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MULTI - CHI P PRI NTHEAD ASSEMBLER FI ELD OF | NVENTI ON The
invention relates to the assenbly of printhead

w0 nilegresed circuit conmponents. Mre specifi cabCHAULI8/001199

i nvention provides for an assenbl er and associ at ed
nmet hods of assenbling printhead integrated circuits on
a carrier. BACKGROUND PageMAdt? printers that

i ncorporate mc # g%] ani ¢ $ﬁﬁﬁgﬂy
general ly have éﬁqﬁ E J% glé Rb‘sg ]?hat
include a silicon substrate with a | arge nunber of
densely arranged m cro-el ectronmechani cal nozzl e

HELDhQERYMENTEINNh nozzl e arrangenent is responsible

"f‘h%r %%1%?0&1' Re& § [ﬂ%aggsglgle ngf ghgﬁ%@&d aé%{ltg(? r011f08rt C%Hl%?nents More
nrers to print accura gl I

ypSclﬁmmg[ tlﬁmhvénlmah Iirdik&defsrﬁoﬂfaﬂ esdmbidr egd aitsﬁ)dlat‘ddrmblﬂhbﬁs assembling

tested, This is particularly inportant during the

Rﬁ@éhe@%l%%ata%%q%ﬁ@mca%msuch integrated circuits.

Sone formof carrier is generally required for testing

such integrated circuits. SUMVARY According to a first

BAQOKCIROUNIhe i nvention, there is provided an

assenbl er for assenbling printhead dice on a carrier,

the assenbl er conprising a support assenbly; a wafer

[ﬂi%@\lvfd'tlp rﬂ)'rlﬂ&rﬁstl%ﬁ nﬁbéﬁ})@{rafea RE&H-RRtbRGCHRHRAL %Bmﬁ&%&b b¥herally have
configured to retain and position a wafer

erﬂtead mmtngaf;@d iccmisadiadinckde @ sbleCOpl sokgihtes wohat lla@evmmé:xer of densely

C ass arr on the or
Tl ProinPeiiriita BRAN UrullptlE HaRD Shbgle, gmengement is
redpomibledovgéting a siemeoPinResspent assermbly arranged on
the support assenbly and configured to receive the
pre-selected dice and to place the dice on the
IBQH%gforgggg#@ﬁm%QHgﬁ%@%@ﬁmﬂagg%@H%ﬁh%h{aﬁﬁﬁg 2% tfortant that the
printhead integrated circuits be tested. This is particularly important during the design and

development of such integrated circuits.

Some form of carrier is generally required for testing such integrated circuits.

SUMMARY

According to a first aspect of the invention, there is provided an assembler for assembling

printhead dice on a carrier, the assembler comprising

a support assembly;

a wafer positioning assembly arranged on the support assembly and configured to

retain and position a wafer containing printhead dice to be picked from the wafer;

a dice picking assembly arranged on the support assembly and configured to pick a

pre-selected dice from the wafer;
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convey the dice fromthe dice picking assenbly to the
di ce placenent assenbly; and a control system

wopavatsel y engaged with the wafer positioni neCT/dU2098/001199

pi cking, dice placenent and di ce conveyance assenblies

to control operation thereof. The support assenbly may

i nclude an optical table and a,bl ock mounting nenber
positipned on the optical tabl t he f er. positionin .
heserttlSF BT EbsrhT Al Spite Bl hETRDi Y HERBER o receive
AP fret BRcBUARL A assigwthy dbebnthecanic,gur ed to support

the dice picking assenbly above the wafer positioning
assenbly. The wafer positioning assenbly may include a

base ardisbepnyryamiceticdnnisineartringedk omnlee suppstt aasrhbie guthdonfigured to

t t ed .the. b t.h irst st
PhTer R OB TR R dist PRk TR aS T Bube A rlhi iy asRRSl: and
stage and bei ng di spl aceable relative to the base

nmembey &N gy@erﬁioﬁyéﬂaﬁbélf Qa%agR¥ viith &E%ﬁ&%&ﬁiﬂ@? Rice picking, dice
bei ng displ aceable relative to the first stage along a
Mecoeut dndrlezrconydysnarassrogdiaato dootrolhapcfatips thekdofear

axis, and a wafer support assenbly positioned on the

econd stage for rotation about rotatiqnal axis ..
DCHBRRSh RO By BB OERES 5 ngfca_ﬁwaﬁesa@é&nﬁao | Mguing@gmber positioned
Joh@c WBH&H taHAP R fva 28 $8TRINnd %S&ﬂglg/%fﬂg%ﬂ’sﬁﬁl)&@ o 4RPA6EK mounting
the wafer. The dice picking assenbly may include a

reembdrendatbs empioyt fsaemblyi being bhenfrupsdotot suppereihd dicamucking assembly

i spl aceabl e .r.el.ative the support assenbly towards
E%ﬂag@ﬁ@V%FP8 I?W%gﬁﬁ?@ﬁgpositioning assenbly, a dice

pick and |ift head being positioned on the carrier
assenbly and configured to enga%e the pre-selected
Hiccwafpnpesitionengcaspenldy npysiapile a basci mermbergpgpmédl on the block and first

BRSPS BB AR R0 ALt o b

Hanbe wad e sestdaigs Mhdbying dsbladeabe GRSV E 36 s davElhsmber along a first
positioned on the support assenbly and havin

IFspirds. theaecayatage rbsdipliccals ssivy to hediuirthge along ‘' sbeond lincar
e&?sscﬁ'fmlgéfna? @H;{h. Gidt q%eérodx[s?&?d ¥ %aﬁg %up}%ﬁ%%&nbtl}hﬁosit}%lg(ri on the second

pre-selfecte I ce belng nounte e gantry ne
séapd flraiotagon nispit acetatidme! o8t atthogend hebeth ohditvedseand linear axes, the

TSI REA RS SCEL IS b L et cased by the

the dice are delivered to the placenent assenbly.

The dice picking assembly may include a carrier assembly fast with the support assembly and
displaceable relative to the support assembly towards and away from the wafer positioning
assembly, a dice pick and lift head being positioned on the carrier assembly and configured to
engage the pre-selected dice when the carrier assembly is in a lowered position and to release

said pre-selected dice when the carrier assembly is in a raised position.

The dice conveyance mechanism may include a gantry assembly positioned on the support
assembly and having a gantry member that spans the wafer assembly, a shuttle assembly
configured to receive and support the pre-selected dice being mounted on the gantry member

and being displaceable relative thereto between a receiving position to receive the dice
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According to a second aspect of the invention, there
is provided a transfer apparatus for transferring a

w@ormpomess of integrated circuitry froma receP@i/Ag2008/001199

| ocation to a delivery |location within an integrated
circuitry assenbly machine, the transfer apparatus
conprising a support structuresthat defines a transfer
t h bhet n _said | ocations;: conmponent .car,r.i,ey that :

R8BS Pl R e RSB B¢ RgTRERR RS M Tl 1% are deliverea
t6 R RenCfssdnilggr at ed circuitry; a retaining
mechani sm arranged on the conponent carrier to retain
the conponent of integrated circuitry in position in

- [ i 0 t .hi c ] [
AREIBrS ¥ R ot Sh o BT AR hster spparatus for
trapsfetringna @aghoAcrdi Epinagenahtirc@ehaifirsm ergagedioskiidh to a delivery
th t [ to di I t.h t
leGHPh SHITH) Btegiag AIRHHEFSIeIpAY Rachipf 1 oret spparatus comprising
St UGS ThchACH AR ARCSHRRAKL pA BRIt REfeen
said recelving and delivery |OC£tI0nS such that the
t r ansfe@mppadrt carsict thatdafines heccdivey e renfigunelcth asdesm the component
i.ncl udj g.a.%;near not or arranged on the support arm
($W@E%8ﬁ€ HeHtY'carrier may include a shuttle plate, the
r eceigVieRthig® AR cIRBishDadiffcbd8f tRY cEnpoACHUR Hrab Sctain the component of
arranged on the shuttle plate, the retai ning nmechani sm
integtlatedi aguigryge poptie irf e reastvaigiang, thhectainimgoneshenion being operable
integrated circui qakhe conponent carrier may
P RFeBereit dE - nt R RGRRTRY 1 ST e communt cat i on
Wi t h at BBpMaghidni atdbeisms ahddgtd bathatiicarg@pondnt fchttied to displace the
comuni cation with a vacuum punp operable to draw air
QORIPOLRIH Capier dlonesidisdsips@athin t he vacuum plate to
operatively retain the conponent of integrated
circuitry to said vacuum pl ate. The di spl acenent
Thechapos retmmeyird el videlude lai ngport einoextpalng botwedn aaidt fveciving and

pport structure, said |inear notor configured to . . .

%ﬁggvé%tl?mu%%tﬁ% H@fl%%rrnaﬁ@@ ligpange @H@'Taf?r%% faghanism including a
IRRLMASE X BP0k BeBub it Spaspect of the invention,
there is prngded a di e picker for picking printhead
integrated circuitry froma wafer, said picker

%n?ornllpsolngtg:carrier may include a shuttle plate, the receiving zone being defined by a
vacuum plate arranged on the shuttle plate, the retaining mechanism including a gel pack for

retaining the component of integrated circuitry.

The component carrier may include a vacuum tube arranged in fluid communication with the
vacuum plate, said tube arranged in fluid communication with a vacuum pump operable to
draw air through apertures defined in the vacuum plate to operatively retain the component of

integrated circuitry to said vacuum plate.

The displacement mechanism may include a linear motor positioned on the support structure,

said linear motor configured to displace the component carrier along the transfer path.
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a wafer platform having a displacenent actuator to
di spl ace said platformwhich operatively receives the

wof1e/019985 pi cker head havi ng a vacuum nechani sPE€T/aURG0BD01199

a dice of the circuitry fromsaid wafer; an alignnment
sensor configured to detect a position of the dice on
the wafer; and a controller arﬁanged in control signa

th.t t uat,or, the. .
KRN 8o chsbibt dSnE GRPpRSFATRt: Rab®lRl goficpiskes for picking
phatiRad Yﬂtééﬂatb@&r@ht@}kﬁémﬁaﬁéfer i@ picRerdoflpriting: di ce f r om
the wafer with the head for transport to a transfe

apparfatvar pRibra kyling andislagercnardpatamie diselage éalﬂmﬁatform which
O%iﬁl%ﬁgflg?§cg[ve§{h%%§erattached to the platformto nove
the p

n a plane bel ow the picker head. The
di splaagiel@ticadgdbviag ar vazaym i medhusiemao ridt ardicoaxd sicraicoitry from said
configured to rotate the wafer platform bel ow the
Weker head. The wafer platform may include a heater

pl at %n%ﬁ@ﬁﬂl%lr ﬁgo{ ﬂ)éllﬁgﬁ'rted tt(h@etmfa%&lh@n §10tilé ﬁﬁe 8h the wafer; and

adhesi ve ho Ice to the wafer, a vacuum’
pI at e dootroléetraimn%il id coafr@rsignal tdrmnplhlaettfomrwnth fhlealisplacement actuator,

a | i t | .
bR ok BOBR SR o BatE SRR ottt Rrsirdeiir hgpe. and to pick

tﬁ@afée Wemahe Wafel athlthd Rag fdRINGRHM ol t}aﬁgfeaéﬁpgfmg the

pi cker head with the dice. The controller

operatlvel y execute a set of instructions accord| ng to

%quet renrerrlr‘e A u]ff'até"m’a 1{11%{1 1?10 uc%tt%v%t&?le% §{ %h%ce:spgme ?(P F] g platform to
rﬁ@% the platfdﬁn &1 DpRhEbelow eRepitkdr helik dthe dNQladérfient abruator may include a
soften an adhesive holding the dice to the wafer prior

PErY #¥it AT senfiguimdde retals M wefeuplpéorm hdew thyimeker bead

fourth aspect of the invention, there is provided a

di ce pl acenent assenbly for pl aci ng an i ntegrated

Hier wafict pthitfoem Qﬂa}aimhrdeiaeheataapldtemﬁgﬂﬂbdl te chmnrtihsivmjer @ soften an
mechani sm confl gured t

| atf t
%Hgﬁer%r %nggatlhglr (few%f %z e 1ﬂéta’f VSt IR tot TCHE Said Owafer to the
A TR gﬁgﬁﬁe\ﬁ? E?ﬁsgﬂ k¥ ﬁl%ﬁld@ta LRl At 95w atdetgle&Iﬁlcﬁrlsm to focus

al 1 gnment duci al s on
on identifying indicia on said wafer to facilitate the controller aligning the picker head with

the dice.

The controller may operatively execute a set of instructions according to a predetermined
wafer substrate mapping scheme to align the wafer with the picker head. The picker head may
include a heater element to heat the dice to soften an adhesive holding the dice to the wafer

prior to lifting said dice from the wafer.

According to a fourth aspect of the invention, there is provided a dice placement assembly for

placing an integrated circuit dice on a carrier, said assembly comprising:

a support platform with a clamp mechanism configured to clamp the carrier onto said

platform;



the carrier; a placenment device having a vacuum
mechanismto retrieve the dice froma supply

worebamsin sai d pl acenent devi ce having act uae@r/au2ws/001199
align the dice with the carrier and to place the dice
t hereon once aligned, and a heater to heat the dice
prior to placement on the carrier; and a controller
82%%&;16\5/1%@{1? %grpl%r% §|Blérl 3t/ 512%%' ea%eop %tgog}%: tlgg(li’]g‘iet%thﬁlgnment fiducials on
tA€edtrigt € pl acenent of the dice on the carrier.
Preferably, the integrated circuit dice are inkjet
printhead dice. The canera may include a camera nodul e
| i nkeadplaecreenpidiesine byving angcofm arcchaapn ¢o retubye tho diesciiegm a supply
sai d .camer. n the test . bed. The support platfor :
TrEFUEE D RBEHRET STy MEpRs aruioSdPrlEn i fiig Wi (HE Carier and to
M Rttheaive aritdObl@diliped, R8d adithicptd Bfat thh@ic@gfibialodslecement on the
of the placenent device may include three stepper

10 gsptesradeach separately responsible for vertical

hori zontal and angul ar alignnent of the dice with the

test bed, respectively. The,.actuators of the plgcenent

ovi cb soyofRE SRR iRl gy ShE i, droshiiufy BF°TiRira and the
pIRvehRet deRie o G ilitAteAc Mtk ipfdbmélit e fHelddd® dnQhe BdrA&d Ng

the dice onto the test bed. The placenent device may

include a heated air blower configured to direct

heat dtcfaiablyathetihtegrdicd eirpuit dice dro ke ppinthceddine. devi ce

placing the dice onto the test bed. The pl acenent

evice may include a lighting. arrangenent for
ﬂﬁ GRCHaRR g@r@@ ) %@r%%@dvls q@@%ﬁ & ? PHM byacags of an adapter tube to

15 Belsaaid Athetdh AL kQMPRNTHE L6 MladforPaERriHEINE: 4 fo@matically operated
fifth aspect of the invention, there i$ provided a

satlbveting plagbina coritrodjed by dgreattealeci rcuit dice to a

carrier, said nethod conprising: scanning a wafer

havi ng a nunber of circuitry dice forned thereon to
TRMGAE JTasP §ldckmentdi &fscah@Nhdl@dcAtHbe stk Ghotbist SucB separately

dice on the wafer according to a wafer substrate
rasppsibly ®¢histical, horizontal and angular alignment of the dice with the test bed,

W

20  respectively. The actuators of the placement device may include a linear translation stage for

moving the dice in a vertical direction for placing the dice onto the test bed.

The placement device may include a heated air blower configured to direct heated air at the
dice prior to the placement device placing the dice onto the test bed. The placement device
25 may include a lighting arrangement for illuminating the test bed to assist the camera in

detecting the alignment fiducials.

According to a fifth aspect of the invention, there is provided a method of attaching integrated

circuit dice to a carrier, said method comprising:

30 scanning a wafer having a number of circuitry dice formed thereon to demarcate

respective dice;
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removing the dice fromthe wafer with the di e picker
transporting the dice to a placenent station

wWo@pavatsel y positioning the carrier; aligni nge@€hiauzlioseo1199

with the carrier; and heat bonding the dice to the
carrier. Preferably, the integrated circuit dice are
i nj ket printhead dice. Preferagly the step of
scannj.n |nc ude

o anyeaia b PERaTTD LR ahdRelHiEheclrdif RLESTRF Spostrae mapping
&m@i@rably, the step of renmovi ng the dice includes
heating the wafer and applying a vacuumto the
respective dice targeted for renoval with the die

pi ckeemoRngfherdads! fyom theevadtrepitiothe dreamelpor t i ng t he dice
i ncl udes depositing the dice onto a shuttle assenbly
of an assenbl eabl e between a recei.vi.n

di s C .
posi taBHPARE 18c e i@@cqr%eni %&%?WY%WBIYQO&EPWEW carrier;

position in which the dice is delivered to a pl acenent

asseqﬂ%%n%ﬁkgﬁgiﬁﬁﬂﬁfngﬁr%hgp of aligning the dice

Wtht arrier s 'scanning the dice and the
carrier with a canmera arrangenent to identify fiducia
mar Kihd@sboadinp tddisatodhdéegerand carrier, and di spl aci ng
the dice relative to the carrier until the fiducia

mar kings on the dice is in a predeternined position
Rreficeabiw ehetinteghatedicirguit flige aankétmymthspd dise carri er.
Preferably, the step of identifying the fiducial

Ki i ncl udes exani t he. ca rier. wt
REGTRE 2 o8l N e P ErR Mo figbHi fycamers sffangement 10
ﬁélﬁ{ S 8RR GnARES L HE Qafdrn a surf ace of the carrier,
sai d apertures identified as the fiducial narkings

Preferably, the respective steps are perfornmed by a
Rrefietabby, ktterstapf ofaemaasg thsl déee ihaudasheatingathe wafroand agmying a vacuum to

ssenbl di ce pickin ssenbly, .a di ce conveyance
R iR s e B Lt SRR cnifity °F or O

i mpl ementing such steps according to a set of

[irgéia!i) tthﬁ%?egpectr%h%ﬁgrdhg e SALS ‘i‘@c‘h?de?ra‘é? fing fecard dg&b a shuttle

I nvention, the prOV|d
asewdﬂyeof posssémidai digplassidabetyctoa ranivaggesibe wheerthe dice is received

agéée }lfl n ﬂl%k%lﬁ r\%HehdthCI {cce:lilsl éehgfler% to apl%cecn?ernrt Ias(:)sgrnblsaI d

Preferably, the step of aligning the dice with the carrier includes scanning the dice and the
carrier with a camera arrangement to identify fiducial markings on both said dice and carrier,
and displacing the dice relative to the carrier until the fiducial markings on the dice is in a

predetermined position relative to the fiducial markings of the carrier.

Preferably, the step of identifying the fiducial markings includes examining the carrier with a
camera having a focusing lens arrangement to identify microscopic apertures in a surface of

the carrier, said apertures identified as the fiducial markings.

