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FROM WAFER AND CONVEYI NG DIE TO A PI CKUP LOCATI ofi4 AUG 2052
B CK w b i HE | NVENTI ON Thi s invention relates generally to the

manuf act up®®Bf circuit boards, nore particularly S the surface nounting of
integrated circuits (1Cs) on substrat es including printed circuit boards
and ot her platforns where conponents are nounted and connected. Mre
particul arly,yd hadghivention relates to a die feeder devigerddagssger f orns
the function of renoving each knownlgood die froma sawed wafer disposed on
a flexi bl e adhes MBITHOI ANDpARRARAT USRORIREMGVING dUE FEM X WABER onveyi ng t he
die to a pick-up | ocat iAND CONVEYINGDIFAESA PICKUR LOEATHINprinted circuit
boards having a plurality of |ICs surface-nmounted thereon, autonated

machi nery accept die fromfeeders and then nount them at a predeterm ned
| ocation on the circuit boaPdCKAROUNDOF ZEHEINKENHON previ ously taken the

form of tape-and-reel pe feeder t ape feeder renove. the die from
a plastic tape ahtf ’ﬂYcég%lrff’la‘F%%eﬁ‘?'P@éH’é "ﬁﬂ‘éf?cn’éﬁ?@fﬁ‘%ﬂ’ T4t DO NEShi ne.  An
exanpl e f ahesefice npypEing efeegre@dicuits C8 boswhstiates intlElingRatteddircditbodrddlaad , 232,
issued to Ar feeders
is that they%i& %ﬁ}mﬁ’é thp&owngﬁsoﬁgmm}n?e ﬁgndac%ﬁ ﬁ&?:ﬁﬁ&& ?ﬂgcugl;slg tu'ir}b?\teﬁl%ﬁ

circuit boarfdl)mtthléleafccﬁ%ndgﬁec%bﬁm@fow the @p@wv e@&@%ﬂgééﬁﬁ m@vrmoaft@elfram acent
to one anot ha%awaweaalkaogea%qahym@e Ak ﬁh@%ﬁ&ﬁ@th&dxé@fﬂoﬁk%feﬁ%a tdnPRg! Y. tape
feeders are relativel y npl e in operation and are capable of feeding die
reliably at e digfoy pick pS‘P(B"“b‘éPEe The present invention takes the place of
these tape feedemsheaiss Pbiacih@sprinkte ci2dlit bbapg3hiadig applusityng 1T serfaotiinounteb
plastlc tapethen re t hem f Th resent. i.nvention
i s capabl e of"Far s} %mﬂ ety afcceﬁ{ e”}ré ?e];&%rsaanﬁ g &,&R‘? négtsanrtld% e v ect 1y
from a waf erlostietoube qumnt brgrdu pthe ﬁgrﬁ‘rﬁﬂﬁtbﬁw PVWWWéakSlpézeé)mW&HP%anﬂaqyé f eeder.
For this reatzmced&rg (thps f&aéd)%llcarémon@&é alslh&ntasﬁmereapc £ pﬁ% thgytortﬁedfaﬁl ng the

handl i ng of bare die on us journey romwa er to asse ni fi cant
expense red B pEeRibLmp g, Aélr‘?é“"i of 33FRd PEIF3PS éedl‘"b’tS -$¥FHdi vi dual
die is 25 redunzed?, 1Mdahmakp¢tewesmhezm abgda hbdeiadwantade ofheta@af&e@fsodtmt
Because t he ent |n ent e r feeders)
o i o desi gnel e Vit HELEROLEG shle MEhFREREnb of BELAGEEH, b K IREp S0
which is st aﬁd@# €edens dam be plavgdjaijacgnt toPheanatherand vilizedi by alsingla atstrebly mashipe di r ect

die feeders Q&d.&onﬁlypta&&@ea&s AR NERYdyndiOin Q&raa&sana hx@%ﬁbl@df@e%d@idxe’i’eﬂ%ly( or
along with tape feéders) and thus accessib b e F and pl ace
machi ne By 38 2 &Y fAPKPATen o IE AESCREPEHIRP fa5?sﬁ}¥efpé"6‘f érmcsef‘@%g?e Bt T OBVr‘lzﬁcsH{) ace
machi neso ar empeedﬁﬁkm@sle\wlolmaﬁasﬁ@mnhep ragdovap thep lfamehegiiaatd wpes Thepredas
assenbl y 11 ngﬁenl 18 AR SRR YyiPMubcBEh 8 rldEhuRY BE B CRRLy A 4 TR

consuned in ctio uni t. MNal ntal ni ng arrow proflle
requi r ed rranyltmtsilkgm up srgm@cam*mmrawmmhaneraé‘? fgedgs. Fer @3@ éﬁson?hé cabledbadirg

Invention regg dﬁ@&%ﬁnﬁpsBgfuaﬁdu@mthamﬂbueemt)ﬁ ﬁ%f]bdnkt? ﬁ@&tvak& loSaEk@ldblPr actice
of packagl ng dies In carrier tape%ﬁshl ppi ng t he i |.er tapes

n
to a circuit SEUEAY HREATGLL R fea Eﬂ“ﬁ'g °‘i aé““?%f?e‘gd“f %’a{)ﬁi"&? and

pl ace neashi neeuced/\ymnhurspra\gsthheelﬁblmyeswﬂtndlpmdeqnt| on, each die is picked from
the wafer and preggnd ad %]Jn‘?%ég orli@inkelted Y8 P)S ﬁnac@%%ﬂi%p%%e&i’ér&‘mad’éggﬁ& Ace

machine via a conveyor. er can al so repl ace trix trays to present

parts to thempagin ﬂmﬂé*l@“af?ﬁnﬁc‘ab@dﬁﬁ@maf?é’f 80me "thfchys sppdagfidp ge indpstres Bt g

consi der abl epgXReRERe@Sediiay dﬂre@{Kﬂ f%er@oﬂﬂ@ﬁ@erﬁﬁ%ﬁ&ﬁo B poliftRed @B by f@CHi ne
interface as well as the cost of buy mgmgnd stuffln trays. V\afers usabl e

by this i nvefPrialone 3B 3pe SeAderaloand s AGerVRls DA Stogle jpe sat“%r? 55 aghiet HY
i ndustrysxo A waheinghtic@bréiasrbeenr,dtveh pidk imd pfaos machine ard ieédad & vetitas feder

circuitry th e d rp&a%e u%gselg 112 ass?ngly ﬁ%‘ & s@giﬁgaﬁe)y a?feEt.L» lh@o%:!ll cost gl gds. the

wafer in place hesive film
is mounted i ﬁonaumeﬂmgmv\np@wumf dash upie Malﬂé%klll‘lﬂ this MTTOMREMH? feguired mewadesigf  t he
die. Odinarily, the wafer is "expanded", which nmeans that the

AR
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15 flexible adhesive filmis stretched after dicing so that individual die
‘spread out from one another. The mounting ring is used to nmintain ttg AHB %02
flexible filmin the stretched state. An expanded ring is characterized by “
an enl arged gap between adjacent dies, which inprove the reliability of die
extraction and prevents "chip-out"” (danmage to the picked die or adjacent
di e caused by scraping the die edges during pick-up). 20 A machi ne vision
el - - - . .
system’is enployed by the present invention to performdie recognition
usi ng the die edges, which requires gaps between the die, permtting them
to be perceived by a visual inmaging apparatus. The gaps caused by the
di cing operation, wthout further expansion, is often sufficient to enable
the chips to be reliably recognized and renoved by the present invention,
al though it is recommended that the wafer be expanded "a 25 prior to
r enovi ng dﬂ@pvﬁw?%&xanﬁﬁﬁeg'at delivering chips directly fromwafer to
circuit board hawepredchtiavennal repessnisaignefiaiitulepartureanfodre rerestelelished prandiost ry has

not accepted them Presunabl l ack.of interest in the i Stk esul ted

Fomt ot 2 PARE b Sy BT s e S wh 0 FL0F ot Pt L LB S0

requi red bymdnbfcturReEUSH then feUMB taSafeh @ gicigdnd pree thacties s Wetleh ufiopthpr i nt

currently made 30 possi bl e hy tape feeders. "| ~ Abu =~ ~~Ls~ For exanpl e,

U.S. Paf%nﬁ”%?%7@?$§T’FﬁLaFdﬁﬁﬁ déthﬁ?“@%@EWU§5§“%£QE%%§FE#EEOSor renovi ng

di e from anuexpesged anaplede mddinphaci dgveytre di e on a substrate. U S. Patent

5,671,530 to conpgps_et al, discloses. an apparatus which remyves, die from an

expanded waf er gﬁ‘? @ﬁ{eéﬂa‘\i’ésrotris?:léqel[\‘/mf"b?rayﬁétgprie?f“{ [Ff‘étsé%®f’ P%‘ﬁ%ht"“ﬁ lﬂflceended f or

t he presentmdchMenTh®fay feedersTepr&Net ZoaAdeMBIOSDb4T2 8Othey RE HpISASeG33B8D SUMVARY
i nvention ovgécones th?.disadvantages of the

