 102
via control line 116. In this way, if workpiece 102 does beco j anmred
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slip, thereby reducing, danmage,to workpiece, 102. Thj,s.feature may. be wused in
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ej ecti on$4aGLPRVRAeE B LMBLAEAtro it used XS FRNE thé woRlHi@le (1Y, ChmR! OVi des a
"present™ "or "not present” signal corresponding s to the l'ocation of the

wor kpi ecagteY dofing $@stionf Upddieltc.gntry into the ejection stage nay be
detected by software using (1) a known initial position of the workpiece,
and

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 sensars. For example, a roller sensor may include a rotary
encoder used in connection with a contact mechanism (e.qg., 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. 38, at least a portion of system 100, such as

20 detector 104 and processor 108, is mounted along side 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 Ball Grid Array (BGA)

devices for example,



(2) data provided by a notor controller used to nove the workpiece (e.g.,
time elapsed during notion, speed, etc.). Sensors used to detect notion
and/ or position of the workpiece may be 10 of any of a nunber of types of
appropri ate sensing nmechani snms i ncluding optical sensors and roller sensors.
For exanple, a roller sensor may include a rotary encoder used in
connect iK¥sB-MBoilsa contact nechani sm-( g., a contact "wheel" that rotates
along with notion of the workpiece) for contacting the workpiece. Referring
now to Figs. 3A-3B, exenplary nounting approaches are 15 illustrated. As
shown in Fig. 3A Referriegsbwatofigd. 4émBfexeyrglamsign@l disgamaaredet ect or 104 and
processor 108, is nmounted above a travel path of workpiece 102 (not shown
i n this ifligjated faikbe ambadiernt oéhig. Bai 1AsBOwDfin Flge 4o frranoexesydary® This type
of nounting may be beneficial when dealing with thin copper lead franes for
exanpl e.mil Kiigleedpper (radframg JuingdI96mAl PReratie) owput agnmlé&%t hag $BwEedn of
system 100, such as 20 detector 104 and processor 108, is nounted along side
at ravelp"B%LFHOéF' WSFRBINgbe iamEnehst2 BaHan07 Ar terdat Fpdftion” aNePWdf acent rear
rail 130 of the conveyor, system _This_type of unt i be benefi ci al
when® dederRRgSa UroRAeIeckion i Adniy therkaagie'd Qyfrus Sra} 108 sfiiass Sre8%. 1300s - 10
Referri to FEigs. - 4B exlgdggl ry signal diagrans are Jllustrated for
t he enb&gﬁﬁgrmm% ﬁ#f‘%gt.o S3%‘?fﬁ’ﬁst":‘tsehovvn' ?IH %ﬁ%}%ﬂ? 'df @a%ea 198 é'??p?‘!aarny 8 ml
thick c rl [ ' . has a
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condi ti oR'inQtdH threbhold time after which a true failure is indicated. This threshold or

window is indicated as 140 in Fig. 4A. In an exemplary embodiment, threshold 140

i0 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 jam. Accordingly,

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

device 102 is released. Fig. 4B is similar 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. SA-5B, exemplary signal diagrams are
illustrated for the embodiment of Fig. 38. As shown in Fig. 5A, during normat
operation, output signal 106 has a pulsed 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 threshold or window is indicated as 140 in Fig. SB. Fig. 5B is similar



s 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 alarmcondition and subsequent uni ntended stoppage
of the process, it is desirable to include a threshold tine after which a
true failure is indicated. This threshold or wndow is indicated as 140 in
Fi g. 4AK&8130UExenpl ary enbodi nent - tthr eshol d 140 is is about 16 rnSec for
reliable jamdetection. If after the threshold period 140 is exceeded and

the profile of signal 106 is still a steady state, the condition of jam
si gnal $qflgcﬁérﬂg@gp&tbam@bw'ar§plelceugtﬂ(f‘-ratteé'dlsavﬂrﬁefwmb:kuﬁﬁﬂ geRstrpée.of a jam
Accordingly, and as described above, the novenent of workpiece 102 is

hal t ed f‘%f’rs RigheSAyflluptrales agrulsecrrofilgfor 8 24P MY BeAYOSUBe s sinilar to
Fig. 4A except that the horizontal scale 15 of the display is changed and
that the workpiece under test is a 4 ml thick silver lead franme. Referring
now to Fi gs. 5A-S5Blthexgmphainyesticpnialilldtragrdas] d¢szribed haadin aited f or t he
enbodi ment of Fig. 38. As shown in Fig. 5A, during nornmal operation, output
si gnal ZI6ferdras ta spedificempodifrients, 106 mveridwoisdiot gitgndedain lse mited 1elthe20 has a
0" or "normal condition"” output in response. Upon detection of a jam the
profi | e detailsishpyn. Nagmal variBisghedifieasions omyt beamade ipthesdetaidiowithio theeady state
106b. In order to avoid false triggering of an alarmcondition and
subsequéRePSAshIsAge cbraviMalentsrefdhe slaims and witbeyy denasting ficAtthede a t hreshol d
time after which a true failure is indicated. This threshold or window is

i ndi cat é8e84°940 in Fig. 5B. Fig. 513 is simlar K&-130US - 11 to Fig. 5A
except that the workpiece under test is a 13 m| thick BGA substrate,



whereas Fig. S5A illustrates a pulse profile for a 20 m| thick BGA
substrate. Although the invention is illustrated and described herein with
reference to specific enbodinments, the invention is not intended to be
limted to the 5 details shown. Rather, various nodifications nay be made in
the details within the scope and range of equivalents of the clainms and