Preferably, the respective steps are performed by a controller of an assembler having a wafer

positioning assembly, a dice picking assembly, a dice conveyance mechanism, and a dice
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enclosure wth a support assenbly for operatively
supporting a wafer with dice thereon, a die picking

w@eseniys f or picking dice fromsaid wafer, a BECEAU2008/001199

pl acenent assenbly for placing the dice onto the

carrier, a die conveyance nmechani sm operatively

conveying the dice fromthe dig picking and placenent
ssenbl i es,.,and .a contr.ol systemcontrollin he . . :

SRSERS b f R Raf e Rh Syt SEbhbln | Ma iy metuded in

Fsofthal) peg@uent assenbly having a base plate with first

and second stages nounted thereon; and a wafer support

pl ate assenbly rotatably nounted on the second stage,

Adverdingiwor sixhl zspect a8 seanipiventioonthicrpuis edovtidedr e pefev gosihening assembly

f havi .mot trol of th tral )
0T EanPpBler B SoPuB P Shr 0580 e farlpr o ioPhafy having an
dnbR st Qvifhi LipPert asSRBHRI fbr o&rﬁf@[ﬁhﬂgﬁomﬁ@% wdTtiegitintiRe thereon, a die
circuit dice are |n§%§é?prlnthead I ce. Preferabl

nigkang pssemblytfggpickiagi Qo sed derwe die mlh@nwag@sgnél&éor placing the
d f ] . gl :
e W R

Sikisai dyplaruthesssanblideardd 4 &intidt §@enat@ndlldhsIRe avdembler, said wafer
axis perpendicular to the first axis. Preferably, the
POSKIGAIR PSKHR VLMVt ezo mot or i nt er connecting t he

base plate and the first stage, said first notor under

cont r ol. of o dis t ISt
Stage SrBhg TR SREPED LR TTbT uPLERYR T M B yoees mounted
th@sorg asécond pi ezo notor interconnecting the first

stage and the second stage, said second notor under

control of the control systemto displace the second

st age? akbrgupnest Blasomsrebly gotapblf mpaltd on tthe segapéptage, the support
r

FAPRRhP BT RB RS BpGE  Bh GG onvol o convo

sShtpRas tot@tk dessupsaepibleyasdvabilyngn Rrieed@rthddic Hekaigngsembly.

sandw ched betweent he second stage and sai d bearing

table to ensure snooth rotation of the wafer support
Rypigrablya thodntopiptedpirehibdise esnekisttpagéicaddister abl y, t he
waf er support plate assenbly includes a rotating pin

lyl\rneftequab%l, RE g,tgéeolrg ig’tgl[ploge% between the base plate and the second stage, the first
stage slidably mounted on the base plate along a first axis, the second stage slidably mounted

on the first stage along a second axis perpendicular to the first axis.

Preferably, the assembly has a first piezo motor interconnecting the base plate and the first
stage, said first motor under control of the control system to displace the first stage along the

first axis.

Preferably, the assembly has a second piezo motor interconnecting the first stage and the
second stage, said second motor under control of the control system to displace the second

stage along the second axis.

Preferably, the wafer support plate assembly includes a bearing table rotatably mounted to the

second stage, the wafer support plate assembly having a bearing retainer sandwiched between
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about said pin, the conpression spring provides
danpening for vertical novenent of the wafer support

w@r@ave1®ssenbl y on the second stage. Preferabl PCT/AU2008/001199

heater plate is nounted on the bearing table with
spacers to provide thermal isolation between the
heater plate and bearing tableg a vacuum plate nounted

fast wt th | at e. ferab bat h
BisecBBE 08T prdbi® BrtEHaSR S8 bl Soeuh GEMRESE g b bupport pate
BfcnAE bl ficap@ntiWfag@s, vacuum tubes being connected to
an undersi de of the heater plate in fluid

conmmuni cation with the vacuum apertures, the tubes ' '
Ryofiersbbyt 8 waferasuppertiplaterrasrinfidy ihcbanettt@tgtion withacopression spring

u f .t assenbl er, .operat,jon of the. vacuu u
BErRapnid, 6o TS E TR iSRG e s b BT ent g the wafer
suppdreplaardchibtigen 1he séddhesagsed bet ween the vacuum

plate and the heater plate, said heater cartridge

connected to a heated air supply of the assenbler so
Rrpfgtablyhe Ieater evlatplisatmeuntsd apl the hoarfngatableheitwapasers to provide thermal

i@g%&%}%&%& él?e lieta%g ﬁ@ie %@ﬁ%é&l@%ﬁ t%ﬁlrﬁrga{ gatclg%‘ﬁ g)?alfl%slgr}tg&] OItl,rgl%d fast with,

tas &R lyatext ending from the stepper notor to engage

the wafer support plate assenbly in a tangentia

manner. Preferably, a working end of the power screw

Rrefefagbyt, badhtthe sacomipletcand drarhaaser etdé defirferaommaties of vacuum apertures,

bearing table, so that extensjon_.and retraction of the . .
oonies et Bt et batd R iHER e p sBT T e T BB By hgeaton it
th®{@uBmapbitured, Aekb&eoandttcel to @ Kt mhSNE 6éinéekd to a vacuum pump

According to a seventh aspect of the invention here

. ; t
af shqpsarmtlerdoperafioneol phecvacurd phinp rethiaing thowalsntodhe eaaspmmlate.
for assenbling integrated circuit dice on a carrier,

GESERETS PP G PP PoSHTsr e T bup aPHEREY haheer plte, sid
Heh@Rf eaftidgd cdhfecRIdGk iantaRd SBMRIpYlyf G th®aGkmBREr b €t flicOmBater plate is
said wafer, a die placenent assenbly for placing the

aplccte howittlee whisr.carrier, a die conveyance nechani sm
operatively conveying the dice fromthe diepicking and

| ac nt assenb]ies, d.a control .syste ontrollin
BHET0G AR MOIeF GG J5i BRSO TS Tage: & Power strew of the
SEPRBY indloRdssembly extending from the stepper motor to engage the wafer support plate

assembly in a tangential manner.

Preferably, a working end of the power screw is fast with a connector arm extending from the
bearing table, so that extension and retraction of the power screw causes the wafer support

plate assembly to rotate anti-clockwise and clockwise, respectively.

According to a seventh aspect of the invention, there is provided a dice pick and lift head for
an assembler for assembling integrated circuit dice on a carrier, said assembler having an
enclosure with a support assembly for operatively supporting a wafer with dice thereon, a die
picking assembly for picking dice from said wafer, a die placement assembly for placing the

dice onto the carrier, a die conveyance mechanism operatively conveying the dice from the die
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a first translation stage nounted to the die picking
assenbly, said first translation stage operatively

waeleEphsoeabl e al ong a vertical axis relative tBCT/AB2008/001199

support assenbly; a second translation stage nounted
to the first translation stage, said second
translation stage operatively gisplaceable along a

ETR Bhe 2 alEnBlin G 500 SHBRE o P RREY ool s ice

Htlegd lift had Rbekaginglead defining a vacuum chanber and a
di ce contact surface having vacuum apertures in fluid

communi cation with the vacuum chanber. Preferably, the
i nt egriastenslatieuitegadneented to thadip gickpig assamddyl sdiddest translation stage

Pr ef.er,abl t first transl.atiqn stage includes.a

GEEHEET bt B i L A R S BR PRSI ¢ ne

notor having a |inear encoder to provide positiona

feed a%%d"t@a!nk‘lﬁﬁorpitaéenﬁoﬁté‘ckt% thd8ARriM14BE s8N khi@second translation
system Preferably, the linear encoder is arranged
stagoxperatiecls displecaabloaldngsthonizottaltaes rdiaveiodkd sugport assembly; and
assenbly to facilitate the |inear encoder generating

the positiqgnal feed back val ues.. Preferably, the :
as@e it fee&ﬁgmmegﬁo é&%ﬁéonﬁ%%naﬁagn gapaithe Iafk%ﬁle%ﬁf‘&nér}g @ vacuum
BhmY&Sanliasdicddnhct Affakt hdding L AABmML DeirePlAEEd BB fHKtion with the
head the horizontal axis, said drives under control of

veheure olmalsk. system Preferably, the die picker head

includes a pair of sealing strips positioned on

e tive sides of the vacuum apertures on the dice
1%6%@&’ the jptegraiedicg cyibdice ﬁ@éﬁ@%ﬁ@%@i 88t i on of a

vacuum between a dice to be lifted and the dice

[ﬁgfa%%%ﬁé tid ﬁ?ﬁ%ﬁnslﬁﬁoﬁ%%ﬁ%binxl’udéyﬁ s%hg& ert%F U ?}% d%?;hfr{)]hoef the control

S a vacuumt ast wt vacuum
dystbr, tho mnect ledinem lencdacncoderpo povidedesitioosltfeal baok vhles of the picker
control system configured to generate a vacuumin the
I@H%T‘Potg?c SYsf-cont act surface touches a
dice. Preferably, a heater cartridge is positioned in

haody i : deair - o
USRS IE R0y 8 SRIRRERRYtR, SRR i e e picing
dskeatbip wofapilietdoidi hgeat endcvdet galeitadng the positid@ut fecd batlavtudso

sense the tenperature thereof and report the sensed

tenperature to the control system ) ) )
Preferably, the second translation stage includes a pair of micrometer drives fast with the first

stage to displace the pick head the horizontal axis, said drives under control of the control

System.

Preferably, the die picker head includes a pair of sealing strips positioned on respective sides
of the vacuum apertures on the dice contact surface to facilitate the generation of a vacuum

between a dice to be lifted and the dice contact surface.

Preferably, the dice pick and lift head has a vacuum tube fast with the vacuum body, the tube
connected to a vacuum pump under control of the control system configured to generate a

vacuum in the chamber when the contact surface touches a dice.
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According to an eighth aspect of the invention, there
is provided a placenent head for a die placing

w@zsenbivys of an assenbl er for assenbling i nt egPEI/ati2008/001199

circuit dice on a carrier, said assenbler having an
enclosure wth a support assenbly for operatively
supporting a wafer with dice thereon, a die picking

ssembl vy, far picking di.ce from said fer, a die .
APEEER A~ QBB R o R R Boln s firocted o« hetca ar
Suppl it€ heat TheldiSe ERAMCEYIRNCE, SMEMBIbSITE BEIBE Abinéeted to the contact surface
conveying the dice fromthe die picking and pl acenent
ta sespdic tegperaier thereeimndaeposiige sepsedistperafiraty thpeontrol system.
assenbl er, said placenment head conprising: a first

AGERRRTY SCaphARSEHE Bubr diod ProfRETF dhsment heud for o di

NG adehblySéf @X bsemblentiby &sérablidpeintigeatd agQBMice on a carrier, said
assenbly; a second transl ation stage nmounted on the

psandlershayig, an preclasaicovyith 9t igaordjasysmibie fs| aperatively supporting a wafer
Y i a Lo the fi . -hi t I i on:

L AECASTAES 900 e LUEThP P50 4 ! GALEAE PR pcsmn

Al adenplacingrthb aj@nahtb ytht @atriee, 4 idiscomrgasecaadhanism operatively

stages; and a die placer head nounted to the third

copygene theedips A08Y thedls RiFdRE AN RECEMAR FSPEHRKESt yid @ control system

RREGIBRE R s nfbf&! 3 &@nﬁ; framcbhsidhge conveyance
necﬁan%sn1a% to p g@% t 3 J%Cg 0 ?o ghe carrier
Preferably, said integrated circuit dice are inkjet

print hers disRtiorsefgermablited be tht ake pRoémbeadsdhasdy,asid first stage
angul ar nmotor nounted_thrqugh the third stage i

psitixely displegeablferlefies BishEds refpbiyg to 9 d%@l%%ceal@wé?qnaﬂy;of

the angul ar notor by the control system causes angul ar

pi vot j [ I ead t IS.| I Ch.

Pheoul o8 o TR RR AN O, P Sefe ML Btceae
readdialar @nhafigubtage; movenent spring fast with the

third stage, the spring configured to bias the placer

agai nst _angul ar novenent provided by the angular '

not ora Prik Banskitipn tskage phewnéadesn thresagord stage. ghedlairepiage displaceable
h unt j,.n l.ock Ly ich includes a nmounting
‘%ﬁ@gggﬂggf{eg?gégﬁgﬁﬁﬁigggwf%§¢ with an upright

portion of a franme of the die placing assenbly via

sai d @b pldc&ithdall ddinted to the third stage, the placer head shaped and dimensioned
to operatively receive a die from the dice conveyance mechanism and to place the dice onto

the carrier.
Preferably, said integrated circuit dice are inkjet printhead dice.

Preferably the placement head has an angular motor mounted through the third stage in contact
with the die placer head, so that actuation of the angular motor by the control system causes

angular pivoting of the die placer head about an axis in which the second stage translates.

Preferably the placement head has an angular movement spring fast with the third stage, the

spring configured to bias the placer against angular movement provided by the angular motor.
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Preferably the placenent head has a first stage
stepper notor fast with the bl ock assenbly via a

wheaokewsassenbl y, the first stage stepper notRPCT/AEAI0R/G1199

a pushrod that operatively engages the first stage to
push the first stage along a first axis with respect
to the block assenmbly. Preferafjly the placenent head

second stage stepper notor fast with the first . .
PRl ORE PP P R Fopt Bt Qe PO itich includes
4 RRus@RROPEtS k@ &laRthcRNBRE G Witk Ws NipeighOportibe oFRCAREC of the die
stage stepper notor via a conpression spring, a linear
Rsrénsrspemill miaedidgnouniag plagst st age with scal e tape
fast with the second stage to be read by said |inear

FERBRE s PUREBY G LB A R By ERPBRSRERLTYH M ptock sssembly va

ABragdRIBREMNS Atle g sﬁg@ﬁ%ﬁpe@ﬁlotd?ihﬁdingh%ﬁﬁlrm HapsRERively engages the
drives nounted on the second stage and engaged wth

firplestaghite pushitheyBrst Yagsradonechel gy xisvive FRSDest to the blogk pggembly.

stage, said mcroneter drives under control of the

ontrol .system Preferabl e di.e placer head .
ERIABL el R relont BeieBLERE A fin e first stage via a
D@kt MsEMBIG, & PREIE Blaglckt tikt avithahie WBdddd ilagefanti R@gaging a pushrod of the
assenbl er, the aperture shaped and dlnen3|one§ to

seeqdd; sjaseastapper mpmvithe corapesssion peing e linger acpdas|mounégdgon the first
[ ] r .sai d . I o) .
56, BN BRI AEROCNRel ot o provia
rsisiendlIfyedbadk ddhgahs ssrtbheiixif prthassembbystegn.pri nt head
integrated circuitry on a carrier, said assenbler
havin? an enclosure with a squort assenbly for

A/

Rsplsraabyi thel Blacsmeploheadrps £ pif ef thiid: Hagei micreiieipredimyes gnounted on the
peratl vi ‘ e et . : '
UG08 AERRTILY, L9 SLTE, LG RTER! 1 g s, i

gifdnhe@dr, dridedinglc€ oniey ainb e coroh ayitedim oper ati vel y

conveying the dies fromthe die picking and pl acenent
assenblies, and a control systemcontrolling the

Byelseabbi, éhe, dig plaeer dicachgie faes amdojtuesoplui eangmurieption ayithat eacuum tube
cl body, th 0 e copfi 0 he - -
FuRERAE Ly bl AR SLRRG L G pAEE shihedGynd dimensioned o
re¢avigadie fioet tht Riaftg, th dic@pcraiiity Beld dmntht @per@ire b1 €aid O8YLM pump.

an insert shaped and di nensioned to be received in the

body bel ow the plates, the , ' '
According to a ninth aspect of the invention, there is provided clamp assembly for an

assembler for assembling printhead integrated circuitry on a carrier, said assembler having an
enclosure with a support assembly for operatively supporting a wafer with dies thereon, a die
picking assembly for picking dice from said wafer, a die placement assembly for placing the
dies onto the carrier, a die conveyance mechanism operatively conveying the dies from the die
picking and placement assemblies, and a control system controlling the assembler, said clamp
assembly comprising:

an elongate clamp body, the body shaped and configured to be received by the die
placement assembly;

a pair of elongate retaining plates mounted on top of the body;
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insert operatively receiving said carrier; and a
di aphragm positioned in the body, the diaphragm

w@eaossal |y di spl aceable to operatively ur geCT/AB2008/001199

insert against the retaining plates. The insert may
i nclude a nunmber of |ocating dowels for
conpl ementarily engagi ng assocj,at ed apertures def i ned
in the carri he carri.er rect
posi raned et PREBHRREle b FerkBe Fint PoSEpASH b places he
ihder dperlyivel§ adcdiviainid Raedistdidag an insert stop at one
end thereof with a proximty switch nounted on the
st op dafigplragini ppsitedcd & denbedit dhe didphragm pagumageally displaceable to
ches the stop. The
ggﬂ&§&§ﬁ§%ﬁggﬂk&©%%ngpﬁwr%%ﬁﬁ%é{y&io define an access
gap of sufficient width to permt positioning of the
rint head 1ntegrate circuitry on the carrier yia sajd
ﬁgdns a§bléla %g}lu q_fl(;]%caém% quwﬁlétf@rccomﬂlqmqpéarléﬁ gngaging associated
a%@ﬁut@?d%%&' m% %aﬁ%@fg%ﬁurg fhat BfichirfeRls&oRP& jtoned.
ctuation of the diaphragmvia a pneumatic st em of
t he assenbler The cl anp assenbly may i ncl ude a handle
ert t faC|I|t i,on of.

'@‘&Sine\é\#r rtn?% B SB%’?X Fe8ﬁwgt@? e l% nqgﬁ‘bd) ngt“gglg B inkeistop at one

oA aRdrel MeitH Qpﬁﬁlﬂlﬁ}mé\khtﬁﬁﬁﬁﬁte@fm Eﬂéestéﬂqé’rﬁinédnﬁguﬂéﬁ‘% Berlcfate a signal
erV|ded a softwar'e product for execution
P

¥ e eeritnl syssem avhso fheviaged rpacbelutbe stanvi ng i nst r uctl ons
configured to enable the processor to performthe
steps of the above nethod. According to an el eventh

BRReats @hy bhenduniée vhitnbddienalelife M QdeslethpaGoffiRithevidth to permit
readabl e nedi um operatively storing a software product

Hositioping of the prinpadingreptekeFuitrysey) e sYTIEVER saip gariuct
havi ng instructions configured to enable the processor
to performthe steps of the above nethod. BRI EF
THeStilRlyPMa@NinCladd HE phRAVINGSRInef @rdr dcffifce ahdunesic chamber to facilitate

enbodi nents and variati ons of the inventi

RACURHIGASH 1P, Pﬁd thA diapBiegyis g PRIRP éiﬁﬁtﬁtliég&hF Exfﬁy @E?er

whi ch provides sufficient information for those

skilled in the art to performthe invention. The
DetdareassBoblymyptindndd s hmulle fast Wwith thegaseded faslithic manipudption of the

t he . ..
carrier into position between the clamp plates.

According to an tenth aspect of the invention there is provided a software product for
execution by a processor, said software product having instructions configured to enable the

processor to perform the steps of the above method.

According to an eleventh aspect of the invention there is provided a computer readable
medium operatively storing a software product for execution by a processor, said software
product having instructions configured to enable the processor to perform the steps of the

above method.