OF THE | NVENTI The present

prior art ﬁﬂ@%ﬁ%ﬂ?@?‘e *ﬁ‘Fégﬁ P!l 49iths PYSHBPY I AVRBIIESEE it | nvention takes
t he pl agfa of ;:ﬁlwaee_mi %@ﬂaby ttapﬁv]aiﬁdn hrlé%_yovidaedex Aglan@?ﬁhics istsh?ﬂda&g ar the .
conpati bl e . exi sting.asse chinery. £ ape feeders, e use
of the 5 di’\ﬁ%é’éffydﬁé”alff‘éé\glé‘iﬁa%E‘J?O?B%‘CF?W{%’ '%6"‘1’%‘85\5\4??{80 &fcg’,”“i et eed any
type of compebest a poshiE haeack Gih whitd Rofdsthewhfet Mplatbdsringfaawing@orpur pose of
this inventjon, use of the word) "die" generally refers to an Hyge of
conponent noiffeelOReERtign ¢ Thsddipsiverfilings mewniedigR ring avhirhdiolss thy q%é@l ®onveyor
bel t, di e rayinpeniohaRs RRIELIOLdMhatile HRivakH R lRpatiédnwwlh hRadshigt pieck- head

assenbl% i%mg%ixmaggg%%gg nore die fromthe wafer. Additionally, a nove
s stretched after dicing so that individual die spread out froni one
another. The mounting ring is used to maintain the flexible film in the stretched state. An
expanded ring is characterized by an enlarged gap between adjacent dies, which improve the
reliability of die extraction and prevents “chip-out” (damage to the picked die or adjacent
die caused by scraping the die edges during pick-up).

20 A machine vision system is employed by the present invention to perform die
recognition using the die edges, which requires gaps between the die, permitting them to be
perceived by a visual imaging apparatus. The gaps caused by the dicing operation, without
further expansion, is often sufficient to enable the chips to be reliably recognized and
removed by the present inventggzn, although it is recommended that the wafer be expanded

25  prior to removing die.

Prior attempts at delivering chips directly from wafer to circuit board have erther not
been successfully implemented or industry has not accepted them. Presumably, lack of
interest in the industry resulted from the failure of previous attempts to provide the specific
features required by the industry, such as the high speed and small footprint currently made

30 possible by tape feeders.



10 flip head is selectively operable to accept a die fromthe pick head and
» then place the die in tile flipped position on the conveyor. Alternafifg VA
the pick head can place the die directly on the conveyor in the
conventional orientation if required. Thus, the present invention is
capabl e of presenting the die in the proper orientation for ether the
conventional or the flipped nmethods of nounting . 15 The di e conveyor
extends substantially the full length of the feeder traversing the entire
wafer. This feature m nim zes pick head novenent as it renoves die fromthe
waf er and pl aces them at any conveni ent3|ocation on the conveyor. The pick
head is thus [imted to two short 10 mm strokes in order to renove and
register a die to the transport systemwhere the transportation of the die
is done in parallel to the picking Prior attenpts have incorporated the
transport systemyZiahfle! DS Phiek 426%8, 14 FERiRRRNARI. ARLIGRS YA hfperatud f&requi ri ng
the die to by noved 3Q0 trimor nore to their final destination which
requires a oBe¥Esdi® FpErnicapanduicafer Whplaging & s oh a WP¥fovenent qui ckl y.
Such a device wpW PaRe: 4,60 338N %t RULKNoskOar dpbarafll FnicheenitAby @ form
factor required by the industry The reduced notion of the pick head of the
present i nVEXR Mog¥PRdgdh whist edenteqvarticalpyi far eredn e gpuinmentdneided fafdlicer t hat
oper at es; i NydsBR if@kddaW form factor and Is energy efficient. 25 The conveyor
also facilitates buffering of die to the extraction point, which permts an
assenbly machine to cake a cluster of die fromthe conveyor In rapid
succession if it has that capability. By accepting a cluster of die in
rapi d succession using, for exanple, a rotary pick and place head assenbly)
the assenbly machi ne can operate at peak efficiency. Wiile the assenbly
machine is busy installing the chips on the circuit boards, the chip feeder
will pick die off the 30 wafer and pl ace ahem on the conveyer, |oading the
conveyer for the nmounting heads' return to take the next cluster of die
fromthe feeder. Buffering of die also provides the practical advantage of

bei ng able to exchange wafers w thout shutting down the |ine f ~ A~~ ~ao2
WO 99142289 5 PCT/ US99/ 03385 These and ot her advantages of the present
invention will becone clear in the followi ng Detail ed Description of the

Preferred Enbodi nent. BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 shows the
invention, fully assenbled, in a fal se-perspective) isonetric view 5 Fig.
2 is a schematic representation of the invention showing the control system
and major noving parts. Fig. 3 shows certain novel conmponents of the
preferred enbodi nent of the present invention in perspective view, with
obstructing covers and conponents renoved. Fig. 4 shows the fork assenbly
of the invention shown in Fig. 1 froma reverse angle. 10 Fig. 5 shows the
conveyor and pick head armof the fork assenbly of Fig. 4 with the strip
armrenoved. Fig. 6 shows a reverse angle of the conveyor and pick head arm
shown in Fig. 5 with canera and flip head assenbly renoved to show
outrigging support structure. Fig 7 is a closeup detail of the pick head in
perspective. 15 Fig. 8 is an elevation view of the pick head with the pick
plate in the retracted position. Fig. 9 is an elevation view of the pick
head with the pick plate in the extended position. Fig. 10 is profile view
of the pick head shown mFig. 9 Fig. 11 is a cross-section of the pick head
taken at section A-A as seen mfig 10 Figs 12a, 12b, and 12c show a det ai
view of the pick head, which rotates to face the 20 wafer in 12a, face down
towards the conveyor in Fig, 12b) and face up towards the flip head mFig
12c Figs. 12d shows a detail of the flip head shifted to the left and fully
extended to the belt for placing a die on the belt mthe flipped
orientation Fig. 12e shows a detail of the pick head rotated to face the
belt and extended for placing 25 a die on the belt in the conventional
orientation.



Figs. 13 shows the strip armas viewed fromthe side of the wafer. ~o Fi gs
13a and 13b show a detail of the strip armof Fig. 4 show ng the rrﬁxegﬁ

of the strip head Fig 14 shows a bottom view of the strip head sho &IZﬂGZ
13 with the strip head in the 30 rotated position. Fig. I1Sis a cross
section view of the strip armshow in Fig. 14 taken along section line ~
4 AUG Z002 WD 99142289 6 PCT/US99/03385 B-$. Fig. 15a is a detail of the
strip head as shown in cross section in Fig. 15. Fig. 16 shows a bottom
view of the syedpaisead shown in Fig. ,13 with the strip hEIXPHBEs

non-rotated position. S Fig. ﬁ?MMgRﬁ(ﬁfﬁﬁlw'ﬂgﬂ view of the strip arm as
shown in Fig. 16 taken on section [ine GC Fig. 17a is a detail of the

strip head as shown in cross section in Fig. 17. Fig. 18 shows in a
per spective Vi emﬁehﬁcsfaxhiupzeﬁteadverdotnbs nrfehxaxdvmmgewfimeq)nasaemédyabmr Tl Si ng

and | owerin cqure fiﬁjep op tﬁ%prc nw'a:ni_y[xgn talﬁzgf}lle pltgcﬁe of go%%’e%&ona tan%}d?v% C&Cé t or and

drive assenbl y 0 ly in
el evati on. Fé there@ cs’tmomlet‘fh@ Cfubtinp ajseabdy oachipetys fecitth vape feedemw, thEug i20@ shows a

center cg OSSau%&Qte'f&eeroleamdm&fm felkfingltRt: ntqm ﬂ&féﬂ}\;%e Sfcotftied: bésRiofadH . ShOWN i n
Fig. 20. 15 shows the canera and % ead apparatus shifting

nmechani sm f rflﬁ’ﬁﬁgﬁr{“’&niﬂ“{é @bﬁ%?@?"éﬁ?f% ‘P}‘F“f"l’{’e“ Ppar ?X‘E"ﬂs déF§ BERENIn oo /i g, 3.
Fi g. 22 shovay tyheoftatmpsmntaimanitd top flable fimppar at us shi fti ng mechanismfrom a

rbg?/ter se angle f e &g{f/ﬁhe usg%t‘%%gmcdngegﬁ &H d’%gmg}F %:Q{ans%ﬁrtf:%?@ﬁ g&:lgxg &y eyor

i n perspective <View nveyor shown
in Fig. 23 vl diepickieadapsenely urbesyuﬁ@éfrngtmée %frﬁmﬂncweﬂeu%mwakl@nspnoa@y gui de

bunps capn benig h@akd Kle&REY operdblh-to %epsbewsmaa thd SSeRORE thepide W 0@ in ke bel t
with a sanple die placed onto i ‘1%}' vvsﬁzeggrﬁrtlon of the belt with
various | ayef'2ef B?F&?BB“HF(SWHW" Allteél%ﬂ‘f “fflpéf offe g die gy SBE¥| on vi ew
of ~a port i Oncoafeydrtie the @brventicht oGenada iS @qbitedn Thes eha piekenOidgHnticdSs capsbleodf t he

gui de bunps. ptrl,:'erﬁmﬁél R 1OUE pI%FeQ%f]énllagghtg erdnBEnd &R¥entlnki% F‘m@k\lpk, Vmddload e

conveyor bel ortion e support and a sanp fe conveyor belt
itsel f, showiergtirgne interaction betmeen t hese elenents. Fig. 28 shows the

rear pongion of mlbwnbeysm@mstsutsxaﬁiagy thz%lsmm&f&ee@wwmm@lmmer pi nch
poi nt along t ngth of. the canve

wa cr T%ls eature minimizes pl movemch Qs it rcmoves die from the wafer and places
them at any convenient location on the conveyor. The pick head is thus limited to two short 10
mm strokes in order to remove and register a die to the transport system where the transportation
of the die is done in parallel to the picking Prior attempts have mcorporated the transport system