W t hout gepaspih@g fromthe inventian;K&S-130US - 12 - What is Cained: 1
A system for detecting jamm ng of at |east one workpiece for use with a wire
bonder, the system conprising a sensor positioned adjacent a path of travel
of said what iexsdimede 5 workpiece, said sensor receiving notion information
related to said at | east one workpiece; and a controller in conmunication
with said sensor for receiving and processing output signals fromsaid

sensor based on sg d mof %ﬁs’&%%#’&%&?éﬂifd&anﬁﬁf@oﬁf%&8&%?39 m%ﬁ&bg(gc%tfbpg control

signal s based on said ou srgn cont noveren sald at | east

one V\orlm.‘ieev?ig, a WA findes ahd sGABE Qnhsif: OPS moverent of said at | east one
ce i i I'ed '

wor kpi e said at | east ohe workpl ece becones janmed al ong said path of
travel. 2. The systemaccording to claim1, further conprising: a gripper

electrically coupled to said controller, said griQEer_inRartin 15 notion
to said at |east GheRRBF RpTdNedAdiRgnt airgthat HowR! of saidat lepsk et on sai d

control ) . - . , .
5 workpiece, said sensor receiving motion information related to said at least one

waoarkpiece; and

a controller 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 contreller 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 controlier, said gripper imparting
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 te claim 2, wherein said gripper is
detachably coupled 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 travel.



signals fromsaid controller. 3. The systemaccording to claim2, wherein
said gripper is detachably coupled to a portion of -said at |east one

wor kpi ece with a predeterm ned force based on a position of said at |east
one wor kpi ece along said path of travel. K&S-130US - 13 4. The system
according to claim3, wherein said predetermined force is reduced if said
at | eastgpngaggekpiece is within a pregdeterm ned portion of said path of
travel. 5. The system according to claim3, wherein said gripper is 5
uncoupl ed from said workpiece if said controller determnes that said at

| east one workpi ef.e i STHeady®RMn at@id@ing & dlapAaBNwokrdin 8xiélpredaterbhigedyst em
according to claiml1l, wherein said sensor is an optical sensor disposed
above sabetepatdduatd ifrsaitkht ledst cheavarksibenisadtian dipmegddterndihed podtionvdfer ei n sai d
sensor is an is optical sensor disposed on a side of said path of travel. 8.
The systseid patbafdiavgl.t o cl aim 1, wherein said output signal fromsaid
optical sensor has a predeterm ned periodicity. 9. The system according to
claim8, wherein a jamof said at | east workpiece is indicated based on a

change in said preslet erfiQdicpehEQHIAY b clathe 31 AneidBAiRQRipher isdet ecting
jammi ng of at |east one workpiece for use with a wire bonder, the nethod

conprsi SifHtoliMed $ofPSai@workpToR! i 5AE cOMrbIRP deteriied tAht tRASE IRBENDT Kpi ece
al ong a path of travel

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;



in said bondi ng machi ne; nonitoring notion of said at | east one workpiece

al ong said path of 20 travel; K&S-130US -14- generating output signals based
on said nonitoring step; determning a signal profile of said output
signals; and discontinuing further notion of said at | east one workpi ece
based on a predeterm ned change in said signal profile. 11. The nethod
accor di ng§-a38Uai m 10, wherein said-nhitoring step conprises obtaining an
optical signal fromat |east a portion of a surface of said workpiece; and
sai d generating step conprises generating an output signal having a

predet erni ned per i GMEEANG BERUF YiPISRAIH A5t FahMONiteENg) SEaP: | east one

wor kpi ece. 12. The nethod according to claim 10, wherein said inparting to
notion step conprises the steps of: gripping at |east a portion of said at

| east one wor kpi ecdetniifing dsigata tpesfite beshidl ougrit sigmdisi@nidng sai d at | east one
wor kpi ece along said path of notion in a substantially linear direction. is
13. The nmethod according to claim 12, further conprising the steps of:

reductng sai d_pr CARLARINOR] LARS SIS0 oPRIE ool CAR! WORBITSLRGR Sl S i thin

a predeterm ned section oOf ~“sai
predetermined change in said signal profile.

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



K&S- 130US - 15 renoving said gripping force fromsaid at | east one

wor kpi ece if said at | east one workpi ece becones jamed based on said
determ ning step. 14. A systemfor detecting janm ng of at |east one

wor kpi ece for use with a bonding system having a gripper, the system
conprising: 5 a sensor positioned adjacent a path of travel of said at |east
one worje4$ii8ees sai d sensor receivinggootion information related to said at
| east one workpiece; and a controller in conmunication with said sensor for
receiving and processing output signals fromsaid sensor based on said

nmoti on i nformati omensaird dasd prigsies &ote eresad atpasDorid @brigigpal ssibased on
said output signals to control novenent of said at | east one workpiece,
wher ei n lsadtdneovirkpiktebe@mdsgagimagnimasedl on)sagt dgisrmimirengrp. of said at | east
one workpiece or ii) releases a grip of said gripper on said workpiece if
said at |east one workpi ece becones jamred al ong said path of travel. is

15 The system of gfal m dkeuabPhitesiyliohiorldtelebRE Hotsiedd opai d at

| east one wor kpi ece beconmes jamred based on~ a predeterm ned change in a
peri odi CiideYwith a HRhEingWYBd higd 3 gfipper, the system comprising:

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 signals 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 periodicity of said output

signals.