BRIEF DESCRIPTION OF THE DRAWINGS
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scope of the preceding Sunmary of the Invention in any

way. The Detailed Description will nake reference to a
woenrner99ed drawi ngs as follows: Figure 1 showsP@MAU2008/001199

exanple of a wafer that defined a plurality of

printhead integrated circuits (1Cs) or dice; Figure 2

shows a perspective view of a garrier or test bed on

whi ch the printhead integrateJ’C|rCU|ts (ICs) are to

be pl aced or assenbled; Figure 3 shows a perspective

Pt RWe @ ffea@iies, Do dinivaat arlf vaRRHARSETHE @iyvch@dn aag erhliicathed from the
he 1Cs on the carrier; Figure 4 shows a perspective

t
fg]l@wnngeéalkyﬂd%esg‘lm]@nﬁ@hlglg sEvisley s@ﬁcgp&@ﬁp’p@k@r forjthose skilled in the
a?tcﬁ)g e‘ii%%gswtn{\)gnt?(?ﬁe \;\@‘g?é{iélfgﬁg%s&flpeﬁ@ 'n%Y ?J‘Bé V\%‘ﬁr({ea as limiting the

soorsd off tha iprgedifs Sﬁiﬁh}&ry bihthadﬁ:‘&lhdaﬂﬂ Geanyl 'ivli]y GIfhe Detailed Description will
enbodj ment of t Pégntlon f t he picker of Figure
akepEigTEnge 1§ & Hines abflgEd view of the waf er
posi tioni ng assenbly shown in Figure 5; Figure 7 shows
an underside view of the wafer positioning assenbly
Bownd showkagaxanle ofk gufe tHatshinsl aplpelispelprintecadigtograted circuits
(B%Ba 8108 pick and lift head, in accordance with one

S4ffent of the invention, of Figure 4; Figure 9
shows a further perspective view of the dice pick and
lift head shown in Figure 8;Figure 10 shows a further
eyrs Besdioivy @ nerspRetvr vidve Oﬁaetalpnec R tasdbdd; drt Wh@hdh@ powthead integrated

e 8, .Fi a close-up view of part

M¥MHS@EQ ?%ﬁ%r M?895a$%ﬂ@mgand [ift hgad shown gs "A"
in Figure 10; Figure 12 shows an enbodi ment of a
canera_ arrangenment of the die picking assembly of
fgyaseshaws rpgrspestiygvisoona cpbedipest ¢hpa a§$eévolfesfforaassembllng the ICs
(ﬁﬁﬁ@Emﬁg i be reader of the die picking assenbly of

igure 4; Figure 14 shows a perspective view of a
transfer apparatus, in accordance with one

Figure 4 shows a perspective view of a dice picking assembly or dice picker, in accordance

with one embodiment of the invention, for picking ICs from the wafer;

Figure 5 shows a wafer positioning assembly, in accordance with one embodiment of the

invention, of the picker of Figure 4;
Figure 6 shows a side sectioned view of the wafer positioning assembly shown in Figure 5;
Figure 7 shows an underside view of the wafer positioning assembly shown in Figure 5;

Figure 8 shows a perspective view of a dice pick and lift head, in accordance with one

embodiment of the invention, of Figure 4;

Figure 9 shows a further perspective view of the dice pick and lift head shown in Figure §;
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enbodi nent of the invention, in the formof a dice
conveyance assenbly of the assenbler of Figure 3;

WO2@ooe9ts shows a closer view of a conponent PBGF/AUZ008/001199

or shuttle of the dice conveyance assenbly of Figure
14; Figure 16 shows a dice placenent assenbly, in
accordance W th one enbodlnen§lof the invention, of

il T o o R B Tengenbe il e D55 TTBh RGN Phaure .

di ce placenent assenbl y of Flgure 16 in a dice placing

osition gyre 18 shows a perspective view of a dic s
'gglaééﬂrémwm gse-pmvige b e o€ @ digi nigken akthe wiskdinddift hoad Shown as “A

ntion, of the dice placenent assenbly of

]ﬁ?g%ﬁgﬂg6 Figure 19 shows a further perspective view

of a dice placement head of the dice placenent

assenbl of Figure. 16; Flgure 20 shows an heat er

Hgwens %OWS AR f\G E4mE é‘“é?ﬁf&tﬁnh@ﬁtt eo@letmemg assembly of
lgﬁgqtlon of the dice placenent assenbly of Figure

: Figure 2 1 shows a perspective view of a cl anp

mechani sm used to position the t est bed or carrier of

.i in the as senbl er; ure .
G 150 p GWRBFO R G oY 8RB HAUHSHPGAPGE B Gl Dising assermbly of
[FFHHQG 23 shows a schematic di agram of high | evel data
ow used to control the assenbler of Figure 3; Figure
24 shows a di agram of hlgh | evel method steps of using

er of Fi as t head
e P RO Rers by Gy e RS rBgfibe Bisosgpee with one
cnboliedat f a@riaventienrie $1&ﬂf0lrrﬂg)flﬁ&11&0@bn%}&ﬁ66 iREmPBlyKitigassembler of
a die froma wafer; Figure 26 shows a bl ock di agram

%%%?ésentlng met hod steps for transferring a dice

bet ween the di e picking assenbly and the die placenent
assenbly; Figure 27 shows a bl ock diagramrepresenting
Figirbold sioepsa tlokerpyiawi ofga aolp@enonidict be simatle io€rthe dice conveyance

assembly of Figure 14;

Figure 16 shows a dice placement assembly, in accordance with one embodiment of the
invention, of the dice assembler of Figure 3, the placement assembly in a carrier loading
position;

Figure 17 shows the dice placement assembly of Figure 16 in a dice placing position;

Figure 18 shows a perspective view of a dice placement head, in accordance with one

embodiment of the invention, of the dice placement assembly of Figure 16;

Figure 19 shows a further perspective view of a dice placement head of the dice placement

assembly of Figure 16;
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of Figure 2; Figure 28 shows an enbodi nent of an
operator interface for the assenbler of Figure 3;

WOR@ooe92d shows an el ectrical enclosure of thRCT/AU2008/001199

assenbler in an open position show ng interna
el ectrical conponents; Figure 30 shows a pneumatic
encl osure of the assenbl er |n %n open p03|t|on show ng

g%g ?gt ?Wﬁc%sn%)f g?aitﬁﬁ @Sﬁeﬂ}%&e an %'Cic8 agcfe %ég]i}er ?rgqulment of the invention,

drenPaOeplhcentseshsérbly B0 FRiurcmt rol of the assenbl er of
Figure 3; Figure 32 shows a circuit diagramof a touch

panel PC and optical conmponents of the assenbler
i qur r I
fgélg?hzg sgléxévg Ip@ctlg_) ‘ﬁuéué g% c@%{no@glegﬂan m, e tgoﬂysﬁl{ah tﬁc‘% test bed or
carrieiixbﬁﬂigumleathmas@erﬁl@leﬁ,rol l er of the assenbler; Figure
35 shows a circuit diagramof a main safety relay of
the assenbler; Figure 36 shows a circuit diagramfor
i r@Q@%méld@iecao&@@i%wof%ly@sélsrﬂ?gnﬁre?ﬁa!ﬁ%n@éﬁqgak911,; and
gure 37 shows a circuit diagr tenperature
control circuitry of the assenbl er. DETAI LED

PTlI ON Aspect.s .of the.i.nventi re describe
‘%E‘f C%E\RP‘B‘HS 7 & ﬁ% Qlag@nh%fé}}gtf l%afel @‘?‘?‘r&ﬁ o Cﬂlétmjélf‘e assembler of
iRefrenence to "an enbodi ment” or "one enbodiment” is
nade in an inclusive rather than restrictive sense. As
such, reference to partlcular features found in one
nt d € fea%ures from

%8%4?%3%%. et sf RISH G pledRerS B MR el STBRRFGS Fisure 3 1o

BSHALE p@t@@ﬁ&@ﬁm&lylohltmhalnﬁbrtolﬂelg@fd 2w th under st andi ng
the invention. Accordingly, features conmonplace in
the art are not described in particular detail, as

P PO 00 Wt SRR HROBRSRER, MO RG g  varer

relates to the assenbly of printhead integrated

|rc on a t st bed or carrier. The_ ass
%‘HF 9|S%N%‘?+B?li é%ramé%\%qqangjme@wfi PSR @rmgb grrigg g dice between the

R ﬁi%kﬁlg a%%fn@ly and the die placement assembly;

Figure 27 shows a block diagram representing method steps for placing a dice onto the carrier

of Figure 2;
Figure 28 shows an embodiment of an operator interface for the assembler of Figure 3;

Figure 29 shows an electrical enclosure of the assembler in an open position showing internal

electrical components;

Figure 30 shows a pneumatic enclosure of the assembler in an open position showing

pneumatic components;
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dice onto the carrier or test bed with a high degree
of accuracy. The printhead integrated circuitry
WO pobotwss a series of printhead integrated cirBCi/AB2008/001199
(1Cs) which have a plurality of
m cro- el ectronmechani cal nozzl e arrangenents that eject
m crodots of ink onto a printipg surface. The ICs

(g AT Bty R Hhrgls & %gfaglgﬁaﬁﬁaﬁrl%FE@Y%&P&@SS%’”Whlfﬁompanents used for

BOBNtUNeRb tBE asdbhbleAS Fipledl st ri bution assenbly. The
i nk distribution assenbly i s responsi bl e for feeding

ink to the 1Cs. An exanple of a wafer 6 is shown in

r A fer i nel S ur al |

AT Pt RAGHT adehn " Pl MR RES et BpitiPichinfonents of the
@ﬁ@ﬁﬂ@t of various etching and |ithography processes
common in | C manufacturing. In order to test a
printhead IC, each ICis mounted to the carrier, which
£k B Shhy NHRER dPford:Pbi HPUEDICKdIRE BEED %&M&rt o form

ch™an 1 nk distribution assenbly. The i nk paths
term nate as mcroscopic ink outlets in a surface of

ier. .Gven the Eroscapi ¢ SIZ
e o2 S it o o R S0 8 oad SRUR praEesftber:
preci se alignnent of the ICS Mﬁth the carrier is
vitally inportant. The invention provides for an
Eigwe Abskowsmerquisdigeeam abpaent saEtarstiytod dherdsepmelderused to
accurately fasten the 1Cs to the carrier. Carrier 10
Figure 2 shows an enbodi nent of such a carrier 10. It
Figurt Q6 BBovARPE RSl t i fark Rttan teh®odidteRBofadafdte kystehest thO@fdembler; and
base assenbly, carrier sub-assenbly, quuiJ‘crystaI
pol ynmer (LCP) assenbly, or pl atf orm substructure 10
F
ELERh Skt QRS g o DR B L AP A6 Mol
10 is generally an assenbly of two liquid crystal
(LCP). m cro-nol dings 1la and lib. The
X&LEB HHQNf i ne a plurality of discrete
tortuous ink paths for ducting ink froman ink
reservoir (not shown) to printhead integrated
Aspeasiof the ifveotios hevdeycried deldingltly reftthececta spécefic embadasents thereof.

d tpt t.h 1 f ot f
R oni e idfing: a¥ cae FPRAREI  PCPERT IopY 5 mgsrather than
BitasHet kR, Ak shdlf rdfe@ncGFoVRRiduNe fOR@EATIUAR iPbne embodiment does not

exclude those features from other embodiments.
The following description is intended to assist a person skilled in the art with understanding
the invention. Accordingly, features commonplace in the art are not described in particular

detail, as such features will be readily understood by the skilled person.

Overview
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these printhead 1Cs, it is generally necessary to
establish a seal between the tortuous ink paths

waoledionedsin the carrier 10 and fluid inlets of PETY&aU2G8/001199

For this reason, the Inventor has found that by
am nating the carrier 10 with a lamna film 12, such
a fluid tight seal can be est aﬁl i shed between the

(§ oo bl R S St T T GRPE G B vty on a tes
Heblor tarrithahpaisetbBaglpic sy cobfiRistsenforin idd sl gRvdffiend placing said
carrier 10 typically termnate as fiducial apertures

dige onfe thgepmicsor teyf bied wathqufghadagresfofpp@irecar ri er 10,

shown in Figure 1. It is therefore necessary to place

the 1Cs on the carrier 10 w thout bl ocking or inpeding
THegs@tHendl imdgrted didouitet meludessesariok ofiprirthdad ipeguedc@cuits (ICs) which

fromfl ovm ng. through the carrier 10 to the printhead
s 8 Pl et iSFo-cleFarRsshanasl Reels wseesEAYS oh SfFehgedots of ink

o(lglgb ?t erfniﬁﬁg %ﬁltfééée TRPRES 'dtsﬁnee B ql%mb%s of I?rﬁwasc pﬁemﬁtmf%%s%hlch lead to

ation openings 13 is to accurate fix and
radpicgmvet hezztear sdiérinlt® amarged lianfbuig rqomrnumcapbmwm ahhigk distribution
| Cs .t her eon. omcluddareca r .fi,ducial s, 15 .t
ST THR 1o PR FeCTaa iy Eehoro el b e BEBE T fgy n example
df |'Aewa{f§36 Ishe6RR F@d&r Mi28Wh8¥n ahe kRl @rindifdds ﬂ‘fulﬂlitry%f %nnthead ICs
there is shown an enbodi ment, in accordance with one

@rfbmjﬁﬁbwomeheh@aﬁeh@elﬁta preducsfofavapioln cisbing andsléthpgrgphy processes
e Qr asse pbl er 16. Physically, the printhead
gsse%fly MECHISE 18 i ncl udes a support assenbly or
structure 24 deflnlng a mai n enclosure 25 having a
sup ort frane 27 and si de w ndow panels 29, as shown.
% itQl éeshamendieal(aeack %FSCI&PWGGF fodthe ,s@nﬂéhtwltl@ ¢afingpye number of

AP, 6 SASTEL B L0068 L R

asembﬁsmpﬁcatnﬂ(mlsletsfm tahsarfacene the omgpion &kt an thleemahllsﬁ)plc sizes of the ink

therethro hown. The |nt rnal c nen th )
inlets @?ft&lpﬁ‘eﬁéj spgdi tfeﬁcuﬂE&@Qeta agreisiog PFPQ158§ tgfcﬁ 3 éWlt% the carrier
NS 1 rté(i‘itt 'Th%ﬁs%‘ht SViQ Y ASSEBRbYr Lhd bilted t d
acco?%la{n g W th one er%gﬁ)z*msl\nt of the gﬁverntl onr ae apparalys an
techanptenscd pparcatatdy Gwsteditle I€ony g aacer.mechani sm 20, in
accordance with one enbodi nent ofthe invention, and a

di e placenent assenbly 22, also in accordance with one

eaeRdilgent  of

Figure 2 shows an embodiment of such a carrier 10. It is to be appreciated that the terms
carrier, test bed, base assembly, carrier sub-assembly, liquid crystal polymer (LCP) assembly,
or platform substructure 10 referred to herein all make reference to the same element indicated
by reference numeral 10. The carrier 10 is generally an assembly of two liquid crystal polymer
(LCP) micro-moldings 11a and 11b. The micro-moldings 11 define a plurality of discrete
tortuous ink paths for ducting ink from an ink reservoir (not shown) to printhead integrated

circuitry (not shown).
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the invention. The support structure includes a
self-leveling optical table 26 supported by the

waapporewss rane 27 in the encl osure 25. The di cRCPATRI0BG01199

assenbly 18 is nmounted on the optical table 26 and is
described in detail below The dice picking assenbly
18 is configured to pick dice fron1the waf er 6 | oaded

ncl osure 2 NS
ARRtS. P RoRRHoF 57 ped 08,830 ] hufl BSERERRS 8 rfeypiped of such
privghca@iRégrfe@bilc i@y (108 hridPto mkke pidduetit #CBEBNY. Given the operation of
assenbly 22 is also nounted on the opt|cal table 26

thetg prﬂ@thséctk@sb Baygeradizingrdssai foitabiipiea gead bptwgete tsdertuous ink paths
@ﬁ'ﬁéﬂ‘ﬁ' tHe ga%rlétsl OCa%lafﬂu%" é]ﬁ S 6f0[h9 IEL o utﬁll r'gﬂtgP,gtﬁé ;ﬂgr%ﬁtoflgas found that

di ce conveyance mechani sm or s
Bslamidativg 26 ¢asrlerrﬂu)awmlos eégibe thiael?, tslh;ﬁ adﬂmd t@hc kdahgan be established

assenbly 18 and t he dhce placenent

he . .
Retween doh ey eintleandelChuhsnsthe 26 1% Feten o the @aarﬁﬁrr w ﬁ@aﬁﬁacﬂltates fluid-
tighfsu éﬂ;}lﬁbﬂlﬁk%%gghﬁﬁgadq@smre detail below. The dice

conv nce nechanism 20 is configured to receive a die
fromthe dice picking assenbly 18 and to transfer said
22...The dice

e e Brorir B P B DR B e s fGpe GGt  fducias™ 14

Hauf e OR8] ®@Rh e iPPlsheal. 1t RRh&RBR ne-EE‘@a@"?tB tp'Ia)ée the ICs on
28 extends fromthe dice pi cki ng assenb

y
th¢ exsrip dowithaut bl@slgeﬁbt imegding Ahese fidhciplaiél otlnttwm mlswﬂl be prevented
ted e e ho slNg 24 and is
R o s AR e DG 2 or A Cont rol
panel 36 is al so nounted on the frame to be accessed
an operator. A light beacon 35 is al so nounted on
Th@ecaérﬁm 19sthscedefines §va IsifiahopspineatiBriy Teaetycabpetie ends, as shown.

i oﬁ)t I SEbf e lo%g&g%]%g nigti Ll ??s tro%ld&[}atgm aanc)in hgﬁ %%Q%rﬁé?% in a clamp

panel ute an oper
prtoe keplyiciag thied€s alicoeonc Asondeludalr arangricofiductdls i@ assist in aligning the

mnrk t he as It is however to be
é@%ﬂ?@@f?%%FfﬁggE&%@eFﬁ% assenbler's functions are
nDnltored and controlled by a controller or contro
system described bel ow, which includes a PLC
Qregmarfrasdeimdblérotfi ¢ control l er) 38. The operator
interface allows an operator to start and stop the
assenbler 16, with additional |owlevel control.

In Figure 3, there is shown an embodiment, in accordance with one embodiment of the
invention, of a printhecad assembly machine or assembler 16. Physically, the printhead
assembly machine 16 includes a support assembly or structure 24 defining a main enclosure
25 having a support frame 27 and side window panels 29, as shown. The side panels 29 are
typically transparent to allow an operator of the assembler 16 to see inner workings thereof.
Front panel 32 is indicated, with representations of the inner components viewable

therethrough, as shown.

The internal components of the assembler 16 includes a die picking assembly or die picker 18,
with wafer positioning assembly 17, in accordance with one embodiment of the invention, a

transfer apparatus or die conveyance mechanism 20, in accordance with one embodiment of
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An ionizer bar 40 is positioned in the enclosure 24
together with a HEPA fan/filter arrangenent 42 to

w@edneressa suitable environnent in the encl osuPET/ABR008/001199

el ectrical enclosure 44is nmounted on the support frane
and encl oses the various electrical conmponents for
operation of t he printhead as Iy machi ne 16, as

escri bed
R BGRRTE 2 R P ST R B e AT s bEREHOE v gne embodiment of
tRO R BRionC conponents for operatlon of the machi ne 16,
described in nore detail below Die Picking Assenbly
18 Referring nowto Figure 4, the purpose of the die
| .CKi fr
"lgl’e W&ﬁﬁ%ﬁgp et%’c{lJl |§§/ Lé l%g/lrf ?ev%ﬁﬂ%%ﬁticgl t%l% 2f6 sﬁﬂ%&&ﬁ by’{flg Eupport frame
Yl iatie: ﬁﬁﬁ:BJ@ﬁ[’ﬁlZ)Z Bi%; diacpiokidl; Agseindlyal Jois @dﬁh&ﬂmnnmlomicelktable 26 and is
ist and to |ift and place the die in the s
4@?%{1@%? dgfad dstomy T%e dlcméclalilge a33FER Y IG 1550%151@ Epsplck dice from the
ﬁ%ﬁe@mﬁl AeknBBYURE RIT @fs 0P Phd &cwﬁﬁrefﬁraﬁ% %tplﬁlly slidable to
ock o ranite nounted on the optical table 26
fa¢ibale Sioh |1®dt1§gmfdh¢ wyifer écandwguiearlp Blse élh@pkacemenn/aﬁwmbly 22 is also

BT Gnf AR ot 1 Qerhli ets bl ik dfrpent assombly

B i§ @orﬁ’%uﬁ%'tgdice SRASHhE ERAeDY. Neans of a vacuum A
heater plate 7 1 is used to heat the wafer 6 under

control of the PLC 38 via the thernDcoupIe 79 to
"fhoeo ?en c@nrlie?%ng?esfnec ?Igsgm gollrC utttlﬁ gra]n? ]@Iis aq??érn ly7?é)8 18 1ntegf0geq Between the
d3¢eC picking essbmbRn $&i ghdwaleetich . plécchicaK abeadlygant Mmhe 8§lc¢ Sconveyance
al so mounted on the block 50. As shown, the gantry

merbpiigeS0dngudes agrney bmél‘bﬂmkyw&éw@e@lmmﬁ@mf@doe&w The dice
c%ﬁ%ﬁh#e mg&raﬂﬁ{n SHPls ctoﬁﬁ Sengcﬁ/e%%ge aﬁe ARt Y dﬁgtlﬁw%ssembly 18

er positioning supports
goid ek tramder saidt ditke@adthd 81cwip1d06raetﬁ usdcaiblye2bridekidte @rveybhe mechanism

ead 78 incl des |r of spaced fe camera.an
?gplelple desst rives SttiersotyRemeried o shepaiicab Fﬁl?g‘cg@dThe gantry 28
&Renlid ﬁoﬁ%e’gé’ice}!\ﬁlcﬁl&é 'a§seﬁl‘BEif 1 @Mﬁﬁ@dl&@€lﬁ&9§éﬂY§ssérﬁﬁ?92d at a

representing fer and to con novenen
the waf er support plate assenbly 63, to align

ssi Vegg f eﬁﬁ‘@&%%ow ?heh ?rame 0% théAI hgl(l)snllgn Eéll %91 18 Iposmoned to be

accessed by an operator. A control panel 36 is also mounted on the frame to be accessed by an
operator. A light beacon 35 is also mounted on the enclosure 24 to show an operating state of
the assembler 16. Together, the touch panel PC 34 and the control panel 36 constitute an
operator interface whereby an operator can monitor and control the working of the assembler
16. It is however to be appreciated that most of the assembler’s functions are monitored and
controlled by a controller or control system, described below, which includes a PLC
(programmable logic controller) 38. The operator interface allows an operator to start and stop

the assembler 16, with additional low-level control.