20 in the pick and place mechanism resulted in requiring the die to by moved 300 mm or more to
their final destination which requires a very substantial mechanism to perform this movement
quickly. Such a device would be too large and buiky to fit into the narrow form factor required
by the industry  The reduced motion of the pick head of the present invention translates into rapid
die removal from the wafer that operates mn the narrow form faclor and 15 energy efficient.

25 The conveyor also facilitates buffering of die to the extraction pomt, which permits an
assembly machine to take a cluster of die from the conveyor in rapid succession if it has that
capability. By accepting a cluster of die in rapid succession using, for example, a rotary pick and
place head assembly, the hssembly machine can operate at peak efficiency. While the assembly
machine is busy installing the chips on the circuit boards, the chip feeder will pick die off the

30 wafer and place them on the conveyer, loading the conveyer for the mounting heads’ return to
take the next cluster of die from the feeder. Buffering of die also provides the practical advantage

of being able to exchange wafers without shutting down the line



30 whi ch precisely |ocates the conveyor belt on the z-axis F| g. 30 sﬁg

. the front portion of the support with guide wheel Fig. 31 shows, AUG 2002
cross-section, the front portion of the support seen in Fig. 30 engaged
with the front free pul | ey. 1 4 AUG ~Ua~ WD 99/42789 ~ PCT1US99/ 03385
Fig, 32 shows a front view of the front pulley engaged with the front
portion of the support. Fig. 33 shows the belt cleaner apparatus in
perspective view. Fig. 34 shows a profile view of the belt cleaner
apparatus of wleiog42283. 5 Fig. 35 sho a cross section ofrcrivessiseass cl eaner
apparatus, the ction taken al ong, 1 nes 6 .shows the
die stop and serstrg‘osrg Aot eéla‘gﬁ%wcgtef Ve Wresem “I\Emmon??'ﬂfego"ae é}car &) tgcto V8"%i ew of

t he back paﬁethl)edsmmmrgquhe Pygidreed Eghbastinsenaind cont r ol paneI Fig. 38 is an
exanple of a wafer in a nmounting ring. 10 DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBCDI MENT Fig 1 shows the ful d direct die feeder 100
in a fal se-perspective, |§8rFé’t1?'?%FP\%PTéW95y ﬁﬁﬂ\”ﬁq‘%eder | 00 includes a
service access 94 which is transparent to allow view ng of the operation of
the invention CCesSS 94 pyar hlne 95 to .permt

peri odi ¢ nai ntena@ncesgoa”ﬁghesnévrc?/"on emt%ﬁhl \A@faqseé) It lisomwtfeVl %abi net 92
houses tshe cont rfid. 2Lml|8themkran@en_t%lo’a@sl@eﬂva'tt@dﬂmmg rhepongylstseqmsa,ndmn as
pneumatic cgm,rlé)%]ar@ssenbly 106. A control panel 96) shovvn in Figs 1 and 37,
is provided which controls the function 8‘2 the us whi ch can al so be
control | ed renotfddy IHFHEYRPRWERBPEED '@Etpf‘: B’i“i"e&ft‘ fPEPeeder 100
nmounts to t hwedtiosin pﬂﬁﬁc@ﬂhh}éwﬂ‘&ﬁlﬁ’lbm&udﬂsg togers atdlcsmﬁiﬁmtwmo,\hd allow the direct
die Teeder 10 Sidfld Rl dd QRERYE BOhAlo SEAR Big PELRY bk BEGRSS I e Tor
servicing. 20 Fi 7 prov s sthenmati c representati on o t

wor ki nglpart s arfe. Shaws e canyexor rRFICK heae anmrRf §tior psscrbly abliigot Witlbhp®itent s of
the inventi Qﬁh}ef}@{,ddde waf er frame 111, conveyor 170, die strip head 130,

pi ck head 150) f head e vision ca and con trol unit
101. The basic asf’?‘iﬁsn“ rc?fe’terﬁ“ng g{/'g‘t enPe agggrc ?%‘33?%?@988 "tr\f‘tg‘n V&% er ence
to the schenanaracanﬂelmlescearstseatblycrm@/kd olsow ewrépging euppehamwiuien Fig. 2, however
reference shoul ¢;al;50, 9%«:5%&11%?&1@1919&% g@egpe\g{ruech shows t he wor ki ng parts

after certain covers an onents are renoved. Fig. 2 incorporates the
fol | owi Hg converfii$: @nsaft%""é‘lméé(t"l“’ff%di\ﬁ)‘ pg3e “”‘Prﬂ‘BPFéH’f“e b¥f G2 PPEiBf t he
invention Each agi.wat & eldvatidn@Rpivas &R pek has wah ai lpick dikie aithe b@dlyedpauiidag 1 od
extendi ng therefromwhich eith glogg the axis of the
cylindrical bodylg nP()lso‘traf ed% OPtE’%%ICk i S%‘gétnhe g lindrical body. The notion
of each act uat orFiprlinseecrgsasqctintof thgwisk htas ‘i’rktfifdﬁité"&'t“lé’dA -fvi2f Peemiit Fag-rlBw 30 near

the actuator. OogashfnNady, Yna 1208 £ Wil vewSTWhickUeRC @Rich tdRards RS raBddhd
actuated. Structural_ sup \Borts are re resengv\%q)vmth t hi ck bl aék |ines By no
9

means i & t hi"@H P EC gV S PYFTES e VP g 4S5 8B opeTt 1R/ Medd3s 3
course actuaipns shown as translating actuators could be replaced wth
_rotating actuat O . Y hd ok ACKANY: AL AipYPhadRAL B9eHr b Y HEABPL R ef Al € 2
translating notio Vi ce-versa. parts In di agram are spread
out to provﬁ%fePlarCtB‘éﬁtdtedméﬂcé‘all‘Whesﬁﬁﬁﬁﬁéfa“éﬁ“?jlart and |ts movenents. Wafer 105
i's shown ln phanrt@nmsgmtvhlaaemmft& pRR fdalt kevaicido bedrhskittaheedmbearior pladimg udi ng

die stri 13 stri ead actuator 132, and associ ated control
| i nes angg sdp ‘t“tth ‘refd‘b?‘&?°é’§°“é§'ﬁrd'°b%“°81 early shown.

Figs. 13 shows the strip arm as viewed from the side of the wafer.
Figs. 13a and 13b show a detail of the strip arm of Fig. 4 showing the movement of the
strip head
Fig 14 shows a bottom view of the strip head shown in Fig. 13 with the strip head in the
30 rotated position.

Fig. 15 is a cross section view of the strip arm shown in Fig. 14 taken along section line



It should al so be understood) however, that the wafer itself in not,part of
this invention. Wafer 105 is an expanded 8 inch wafer, however the 1r[taAﬂG éggz
111 can al so position other sized wafers, and the invention can be nodifie
to accept larger wafers. Wafers are expanded by stretching the flexible
filmto which the sawed wafer is attached, causing each chip on the film 10
to nove away fromits neighbors. Once the filmis stretched) it is placed
in awafer ring 110 (see Fig. 38) which clanps the film between two
conponent ri n¥8.2#¥hough recommended, wafers are often A6TPRGHFY ed to be
expanded prigrg o being |oaded into direct die feeder 100 in order for the
feeder to functiorp properly. Regardl ess of whether the wafer is expanded,
it must be support’%ds‘i‘gaé{e‘%‘/‘l?f hepsirp Replas spowvn dn P SBP N & P-f rane 111 of the
devi ce. 15 Ref er rhigng6 siows b botiomgdew & tiarsalipdidad stadfna Fig0B with thag@y He@lin fhr ough
waf er access 113 11 5%% direction of arrow 114, in a manner nore