An ionizer bar 40 is positioned in the enclosure 24 together with a HEPA fan/filter

arrangement 42 to achieve a suitable environment in the enclosure. An electrical enclosure 44
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The respective assenblies are discussed in nore detai
bel ow. WaAf er positioning assenbly 48 The waf er

WEoEINIwWes ng assenbly 48, shown in nore det ai | PETIAU2008/001199

Figure 5, includes a base nenber or plate 52 nounted

on the block 50. A displacenent assenbly 54 i s nounted

on the base plate 52. The di spjjacement assenbly 54

dncludes two stages 56 and .58, with a first stage 5 .

i HlOS'Ptﬁg%&h%sé’é’R% ' eanﬁgggoﬁ eevagigugpigeneal é%‘ﬁ&neﬁ% for operation

oFttRg pribBeadTSerhblf ShachinRdEs, 26 deseriled ptlawedht Boliselal4 ¥Bo includes a

to the base nenber 52 along a first or U axis. Afirst

MceRHiRICoPUIB 36t &y slpsescthe varnas pagnasic sp@perenggrfar eppsation of the
| kst St D6 . [ rst piezo notor 60

Iﬁ%%%Fé?égggﬁggf?§g¥ég%%h§%%%hd stages along a V-axis

Wth respect to the base plate 52. The second stage 58

i s displaceahle relative to the first stage 56 along a

Rje Picking AsseBMMV 48 bi ez0 notor 62 interconnects the

first and second stages. Thus, the second piezo notor

62 di spl aces the second stage 58 along the U-axis with

Rafepieg motvdo thgiré #y tht pstpageobiie dithgclohe zsemblyokSsis 60 seemd a die from

2 are connected to the PLC 38, with i table .
Benikg o RRSE RSt Bel Feiroior b eEhbier Gl SrrBHY g according o a
FréRtPme%a pERURAL $nd & iPhfd A& caRddib 1S theBAREE trddsfer assembly 20.

operation are described in nore detail below WAfer

support plate assenbly 63 The wafer support plate

"@%%ﬁe?.ﬁ%ﬁ&é%&%e%@ﬁ%i?h%ﬁb%sa ?gfjogﬁ %go g iI>1/gt glgmﬁgrc 191 tlslet: A of a block of

po SSe s a bearing
drabilcem&htddb10 tHecopikalr t@blat2abiTiie Bgkt50ds ypicullpas&anpuddr€as shown. A
64 on top of the second stage 58. The wafer support
wifer RosEioBmgIPSPIbYY $his myatd anieablpegdt et ai ner 65
sandwi ched between the plate 64 and the bearing table
69 to ensure snooth rotation of the wafer support
THeat #crasipporb phatcG3 senliiie 69vahahlcssthip pafdr 6pb at dcldds @otitign BBmeans of a

i ncl ud a rotating pin 67 with conpressi on spring .
VABRHTE AMHICERT PHE %bfsewse%a%é%tﬁepwa%é OadienBros 9f A5PLC 38 via he
tﬁ&hﬁk@u&)@@ 74 Wlogﬁeanpe{dﬁgﬁveﬁﬂoldllgg% &}Esc‘blofC’ﬁ Qtrtt% Raflr, so that a dice

provi des danpeni ng of vertical “novenent o e waf er

sckppot Lift AisskiiblisyadSto fick anbatfiom plidtefcr 61 A picktheat gahtry 80 is also
on the bearin able 69, wth spacers 75 (Figure 7)
sy faplot® sb.

As shown, the gantry 80 includes a pair of opposed gantry posts 81 mounted on opposite
corners of the block 50. The gantry 80 spans the wafer positioning assembly 18 and supports
the die pick and lift head 78 with a suitable bracket 87. The head 78 includes a pair of spaced
wafer camera and optic assemblies 82. The assemblies 82 are connected to the PC 34 which is
configured to receive image data representing the wafer 6 and to control movement of the
wafer support plate assembly 63, to align successive dies 8 with the head 78. Also included is

wafer scribe reader 100.

The respective assemblies are discussed in more detail below.
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isolation. In turn, the bearing table 69 is nounted on
the base plate 64. A vacuumplate 76 isnounted on, and

WO 280/0w98H, the heater plate 71. Both the vacueem/alU2108/001199

and the heater plate 76 define a nunber of vacuum
apertures 59. A nunber of vacuum tubes 57 are
connected to an underside of tfje heater plate 7 1 in
‘é,l gi docs:. m’ryni caet ilgn"g:i th the vacuum apertures 59, as
i} . e SELBY *qr e connected to a vacuum manifol d
55 connected to a vacuum punp 472 housed in the
neunati c encl osure 46, descri bed bel ow. Supply tubes
veBRrosttionte aywa\blind b sheyen yrpoigiderilipg lgmhg fip¢ladess base member

r ex V.
AU ST e U YR ST PR R E 2t S mppisd on the base
pkl)ae goNTid diklackbnent mzmﬁl&eﬂhi@alndésemroatzagem &d ahd 5pOwith ladist stage 56
) a vacuum gener at t he vacuum punps 472. A
11%%510&@8%%%9%@%&8?@%#%5? gy Sse¥eFtassPReen t he vacuum
plate 76 and the heater plate 71. The heater cartridge
74 is connected to a heated air supply so that the
THedirstrstqge b es disflacable meativet th ¢honzmasemetbenS) dogemnfimnor U-axis. A first

adhesi ve hal ding the. dies or I 8, 1o the waf , :
YR TOF MG TIE 58 DS Baiiinpby e dithuest ftus! e fist piczo
Rbt8% 60 disPla@RhOMET Hldi ¥EINY staded NEnh C-B8& Wtk Respect to the base plate 52.
controllers (as described below) so that a tenperature
bfe sehendhitegee?d i displaczalile gelativetocthntiirg dtegd Wi alhng hdJPKIE A second
AP 0N BB DB SRR EREEly rio motr 2
didpges H8 scdnP OMEE 5 SlbepMREJ-atis Wi r&dpefRE theTREtGrage 56.
assenbly 66 extends fromthe stepper notor assenbly
and engages the wafer support plate assenbly 63 in a
ti r i , . .

HEYEED i Gor B G0 b8 oBHCLeA ¥ Herp A7 38 (i faBE R rs doscribed
tekive rdeontratl opdrationf sfahe piche nfosat.eFhead 88 Add itAmwands ofperation are
(§nd. of .the p \/ve]‘régcrew 68 is fast with the connector

peribeg isporlsfaldelasi on and retraction of the power
screw 68 causes the wafer support plate assenbly 63 to
rotate anti-clockw se and cl ockwi se, respectively, in
Whatrenppatit plate ashay 6 t he drawi ngs. The power screw
68 is threaded through a screw plate 70 extending from
the second stage 58. A spring 72 is fastened between

THREW 61 K&tk ?Ia@e QeI 68 HE r AL Glhodhtcd oM tBS scchhdiStagd B€ The wafer
waf er support plate assenbly 63 can rotate in one

suppastplpicrasipnthdy 6bpes abdaging dble bk (Figwe 6) sdatebly 6®uaied onr base plate
@nonop&l))oos tthg second stage 58. The wafer support plate assembly 63 includes a bearing

retainer 65 sandwiched between the plate 64 and the bearing table 69 to ensure smooth
rotation of the wafer support plate assembly 63. The wafer support plate assembly 63 includes
a rotating pin 67 with compression spring 61 about which the wafer support plate assembly 63
can rotate on the base plate 64. Compression spring 61 provides dampening of vertical

movement of the wafer support assembly 63.

The heater plate 71 is mounted on the bearing table 69, with spacers 75 (Figure 7) for thermal

isolation. In turn, the bearing table 69 is mounted on the base plate 64. A vacuum plate 76 is
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direction under spring action. The stepper notor
assenbly 66 is al so connected to the PLC 38 with a

w@wanes control l er to control operation of tPE&I/AU2008/001199

st epper notor assenbly 66. An electrical box 85
facilitates the respective electrical connections of
conponents to the PLC 38, desqagbed bel ow and

I o Ehe B SR, €€ BB P TAoBRT A st e fd B ngater plate 76

de@ind & nuddder 6 &h@uﬂh@lgelﬁﬂ& 59 fA nth@bel of&abiieh RS 5A arDsdhccted to an
89 fastened to the bracket 87 and di spl aceabl e al ong a

undersids of gpeheatervelpte Ve fleid] qopymynagagion path et fguum apertures 59, as

595\9 k’?lrle §1 es g??ﬁg%ﬂﬁ%cst’éftoaygacﬁlﬁﬁ '?EU?E%& E%%é{l&%&d éur)] c? vacuum pump

con i gure acenent

4yeaakaedd B/ thieSprelmetdy endlcb}ﬁrdm\(ﬁmdesﬁﬂoedeﬁeildw NSupalyl tubear7 connect the
transl ation_stage 92. A |inear encoder 94 prOV|des t he

YHERER DS A% M dhaMmapiieldids, pedte™Bakesplpr 85 the vacuum pumps 472 is

Joﬁﬁ'blllédt & et %gﬁ calgret ap z)oégg?ne@:étg WeCvatdim! Rafe s, F[’f'recwafer can be

Al'so inclu is a vertical stepper notor 96 f
mhatnhdumsbmddyeatvaSﬂumgdleeatgh@edheWWmm menpsei’dt 89 for
di spl acing the die picker head along the Z axis under
control of the PLC 38 using the positional feed back

N BbUEScatHaRR Th] ihicARRE] BRGEHEhe Veuuth Pl'af%W@"&ﬁ‘%@h@Ht& late 71. The
97 is attached to the nmount 89. The pick head pl ate 5

hea@r etridge Gﬁtls g9mgeted tronheagadr atsupolnt deathattthe hqzﬁtfcrkplfﬁe adl can heat the

| acea Le | gn , ve
TR Sto ol GRoAEFRAE P RESp PR FaTbSa6PR YA hemmocourte
Tor Bcdoahec toSthE&ﬁshteWpIalfb Thendwpslati®dy té\ tIRaPLCOI] with controllers (as
m croneter drives 98 is fast with the bracket 99 an

depgithge belew) 5p dhet Bdempyntatceofghe bepteri M#E ¢ can he cmttqlled with the PLC
The d 98
B Bl Vo BsBRe 98580 21 2ce the pick hoad

plate 97 under control of the PLC 38. Thus, the plck

ead late 97 c e usted Qy the stepper notor
SR PR FEFT .@negs g o {1 CERIYY RS B 4 P%‘@%ro%ﬁew 68 of the

%@ & m6RPh, s%{nbﬁfe&; Qﬁef&scﬁcﬁﬁ Thda‘st%ilp%r H{O%qssekﬁ%f al\%li t@trl]gages the wafer

own I n urt r detail I1n Fig is fas
smppaorpplatk: aheatlypbaine @Fgentiplammac Reparjll@dlar amdlashasg ba seen in Figure 7,

VBT SO Sl 5 A8 PR SRl T 4 orting e
TR ettt @QfeﬁvQSStlﬁ’ aghwah tCRnh&tdrQrmi Htsgdhdt cRIFhIiBEaBlBEction of the
pb;wer screw 68 causes the wafer support plate assembly 63 to rotate anti-clockwise and
clockwise, respectively, in the embodiment shown in the drawings. The power screw 68 is
threaded through a screw plate 70 extending from the second stage 58. A spring 72 is fastened
between the screw plate 70 and the connector arm 83. Thus, the wafer support plate assembly
63 can rotate in one direction under operation of the power screw 68 and in an opposite
direction under spring action. The stepper motor assembly 66 is also connected to the PLC 38
with a suitable controller to control operation of the stepper motor assembly 66. An electrical
box 85 facilitates the respective electrical connections of components to the PLC 38, described

below and controller.
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on the vacuum plate 76. The dice contact surface 86
defines a row of vacuum apertures 98 in fluid

W@ mHmIsHt i on with the vacuum chanber of the REDAURA08/001199

body 84. A pair of sealing strips 93 is positioned on
respective sides of the row of vacuum apertures 9 1 to
facilitate the generation of vacuum bet ween a dice
0 be |ift the di ce contact surface 86. A vacuum
lﬁlﬁ%Blcggndgﬁelé%a{& % th the vacuum body 84 and is
connected to a vacuum punp, under control of the PLC
%gnerate a vacuumin the chanber when the

H@rﬁl%@dtlc st leead FB duthons in mmoreifetal indfigess 8fo Eharlhe diggeick and lift
t 8

h%g(}] L?éc@&gh% ' £ lilr?cﬁmg t@% Jgsgenreagtg utﬂ% k?)?%%eth% %H(? e%gaaeafble along a Z axis

(8§eravael)h eéﬂmn@lgg pkRti9S té She bmabatzexj Tie ibents8y ad ehe%racket 87 are

to sen e eratur t hereof and report the sens
Qafipy tsa rt att% aGeBIshY 8 h§r mopRs§4 ?%&rqcﬁetf Ut ihHpear, i mount £9

flehkla lﬂfaehtoﬂ‘gnsla'tlﬂn 'ét%l%@ 92 1A EnGR %B&Qlle} &4 gﬂo%la%g’ ﬂfc'&yésggy positional Z

to control heat e alr sup ytOt cartrid
anist fhedaback IVVhies dadilitated by ﬁéal@‘:iapmﬂ 0hdagure $0)ge mlmHt(éGS tfblso included is

t REUUCTIRPD RIS o oCaitr B° RVSpb! S HESERoY b g5 ount 89 for
caibadi meniclet Hohe afmpetha AndisORider %bnt?o?s(ﬁﬂi%YPLg@ 38 using the

is shown in Figure 12. In this enbodi nent, the canera
ressiend|fgeddack salpgsumre thedimear avaedsr 84.br ac ket 105 fast
with the gantry 80 (Figure 4). As can be seen in
Figure 12, each canera assenbly 82 includes a canera

A Bk hBadplatedlyl g agRARd @ the mduld 8¢ Thapidk Weid atk BEfand 8R4nount 89 are
SXGA+ C-Mount canera with a Megapi xel Sony 2/3" type
cgﬁﬁ@rré% $pvidatctp Bick dipadremiaie bt i digplBgealel pleme \;monws (operatively

or1Zo! &ﬁ Fxb ﬁireg%&ﬁg) fﬁg%{icﬁmg' @% Xq %%%g%{ 98 ;¢ %@tbxggg 18 mount 89. A
aird id®mcsgr dnnest 98 i3, fagrouirit thd boarkethod axdlaqmtgege the lpﬁ:k]lﬁdd plate 97 to
ece wt

etreadsnieh g opay? ﬁllogeﬁ{é%ﬁé% hsiites T gergpmected 0 the PLC 38 to
cfl 'ertwilplblk hé‘d@ Sﬂloﬁg io® rﬂm@ér bt MafR! Pl 38henzanR g?ck head plate 97 can

I ncludes a prism 112, arrange
hﬂﬂMuﬁedﬂyahbodmpmub@DQQSanthGDHMErdna$éHnWHhewo8Egae$0fﬁfemnn

caonfi qure 0 rate an i mage of portions of the
ot R b RECRF |

'C 38. The canera assenblies 82 are
connected to the touch screen PC 34 so that the inage

can be di splayed on a screen of the PC 34 (as
Al deanekseledd If (shaven fgetheri detdblan dingure 11) is fast with the pick head plate 97,

via bracket 101, and has a vacuum body 84 that defines a vacuum chamber. The vacuum body
84 has a dice contact surface 86 that is configured to touch a dice to be lifted from the wafer 6
on the vacuum plate 76. The dice contact surface 86 defines a row of vacuum apertures 98 in
fluid communication with the vacuum chamber of the vacuum body 84. A pair of sealing
strips 93 1is positioned on respective sides of the row of vacuum apertures 91 to facilitate the

generation of a vacuum between a dice to be lifted and the dice contact surface 86.

A vacuum tube 88 is fast with the vacuum body 84 and is connected to a vacuum pump, under

control of the PLC 38, to generate a vacuum in the chamber when the contact surface 86
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The PC 34 is programmed to identify wafer fiducial
mar ki ngs and thus to facilitate positioning of the

WErak/okwssl 78 according to a wafer map. This aPCDWE2008/001199

software controlling the assenbler 16 to identify and
sel ect respective dies on the wafer 6 using the wafer
rmp Waf er scri be reader 100 A wafer scribe reader 100

e S d on . antry 80. . The yaf er
é %@ d4 ge érshefkfb Cfll’gl %BP% I{egq]a@b %arswr% gpdy 58X ETs connected
t6 RS @11% sﬁ%ﬁpmdat 108 stiack B80A ahakabedupl I ichindiea i@ the surface 86
on a waf er | oaded onto the wafer support plate

ta:s@@@rmefel@seramfﬁethmp%%ndi rgRast the yenspdrisatperabig &ot petwder (described in
t 0 I o

AR TR 50 oo ULER Foflef P QaPBL B Al o

dartaidpd MBWWHfaefralve'Eh ghanaiifficicachdabs gepaded td Gilitse the separation of dies

oper ativel nnected to the PC 34. The PC 34 is
?Ib%@éﬁ%waﬂéatsm sible i mage of the wafer

identlty nunber. Furthernore, the PC 34 is programred

to generate a graphical user interface (GJ). Thus, if

Cheermcmidopticelbdeemil§@2has difficulty in reading the

waf er identity nunber, an operator can use the GU to

input the wafer identity nunber manually. Mre detail

@ﬁe ERBoNRER oS fel Bndr£HE Tophifl H£XMIIe 82ERNsHoWnHnIH ﬁre 12. In this
13. The reader 100 includes a housing 107 nounted

anthedgegnt.rthe gmnaxk asserablyridok atouniod on W@mh@lbgaqligt g Aast smth the gantry

onfigured to 0 C 11 1 wit 0
SRR b BB BT e el 4G fmera 102 A
suhtgb1PCardda ¢an bglekl an@iwditt NEEE mage SKGAhe-Meidie rcaﬂnélaﬁMItH ¥ Megapixel
nunber The housing 107 al so includes a |ight sou

Seng 2% typq RAgee e CHR aiay Wn@a@téreﬁ@ﬁ&ltl%VW@AVg Fi31B)

identity nunber, in use. Shuttle Transfer Apparatus /

Di e conveyance nechani sm 20 The shuttle transfer

‘Hpepamatau)2ds ndueted onvieyadad anaddpacyitsla B, witna 2X lens adapter. A body

rdance with an e iment of the inventio

ol i BirguPeuntedo n@a 4T W g o gl??sfdérls in the form of a T-
;ﬁéc%exﬁﬁl ¥n 2D SsGR05 19NN LR1inE HeMYiRK di16 §or fBM IR tion of th
p1 ck andnllft eadgl and tralng fer 1t emt% teﬁméj umination of the
vpiferce nBrt caas sersst bl 232 desioriubesca pepar &2.eirpnpel gwn chdeof the body

Shuigéaﬁqllp;f%]g]%]%lﬁf{Sia %gua%:] I&Q lgilgeedstoage era% Fah Pmea?ge 0} portions of the
wafer 6 for the PLC 38. The camera assemblies 82 are connected to the touch screen PC 34 so
that the image can be displayed on a screen of the PC 34 (as described in further detail below).
The PC 34 is programmed to identify wafer fiducial markings and thus to facilitate positioning
of the pick head 78 according to a wafer map. This allows software controlling the assembler

16 to identify and select respective dies on the wafer 6 using the wafer map.
Wafer scribe reader 100
A wafer scribe reader 100 (Figure 4) is also mounted on the gantry 80. The wafer scribe reader

100 is configured to use optical character recognition to read a wafer identity number on a

wafer 6 loaded onto the wafer support plate assembly 63. The wafer identity number is
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a pair of gantry posts 116 nounted on the optica
table 26. A shuttle or carriage 118 is nounted on the

wheani19ds and i s novabl e al ong the beam 114. APCT/AB2008/001199

notor 120 is nmounted on the beam 114 to drive the
shuttle 118 to and fro along the beam A pair of
opposed limt switch arrangenepnts 117 are positioned

et R oPTRT g nihtle SR ”?ﬁ%%ﬁﬁ%q" i B Goftgglfind Sottware used

fbf RRAR tEdiqy frdmhd Wafal. so under control of the PLC 38,
descri bed below, via a suitable controller.Figure 15

shows the shuttle or carriage 118 in nore detail. The

: IL,RGI fa R
R R SRR ARGl AL e M 51 o
tpl @dnerale?2@ aivithleeXhgrdsf olnet h@g@naﬂehmyf nlﬁﬁbetr.h@uﬁaafmiomgethe PC 34 is
pl at e 152 The vacuu plate 124 defines a n nber @
p&%ﬁme 40 RORETHP SR IGH EPALNGERSP r gy, 1 Ah%ﬁf Grpader 100 has
t
%%ﬁﬁ%%?leahﬁﬁ%é‘?ﬁ“%%%sg%% s oot Ay B QU to input the wafer
edtyummpbatnentdy. and a vacuum punp (not shown) to
generate a suitable vacuumwhen a die is positioned on
the vacuum plate 124. A gel pack 132 is al so

MOR! deta@NFeh ORateh ik ?eaﬁétaf(f@ chB Be sdeqn g@éurepﬁ}? krhd %@ader 100 includes a
serves to provide a deposition zone where the pic

hwadg 787 impupied do alrﬂmtrw&Od@fﬂos ibracketr l(}f?e?fh@l h@u,snfgolrm is configured to

sgg]h a ﬁ%ﬁ]% rlP 3 eﬂrs}ta)lv é%;eoq?lg t e(?a’mer 1s f% ec{%ﬁ 1‘03 gle PC 34 so that

tgapC By cae gmeﬂétheirm@%éd)ﬁth@ﬁ/@&r m?entliyem&uﬁﬁ amht hassen i Aalso includes
26 so that the shuttle 118 can be noved from a

P seusee 119 tmlitemingtp ghomsrfei iograd the yafer sadeniiseimber.gn use.
die fromthe pick head 78, once the die has been

lifted fromthe wafer. The gantry beam 114 is

Sinsilé Teasterskppanratus  Dée cdnveydiee hieBhaism20 noved to a
position in which the die can be lifted fromthe
vacuum pl ate 124 by the die placenent assenbly 22

ﬂf%s Q{u'ttpae Qrall?s%r agu% QJ afce g&%}fﬁﬁé etH&:Ith%% 2Td" Qndéc%ordance with an

| acement assenbly 22 (Figure is configured t
andmdlm@t phihe dm@nﬁomm $Hoemgh dfugdm 1@ ddidTid dmﬁleaumhsfer assembly 20
.bond. it

1& &P%FGA( Locgcglgzglr 8 ostlhtg‘ Ing h_Eelv:latli %%L\%}dc{%qsger them to the die
plﬂtc%ﬁ‘iéﬁ@asbdi*n‘tﬁir Qﬂ}ﬁe?&&@ﬂ"@épﬁr&l&@ belQ@S cri bed bel ow.

The shuttle transfer apparatus includes a gantry beam 114. The gantry beam 114 also includes
a pair of gantry posts 116 mounted on the optical table 26. A shuttle or carriage 118 is
mounted on the beam 114 and is movable along the beam 114. A linear motor 120 is mounted
on the beam 114 to drive the shuttle 118 to and fro along the beam. A pair of opposed limit
switch arrangements 117 are positioned on the gantry beam 114 and connected to the PLC 38
to inhibit excessive movement of the shuttle 118. The linear motor 120 is also under control of

the PLC 38, described below, via a suitable controller.
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The di e placenent assenbly 22 includes a frame 138
mount ed on support platformor the optical table 26 of

waQ baoasweihbl er 16. I n one enbodi nent of the i NREAD008/001199

the frame 138 is of granite. The frame 138 has a bed

portion 140 and an upright portion 134, as shown. A
spacer 136 is positioned on thg bed portion 140. A

ross.rpller a nbly 142 .5 .nmount
5T sy Shhe SERETR 0 3 1SR D B B0 B ctudes o carrge
et viee fag vwitasidigplpesiZsl anvAcshifvlate N 2Kiig Wise wif) the \Weplate 126 and
the carrier 10 is | oaded, and a placing position
EnenAthegomliuirem Ly cakageenlefe da2 aTlte Ycaer @lasni & defimes a number of

h t

:b IJS$ lgégg?‘@é/:t%w% ﬁeﬁwda]rélél ace t oﬁgb ) 9%%{‘[9({5 gn the shuttle
a8 danddg e@fnededbyo arhlepams&lﬁlban»glﬁpd)mofbg l;lfeevaﬂ:ﬁgn :jﬁhme I124 and a vacuum
car er cla or cla asse 146 escri be el o

méafrﬂh@wng% geRerate ag%%ﬁalap é(?‘élu%/!ﬂ‘ﬂ ?noa £ aippestt W@efezvathe vacuum plate
@@yrler 10 in position for the bonding of the dice.
The di e placenent assenbly 22 includes a carrier
| oadi ng door 32 arranged on the bed portion 140 and

f?%”m 6 137 15 BruEet 012 g TP e TeRPRRel 28hiep 0 provide a
oﬂl%ﬁﬁglew{‘/ﬁe% el A AAR. pr&gr%ﬁfé@rf@%pdiﬁqgrther dice for sampling

asse nbly 160 is nounted on a nounting plate 162, as

mineeaes. OThedepositad; iy gl pack 13%2an smplydie renevedt fim d}@rdl@hltate 126.

portion 134. The placenent head assenbly 160 is

configured to lift the die fromthe shuttle 118 and to
Sg'ahtr? Bedrh 104 id hRitoatd be theldppdrb @sseinBlydcawe®@the shuttle 118 can be

assenp 22 also includes an air heater assenbly 164

T{l‘éi‘é@cﬁfqﬂbé aoBiroiywhieh tha ¥puupaplatc ddh @amigeeive ¢ Hie fene dheynick head 78,
&F@ tt‘r‘ea&%'h%%ea% i %‘E?] tﬁig\gllfg *TF gﬂﬁryci)é’%ﬁgclz n]%o-gﬁﬁ)n%d so that the

acenent asse i nc es‘a p
51161816 al1® mgn e thiovpd ac e pesitiorc anwhiab tiandic rced at éifted fiohcthe vacuum plate
%Mgg’ nt head g} é 18 and 19 show a
dhe CEHPCI FESCR) c%ﬁ%%@ﬂﬁ 28l°168. The pl acenent

head 168 |ncludes a placenent head rnounting bl ock
assenbly 123. The placenent head nounting bl ock

Ris phaviomgnt ABemblyf22st with the upright portion 134 of
the frame 138 through the nounting plate 162. A Z-axis
stage 125 is mounted on the bl ock assenbly 123 to be

RS HRc&Rsht fa@fenfbilys PP ACEHBNTG) is configured to receive the die from the shuttle
118 and place and bond it in a desired position on the liquid crystal polymer (LCP) carrier or

sub-assembly 10 which is clamped in clamp assembly 146, described below.

The die placement assembly 22 includes a frame 138 mounted on support platform or the
optical table 26 of the assembler 16. In one embodiment of the invention, the frame 138 is of
granite. The frame 138 has a bed portion 140 and an upright portion 134, as shown. A spacer
136 is positioned on the bed portion 140. A cross roller assembly 142 is mounted on the spacer
136. The roller assembly 142 is configured to roll between a loading position (shown in Figure
16), where the carrier 10 is loaded, and a placing position (shown in Figure 17) where dice are

placed onto the carrier 10. A clamp plate 144 is mounted on the cross roller assembly 142 to
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along a Z-axis. For that purpose, a Z-axis stepper
notor 182 is fast with the bl ock assenbly 123 via a

wheaokewsassenbly 133. The Z-axi s stepper npt oPCLBPR2(08/601199

a pushrod 135 that operatively engages the Z-axis
stage 125 to push the Z-axis stage 125 along the
Z-axis wth respect to the bl assenbly 123. The

Z-axi,S s enper r und contr ol :
BT R 4P SGruSR, wl R RB ARG P Hhe 86, The carrier
ladp biSclpmp ﬁEsﬁ%ﬁlenlétGWﬁQle%n@&l Belstagemdidhed 6h B clarnp plate 144 to clamp
constrai ned for displacenent along a Y-axis (i.

tapbFBrpisr Y0 nerositienlforhic bamging ofgke ¢ige-pose, a Y- aX| s

stepper notor 180 is fast with the Z-axis stage 125

via a bracket assenbly 137. A push bracket 139 is fast

Tictdie plaeen¥ax bssembgdr ildddandaaity dgeingadopt Shaoshgtd bn dfe bed portion

t he Y-aX|s ste per notor 180 yia a conpression s
1ff3nd meunicdAp thn Benstie fiUBe £4 ohisraseanter k%é“l@reﬁgla%racket 121 to

Fba%c aricra® SNy gé? Hi& tﬁeaagm%4l746' A ﬁéémé’ﬂtth%a& Iél?sembly 160 is

Y-axi s stage 127 to be read 't near encoder
mdintddl orsa cnngty Edtctl62t atseShEWﬁ‘. Big: mourpmgvilde 10284 ﬁastomii the upright

BRSBTS RS 8o e st
108Nl 1@ ipB§Hord Arontths RhRic £ M® NPheadi® Pehcafent-adehibly EP ralsE) hadludes an air
pur pose, an adjustment block 149 is fast with t

heater gsssmblgel 64 mbscrlbeédnelowafto pacaiate bmdcmmtﬁsthedle@tq t\hesamer 10, which

1 i.S Wi d ten a
it AR 7 Sl TSP BE PR TERLRuRES, o s TR heud 168
aXorialish %1 mnﬁé’a&nmddmdwsm@pndsqashe Y-axis stage 127

al ong the X-axis. The mcroneter drives 176 are
connected to the PLC 38, via suitable controllers for

&tnlie‘ﬁ& 8;(1 k&e extent of adjustnent of the X-axis

connector block 151 is fast with the
X—aX|s stage 129. In turn, a flexible fixture 172

%V’g'ﬁ%sgé%? E? ég‘k‘; fg‘iioes)éfr;il@)v(‘% Phethe rpiacfél%gﬁgfétﬁs? ﬂéé OEftleP Blageguent head 168

1£?u@é§% g@ﬁﬁleﬁd gioﬁntmg%lgék Jb@(ﬁ%l}]@&sﬂle K %m&ﬂ%egd fnounting block

acer head 170 extends partially fromt I Xxture

%%ﬁlblﬁﬂlﬁ pdastivath tbx tprght portioh 184 ef thic érapleald@rthroegldthe A@unting plate
fromthe fixture 172 is such that part of the head 170

3n be received between the retaining plates 150 of

the clanmp 146, described bel ow. The die placer head

170 is ceram c and defines an aperture 153 in fluid
A& draxisstezet 125ns wiouhted on the block assembly 123 to be constrained for displacement

along a Z-axis. For that purpose, a Z-axis stepper motor 182 is fast with the block assembly
123 via a bracket assembly 133. The Z-axis stepper motor 182 has a pushrod 135 that
operatively engages the Z-axis stage 125 to push the Z-axis stage 125 along the Z-axis with
respect to the block assembly 123. The Z-axis stepper motor 182 is operated under control of

the PLC 38 via a suitable controller.

A Y-axis stage 127 is mounted on the Z-axis stage 125 to be constrained for displacement
along a Y-axis (i.c. operatively vertically). For that purpose, a Y-axis stepper motor 180 is fast

with the Z-axis stage 125 via a bracket assembly 137. A push bracket 139 is fast with the Y-
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vacuum tube 186 connected to a vacuum punp under
control of the PLC 38. The die placer head 170 is

w@Qbapewshd di nensioned to receive a di e from PCEHAW08001199

6 operatively held on the vacuum plate 76. At that
time, the PLC 38, via suitable controllers, operates
to renove the vacuum appli ed t he vacuun1p|ate 76

0 a vacuum, at ad 170 v
Hiuieea Y eRent T BT Hicohe § i S8Gef FiptSo Mg compression
Speag 1437 O\ lifiaf cht@aérelsstidReentdbén Bl Z-HaNHLE! 18, &soshawhoscale tape 147
air suEpIy nozzl e 600 of a heater val ve assenbl

ipfast wih dcrY fsissisec 42biorsirgaditpathe Enepeacoslgy P43 Theidiyfconnected o the
t e die placer head

Iﬁggggg)lgggépﬁgégﬁgﬁe agggﬁhggﬁ‘ﬁg%gsuck tﬁat the die

can be bonded to the lamnation film 12 on the carrier

10 An angul ar notor. 161 is al so unt ed t hrough the .
i ,sa%g%@@s £56° A8 TR b the Vv o dartopiogstrained. for

f Wi eY-
ceﬁ%ﬁt% t%ozﬂl Rbaxid) @oﬁﬂﬁf‘bﬂg(&%‘ég@ gﬁﬁgﬁleﬁb’ bible 18- f%% th the Y

V|a a suitable control ular pivoting
axestapiccle 7 pAgmerof I¥-0xia o ciontctee dMv asx1756 1s Ass ovithrthy adjedmiest block 149

SO0 e TR 0 GBS RSGEA BR c o

thé FCHYs AL ArRdIfSS the Deaks ITROmRkorh&ier A9 74 & dddnected to the PLC
ensure snooth operation thereof. Thus, the PLC 38 can

I%e vigsuipbdmenadrobers fdraonifhlen therratanheadjustaent of theReaxs stage 129.
146 is correctly positioned in the clanp 146, the head
170 can be positioned to bear against the | am nation

A icbimeddr 8ladk heniesttwitthdad -tikie sepe €29.an tiie, 4 dstibRtfix@ke 172 which
film12. A r heater assenblg 164 The air heater
C@@é@n’fbir;ﬂe%ﬁ?‘tﬂ@ imsamesedon thneonnceies blagk|lef. Ble Eityrg 172 defines a

e C0I %?r%&%gg?tg %Qitleeﬁagér rheé)c{]{’ﬂ) %ohtﬁat‘%fil‘% ﬁ erl c!!rol(]jfgﬁl IG}O fthends partially

hi's" serves aci |
frdme tieti @xttue 17ReThdpdartimisstenbianriofizhef dit platd twad tl |7i(¢ ﬁoar thi €ixture 172 is
IS S

10. . The ai ater_assenbly 164 hown in
ek Hyef p@fﬁOﬁhgﬁwﬁ o Somle st bt dpenbe é%wlglré%es 150 of the clamp
l4Bchddesddensat er nnunt plate 604 (Figure 20). An air

process heater 606 is nounted on the nount plate 604.

The air process heater 606 receives an electrlca

"@%Eer ;rl% r%l %/d ?}O 1(s3 %graﬂlrlcoarl?lda({]ef Iellesea?nt a{plelgtgl!e 1%9 u1d C mn%;mcatlon with a
vacuum tube 186 connected to a vacuum pump under control of the PLC 38. The die placer
head 170 is shaped and dimensioned to receive a die from the wafer 6 operatively held on the
vacuum plate 76. At that time, the PLC 38, via suitable controllers, operates to remove the
vacuum applied at the vacuum plate 76 and to apply a vacuum at the placer head 170 via the

tube 186 so that the dice is held in position by the head 170.

Air heater tubes 155 are connected to a hot air supply nozzle 600 of a heater valve assembly
602 of the air heater assembly 164 (Figure 20). The air heater tubes 155 are connected to the
die placer head 170 to heat the die placer head 170 such that the die can be bonded to the

lamination film 12 on the carrier 10.
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process heater 606 is elongate with a cold air supply
610 at one end, as shown. The heater val ve assenbly

w@RhsIrdbunt ed on the air process heater 606 BET/AL2008/001199

opposite end fromthe cold air supply 610. A
t hernocouple 612 is positioned in the heater valve
assembly 602 to provide the Plfg 38 with a signal to

N S R T S S S

RHRRkY Bleaz §1.60uane & tetangular Ghoter 161 BUDah& PE.(ABE via a suitable

connected to the heater valve assenbly 602. A ) ) )

GeREeiL FauscngRlpbpivet s p%thmsimré@peémg Reow b ¥raxifpéiito provided is
f - at : ter ve ..

ELBLeRPInS 0L 2L SRPEAHN Al OB RS IED tios e s

Actcuahoof bt Pldcsr Oeiginsy gleyurgiag e clicetlotod 16 he ElsGre3nooth operation

Vi a suitable controller, as described below, to

tBgRer ol the egress of hot air fromthe heater valve

assenbly 602. Pl acenent canera and optics assenblies

166 The placenent canmera and optics assenblies 166
Bruajthe PLOS8R@ B4 ptograpusid soghattwhen tigsaid set 7105 2aditiced 4thyy 146 is correctly

over the carrier riqr.to placing the dice.. T L
P@\éﬁﬂ}‘ %MIECF %‘7'{1? &ir‘:,&g@é%‘?gll? @ga Oia?ll‘gnﬁ‘ﬂ‘i?rheérdag«%ﬁlsgﬁe lamination film
oaRhRadd & KR ESdiasendlanihkiss kgh 1622 (Figure 16)
which, in turn, is fast with the nounting plate 162 on

the upright portion 134 of granite frame 138. The
§ﬁgpr% and gfthgﬁ assenblies 166 are simlar to the
SPLCE ARSI optics 82 shown in Figure 12 and
descri bed above. It follows that the sanme reference
nunerals are used when referring to the conponents of

Thsainkeatangpscadbly) 6@ 1s meimted avethg cmg rqller assemabt E@ tpglirect heated air
) 'ibg%odii%&r gﬁgﬁ#%gﬁhg gl Mba‘rh?s”sebg?gé fé%lfilitﬁ)t@g)to%l%(l%tr?@ %he die to the

carrier 10 can i splaye
thgretoattdaminkhféint 6210h thaoaticPC). 3thel &r peogr@asamady 1164 is shown in more

omnunicate with the PLC 38 soon as.the PC 34 )
4%8%9 ingUé%SQ-rTéle RHICRGE ‘Fsé?r%bliijg‘i‘ Hcfudes ¢ BFAtGTARQUERPIRfe Gf¢t (Figure 20).