particul arly descri bed bel ow. Wafer 105 is positioned vertically in frane
111, but %t his is Hbtl7& areaseiecinnyicyrdf 6 sEPREhas SHN e Figh &S gkonton segtion line
orientation rmg-g.m zes the horizontal reach of the profile, the frame can
operate at any angle_as it rotates on an axis that is parallel io conveyor
170. After vvaferq%%)?"igaﬂggl[?fi‘%ﬁgﬂ’qeﬁdﬁﬁf%ﬁ@“icﬂs,s S"tff‘%{‘rfﬂl%igl;g'zo actuates to

| ock waf er 105 m K. déeshowkhe agewpeatveonevothe flipcheappith mbtosandsirivoassentlyl fod by
control unit réigﬂgaﬁib%ﬁnaétﬂdﬁhﬂeadz) whi ch may consist of a general purpose
conputer systemequi pped with nultiple i/o ports for sending and receiving
si gnal s % om t he K&rltdlis reeine tels cArg metor aidrdsiveassemblyob Kigh 18-he si gnal

pat hways are eachrig.apsRse fHetsbtdr Anddrie asdenily M eRvatibi)gl € fine line, it should
be under st ood tharg. ezgclp é]colpsé st chS&QJevrggre than one electrical wire to
and from each actUator OF "Selsst "ERGPTH t'HE" case of actuators, the single
i ne may al so r epfiegénthoveedbacdoss serie detat of thehorrn pertiproef tedhisipadshovm t he
preferred emppgi,rpnt, many of the actuators are el ectro-nmechanical) but
sonme are&]ﬂlef erred to be pneumatically actuated. As is well known in the
art, pnetimatic cofi®ridishews B rameraand bP PHE GRRIFE KRS ScHRrE® AoPoR 2pslhes 135
whi ch oper at eoslesnadihdhecpprrangl &k edwu &l Bigs3. (not shown) in pneunatic control
30 assenbly 106, [ i i,ne and 137
W th ol ther a vaci i osif BOGHS KPRLAL HBOSHIRIG HedlhiR o iR sckide 2" 06,
or conpr essed™o#l the g shea@ inbs- Hs required Control unit 101 receives input

froma variety of FigOIseRS thel DSy ibagindRsR¥tverRRl advance signal generated
by the hgst autonate ssenbl chine 172) die cenent sensor 176 which
Y hoa L 2000 B 385 Pl oBBS P an R PO B aRERR AR ot e
extracti on pdiehtipclude exdmpeeyt guilde bnmpseypleckl@By seloor and servi ce sensors 86,

and video input sSkgnalgctEa fd:Qmyh IR &mslmlaﬁﬂamaed@%ﬁk&ioqmopa sel ect ed
die at the correct y-coordinate for extraction, franme 111 raises or |owers

waf er 105 in respBAsE by seRRFEn AT g Ha Vet PYTs Gheted $1912 tsdenebt ar y
actuator 112 vi a BigQeRiidweh cloksnectidilGew dfampkrisha e dels thppokd seddbiakea@esugh N Fi gs.
2) 3) and. 4) | des. die strip arm 127 shown in Figs. 2, 3) 4, and 13-17,
whi ch isgsposidtn?g}ntgijgu(')dﬁ%ﬁ%& back side of wafer frame 111 as it is viewed in
Figs. 2 and 3. FoFik-Hrhpyesd rotiopeorthe Eagirygs ppley pfdhargensyd bplt ¢kh pratigd ofthsenbl y

arm 126 seen dufhoftiafifa saplb ottt Shvel st bROIEE, isRRAE @Nnitb&ioh bQWEen HedRieRinafl er
frame | | 1 as it_is viewed F 6) which shows pick arm

in ||8s.f 2 and 3. Fig.
126 from a rever sEEaAGT¥Y RUEHSOGET P tgiHG"BUbport 120, 10 which provi des
extra support to File9phads aabiefod kianp or gad @dintstang fhn&sgh of hecwipyorpnguent i ng
unwant ed ,yi br gif.] : [ i | A0S, Qutrigging support 120 rides on
rail 121 abr/n)un"?tli-:l-é %g%wgﬂawggé% Cg%&égggglﬁ% ‘g ?:%)xrllsveyor assenbl y.
Fig. 30 shows the front portion of the support with guide wheel

Fig. 31 shows, in a cross-section, the front portion of the support seen in Fig. 30 engaged

with the front free pulley.



In Fig. 2, fork-shaped support 125 ) including die strip arm 127 and pick

" head assenbly arm 126 are represented using thick lines. Die strip ddmAUS72002

and pick head assenbly arm 126 15 are nechanically connected and nove as a
unit in the x-direction to nmaintain alignnment between the pick head 150 and
strip head 130. As discussed above, the principal purpose of this invention
is torenove die froma wafer, and place them on a conveyor belt whereupon
they are conveyed to a pickup location. The process of |ogcating known good
di e and rem)v‘ivﬁ "PHe&m froma wafer i well known in the &FFYS 8%? 20 is not
normal |y perfor msd B2 shbwk Raranafiew o mhic gvheshilveerziged vy d@nbnt bort&tﬁﬁoth&r etofore
unknown to do sg in the tight confines of a 80 mmformfactor. To overcone
obstacles in S%rﬁ’orm ng this feat, a nunber of innovations in design and
engi neeri ng wer e Fenpd Wedtmeqltalﬂqawgama!?lhelpdﬁm%\teivéw of the pick head, strip
head, flip head, pgney %Qmﬁeﬁwv@wmhsxaimerG%Spaﬁe%ﬁﬁ #he die renoval
process can be used f or purposes ot her. than rpagam ng die on a 25 conveyor

bel t. FoP exanpl &8 & RoVehHossectaefeda!t gy apparaitse he Seuay ker plpng ey i er
tape or natrBxBragg. w.th die for packaging) or for delivering directly to a
host pick and pl & esg&g | fe m#?s?an%fsetsﬁ% nal ﬂce\%{,gl;m factor machi ne herein
di scl osed for pic and f' di er carrier tape or matrix
trays provides f d&ie. é’n‘lwnemmwmev Qfﬂ‘eb?cbdﬂ’elt F@Hlﬂsﬁat’éﬁ"rqof’fsﬁlriléol!"ah@n@r trays
are to be fed ' ogh ggagtal,yxa;ngleafh%fgr,gamh,mgnaé nost unlimted buffering of
t he conponents can be realized. 30 Likew se, the conveyor belt represents a
significantly inproved neans of conveying dies and other snmall objects to a
speci fi clol ocati on WDERAH.EN RESGRIBFION Qif THHE BRERREDHEMBRRIMENICY Thus, the
know edgeabl e reader will understand that the die renoval apparatus and the
conveyor belt herein disclosed have separate and distinct utility. 14
AUG 2002 WO 99/ AF389 simwr/ ooty ©Bisd daecpdis feder 1€hB ¢iftftf PATSBSHScbetFdfi e it i s
desirable toviémowmeéi dexea&uoaaaaumaawwedcbesm WwHich iSir@kpifene® allNOHevlig bad so
that only goo die or die . of the, correct are renoved and used | eaving
di squal i fi ed °HPE PHRRIY I GVEEOY; EHAKEEESP aP ‘éms b a% aélé“égre:égbo RIVHCENY spent
waf er. Two basinenawed dndstsvidneef the moving partemgidco Wabinad 67 ionggs thheontresihit HY apr ocess

to indicate qgss‘ma@éd%dnfovsyzteﬁs dewss p"ae@xaa@emrcnraea@&yse% ATAaﬁrqu tnfm?lt% afglydrost
K s are bl ack) but

common uses ink dots to mark t he ink

they can be &Pt hard o I‘Sd}’%‘”‘ﬁg “\REP F°“‘"ﬁ°\é’P %EB?%O r‘?’étaﬁﬁ‘ba“fs W&‘F*P%i‘i}aﬁ%d?fpl ng of
t he waf er) i ronhiledherdidtety Pploygh L@iwokloatettvn. Fhe dacldiedecdyr 10N shounts3o it Bisus or
grade is pro ) i r i sion
systemthe i \rélgvsgﬁ%qyl %%nggﬁmégngg&%h}r%ﬁ&%& the%w%l %g%é Q?{%ggtlfg)m Ad %n'?) ?lg\r/lal ly,

t he i nvent i oreerraymikingdrjsesphiefoniervititge shel f col or and |uster 10 conpari son
to detect ink dotr&g Qxbr@fdamclmadt fRpre@hitatilof mveaagermrphmeson&mm@ known

r ef er ence. nol o orts oce

e er s provi dEHE W bOTgR sePBYEE e Py LB SRR e et

di scl ose ar r @ie stripdadd lahsmkfhemwﬁnﬂlgd)@d 1409, enacl&}c i@-cgmgra lehrenddontodi ueit
reference fidyei ﬁds:@ ogérzuohlo@e,sa@smost bedf unhé}eomﬁ{ reRXRANS fNschinBRe @

sui tably durabl e schene coul d empl oyed usi ncEJ: ge detection technol ogy
to ref er ence repFFselfapion Ot dhe iVeNtiAg SowP ittie 8, hPPfé‘Chﬁ Fﬁ“‘ffe‘h‘?}ildaﬂ‘sdﬁe WIS al so
be enpl oyed t3ovhidn€Kdws fi@rwoi g fareaen@eaio kot lagtbdomponems ark @¢mdvéd. p chi ps and to
ensure that die ers are t oflle f the