ASBYRLTA g BEoLRl S eI BEOL! 9t 1 R

reéeiaFiaguelecti2dal pneret sppbutt @issfrad meclvariad bok fddnEgurd 16). The air
RO b U Bralanegyiicy T S LSl B o own

lam nation film12 of the carrier 10, described above.

The heater valve assembly 602 is mounted on the air process heater 606 at an opposite end
from the cold air supply 610. A thermocouple 612 is positioned in the heater valve assembly
602 to provide the PLC 38 with a signal to facilitate control of the heater valve assembly 602
via the electrical box 614 (Figure 16). A hot air supply nozzle 600 and a hot air divert tube 616

are connected to the heater valve assembly 602.

A pneumatic actuator 618 is mounted on the heater mount plate 604 to control operation of the
heater valve assembly 602 via a connecting rod 620. The pneumatic actuator 618 is
operatively connected to the PLC 38 via a suitable controller, as described below, to control

the egress of hot air from the heater valve assembly 602.
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Each die 8 typically has fiducials at each end which
can be imged by the caneras 102. Since a pair of

W@ 2me0 983102 is used to "see" the fiducials, tPEr/RC2M®4/001199

is able to determ ne co-ordi nates of the fiducials of
respective dice relative to each other. This allows
adj ustment of the head 170 to sure that respective
dice are placed on the carrier 10 in alignnent with
each other. O anp Assenbly The clanp assenbly 146 is
Hhesiienit BafiBFLarfiPdick absembligs!Tess 2 1 and 22. The
substrate clanp 146 is pneumatically operated. It
i ncludes an el ongate clanp body 148 in which the
r
"fél% rﬁl%c%ﬁlreégcedln\?/eé% g]?(ﬁb]iftﬁcg as%epnb’fi@{)‘i%bc &%ﬁge th%ﬁd %g rﬁ)r ]ISOS&%% the head 170
ciﬁb&bﬂnwﬂﬂﬁdw@&rﬂ@pn@ﬁﬁ@k&n%&&:mméh | ocation dowel s
157 to ensure that the insert 152 is correctly
positioned. The clanp assenbly 146 includes an insert
FeWmtrSarfilopBee as%&qbl?é(s I%B%r@&gﬁnt%(f' gn a'%aﬁ%ﬁ)%{nﬂ" ogiflcs assembly bracket
switch 159 |s mounted on the stop 1 gener
®2dhmgure rgodiichald girys fdslewfﬂh.@leaﬁounMng rplatteh é62 ors thetuptigi2 portion 134

reaches. t he st 156. Th 146 i.nc| u
G Tomic) B Be ST i ORI EEICTA60 BT i Refer camera
atﬂ@%tléé'r 82 anskvel el IFPuRd 12NN EeRIDedaBoR24t flfllo%b' fthdt th€Mme reference

to permt positioning of the printhead

numee@ar arascdovhanuetesig totha dempoaentnelt the asstinbhgs1l®6of t he

carrier 10. A diaphragm 625 is positioned in the body

148 and is displaceable towards and away fromthe
Ea2h @hmérad 0pliat@sedbdtonht ovah hasdl POl 3466 thtdanditage of part of the clamp
conduits 626. The di aphragm 625 and insert 152 are
146rend dher @arics d Ot be displaricd teenn; apsifar. Tigptopeh paagkP 8d 1§ programmed

4 hra -

b RS it RO S R CRE, PRI NTRE il Byters 14 in the
lumhiaudnh élrg. dﬁeﬁﬁ%a@mmw thic ringk bﬁt&:tsﬂb@pﬁﬁﬂiﬁ yhesb@é&e tb @ontirdiehe PLC 38

pl acenment of t j nt egr at ed C|r uits under

Lehitoh eocrarrth%efh doetelssb (Rigan 24 e m%%@rt{etﬂﬁdzsqr%e thBlarqmat fiducials.
THYS OtHeNBC PRAY :48.t0 Qféte@rhfneséj QQIlré{ct g@&eﬁ%ntp FRVAieS bYiRnded to the
a pneumatic fitting 158 to th phragm 155 to urge
meMUGHﬁhmﬁ2QDmagaImsﬂ)ﬂh@nbﬂbdnwtlc pl ates 150 so
that the carrier 10 is retained in position during

pl acenent of the integrated circuits 8. A handle or
R *dleléﬁrtp[o‘éllf' asd fiMctdls dth@ch SiiekhicH 84 6infaded by HRt@meras 102. Since

mani pul ation of the carrier 10 into
a pair of cameras 102 is used to “see” the fiducials, the PC 34 is able to determine co-ordinates

of the fiducials of respective dice relative to each other. This allows adjustment of the head

170 to ensure that respective dice are placed on the carrier 10 in alignment with each other.
Clamp Assembly
The clamp assembly 146 is shown in more detail in Figures 21 and 22. The substrate clamp

146 is pneumatically operated. It includes an elongate clamp body 148 in which the carrier 10

is received. In particular, an insert 152 can be received in the clamp body 148. The carrier 10
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position between the clanp plates 150 prior to
clanmping of the carrier 10. Processes CGenerally, the

w@eaoes®sTarri ed out by the assenbler 16 can bRCT/AU2008/001199

summari zed as follows: The carrier 10, nounted on the
insert 152, is scanned for a serial nunber and then
| oaded into the clanp 146, as gdescri bed above, such
i% ﬁ%hpt%g oﬁiﬁeglﬁ%egf tv?i r(o)%a?t%ng ogvlepsﬁﬁg?% glﬁs?lfeetbgtl % f}lisler? 152 is correctly
poeNiefled. t oget her with the carrier 10 to where the
canera and optics assenblies 166 are, together with
the PC 34, used to locate fiducials on the carrier

r A I far ' ' b .
BHEAE sk OB W IR i 3 BREH 50030, F obd B o WE Bt B8 proximity
savitdh [16@deshoottd o e st@cC Uitmoageilciaead €ipndd) @t@vadsentieyPLC 38, when
76, The_assenbl er 16 nakes use of an input instruction
the ngerb f S2kspeics HgstoRs98ci ated with the wafer 6 to
determi ne the actual dice, and their positions, to be
attached to the lamnation film 212 on the carrier 10.
Threcdanthesscnkly8 46 snalelee apen of clongdthectamihe plaggs 1i50 niainted on the body

transferred to a die ac t location, aligned.an )
BT EGRE ob Rersih GG ent SRBD € Rt aSERIANE the printhead
iﬂt%gﬁfédkb%ui%@&@th%ﬁla*nhinﬁtﬁ{neﬁlﬁﬁ%ﬂtf?@ th8er 1@!. evant

cofmponents. Once the die 8 is aligned, it is |owered

into contact with the lamnation film 12 and a set

1{&) gl%,s Isfrl'all%ri% 6‘2% fi aﬁ(ﬁg]litip%gd %'Ih‘&é)g gs%}; g48faglﬁh§ glis%l\é\é%aglrettgv%ards and away from the

narti on

Plaeel S6id NeElwith atsupplidde iahit aeduuith 626li The&idphrdgh©625 and insert 152
lam nation film which is typically a thernoset film

Theydizgrcdse thatevisarthoinge L B/is veacivet én e bpen &t she diaphragm 625 can
b%gégggegé% %ﬁﬁ@é{ Gl S0 %?alﬂ%’i del re%alﬂrﬁﬁﬁ éiraﬁg(ﬁ@ ? ?1%1 H€ giﬂggm providing

various controllers. esc
thowedebary gpacodsr the marephisof dedateghed dboiwe, Thogrundeocdntrol of the

th steps,. it |s .necessar orefer initially tQ a . .

R EpB i atest F20n/ar ag Bl the vefio s RAIEPGRIECepdbe provided. via a
pﬂ%&matic fitting 158 to the diaphragm 155 to urge the carrier 10 against the pneumatic plates
150 so that the carrier 10 is retained in position during placement of the integrated circuits 8.
A handle or knob 154 is fast with the insert 152 to facilitate manipulation of the carrier 10 into

position between the clamp plates 150 prior to clamping of the carrier 10.
Processes

Generally, the process carried out by the assembler 16 can be summarized as follows:

° The carrier 10, mounted on the insert 152, is scanned for a serial number
and then loaded into the clamp 146, as described above, such that an attachment surface
defined by the lamination film 12 is substantially flat.

J The carrier 10 is moved, together with the carrier 10 to where the camera
and optics assemblies 166 are, together with the PC 34, used to locate fiducials on the carrier

surface to provide a reference for a first die 8 to be placed on the carrier surface.
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di agram shown in Figure 23 shows a nethod or process
and a system in accordance with one enbodi nent of the

WO posen1998s, for controlling operation of the pPCTAL2ME001199

assenbly machi ne or assenbler 16 for assenbling
printhead integrated circuits on a carrier. In this
enbodi ment, such a systemis ggnerally indicated by

reference nungral. 630. The syst 30 includes a

Vanut act ur i ngt SAUEUD B oSSRt M safy b Egyimyend;eater plate
dsSEabH 176 A heGRIBRIHIE@T1 6G3%kel USHMA iRFt MshaabraSIs ®FRla¥er map associated
machi ne &EAN& application software for the assenbl er

Wigh thehwalvES e determig® 2ha acfuilndios tandatheic opitivey, te 3% affaghed to the
GSLhaSH hie1Y of flghneg g0 as @ remote monitoring
sy%?en1 Hn I S efB6di nent, the MES server 632

orovides the Bl B8 & stibaclrare Mg thd Gatdrtd) it Retryaf@red to a die
map and operating instructions, nmentioned above. The

nlargmsnt loedtiop ostizne @ pndsgipcliesiaithcaleavnation filmeHPE thig)s done is described

HFENER IR A R, o, P

«<oordi nat es abndehBe HRSP@CAligned, e iUt @fo entatesvith the lamination
descri bed above, task responses, process variables, or

ftlmel 2 angder set presgyiiis peMicdt he PLC 38 al so sends t he

i ndustrial c ut.er 634, stat chi ne S Q 4 .

berform as Sngunn opicuned Be TR ERBIL U8 is o jrehoutcd for o
Redpdtineied 6@ daticantd ARAAARS dbndes th [dhiaeiaoigkhmedidhr BMypically a
the wafer 6, placenent order of the dice, the scanned
theraessttfymnunber of each wafer, positions of die and

carrier fiducials, start and stop cycle tines,

operator identity, carrier barcodes, status of parts
Tieedstedtate pdrfeemied Uy shridalcompofumtsstontrddedabycdktht RECMEBSinder supervision
serve 32, exchange instructions and data relating to

qf e Qfgég%@‘i‘é’ﬁhéjflﬂ%%éo%%%l%ﬁ%l er 16, typically via

TCP-1P. The MES server 632, in turn, supplies the PLC

38 wth information regarding the wafer map indicating

Intoirddn tal deseribnhow ehd waides cavaparnissdasoriied atrovm tcemy ont these steps, it is

which carrjer,..process.pafaneters, etc. As indicate

S 8 sater SitBY o8 el oS RO ot ey po i Frgure 23. The
dif}Fhrh YRSW P BSFigh@ 2dehbR§ a ddMbaRR HretkssSdndtaesysRmNinRSordance with one
necessary to control operation of the assénbler 16

cTHtioginmnCoB thedaydnties, far pindiodingtoapeention ohtheepra@ead assembly machine or
S 1608, 00803L hulla Sl feRLAS ST AR Sem! ¥

In this embodiment, such a system is generally indicated by reference numeral 630. The
system 630 includes a Manufacturing Execution System (MES) server 632 and an industrial
computer 634 running printhead assembly machine (PAM) application software for the
assembler 16. The MES server 632 and industrial computer 634 are collectively referred to as

a remote monitoring system.

In this embodiment, the MES server 632 provides the PLC 38 of the assembler 16 with the
wafer map and operating instructions, mentioned above. The industrial computer 634

(equivalent to the PC 34) receives data via an Ethernet module of the PLC 38. This data
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state machine 638, controlling the shuttle transfer
assenbly 20, and a pick state machi ne 640 controlling

w0 baodi®spi cki ng assenbly 18. The PLC 38 al so PEF/AN2m8/801199

noti on control state machine array 644 responsible for
control of the relevant actuators and drives,
descri bed above with reIationigo t he different

and. col | ect.i vel ingi ted at.
SO BrBE: Rt Oy o G ErdaRaunPrrprdgives deseribed
dbBSN Aakk oI piDadse tiridiek, SHERY WieS 0 Bddfiort, iBe PLC 38 also sends the
operation of the assenbler 16. Flgure 24 shows a fl ow

induseh serBputer QGG maghanapekyte perfamaat He®or process,

in accordance with one enbodi ment of the invention,

performed by the various conponents, described above,

Thedira seortiy the POC 38he tiRCGoddhutdr 1684 EzluﬁnBﬁdeﬁ[unﬂﬁe bAdioe consumed from

nd/ the renot e toring system t ed .
Bt W&%g P» PIAcasHt P9y @ﬁb ¢ i the SR e%y n W@% meifer. positions
¢F Qi‘fbveﬁrd ctaﬁf‘er RY&Ri40 %tdr%d%ﬁfp%yt:l%%n%%epg%r%]&tl %arrle% barcodes, status

I ndustrial conputer I's to be appreciated that
S paes ofedtdte steps are perforned automatically by the
PC 34, PLC 38 and RMS 408, whilst others require input
froman operator.It is to be appreciated that

TR\ IS8 QRS cbBp@ef €ILLRINGE MERTRI-dr d32RKERBPE IMBu@ions and data relating
particular nethod step refers to a respective bl ock

to rtbl@ @mr@@bnbyf ﬁl@C?hiS@f@bl@lT eéndgpindherial TCR IR hEhe MES server 632, in turn,
S%IR% e ﬁ‘enﬁre%ﬁ wiL no a,tlﬂ]n reZ%l%J{ng %hgn\g IFel hOd d{' Ctng eqnch dice on the

Inven

|p@det inveidrag tormRtrhaghtt pshiblet £fiee Prob&ss| @rahiéteSs, grnNner. A
skilled person will understand that further methods
are possi ble under this invention which m ght exclude

ﬁﬁﬁlcgtlfed tpg %ECSSIS%Q%RI%%&&PIV ds%ltgtqg é]ﬂvgﬁ"éllmsﬁﬁapogm to define a number

nera eps for t ssé aving t
ofi scdtd mgclasa;embésyargzao cbiteol diperadom v sha rasentbberhian iThmE[GC 38 defines a

nd the die pl ement assenbl.y
pﬁwaée Hﬁ‘ﬁ]i“flg ﬁ?ﬂgpgcoe%'tl%%srgﬂ% OgF ﬁ@ QE“FW% a@%?émbly 22, a transfer
M{W@ﬁlﬁ@%ﬁ@réoﬂ\ﬂrélnné {h% skt %I%nsfasasgﬁﬁg '2@65111@2? 193 'staMachlne 640
ows renote nonitoring and control of an operati onal
whaollisg dfic tilvepiaksise msicarblyl 68. The PRUS3I@Boi &fiabse mdtiom control state

to, kee k of reier wafers, as wel|

BRSPS E S oI SAEEAPT Er e opha AR sl Sftectibed above
Wit 1%%%1{@11 td ?ﬂe?lllqﬂfé?etﬁ WBbben@Hhd S BAUHREIG Endi®REd Q1635 0K supervisory state
asse 0] e

machine 64% is also shown which is responsible for safety and supervision of the operation of

the assembler 16.

Figure 24 shows a flow diagram of a global overview for a method or process, in accordance
with one embodiment of the invention, performed by the various components, described
above, under control of the PC 34, the PLC 38, an operator and/or the remote monitoring
system or RMS (indicated at 408) in controlling the assembler 16. As mentioned above, the
RMS 408 includes the MES 632 and the industrial computer 634. It is to be appreciated that
some of the steps are performed automatically by the PC 34, PLC 38 and RMS 408, whilst

others require input from an operator.



carrier 10. As shown, the process includes a wafer
| oadi ng phase 398, a carrier |oading phase 412, a die
W@ra1a0kw983 age 424, and a processed carrier ren@EAU2008/001199
stage 436. The wafer |oading stage 398 features the
steps of renoving the wafer froma clean cassette
wherein the wafers are stored {bl ock 400), |oading the
wafer into the assenbler 16 (bl ock 402), and the PLC
38 reading the wafers barcode (block 404). In the
le e dicnpptcchf@What rehecnieit®h réRAtNGurb&leRPrebdting a particular method
retrieved by the PLC 38 fromthe renote nnnltor|n
s&gpsicésis 408 resme@tel@ Yody indipgted eycyuich eafcemey eume) & &m gegompanying
ﬁ%g gA% g h%al Egluﬁ’gdo \ﬁhgl%sm edu%g% _PE)P llﬁﬁ‘%d or constramed to
pamcmhﬁ meﬂtoacs&a@s oelrfémedct tben ﬂmﬁs‘ @aneat ?M@ecﬁpﬁﬂsdﬁ&ﬁlﬂlﬂﬂd@b@ﬁdﬂtbat further
76, The carrier |oading phas 12 features the ste
10 rgethchr%e,pq\sglb{qqtgldgrat‘hﬁ igyenjign rgight Qgpﬂ{d@ SeAR oﬁMe steps or include
M@gﬁgg&&%g t he barcode of the carrier 10 is scanned by
the PLC 38 and sent to the renpte nonitoring system
408. I n the enbodi nent shown, the carrier 10 consists

d bstr at :
G R R M 0 SN T A N App—
RAYCHHASH OB MR Gic WIRERSHt REeril 20 AR GRLAI Bhc RARte monitoring system

cleared quality control tests previously performed
15 408@5 aoangddahgignat hernmumcats)nr hE rﬂm:PbG 380 andswnbtdaldye, and allows

| es there eared suc
PPEROTEEFE and oo Bhpbits I «GUSPF I SHRDR ppRvs 408 i
d@MbBleso &edp @t@c(tﬂ Cv‘cﬁ‘rlérts nad v(dﬂn@ct@ #a0 s GEiEH Ui atdPlaced on which
lam na 14 and |l oads the carrier into the assenbler 16
Gepiche [ hg RMS piays agjigegrnk rpikningrigbysid assurangp (copEol fpr assembly of the
&%ﬁ% ggsembler initializing (block 426), and scanning
wafer to locate the dies according to the wafer
20 substrate mappi ng schene fromthe renote nDnitoring

tem 408 (bl o h | es are_then m )

O meéscwclaé Al f@gﬁemf%%w ’@frﬂg A 412, a die
2ﬂ@%¥ V. hand he carrier
(bﬁgi{%%?% ég%efsibgucﬁg{egﬁ pl g%% n3t(6 steps are
repeated until the carrier includes the required

unbe di e k 43 ecified b he fer map.
o Bt afiel PR drery B aieTs chgenadbe MHor e gog & Blean cassett
25 Wikddn 9he WARrS APk @dbloalt BO®) 10MdINg th&Svafer into the assembler 16 (block
402), and the PLC 38 reading the wafers barcode (block 404). In the embodiment shown, the

5

wafer mapping scheme is retrieved by the PLC 38 from the remote monitoring system 408
(block 406), as described above. This wafer mapping scheme typically provides a location and
picking order of the ICs on the wafer 6. The wafer 6 is then placed onto the wafer heating and

30  vacuum plate 76.

The carrier loading phase 412 features the steps of removing the carrier 10 from a tray (block
414) whereafter the barcode of the carrier 10 is scanned by the PLC 38 and sent to the remote
monitoring system 408. In the embodiment shown, the carrier 10 consists of a liquid crystal

35  polymer (LCP) substrate, as indicated in some of the blocks. The remote monitoring system
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whi ch define a printhead (bl ock 438) and sending the
gquality report to the renote nonitoring system at

wWhhkaok1994D. The carrier 10 is then noved to thRCT/AU2008/001199

unl oadi ng position (block 442) where the operator can
renmove it fromthe assenbler 16 and inspect it
V|suaIIy at 444. The conplete% carrier 10 with

|nt s t hen aced at bl qck  446. .

IS ds ol S0 B &P%é’lsafﬁé opdisgml g previowsly performed
tﬁeﬁ%rﬁttieﬂﬁ\e afe pine 1ﬁinﬁr@téﬂ<ﬂo%s@ﬂﬂ@f@ Veslthetcdn Pifakd Bedrier has cleared
the dies fromthe wafer 6. The nethod typically
suetmirstic@dooli 411%) and épef é‘ﬂf(ﬁﬁlepb avrliny the wagrator gemees & p@tective liner

(Bﬁ)%l@ Q?(B érﬁﬁ ttuﬂ ﬁlhﬁr?a; Fépan%tloag{ Ql?é(ca%@eq 1ntg%rﬁo%g§énitg?r61 6I (ﬁlock 422).

posI ti ned i oning asse
descri bed above. The assenbler 16 |n|t|alizes (bl ock

B dinatiphcrasss 14 SR o DareemiLET SHiEALE BRI 59 and scanning
tﬁ@ %ag&@) RBatk $hCAR écgglrdﬁ%kt% o d Haer %ﬁﬁ’zﬂé Hﬁggﬁgfséﬂenﬁt% the remote

deci ded at deCISIO of the bar causes
héretoEh s@8erh 08 blodkk4 28) V\Hieedled gadhengidedrronbtheckaf@0@jock 430) and

t%%aéogﬁeeﬂifs@s%fe&? ASOWAPer? BCENE A0S ARBIg SeTt Bk (block 432)
BrikPickiddgnhdR c%fhehtsst Qﬁré &Béa%jd 1l SRMNaFRr ifdhRicYeHeat ulred number of

caneras and op tICS to check for a starting poin
@%ﬂbk&hﬁ&ﬂé@@uﬁ@iMWmﬁm@&ﬂH@block 212), which serves as
reference point for the wafer substrate mappi ng schene
used by the PLC 38 to |locate the respective dies on

THepraedseyd @unidicembiid €a8®13a iaslddapt bes o2hdav@pleRerarrier with ICs
focused at 214, the PLC 38 checks the die picker 8 1

Wigeh gefaiers wintemadt(hleck fdpend senthins R auality yenorog thg emgte monitoring
g@t& fat’t_dpﬁ !tg 820, &he %gm(eF lfl]@ fikn H%Yeéiﬁg%gel ﬁl&ﬁﬁlgtdﬂoﬁ tBh gl}ﬁgék 442) where

he ‘chec e asse re-1ni
tan oparatghdanirsimonee ia fromrthe mfgemblet hearaias @t oit VlshfﬂlytdtéMil"léle completed

Céhf?ﬁ%véfé}?f@%sﬁ? Byt EQ)ZH% A ;5189 ﬁltﬁawh?jbléaif izﬁé’ b§/b|t ﬁgk 219)

mappi ng schenme (bl ock 220). The PLC 38 uses the canera
and optics 82 to find the reference point on the wafer
Bgrb26 skow? a)eciﬂcfstetpls @eﬁo@ddsdummgbperatim bbtatde pihleing assembly 18 in

I. ter e oor s unl o

P G Tos el Uie b S ras B b RO G v pgerator loading
A NEere RS thehkRetblc?A4) indisked Q051830 Thé RafcR 66 SositdnB&on the wafer
pi cked is requested by the PLC fromthe mappi ng schene

nobitioging 298MbIyFHS, Hescubatabang. of these two steps | eads
to

The assembler 16 initializes (block 202) and the scribe reader 100 is used, under control of the
PLC 38, to scan the wafer barcode at block 204. The PLC 38 is configured so that an
unsuccessful scan, decided at decision block 206, of the barcode causes the PLC 38 to unlock
a wafer loading door (block 208) of the assembler 16 so that the operator can remove and/or
reposition the wafer on the assembly 48 (block 210). The PC 34 is configured to control the
wafer cameras and optics 82 to check for a starting point or datum marked on the wafer (block
212), which serves as reference point for the wafer substrate mapping scheme used by the PLC

38 to locate the respective dies on the wafer 6.



unl ocki ng of the wafer access door, as shown. If the
coordi nates are provided, the die picker 8 1 is noved

W o0whesdrrect position (block 228), el se t hePCT/AU2008/001199
coordi nates are requested again. Once the die picker 8
1is in position, the pick surface 86 is | owered
(bl ock 230) and contacted withdhe die and the wafer
is heated with the heater 90 (bl ock 232) to | oosen an
adhesive holding the die to the wafer 6. The die is
OMRNhOEdnpeehddptias $2aseBes Fabddsdieds tthe PUQ Bgtch@ck@ |t1€‘ekdle picker 81
surface 86 (block 234 as described above,
fgy posgicanadithe Yagesd2sand t%%d@&% 98 3bpnervoth bpbodcn Q‘Qe(bhlclé 216) Should the

f T, |
(Ilé ?{&é f’é@ tfd a@eckc:%l% &%/eglr‘tl)gééclﬁetg%%ﬁﬁgz% h@[ (rf;?nt 1%}%5 3 OV)/armng to the
dp@ragﬁt E]ﬂ ﬂfeﬁdlaqlﬁ(tktet @n, Izagfbertsafchﬁ;k it gl ﬁmr.‘di gbloble 2?18)9 and moved to a
to the shuttle 11 ock 242 nd rel eases _t he
10 rs IengerhYinh @de%e dybyc ampsmac%h%%?bloe#h@oa EhepPIe@ ef qsgs the camera

eﬁﬁ'o?ﬁgs 207 f‘n(( qgf&re%é@)mﬁpgn ey aEos Sb':@ eﬂ%ﬁé FﬂC 18 unable to
as shown, i1f |t|ona di es nust be pic ed rom-t

loetethe (cfechs pmntbtlhe olaf@ 4@)dingl doot emnhmpei zdbjmsngmmassd@ds wafer 6.
not require further dies to be picked, the die picker

is returned to a waiting position for a new wafer to

BR dpﬂ@@@ﬂcﬂe@ksothé %fe’ﬁ@%b’!@tﬁl’) aﬁ@ c&&ﬂfﬂﬁt‘és ﬁﬁ@dle fo &Uﬂlﬁ(ea% requested

shows one enbodi nent of a method perforned

by t
15 yohe @io@nﬁ:@m eciaprisgrschome Shlathk 326)t Beituneoliny qfltb%c rﬁ@o steps leads to

FRRETE A PU o5, BT B .o i i
ﬁhblhiolved ﬁb]tﬁe V&rdcs positiont (Bl CH 28 PisK e Bortiraks @ekred@ed)ed again. Once
until the Plcker noves I nto position over the shut

tle
thgq gle(péﬁk@€§ pon)positipp dhe pisk gl,lréaOﬁ|8éR§ fovgred (bépck 3230) and contacted with
thO%le tdngr{he{ %/QFerY AR DAk h%%% (15198%%1@ { ahﬂ%i éﬁ?{}] eédhaeswe holding

recei ves ce and grip di'ce
20 thadicutm thblvodle Q6Bl)e dehe tednugitipped 1ik8a waduusn ta#blishel thr@ldgh the pick

358 RSl 32 AR L k2B Bek 20 o e

ﬁ@&@qphymg%mﬁg%ock 270) The pl acenent head assenbly
O includes the dice placer 170. The shuttle 118

malts for the placer 170 to nove |nto position (bl ocks

and, 274 e ter .t Iate rel,eases, t
TS B G aeephiSLE Hsh Sl N FE Gt RaPorbey hEuRRRFod Mook 240) 10
25 g{fho §&1t§dﬁa§vhéﬂéﬁft&|1@1'6%rs]tﬁé)d1%%ﬁtooﬂh§ Khiitle VB (OWRMP4D N releases the
|cker 170 has renoved the dice, the shuttle noves

bk removing thei vacping kblagk 244). The die picker is raised again (block 246) and the

process is repeated, as shown, if additional dies must be picked from the wafer (decision block

5

248). If the mapping scheme does not require further dies to be picked, the die picker is

returned to a waiting position for a new wafer to be loaded into the assembler 16 (block 250).
30

Figure 26 shows one embodiment of a method performed by the die conveyance mechanism

20. Similar to the die picking assembly above, the process commences with initialization of

the mechanism 20 (block 260). The shuttle 118 waits for the die picker 81 (block 262) until

the picker moves into position over the shuttle 118 (block 264). Once the die picker 81 is in
35  position, the vacuum plate 124 on the shuttle 118 receives the dice and grips the dice by
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assenbly 18 to repeat the process (block 280). Figure
27 generally shows one enbodi nent of nethod steps for

w0 baohewks performed by the die placenent assePil/xU2@8/001199

The process also starts with the assenbly 22
initializing (block 300) whereafter the carrier 10 is
| oaded into the clanp 146 (blqﬁtl 302) via the carrler

I i.ng door n I

Bl ' BRyd ot R EDRG e B i p e EhaT e S biock 268)
Wherddi@r artemSferOAlbRY 1Rt @aay dmat14bbahK dR0flacchi@t assembly 22 (block
;Iacenent caneras and optics 166 scans the carrier 10

8 the fiducial indicators 15 for aligning the dies

thereon. If the fducials are not found (decision block

308), the stage 142 noves the carrier 10 to an unl oad
Thesilideorn( idad aksedibR) 160 1&1011115@ tha': diceipbdcsr HWOeThe sindtle 1 Iewaits for the

stage_142 noves the.c r into a pl acenent
ST £ TG peYORke quef}owéb E Iﬁf acanubrreadics dippyaguurg glate releases

tﬁ@1 AYRPBID RS Y&&ﬁn%@fcé B6cklrs) Jafhd ﬁ:ﬁ@rnltm can pick it
A, & Hogk PEN

68 waits f e shuttlfe 118 to lver t
lm Mleah the gpiokiché70aberemaled ¢hd Bed, thbowettlt bhock badld)q the die picking

h t th I t head 168
S F e rt bR Sy RS i ce s correctly

positioned (decision block 318), the dice placer 170
is lowered (block 320) to grip the dice (block 322

Iagure rZWgS@raltWémWs aceewnmdlms@@fmetha@ps $orrthe/esksmeferrest by the die
ac e Bth I tlon,

placem%n Gass?r}l] | ok epPrgge&s O[st? 6ta,rt§ ngll tég &ss(egllbglcgf g]éthshzmﬁ éblock 300)

Wikeedfteas carrics M0id loedeliliBtoi the clagpkad (block 3029 ain ik ekridPloading door
(bl ock 326) and noved away back to the die pickin

ldgsaélﬁrmlgmnesi ((otﬂ01§c3l@4)328ylamphlél6d iTee cprige 4P i ﬁheﬁrcm tigtoga reference
1%8?1§ﬁ b?rotﬁé tc g r(Sége?rer gg g ﬁ% %grb Q%E 31)? 6“894 gﬁge&e%@)c%ﬁgrqs taﬁc? optics 166
sqérisppe dardBICH) fivir tHe ﬁmxemamdncator( lb$ Gulaligdidy theTchés thereon. If the fiducials
Iace 170 is red at 6. The die placer head ..

Aot 1y @f@&l@l@g Nk %ﬂvégéﬁ% feg ‘ﬁ?emegqsr% cargigr hioiy Hﬁoad position
@RRek 38 of clanp 146. The air heater assenbly 164 the

dice and carrier to secure the dice to the thernoset

| am na 14 (bl ock 338), whereafter the dice is all owed

s ity it ets 4T BOEROBR Pig B SEEREHEBI PRetion (block
Hio§ §here the placement assembly 160 can place the dies onto the carrier 10. The placement
head 168 waits for the shuttle 118 to deliver the die picked from the wafer, described above
(block 314). Once the shuttle is in place, the placement head 168 is lowered (block 316). If the
dice is correctly positioned (decision block 318), the dice placer 170 is lowered (block 320) to
grip the dice (block 322). Otherwise, the placement assembly 160 is moved back to the

placement position.

Once the dice has been gripped, the dice placer 170 is raised (block 324) and the transfer
shuttle 118 is checked for clean pick-up (block 326) and moved away back to the die picking
assembly 18 (block 328). The dice placer is moved to a place position over the carrier 10

(block 330) and the PC 34, via the camera and optics 160, aligns the gripped dice with the
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on the carrier (block 342), before the placenent head
168 is raised (block 344) and noved for the next dice

webaoem®ss (bl ock 346). Once the head 168 is nmeWEAU098/001199

of the way (bl ock 346), the PLC 38 can check the fina
position of the dice (block 348) and nove the carrier
10 to an unl oadi ng p03|t|on (bjgock 350), where the

BRI ST M HE T a&ugﬁﬁ%éalzﬁ' ol BBl e head 170 then

dde® thetdded @mdsithd Garkict WO tHR@ighCRDI159 of élkahﬁqkt@ﬁfe) air heater assembly 164
QOperator interface Flgure 28 shows, emat i cal

th%fitce BBt BT8R 0] sspure the diee tosthe tsrapset Ggna i Gelpek gﬁ,S), whereafter the
0} nterface in nore detail. The

ﬁ%ig? ac%hﬁﬁggqgng?mQ touch panel PC 34 and the

control button console 36. Al so shown is a warning

bea%&g@gg&g&gﬁgg@al 13’%{&'6? tgg‘[‘ll gq)ve ‘fhg)Pgﬁ?Ag‘r'ggc?lg{ Q % acgr}lgne of the dice

dn'thE B5REY (é)%cﬁ R4BLHERR th %‘alagrgéﬂtthgﬁh ﬂ%%s Peﬁke@lg(bﬁ)ck 344 ang moved for

mal nt enance emergency st utton carrier |oa
thowext 4ic® plasepesi(blodn®&4b)i n t he front panel 461 of the
encl osure 24 of the assenbler 16, as shown. The
granite frame 138 of the die placenment assembly 22 can

OeeSBEMed N QM ENmbRA&I b@ast the v@?%l&ei&%%?'tﬁ@ YL 3 &l 8RRk the final

plate 144 and clanp 146. Electrical conponents Figure
p@gltlgh obhthetdies (blosk t3f18)cza1|d TE%@I the career4 ) fatantum@ari@arpowlon (block 350),

vgher ﬁ%lso%gbl[ T can 8?‘“(1%%2 aescsae a1 (gllpgkn gr{sl?]\;el 1gEr&m,°¢ge housing 24 of

tWbragsEmblsr 6, M*lbﬁt@hbﬁhthg H&StuexﬁcdaMld?l(ﬁoumM)Ms havi ng
expansi on blocks in the formof a FX2N 2LC tenperature

control block 646 (Figure 33) in the form of nodul es,
t hernet interfacenodule 647, a FXON- 3A
lxﬁ)%wg s%em al function block or nodul e 648, and a
FX2N- 32CAN control l er area network (CAN) serial bus
e nodul e 6 he PLC 38 is onnec d to

f
Fp@f%? RO éﬁheﬁt%iﬁg’ ¢ Ielighinpastion athe Aewrblcs 160 éﬁ#gélre 3, showing
tl?fﬁ opéll_r'é‘t%r PG RB if Sl \ﬁ@t%llpﬁ"f?@ Eﬁéf?%@ ihddSdes lfﬁ‘é foRes gﬁlﬁe@ BC 34 and the

C 34 such that the can control operation
aohtrolﬁmttdn eoqiotkim @lmslewbllyaiz@mmg] beacpmA64 Grunmoed 3anin $ingure 3) and
e%%rgaerl]lgy tstlg[e) buj[tonspi& anlaeé{& Button 460 is an operator emergency stop button, with
button 462 being a maintenance emergency stop button. The carrier loading door 119 is
positioned in the front panel 461 of the enclosure 24 of the assembler 16, as shown. The
granite frame 138 of the die placement assembly 22 can be seen through the loading door 119,

along with clamp plate 144 and clamp 146.
Electrical components

Figure 29 shows the electrical enclosure 44 at the rear of the assembler 16 (Figure 3) in an
open position. The control system of the assembler includes the PLC 38, which is a Mitsubishi
FX3U-64M PLC unit 645 having expansion blocks in the form of a FX2N-2LC temperature
control block 646 (Figure 33) in the form of modules, a FX3U-ENET Ethernet interface
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assenbly 22. Lighting controllers 470 (Figure 29) are
included to control the LED adaptors 108 of the

w@amenesand optics 82 and 166. The control | erBCHA02008/€01199

Gardasoft PP610 lighting controllers. Al so included
are the vacuum punps 472 for providing the various
required vacuums for securing {ghe waf er and dies in

% E,gg&oﬂ? glg%j{gggpﬁtcg r@gc%@?ﬁal c‘keo Bﬂlggrﬁle 648, and a FX2N-

3:20ch Eetioner 4red @ty ok UAN)YBEal s RSerfact moSule@4be
appreci ated that the respective conponents are

connect ed V|a el ectrical and/or pneumatic connections
'*}1 @38 ﬁ t%ﬁiqg gl%sz 3& til aft %ﬁlepr{e%l\;w 565'6[’43 gfldvl;]rgm Figure 32. The
a i ons eren conponents house

H@B&$¢Ue@e4ﬂrogﬁﬁmﬁ¢ttfmsmﬁdﬁﬁn$) fiysi thalPCcdh Blmhtthzﬁl”tﬁe PLC 38 can control
bet ween .t he co nents re di agramyati cal |y indi cated

opsrafing of Khq dig digkdesBReTR IYI 18, HyeFanstsh nechanisng 4fliapd dhe die placement
L or Ons. Motor axis controllers collectively

I ndi cated by nuneral 474 are connected to the PLC 38

to facilitate control of the different notors and

LS FRTRSARLSS) RGP RSIRAL 0L, by o8 of

dAfleRW.andoPOWER SUPIBLY THY &nitrd116:91370 gfér@érdﬁs%ft QY i hﬁ‘rgg controllers.
a 160 Volt DC supply to operate the vacuum punps

Aegerclgled pire e 4@BuBY @mmnﬂngn’femorldmg pthwamusqe&ulre@ vacuums for

15 and, 24 ies to rel
SRS el nd RS G DRI betpdes B oA alRERYy, gy as described
Ao IMe sacRANREHIsONT2 afe Burdh agx;nﬁmﬁfmg @di’talnyfan& H®e pumps.
el ectrical conponents powered by power supply 476,

with relays 492 and fuses 494 providi ng connection to

6 RPN 00, SETRSRERLBRBCHS 0 R ki andor

mlkenetit conaéctiohe hassé mrbtr&mkﬂ@ 47]| tRaillsA 7B préedappowting tiedtions for the

é&at t he dlffe ent rel ays aI the PEC 38.t activat%
e’&‘e“&é‘%ﬂor}%ﬁt% Pysed nsb‘BIﬁé ¢ Bhysiqa BOI@HWS ctween the

dofhpBnés M@ldﬁ PiYaaticaly ﬁld}'caée%A'asat'ﬂg slgﬂtkg? n Wi ﬁtfﬂ'@rsf‘&%@ the required
5 own as 5 In Figure 32). Grcult ers

cpnmmmdmsovercurrent protectlon for the conponents.
Mbt or contactors 490 are connected to the controllers
474 to allow the PLC 38 to control

Motor axis controllers collectively indicated by numeral 474 are connected to the PLC 38 to
facilitate control of the different motors and drives of the components of the assembler 16. A

more detailed description of this motor control is provided below.