i nvention) caner ;lpglg mrspordte? @%fo ﬁg‘%gecﬁ);queg{@u%(:%& %‘Wﬂ{e%%agx{t mo"ﬁ%pag

per pendi cul arof thg 1nteatiodi r Eech agspptasfis Npmteddﬁ ac,cdh\ﬂelyecbrbomi@vew regd h@dﬂﬂmsl | ver ed

mrror 162 (Stl%?eﬁ%hlgvhm%)eltt‘mlrﬂglaie§al§’xﬁgllleea%s%F thé SylindrRhE1 BB &H rBhBTordndRLsHRl Vi ew
of a section of the wafer source 164 having a reflector to

direct |ight Bfevindesn bady yT‘E“d\)ﬁﬁ‘P’d"fteg‘e‘ AGFE T DA BRTHEPO IS i“‘r‘ﬂ"b‘edc‘ﬁ‘g‘ BABY a i s

di sposedatbehmazd tiichetbtad. f O hsionallye che rarrpw @y shbwn adjdcentiond@t gt dchetedvaercuvdni | e
mnimzing s e ti d die
s knonn, f or PR Rmas 1k Sk AR e Ryl GERGS ¥ RATHIEC, Lt
die with pick head device 150, which is shovvn in Figs 25 2 and 3, and shown
in detail in Figs. 7-11 Referring nowto Figs. 7-11, pick head 150 is
facing up, revealing interchangeable rubber tip 51 which has a suction port
152 which operates to hold a die against tip 51 when a suction is present
inside tip 51. Tip 51 is interchangeable to permt pick head 150 to operate
with different sized die, thus the size of port 152 varies with the size
and shape of the die to be handl ed. For reasons that will beconme apparent,
pi ck head hp 51 is 30 nounted on pick plate 53 which extends as seen m
Figs. 9-11 and retracts as seen mFigs. 7 and 8 Extension and retraction of
pick plate 53 is effectuated via two pneumatic control lines 37 (see Fig.
2) V\/mch feed to two pneumatlc ports 59 and V\/mch feed to cyllnder 58 on

o, o



14 AUK 2~~2 WD 99142289 11 f CT/US99/03385rods 56, extends and retract,s ﬁ@m N2
required. Suction at port 152 is supplied via a third control ~hne37ﬂ 5 ¥
is supplied axially through cylinder 58 and piston 59. Hole 55 (Figs. 11

and 12d) isnormally covered during operation, but provides an alignnent
utility to align pick head 140 withpins of strip head 130.5Turning to Figs.
I3, 13a, and 13b, the die strip assenbly 128 is shown. Strip head

130rot ates ony@ybeaxnks parallel with the plane of wafer 1Q%1R86,33ss

per pendi cul ar vvlth the direction oftrsavel of conveyor 170. Strip head 130

i s shown in &oUEsACTHAgRTEhewN a5 Baiskiingactpaprye)d bergplacehithapteing payopagh fackn i n

Fig. 13b. Thendy@méh mgbmmeﬂmwcmhhmm&m@a{om i vice- versa The parts i m this

el ect r o- mechagni caIIyact ua;t[ed QI ¥ E n.so that fer ﬁ (Ehovvn in

i o 58) i SRS e gL E ok 4 ehf Rl SR R B b ol Bl L he
non-rotated sishoyn ihebitoh30 ﬂuwartﬂ@smm btthmd theayaer, epowtng dig swip htddd3Gafeer and
during V'BS' O@trl Ha'héaﬁ tonBZV\ﬁﬁ ?srsoc;'agﬁc&ﬂroltlm aﬁ%&ﬁp@ﬁﬁruﬁﬁngmou 'bggw% sh er 105

as seen in Fig 2and By rotatin ead as shown Iin Fig. 13a

t he waf er caﬁtsb@wraéﬁwéepew¢ BOYEVET, %ﬁhwﬁwn@%@ﬂfm@arhafrth@wvw@ﬁ| le of the

i nvention. GJywaMNa:lf&glopsscaweqﬁmeasrﬂemwerf Q6 weVEH hY fdnfe 1ng@@mss P&m&ﬂx peg W t EI n
ver the

the narrow profi of e inyvention passi ng the, co

stripl5head 4%¥d ‘Y?gelr  BYSRR AR m8$ X’tdﬁ%acgetpf ﬁgrﬁerh“éaéeas e‘f‘ e W@ﬁﬁ&yl ng die
will now be gmmhtn@ltﬂc)ﬂedibls dilrh pesghichlvhet sawkideyatmipvagtichéds cawsingeapiaetip dnutheatiliny

105 1 1 a ool G faBGs Bnlediim Kafadel il b Sk SIRAREDT 05 %
vacuuni s applfieed®byhidrgiamps the flp @B’Ge"t R0 COTRPORInESiEh | émTOPEhrquO@mS‘ldSFbWPfe%e it.
Then) ? pin Qit‘e oﬂkrﬂ@; é@ﬁrc@mgﬁkﬁﬂé@wﬁht&b@ﬂg fohd@X ik dited: it PBeder quklﬁ ﬁ@errf&?g OSI de,
i.e., fromw str | e ea

applies a vaétli’ugﬁ'?dFr to ‘!H‘gcuﬁ‘? BmP"t’gel }Feg't‘fﬂleisl‘? Lgﬂttgo?’affrh‘é Wﬁ%ﬂ it FRE Yunber
andconf i gur atsepportedfin 9rimgs1 10 Bt iv sompatblewithfravied 1 sofzke davick. shape of the die.
Strip hodd, such SERIBEErALY £E5. Wit APty Gl Wbk e T
di fferent pi giresopd QngP‘aﬂ oM ad@a%ﬂlpwgarﬂ%}'dﬂﬁm‘%éﬂbﬁi balowo f Wafprel 03fjs gositigned
be25ext r act ederfiy RNSAREL | Coub ARG Dk a hlhﬁaetsryloﬁzmﬁros whawhée@luéapor&wlda head
130. One of pneumatic controllines des a vacuum wh is applied
Lo the 1 exi BRBMER B HogoQhiseet o B oot B¢ S oA tAPY % COMEPAP | | nes
137 oper at es aaaxis hitdpavaliel g congdyon 130.hAskal w0104 mhitionad inlframe @ ple clah@ E12pi n
orpins 1 9. B &p. head 130 may be operated by

el ectro- ?rbgc Eﬁlﬁ%%% ?gﬂt az{??rﬁ ° g’f:pt B%t or 30132 (see Fig. 2), which operates in
response to a si grhgloperann ph aapespres inronpiied by epatrol yut 104t ey B tisy A WY neans
canI be useg In§ o Jfa ghrefal wrﬁi‘sefoh@der&mmdéqmwd w;@mumtlﬁo@omsremmgl IsI
(ooponse Lo AR <UARTIAGE Fp BEQeE PPARAM LLaRoy AT HL PR s G T
12 control | iemdgsertSentddriofigt heitpngnpteefine bnmonhqutdlbeas@embd Yatle@B)maphensist | S i n
2ot Uat ed”pnet el ol P Rt g A el it and b SRR s P e
act uat or gw tthehtingler lige waﬁélsbmpﬁé%fee‘%kdwg*oﬁ%wﬁ@éﬁﬂmn Fﬁ“é’és lﬂ@%ﬂyefm show a
bottom vi ew Qhb&dihdnD, BEN o2 RndMhdnfarofst 41k Rlcli@ARchARichIO bat @ﬁhe &E\idprgﬁﬂcdr ptgt ed
positions respecti ve 7 are sectional gt&ougg s and 16

id at Cenpt - ABSGHUN st {5 s HeBTn 7 s B PSR AR BLH e wn in
detai |l views uiddcand lib®a 35 whithoperitespondcdnaolpil stien(nuwlshaph) ia peupsuovindeld Wi t h
pressurized %'ssem&gl%agﬂllcjmongeglg mefgﬁeuﬂﬂuééa& gﬁx?ek § 89 APV IR Witer ﬁﬁ&lﬁm
assenblies 3 I'n response to I ncreased alr pressure present in
respective cyPIerie7 mbERFIRONRICT IESHIF YRET 98 M 6eMPstieshAY Stsh HEEE Bavitd strip

head 130 to rot at€nel i @mexla&ews; inpud frheadar;le@Q)f 3fheces, HBBIRE @i dRiefh@l di@ntehe
non-rotated position,

exte a a flat surfac top head
130, thereby Stﬁr“@\ﬂé’ﬁfai'eﬁégﬂﬁ\%%?‘gﬁmf '%“i’@h’% @Hf%ﬁ g plﬂ‘%f?‘f”?‘éﬂ‘foéﬁ?éw Rqui r ed
when auto-loading or auto-ejecting a wafer, which operation is discussed in
further detail in. the next paragraph. ,In addition to functioning to eject
die fromthe flexible filmon which the wafer is nounted, strip head 130
serves anot her inportant function) which is to partially autonate the 13
insertion and ejection of the wafer. Looking nowto Figs. | and 37, wafer
entry and coil doors 82 are shows in the open position. The control doors
82 have guides in the formof grooves 84 which ensure that the wafer is
properly aligned to the opening during insertion and renoval, m nim zing
the potential for damage to the wafer. By making the upper door $2 shorter
than the |l ower door 82 it is cast' to align wafer ring 110 with grooves 84.
Cnce t he mafer i's |nserted 20 doors 82 are closed Cbntrol unlt 101 senses