A Power supply 476 is configured for providing a 160 Volt DC supply to operate the vacuum
pumps 472. Power supplies 496 are configured for providing 5, 9, 15 and 24 Volt power

supplies to relays and motor contactors of the assembly.

Relays 478 and fuses 480 provides connection to and protection for the electrical components
powered by power supply 476, with relays 492 and fuses 494 providing connection to and

protection for components powered by supply 496.
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various notors of the assenbler. Safety nuting
controller 498 and door switch controller 500 provide

w@ af1e0y9Ry deactivating the assenbler if a dooPCT/AU2098/001199

as carrier |oading door 119, is opened whilst the
assenbler 16 is active. Pneumatic encl osure 501 forns
part of the pneumatic enclosurg 46 (Figure 3) of the
assenbl er 16. Mdttor control Figure 3 1 provides a
schemati c overview of the notor control tasks

m&fsoﬁfgleﬁirobﬁdetaheorﬁib@ldﬁsforﬁﬁe deger tib@ehta RO aisBﬁleir-@6 It is to be
recei ves the wafer mapping schene and rel ate

@p@@@tqddhaélthqo@ffﬁ%t shays ﬂﬂ@mthq?@G afrin @Uﬁﬁtﬁuaﬂ@ dpagjvate the respective

é‘ﬁ%ﬁ&%ﬂ %%lgd’]gn(o% %El? 4)§8ﬁ éggvglf%ggpé%lgeg@ ]'Etﬂ%ggtt srv&th%h 486 (shown as

a0fih erignt 3ﬂy)t©r®1t6‘iﬁdak(éfﬂ ysspidesie rovbedrrahqiteteatiod for the components.
controll ed ‘¥ the PLC 38 thFough t he respec |ve not o
% Byl

Metog cerfagtpis) 198 ae conmnestetltg dhy conenllemt ¢ 1 heehica 38 to control

\QLHHE{ fﬁbtof]’s & th&\SssI8BRE 1 ?&iirﬁ{?lﬁﬁg ’coﬁtﬁﬁleph%%{'&?&gor E@ﬁgn controller 500
168 1 ncl udes actuators 16 180 and 182.

nromién sdetyias ddaouvading Hiat assemBler |1fba dodri mehrasna@tmoar 1a80ng door 119, is
wi th an.El driv 74.1 i5s tabl e for thi

it SHITOM SmRr 1 saoliso 5T 6V AruHpaP! BBt part of the
ﬁh@@m&‘ﬁé &c%s@@ﬂ%?%gﬁfe‘M%Ttlféaﬂse%lﬂle? 1¢4sed, along with a

Zaber 2 phase stepper notor 182 with a Copley driver

474.4. The angul ar notor 161 is also a Zaber 2 phase
I§iﬁ€ nptor with a Copley driver 474.3. The die

8 8e mechani sm or shuttle transfer nechani sm 20
|ncludes the linear nmotor 120, which is an Akribis AC

servo notor with an Elno driver 474.5. Simlarly, th
nglere Bil okaviys asskamitiy oyervisneoiifie motaicorical ks perfigged slm the PLC 38.

2 S Py, O T SR UL APERL IR oprion

feeanan®t lﬁonpnhe zanatatn@mptbtih@sysmmi badnGheaviBS 62rviradi2ngndahe industrial

Nanomnot i dri rs 474. The maf rotate notqr. 66 is

CQMPHSE ﬁ3§?%r%é§)s,tdsm@?c? AostvSr Th (R CEEnEEi9fasy @ 64 i described above

a4g 4:01@&01%%31 g PL@M@QE‘% liftd ?é%kedmg o836 akB &)n%@ﬁ@r'é collectively
2 phase stepper notor with a Co driver 474.

indicited berchppreeaunmiecsd 47hat aII the drlvers 474 prOV|de

the PLC 38 with positional feedback information for

the drives. Pneumatic encl osure 46

As described above, the placement head 168 includes actuators 161, 176, 180 and 182. The
inventor has found that an Akribis linear motor 180 with an Elmo driver 474.1 is suitable for
this application. Similarly, a Zaber 2 phase stepper motor 176 with a Copley driver 474.2 is
used, along with a Zaber 2 phase stepper motor 182 with a Copley driver 474.4. The angular
motor 161 is also a Zaber 2 phase stepper motor with a Copley driver 474.3.

The die conveyance mechanism or shuttle transfer mechanism 20 includes the linear motor

120, which is an Akribis AC servo motor with an Elmo driver 474.5.

Similarly, the die picking assembly 18 includes the actuators 66, 96, 62 and 60, as described

above. The wafer positioning assembly 48 has the two stages both actuated by Nanomotion
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Fi gure 30 shows the pneumatic enclosure 501 (part of
enclosure 46 in Figure 3) of the assenbler 16 in an

wWo@pEn/opes8i ti on showi ng the pneunati c conponent BCT/AE2D0BY01199

thi s enbodi nent of the assenbler. An SMC AF40 series
air filter 504 is used i Mmediately after main shut-off
valve 502 to filter inpuritiesy fromthe alr supply.

0 R0 % e R LB B T ot oo

GreRar adef 2§5’heset a%fgef hdforPRiE b Copfeyf driit U6 saHapthy pick head vertical
fol | owed an AFD series mcro-m st separator 532

rafox P4 ser Z@mmp@asepﬁmpprsrcme@r %ﬁﬁh&ﬁwl@hﬂﬂ‘ﬁ‘éé‘ A7 hit duigrbe appreciated
tﬁﬁc ug«%te(%q\tegssﬁgfé S@%%\/& cl 0| ? | sﬁo%%l g@o%%?Ln%m?aﬁén kot the drives.

pneumatic system of the asserrbl er 16. Inline gas

filters 518 are included fromthe SMC SF series to

Eneypiadic gReloSWSdONi ng particles fromthe pneumatic

supply. The filters 518 include a PTFE nenbrane. Hi gh

purity valves 520 are included for operating the

Rigure olfs shpweutimt incumamp enadoduss SAhdpat werbelanee dior indFigere 3) of the
nove noi sture, Pressure requl ators 506,

534 510
BEOUT 1628 4P cORFEedOTHT SHON D they BaGRaLc; ﬁOIPIPPélentS tised by this

ol Bhtht BREREArELISY RneSBC ABR) &ricQRirvitey 894 20dsc@Nfhmediately after
528 are used to isolate the respective pneumatic

nadin shuittost Falend @atoHiltst lrapurites ér!:)guthe ag\ﬁwppih eBleH@&r é% has a float type

’?0 %ra n rgﬁl\lj t ﬁ afs Iséir'I ﬁé a%egrgclé % fn gnf\/le(g IA%%\P as:elr &1% ns,gparator 530 to

f&@:lr @ﬁmués Vidhves sﬂ;%ﬂy,&bﬂow&ﬁﬂy b0 SMENAFDI sehaemm@mtsbﬁarator 532 to
éstemvmth the PLC 38, with flow sensors 516
fylesp opellergparticles WATCBrimaht pis tlyongle serala e 30sAmeSMCTAME scries mist

%@eﬂ%{op Ish 21is Qhciftst R8als0f ﬁqg Soﬂa < rﬁa(_)g tlgeaﬁnﬁ&%latli Osystern of the

ures for protecting t assB arrier
asahblaflér 6 from damage, as wel | as an operator from
harm As such, the PLC 38 isconfigured to nonitor an
operational status of the assenbler 16 by neans of the

Iﬁﬁﬁé %%l&%@%@ﬁ&lﬁ%é FohP@E sARE%E- selllés 8 r%&%‘éﬂy%!n)ﬁmng particles

hazardous situation is detected, the
fcnmthegmematimsuoplaclfhwﬁkt@s f Heinabide riBTE E rﬂeﬁnbrmdw &gl ploug valves 520
i can i.ncl ude unexlget ected el ectri cal

tu
3%'? ng? {1) ?(grpé)erablp% dhe yagiops p ic (‘J‘H@I)OIEFHBI’ and a mepjbgane air dryer 534
18 PEh&tel 1A6Trdd BFERE RIp8latdriIS0E0,382 and 526 are used to regulate pressure in

the various pneumatic systems. Isolation valves 502 and 528 are used to isolate the respective
pneumatic circuits from each other. Pressure switches 508 are used to provide pressure
readings for the die picker, transfer shuttle and die placement pneumatic systems. Solenoid
valves 524 are used to control the pneumatic system with the PLC 38, with flow sensors 516

reporting flow information to the PLC 38.
Safety

The controller or PLC 38 includes a number of safety features for protecting the assembler 16,

carrier 10 and wafer 6 from damage, as well as an operator from harm. As such, the PLC 38 is
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sensing the presence of a foreign object proximte
nmovi ng parts of the assenbler 16, or the like. Figures

W@201001985 show circuit di agranms of i nterconneckCDAE2008/001199

bet ween sonme of the electrical conponents descri bed
above. It is to be appreciated that the circuit
di agranms are described in overpg ew with only sone of

t he connections indicated. K The gjrcuit dia ns_are .
RS0 05 SARBE ob R RO s iee S FimilbE G BItmAgS afghe various
doftipBh &R aeetibansboR et Meefbténtiall ¢ ARReMRY tsiuatdids Aefectt® the PLC 38 is
provi de an exhaustive circuit description. In the

onfigyrd telidseatiyats, the j aseenbiqrelte nt dapudeusasigiafioniceminclude unexpected

. r .
e ORI R g5 P G LOAL 605 g Bl e L 8
sensitg therpees2Bje ofSa fdn@iph objRctFprgkih@tsSmovihh@arte bliyheGS&nitder 16, or the
an Omwon GPSA-321-T safety relay unit and is connected
%@-energency stop buttons 460 and 462, as shown. The
relay 668 al so has connections to the PLC 38 at 666,
as shown. Figure 36 shows further conponent
Kgned? itods shdwaisait aliagrays v mtaotonnhetions detvirearsomb. of the electrical

CRRer o BB EL T R BT AR D
KRt S tsehhe CNthE RbhRLBoRORdRAR AT RAPBESK Hiﬁ%rams are meant to
comuni cation with magnetic doors switches 672, 674

aasiel BT ekillespassravin intefpresimg the infdreonaseomp betwesn theegomponents, and not
anel.s are .opened.duri,ng .operation,. the.safety.system
B0k FLERYSRERAEH aPRePRL B e FE R SRl Hec numeras

ihdipate Yk @oshneétiota mBlgs:. otkpWRY ikficatant r ol Fi gure 32 shows
a control diagramillustrating one role of the PC 34
in controlling optical conponents of the assenbler 16.

e L B
Pl Taywdley 6 nReatdons GIA-3As Tsafctordayalovand it hendeGed4o emergency

i s configured control_operation of the caperas, 111,
STOTEbU PR TS A6 o4 e P e BT 1 G6% RISO 03 GG ngS fee PHC 38 at 66
AREWEE 34 with a suitable USB connection, as shown.

The PC 34 has an RS232 conmuni cations port 654 with

which it comrunicates with a

Figure 36 shows further component connections of a safety system of the assembler 16. Door
muting controller 498 is connected to door switch controllers 500, as shown, and to door
safety switch 670. Door switch controllers 500 are arranged in communication with magnetic
doors switches 672, 674 and 676, as shown. If any of the assembler’s door panels are opened
during operation, the safety system automatically deactivates the assembler to prevent injury

and/or damage.
Computer Control

Figure 32 shows a control diagram illustrating one role of the PC 34 in controlling optical

components of the assembler 16. As can be seen, the pick cameras 111 and the place cameras
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pair of LED Iighting controllers 470 (Figure 33).
Figure 33 shows the lighting controllers 470 in nore

wa@leq1a/019985The |ighting controller 470.1 i s confP@UAB2HOB/O01199

control LEDs 660 for the pick head 78 to facilitate

detection by the caneras 111 The controller 470.1 is

al so configured to control 662 for the place head
cilita

inbant fing B shitleiep Bt 52 Wﬁr" Bl iR LBRr A&t out above, the

REDS is6odfihie6d B @atrbll (Pbiatiog of OF chheapl BIce1hlead 170.
Figure 32 al so shows the connection bet ween the PC 34

and the Ethernet switch 486. The switch 486 is

8 :
S i T e R
shben dRsem B £hasvi Rﬂﬁ3i2 romutdeRatitng pokt®53 8vitiwhhich iticem@unicates with a
M t subi shi FX3U-64M PLC unit 645 havi ng expansi on
mirsd kD lighting conraider478 (B 3)C t enperat ure control
bl ock 646 in the formof nodul es, a FX3U ENET Et her net
interface nodule 647, a FXON- 3A analog I/ O speci al
Pfiglllrct3i30§|h0‘bli doeklightingwdutradle4870 mnmoa deXAIN-ThE 2igAfhg controller 470.1 is

SBBere? on el GRS AoE R hr 7k Bl ol R ahg comeras 111
T-H’é%oht%‘[[@ yap. y ﬁ@al&pwn'f?hreméﬂtﬁr%l BADs 862 thhench ﬂ{géeen%adim to facilitate

respective heater cartridges and thernocouples used
deéeguombaeﬂnn:dmc@ﬁtl6@|T116thh@cqnﬁtgllaf 4 H0reis war fegura! tOtOhetrol LEDs 664

“F?ﬁ@hﬁ% %qg%ﬂgﬁéhaﬁﬁm%and the heater cartridge 90
a

one tenperature nodul e 646
|s responsi ble for controlling the heater cartridge
684 for the dice pick head 78 via rel ay 682 and
Higwe Pcdipshovsghe camertieq bgtween thenRfe ﬁét?@fiéh@; &hopneg gwitch 486. The

antgh ?&6 {srb%nf{&&‘]%rto g%@ﬂfﬁ §s & 64§4n§] ?oainelgth ?\L@r a@é(%

ernocoupl e provi enpera ure
The second tenperature nodule 646 is responsible for

e 01OV 0B B0 SH HoF A eI e rBISRE PLE 38, which is o
Mﬁ&fb@éih wich{. mrp@é Aifchd ﬁsmﬁ@% aﬁ:aﬁ’%{# iHIRRE $h @h%%fﬂl Q@q FX2N-2LC

above may include various alterations which stil
teinpdriture bentot dpeckof46t imethic ieentdafomodolledl WX:%UE:NET Ethernet interface

PRATEELEr PEINERART ok 11D Bty g ot Bstoy ModHe o4 mnd o pxon-

32CAN controller area network (CAN) serial bus interface module 649.

Figure 37 shows interconnections between the temperature control modules 646 of the PLC 38
and respective heater cartridges and thermocouples used to regulate and control the heating of

the wafer 6, the air heater assembly 164, and the heater cartridge 90 of lift head 78.

As shown, one temperature module 646 is responsible for controlling the heater cartridge 684
for the dice pick head 78 via relay 682 and thermocouple 686. Similarly, a temperature
cartridge 690 of the wafer support 63 is heated via relay 680 and thermocouple 688 providing
temperature feedback. The second temperature module 646 is responsible for control of heater

cartridge 698 of the dice placing head via relay 692 and thermocouple 694.



a wafer positioning assenbly arranged on the support
assenbly and configured to retain and position a wafer
W@ ma198hg printhead dice to be picked from tPEI/WER®B/001199
a dice picking assenbly arranged on the support
assenbly and configured to pick a pre-selected dice
fromthe wafer; a dice placemgpt assenbly arranged on
t he support assenbly and configured to receive the
pre-sel ected dice and to place the dice on the
TR kilRH peBofl WGIE B QY ANE ehBIBAThSN adstddeBo@mbféhclude various
support assenbly and configured to convey the dice
Alietipashahigh stall @?ﬁcﬂ@ﬂ?ﬁ@ thesseeifyha igvensiendi ce pl acenent
assenbly; and a control system operatively engaged
with the wafer positioning, dice picking, dice
pl acenment and di ce conveyance assenblies to contro
operation thereof. 2. An assenbler as clainmed in claim
1, in which the support assenbly includes an optica
tabl e and a bl ock nmounting nmenber positioned on the
optical table, the wafer positioning assenbly being
positioned on the bl ock nounting nenber and the
support assenbly being configured to support the dice
pi cki ng assenbly above the wafer positioning assenbly.
3. An assenbler as clained in claim11, in which the
waf er positioning assenbly includes a base nenber
nount ed on the block and first and second stages
nount ed on the base nenber, the first stage interposed
bet ween t he base nenber and the second stage and bei ng
di spl aceabl e relative to the base nenber along a first
linear axis, the second stage being displaceable
relative to the first stage along a second |linear axis
orthogonal to the first linear axis, and a wafer
support assenbly positioned on the second stage for
rotation about arotational axis orthogonal to both the
first and second |inear axes, the wafer support
assenbly being configured to support the wafer. 4. An
assenbler as clainmed in claim3, in which the dice
pi cki ng assenbly includes a carrier assenbly fast with
the support assenbly and di spl aceable relative to the
support assenbly towards and away fromthe wafer
positioning assenbly, a dice pick and lift head

5
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bei ng positioned on the carrier assenbly and
configured to engage the pre-selected dice when the

W@ a0mhevsassenbly is in a | owered position andP@DAU2008/001199

rel ease said pre-selected dice when the carrier
assenbly is in a raised position. 5. An assenbler as
clainmed in claim4, in which the die conveyance

B§5i3n1includes a gantry assenbly positioned on the
Qﬁé’ t assenbly and having a gantry nenber that spans

the wafer assenbly, a shuttle assenbly configured to
recei ve and support the pre-sel ected dice being

nount ed on the gantry nenber and bei ng di spl aceabl e

Ir.el atAnvass¢rhigeisfovassenblégprintiiced dicgiong cpusi tithozssenbler comprising
receive the dice released by the dice picking assenbly

and a deliveré ﬁpsition in which the dice is delivered

to t RSUBPAL Yassenbl y.
a wafer positioning assembly arranged on the support assembly and configured to

retain and position a wafer containing printhead dice to be picked from the wafer;

a dice picking assembly arranged on the support assembly and configured to pick a

pre-selected dice from the wafer;

a dice placement assembly arranged on the support assembly and configured to receive

the pre-selected dice and to place the dice on the carrier;

a dice conveyance mechanism arranged on the support assembly and configured to

convey the dice from the dice picking assembly to the dice placement assembly; and

a control system operatively engaged with the wafer positioning, dice picking, dice

placement and dice conveyance assemblies to control operation thereof.

2. An assembler as claimed in claim 1, in which the support assembly includes an optical
table and a block mounting member positioned on the optical table, the wafer positioning
assembly being positioned on the block mounting member and the support assembly being

configured to support the dice picking assembly above the wafer positioning assembly.

3. An assembler as claimed in claim 1, in which the wafer positioning assembly includes
a base member mounted on the block and first and second stages mounted on the base
member, the first stage interposed between the base member and the second stage and being
displaceable relative to the base member along a first linear axis, the second stage being
displaceable relative to the first stage along a second linear axis orthogonal to the first linear

axis, and a wafer support assembly positioned on the second stage for rotation about a
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46
rotational axis orthogonal to both the first and second linear axes, the wafer support assembly

being configured to support the wafer.

4. An assembler as claimed in claim 3, in which the dice picking assembly includes a
carrier assembly fast with the support assembly and displaceable relative to the support
assembly towards and away from the wafer positioning assembly, a dice pick and lift head
being positioned on the carrier assembly and configured to engage the pre-selected dice when
the carrier assembly is in a lowered position and to release said pre-selected dice when the

carrier assembly 18 in a raised position.

5. An assembler as claimed in claim 4, in which the die conveyance mechanism includes
a gantry assembly positioned on the support assembly and having a gantry member that spans
the wafer assembly, a shuttle assembly configured to receive and support the pre-selected dice
being mounted on the gantry member and being displaceable relative thereto between a
receiving position to receive the dice released by the dice picking assembly and a delivery

position in which the dice is delivered to the placement assembly.