L Y . I ~~ - o ~ o~ o - v - s




~ ~r AUG 2~r~ WD 99142289 13 PCT/ US99/ 03385 to place suction port 15 i&w
. contact with the selected die. Then the suction port 152 of pick he dlfl
activates to hold the die against suction port 152 once it is released from
t he adhesive material. Meanwhile, the strip head 130, in the rotated .
position shown mFig. 13b, applies suction to the flexible adhesive film
that the wafer is nmounted on to stabilize the filmusing suction 5 ports
132. Then, pins 134 extend fromone or nore of suction ports 132 through
the flexible MASHEE which the selected die is mounted, FSFEFRGFhe

sel ect ed di ededewictwhen praseer at eie eﬂfﬁdtx(ﬂgﬁinnSlkerSrlpﬁﬁﬂr(ﬁhﬂk@ﬁd’dt96l5o'br whesesickt 1S

held by the g uct i Soutilized and their
configurati ongsge e‘ndﬁ‘”%go B&tfgﬂ?l qm%degtmga € die to be extracted as is
known in the artTo PYsition iwcwﬁé‘n al the eoprett yapridipdtcier ¢xeradiopl feame 15Braisestor act s,

separating tGedivered 13N teiRnal EdmmaBMEdnPa dAuBihd 96100 QRS S RY Pi ns
134 in the film a strong vacuumis_necessary to maintain the film against

strip held 1%0todlianh! oeheRRgedsoRpeR I%Fe(‘:’ﬁ”‘lpégsa%jj atd it inflgdes dif SERHM A7 r enoved
die. In respaﬂ@emtmgssz gnalasd 1356, tvhictais pashdoned ofl §8 bacRisidKofveddl frAdO11NQE At €S on
an axis that. t af travel of conveyor elt 170)
all owi ng pi ckvewaam 38 é‘%&é‘g réﬁﬁpegggﬁ(}&f%&m mdudes p'° hfadassﬁe l(3pafter
pi cki ng a di serf in&igs\Reff wichliOppsitigtied on tselﬁorsh@mﬂwaﬂqr fﬁﬂgs\ll $lmiv16w@ lraFm mpl e 15
ext ensi on t 0, H4QVipflee AbhichBbws Bick A 1&9ﬁ@m£€eeateaasgﬁe %mgﬁtrlgg;&g{su Wy, for
confirmation of rotation actuation of pick . n of the

pi cked de byhlfmowwtrh@lgm%wéwa‘sﬂraﬁormgﬁﬁ‘éwf@% thgrehy P’§V°F‘@t§HP‘Y3@Eﬁdt o be
placed in a Gibiakdds aurmg)pxempeﬂaﬁ@t | Odirighling 3uppbrt 17097265 on @il 121 MGkt ofl M¥Back
orientation. %f the die A quired to be placed circuit-up then the pick
head 150 rot ¥t% °§tb§6°‘3a/vﬁa§ ®een in Fig. 12b. Pick 20 head plate 53 then
extends to pl aceltFig A ifak-shaped owppery 35, hi7lddigesdis gamarmrl2Famgl. pickdesd assembly t he di e
is rel eased I flhe Or a
sori oo of puflislsGF (g SphEhet I, PR s 181V DR B P 2 0" o
head pl afe 53¢ patianealy canpreisd MgV Wt indhessdifegiop smaintpe akigamest bagyeen
preparati on e pipk dsd 140ind @} hedd eso Because frarre 111 raises and | owers the
waf er mtheydlretlon the sel ected dlefd1 Ve sad acgé fnveyor
170 and pick head® TE35FLHaTe BEPIEPY RPTposs o ’?ni’lven lﬁtr%c OVEGC A P AR the die
fromthe waf e pasel thpinaoea donvepan belh @whaemoretprey are Benveyae tnopicupdécams. tThe pi ck

head noves lpmlae@s%ﬂsc%g ﬂsgﬁgaoaam%m%ﬁmg&m)ﬁo}nta @@n,sme@%mtm R fiedi e on
t he conveyor w t hout an reqwrerrent that the conveyor advance. T hi s

perm ts AsynERPIEATHYY Bipfarmet o he BaiGaERn Edyerticlly pndiena herpfeforeakneyn@dyor . and

al l ows the cmuelyagmfc@ma@ar a8emm Jora itk f ©6 O\QQBMB&iata&BQn pdrﬁhmhgemd felaper ation

?22 aE Ih gnaiiggbt%r%e{% mnovra]xgong gltdlésl en\{ilmp gléxg%e%n%werc employch Ie atmé Cr‘o t(t)ut; cl) {mntolFr) 81% cku up

(circuit - downik hda@ntrmhleadpﬂmlhcdde@d nme&ervproasysemd0 up as shown in Fig. 12c
and pi ck head pl %ff@oulé%h@&% FeRfdeal PRRVAY Gn bOusRd f%FﬁquJQé% oﬂkﬁhﬁrﬂpl&ﬁ&@hi@% 2W th

Tllp head 140 which al so has a suction port that is activated

pneurmat i & coftAVEPT beltFar exiiple; i semprs! oldas syed e iRSyYfiesspist qep °a§’§‘é'?‘rbl y 106
applies a su&hys@nhthe fcplpedumfgl 6r ferailivefihg dulecfl@ tolaBIYost piham ﬁlhenﬁu@tel gk gport  of
emved. thubePFERIPEY R g B Y R s e Duss G o e Lo,

Pi ck head pl atmatib@ays h@ndqséqrreﬁ“wtest vamef pmde«whsa@ 160 apt @t gs atreotoﬂ)atpé t he
”ﬁ’f{{;er. naegg%/ giéé%lﬁy the h&?%cﬁn%lagl%ﬁqﬂp%fe&bﬁgwg?@w?ﬁel c%glpédéﬁts %ﬁ be %ﬂﬁ&?eﬁb' y
and nmachine \E«lké\v'@mméwarb%{??m@htﬁH‘@‘ftc't‘i‘ﬂv quVéqmeamﬁeqnvqymdwwvmce of

l'i near small objects to a specific location with a high degree of precision and accuracy Thus, the

knowledgeable reader will understand that the die removal apparatus and the conveyor belt heremn

disclosed have separate and distinct utility.



actuat or 159 (Fig. 2) so that flip head 140 can drop down past pick head

150 and pl ace the die on conveyor 170. This operation is nost easi{¥% AUG 2002
envi sioned by referring to Fig. 2. Linear actuator 159) which may be an

el ectro-nechani cal actuator or a pneumatic actuator) operates to shift 10
support 155 to the left in response to signal 157 fromcontrol unit 101.
Canera 160, its associated mrror 162 and |light source 164, as well as flip
head 140 are qﬂy@;elg to support 155 and so they all shiftykRsdRssd €ft. Flip
head 140 then o4s to place the did%in contact wth convPeCyorS 178 as shown
in Fig. 12d. Aft efqrwie@w"g adgjpreed dieritds degieablp torknpv iiyeatvBigeRoTras el 4slith patisead 140
tor reTLlease t he g(g)u Qr Bdado tﬂgﬁor{ﬁ doBd Hie afldié Gtttﬁc%b'i'réct fgdd 4r8 redBRATanP RS feb%handd
asse y 145 and shift C the. r 15 r to rec i ve another die
from pi ck heé’&q‘?g%g ‘{f"aﬁcgf“?é‘f bep&'ﬁpc?g%gl "’g%i“'“taﬁié“ 'ﬁé‘eéﬂ?ﬁ“ BRiEk SBRPEL ons
nmeans the cyaiegods are songnoslyl caployerdoring the teyringhpreresy i intlicatoAdig. qeatinyt foodowini nes
i ncl udi ng wi e BEdsCank & Somih

assenbl ygb145 g%ga%%gé\g%dgggtﬁrguhﬁ ?T ex(?lau?ésmcfog ﬂg?gkg ﬁﬁp %ﬁpa(ﬂgﬁm& n the
preferred ensSodris®REK, bakANSamief giger °1'81520“’e‘\‘ Iﬁhﬁsq‘i@&dﬂe@%'s@amme@r to an

20 el ongat ed welthr lﬁl&hlmﬁmﬁsmqfxoéahameawxg Rkd itslsthrddUr @A IAMbVIEkd Blodd vilh,
har dened wear_  pl ate Ionﬂ?armcgld section @he head and tube assenbly

shown m Fi g. BoWiE- sc"fg % Py VESI9n ST e pentipn ggn qelsrtdps dotsrigpe 141
i S positionedispalifyedie fAdditionally,| ¢ idvasivn My int&Poran fff thé eHeif adlotl bxavstérol | er

182 see, f| . ey.. i rom
controf i ¢ cpBityond} SRERCelty Bilic B B ad SERAPS b i AR O
| 55, acti vat dgchnolpgysyppogpregtsgingefipre-mapped waigrs) icty, W6 pposidpdswithompegstesaiedt o

friction dri \aemigqéshegroflxézvamhlsussewﬁ 8GRt SRSvnBBEH dRS tByWRAhaphbARGvEl 147.

Spring bi asi r?g is effectuated t roug nounting drive arm 181 on gl vot |84
and bi asi ng PHBFRSTHGE 'Eadr“i"(’;'é“"é)ffrﬁ“igcipa GEh eptersxpapsion siep.c2 syispbly-guale $ASHEG ar m
189 is sim| aohlybdéngseye @igiedps tietsibd edBalogyGo pretitetd afrnsdriig pbiar bel t 187

t hr ough nsi oni ul,l e friction
drive roﬁﬁeer r ol lngn gn a%{llm?séim%mmg%ag Héefﬁt\élo%ggoucllsws%%?@' rcscPceop‘)dﬂtt)’g "1 to
rai se or |owdprfﬁmcmm@nct@pnselfctmau@ecqmraasesreseml on port 144 for supplying
suction to flip heAdaik4Rme fid ﬂ?ofht.e@qu:l A@n&h%aﬁa@s mab@genémg pLAfél at its

ie

bottom end whi ch includes a su por onto a when its
transferred FY&mHEk Pﬂ@%&ﬂl‘c‘i‘gd" ﬂi‘ﬁf“l"?c ‘?“t"f fray elp‘?féi%’gﬁ’ob%toét LoAlvFEE BT 170
and rel eased.167¢beFi§. A} waiks @ ahglad 41 dES fa os@inisP4 ndrinslyiedAh a ketonpdf dieivaifeng

Becauoe & es ‘MRTPEFEIE Tale AsthaiBrblapiol ) gt BufidBE v er B I0RAZT
(posi tive reltbgdamera grdisgasert behind @eh«"é\fsﬁ"tﬂﬁ@&ﬂ“ﬂvm tadlpra@ggﬁgwagerwmw migiHjEngdue t o
the rush of ahfgowd0 prevent this, a mechanl cal push-off pro ) shown in the
cross-secrtion view nt ed 40 i ncl udes
otz charsf byt STl el il
rough it araadre: it o yii r diofit e i g8 _
ggflhogfsfo 'Rezéa ?S%B%Qn %%e%‘a{x ﬂm,getw%%&mg 59:0015}% ’(ijlﬁe ngea s}ﬁ%ﬂgl P:jt“sngp
al | owi ng ai r uporereating mtprdeanzeelﬂghxbbqr Bp iu\zhlﬁﬁ@sawpt@ugw hi’a‘l“é\s:h pwramssﬁw 143.

Wen a die Isad?@aggestﬁlgke@ﬁ&@su@o@ufpfes@f maderu;,tshow& ﬂ%rcﬁaﬂb@bl@& peinfit ON 143
bo drop and thereby

49.

'l he shifti nd"?’fé‘ﬁﬁ‘dﬁ?@ﬁmﬁﬁggw df“?”‘?i‘é%@ﬁglwhufﬁﬁS%%%B?rﬂ{gﬁgarieﬁwtﬂh% %Fé‘fder red
enbodi net ~ Wi shipervdtichiée 1o bd dsraiieh e dFonidasony hfitewil heemt appieqys picR headmg 522 Fi g.
21 sh h h
genz r g}"’fy& S:err%]ou:ne;(]:ctl %ckr@a(fehﬁ%ﬁchﬁ;tgx%gas}géﬁﬁ ﬁigst '96} L&é rEm&s §s sm% fﬁg??%&' ve as
revere pers pe&:tﬁmeswr@hd fetracgiorpyd oick piatg 53 lﬁeffﬁetsat@)www pﬂevwalﬂh Cqﬂeglmt37 fser pi ck

ant 1 S SUPPOg;E. %%ﬁxch%@m@ﬁ phRRec ;%5@59 shd WRGER tred tc;cg'lu%ief &4 onséilﬁé?cﬂfdﬁ ofl95
whi |l e rack gear Is mounted to and remains stationary with pick arm

support 126. PEoncEn As@lr gEesHre IPRYISS P G sids 8RPIN EnBifth g f“ihéfhf‘ﬁ‘iﬁt"&g“‘%Q i's
engaged with rack gear 254 such that when notor 259 receives signals via
line 157 fromcontrol unit 101, pinion gear 253 rotates, caging shift
support 155 to nove relative to pick arm support 126. Sensor 257 detects
presence of sensor flag 2S6 in known manner providing 20 feedback to
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PAGE i 6 1 ~ AU&@I\QWC control lines 157 are provided to S[I'lp ead 130. One of pneumatic control

lines 137 provides a vacuum which is applied to the flexible film to stabilize 1t. The second of

pneumatic control lines 137 operates a piston within strip head 130 which in turn operates pin or

pins 134. The rotation og ;trlp head 130 may be operated by electro-mechanical rotating actuator

30 132 (see Fig. 2), which operates in response to a signal 135 from control unit 101, but other
motivating means can be used instead.

In the preferred embodiment, pneumatic control is implemented to rotate strip head 130

Pins 134 are actuated pneumatically in response to atr vacuum or pressure transmitted via one of
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photo sensor (not show) each having one of optical fiber bundles 198
extending to stop 174 shown mFigs. 3 but shown in detail in Fig. 36.
Optical fiber bundles 198 extend through openings in stop and fiber bundle
support 196 and extend to positions on either side of stop surface 197 The

fi ber bundles are ground down to forma refracting surface as is known in
the art to bend light so that it passes across stop surface 197. Wen a die
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the wafer 1n preparation to pick the next die. Because frame 111 raises and lowers the wafer mn
the y-direction, the selected die is always adjacent to conveyor 170 and pick head 150 requires
25 only minimal movement to extract the die from the wafer and place it on the conveyor.
Furthermore, since the pick head moves in the x or negative x direction, it can place multiple die
on the conveyor without any requirement that the conveyor advance. This permits asynchronous
operation between the p}ck head and the conveyor, and allows the conveyor to operate as a buffer
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30 pickup location 173.
If the dic is required to be in a flipped orientation (circuit-down) then the pick head 150
rotates 90° up as shown m Fig. 12¢ and pick head plate 153 extends upward to place the die in

contact with flip head 140 which also has a suction port that is activated when pneumatic control
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6. The die fee rse in<T rirsin or k- shaped
support its mid-section The head and tube asscmbly shown 1n Fig. 20 is ultra-light weight to reduce

inertial forces. Tube 141 is positioned between four roller-bearings 183 and friction drive roller

182 (see fig. 18a) attached to pulley 186. In response to signals from control unit 101, stepper

motor 188, which is mounted to shift support 155, activates pulley 186 via belt 187. Pulley 186

25 is connected to friction drive roller 182 which is spring-biased against wear plate 147. Spring

biasing is effectuated through mounting drive arm 181 on pivot 184 and biasing mounting drive

arm 181 against bear plate 147 Tensioning arm 189 is similarly biased against belt 187 to
provide tension to belt 187 through tensioning pulley 185

When pulley 186 ':s rotated, the friction drive roller rolis against wear plate 147, causing

30 entire tube 141 to raise or lower At the top of tube 14 is suction port 144 for supplying suction

to flip head 140. Flip head 140 also has a rubber tip 142 at its bottom end which includes a

suction port for holding onto a die when its transferred from pick head 150 until it is placed onto

conveyor belt 170 and released. Tube 141 also includes a sensor flag 146 for providing feedback



structure having a first armfor supporting said pick head on sai@1ﬁ¢¢mﬁ7“wi
side of said collection 20 of conponents and a second arm for supporting
said strip head on said second side of said collection of conponents, said
fork-shaped structure maintaining alignnent between said pick head and said
strip head. 7. The die feeder set fortlh in claim6 wherein said fork shaped
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pick arm support 126. Sensor 257 detects presence of sensor flag 256 in known mammer providing
20 feedback to contro] unit 101.
Once the die is placed on conveyor 170 and released by either pick head 150 or flip head
160, conveyor 170 may be activated to transpart the die to pickup location 176 where stop 174
prevents the die from traveling too far and helps to precisely position the die for pickup.
After the die has been placed on conveyor 170, wafer frame 111 and/or fork-shaped
25 support 125 move into position for the next selected die to be removed. Generally, die are
removed from the wafer in a right to left, then bottom to top pattern. Since pick head 1350 trails
the view point of camera 160 while processing a row cf die, the control unit 101 must determine
during the processing of a row of die whether the next pick process or vision process should be
done first or if both can be done from the same location, Initially, this means that only the vision
0 process will be nmning for several die, until pick head 150 is also over the wafer. Near the end
of the row camera 160 will run off the left end of the wafer but there still may be die in that row
for pick head 150 to pick. This further increases the efficiency of the invention by minimizing
movement of the pick head 150. When all the known good die in a row has been found and
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.extracting said conponent fromsaid flexible filmusing a pick heaaf*é“g%Qﬂ
pl aci ng said conponent directly on a conveyor belt adjacent said flexible
film and operating said conveyor belt to transport said die to a pickup
location. | 1. The nmethod of claimLO, said step of extracting conprising
| ocating said conponent s precise locgafion using machine vision; 30 ~
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fromsaid flexible film ' UG ?~~,~ 23 12. The nethod of claim 10 or
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ground into the coating to reduce adhesion. Figure 24 shows a die example 278 which is on the
order of lmm wide. Die example 278 is a flip chip and includes solder bumps 279 which
interface with grooves 277, which further reduces die migration. Grooves 277 will inhibit die
migration of flip chips in this manner whether or not salder bumps mesh perfectly with them.

38 Guide bumps 274 are attached in two continuous rows along the bottom of steel beit 270.
Guide bumps 274 are formed by turning, i.e., machining, or stamping them from a low-friction
plastic. Preferably, guide bumps 274 are formed from acetal resin, such as that sold under the
trade name Deirin by DuPont. White (virgin) Delrin is most preferably employed. Guide bumps
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pulleys preventing any drift of the belt resulting from its natural cambcr
At several key points along the length of the deck, the width of channels 285 1s narrowed,
forming a choke 288 such as that shown in Fig. 29. Advantageously, these choke points are
positioned at either end of drop zone 173 where die may be placed on conveyor 170, and at the

20 pick pomt 176. At each choke point, channels 75 narrow, precisely locating guide bumps 184
along the z-axis thereby precisely locating belt 170. Clamp 287, shown in Figs 3 and 29, hold
down conveyor belt 170 at one of chokes 288 to prevent guide bumps 274 from popping out
channels 285. Low friction coatings 272 and 273 formed on steel belt 270 reduce friction between
clamp 287 and conveyor belt 170.

25 Between channels 285, decking includes a rubber magnet 286 covered with a low-friction
decking material 283 which is preferably acetal resin (DELRIN) and which is laminated, e.g ,
using pressure-sensitive adhesive onto rubber magnet 286. Rubber magnet 286is best viewed in
Figures 28 and 31 and serves the function of magnetically coupling belt 170 to deck 280, thereby
preventing and dampen;rrg vibrations of belt 170 which may occur perpendicuiarly to the plane

30 of the belt.

Referring now to Figs 1, 3, and 5, ramp section 172 of belt 170 serves the purpose of
elevating die from a first height at the drop region 173 to a second height at pickup location 176.

The ramp 172 is a necessary and important innovation in the development of a direct die feeder
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drop zone 173 to ramp section 172. Low friction coatings 272 and 273 seen in Figs. 8 and 9
reduce friction of conveyor belt 170 as 1t passes against belt reversing structures 171
10 Control unit 101 keeps track of the position of each die on conveyor belt 170 and,
depending on the mode of operation, it may be programmed (o advance as each die is removed
from the pickup location except during the placing operation by pick head 150 or flip head 140.
To determine when a die reaches and/or is removed from the pickup location 173, a sensor 176
(see Fig. 2) comprising two photo-emitter optical fiber bundles 198. Sensor 176 includes a light
15 source and a photo sensor (not show) each having one of optical fiber bundles 198 extending to
stop 174 shown m Figs. 3 but shown in detail in Fig. 36. Optical fiber bundles 198 extend
through openings in stop and fiber bundle support 196 and extend to positions on either side of
stop surface 197 The fiber bundles are ground down to form a refracting surface as 15 known in
the art to bend light so that it passes across stop surface 197. When a die is present at pickup
20 location 176 against stop surface 197, light from one fiber bundle to the other 1s blocked.
Ordinarily, upon detection of a die at pickup location 176 control unit 101 over-travels the
conveyor belt 170 slightly so as to square the die against stop surface 197 and to knock the die
loose from the friction-enhancing polymer surface 276 in case it has become stuck to said surface.
Belt cleaning device 190 will now be described with reference to Figs. 1, 2, and 17-19
25 There will inevitably be some silicon particles or other material particles which come in contact
with the belt 171 and perhaps stick in place. Additionally, dust is a concern, particularly when
supplying chips in a flipped, or circmt-down, orientation since dust and other particles can affect
the mechanical and elecEricaI connections between die and substrate after the die 1s delivered to
the host machine To miiigate dust and other particles from being transferred from belt 170 to
30 the die, a belt cleaner 190 is employed Belt cleaner 190 includes four nylon brushes 191
mounted adjacent and below the returning portion of conveyor belt 170. Brushes 191 are made
from 0.25 inch (6.4 mm) nylon bottle brushes mounted to a twisted wire. Belt cleaner 190 is

mounted to posts 195 which have a detent in them which 1s engaged by a spring-biased ball
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2. The die feeder set forth in claim 1 wherein said collection of components is arranged
15  ina two dimensional pattern on said flexible film and where said feeder further comprises a
means for moving at least one of said pick head and said flexible film so that said pick head

has access to every component in said collection of components.

3. The die feeder set forth in claim 2 wherein a region of space adjacent to said
20  collection of components is divided by the plane of the substantially planar flexible film into
a first side and a second side such that the first side includes said collection of components
and extends away from the surface where said collection of components is attached to the
flexible film and the second side is on the opposite side of the flexible film and extends
away from said first side, where said pick head is located on said first side of said collection
25  of components, said die feeder further comprising:

a strip head, located on the second side away from said collection of components,
said strip head maintaining a position corresponding to said pick head such that an
imaginary line extending from said strip head to said pick head is substantially
perpendicular to said the substantially planar surface of the flexible film, said strip head

30  having a pin structure comprising at least one pin operable to extend from said strip head
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head, where said flip head is operable to take the selected component from said pick head
and subsequently place the selected component on said component conveyor belt in a flipped

orientation.

5. The die feeder set forth in claim 3 or 4 wherein said strip head is operable to eject
15  said selected component from said flexible film by first stabilizing a region of said flexible

film surrounding said selected component then ejecting said selected component.

6. The die feeder set forth in claim 3, 4 or 5 comprising a fork-shaped support

structure having a first arm for supporting said pick head on said first side of said collection
20  of components and a second arm for supporting said strip head on said second side of said

collection of components, said fork-shaped structure maintaining alignment between said

pick head and said strip head.

7. The die feeder set forth ‘in claim 6 wherein said fork shaped support is mounted for
25 translation only along a horizontal axis that is parallel with said first and second plans and
is substantially horizontal and said component support is mounted for translation only along
a vertical axis that is parallel with said first and second planes and perpendicular to said
horizontal axis, said die feeder further comprising:
a first automatic positioning motivator for positioning said fork support along said

30  horizontal axis;
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shaped support for precisely locating and inspecting said selected component.

3. A die feeder according to any preceding claim, comprising a frame to support said
flexible film, said frame defining the limit in size of said flexible film and said component
conveyor belt further comprises a deck disposed between two pulleys said component
conveyor belt slides against said decking and is held in tension by said two pulleys, said
component conveyor belt extends substantially along side and parallel to said first plane and
includes a drop region spanning the width of said frame and extending in one direction
beyond said drop region to a pickup location which lies outside of said drop region.

15
9. A die feeder according to any preceding claim, comprising a belt cleaning device
comprising at least one brush disposed adjacent to a returning portion of said component
conveyor belt, said belt cleaning device further including a magnet for holding said
component conveyor belt against said at least one brush and to aid in removing any metal

20  and magnetic particles present on said component conveyor belt.

10. A method for removing a component from a flexible film conveying said component
to a pickup location using a die feeder, comprising the steps of
extracting said component from said flexible film using a pick head;
25 placing said component directly on a conveyor belt adjacent said flexible film; and

operating said conveyor belt to transport said die to a pickup location.

11.  The method of claim 10, said step of extracting comprising locating said
component’s precise location using machine vision;
30 positioning a pick head over said component; and

removing said component from said flexible film.
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| conveyor belt or a die is present at said plckup location.

5 13.  The method set forth in claim 12 wherein said conveyor belt includes a stop at the
pickup location and said method of operating further comprises operating said conveyor belt
to over-travel when said component reaches said stop to square said component against said

stop and loosen said component from a surface of said conveyor belt.

14, A method of removing components from a flexible film and presenting said
components in one of a conventional and a flipped orientation comprising the steps of:
extracting a component from said flexible film using a pick head;
placing said component directly on a conveyor belt if said component is to be
presented 1n a conventional orientation;
15 passing said component to a flip head then placing the component on the conveyor
belt if the component is to be presented in a flipped orientation; and

operating said conveyor belt to transport said component to a pick-up location.

15.  The method set forth in claim 14 wherein said step of extracting a component from
20 said flexible film and said step of placing said component on the conveyor belt using a flip
head are carried out concurrently when said component is to be presented in a flipped

orientation.



