METHOD AND APPARATUS FOR PRECI SE MARKI NG AND PLACEMENT
OF AN OBJECT [0001] This applicationis a
w@eonsiimaat i on-i n-part application of U S. Pat ertT/SG2005/000090
Application Serial Nunber 10/856, 765 filed June 1,
2004, which is hereby incorporated by reference. Field
of the Invention [0002] The, present invention rel ates
to met hods and apparatuses for precise narking and
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such as integrated cir ANOEJEQTand | C package are
marked in different ways for inspection and
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mar ki ng, the area and | ocation for second marking is

even nore const rai ndilelded dheventiome presence of the

first mark. Thus, precise and accurate narking

positioning is very inportant in order to maintain the
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[0004] An object may fail marking inspection in at
markiggaand nlwe@@n{/@fw@.obmﬁ iclydinggndpigertadiaiiyit uskcond are

cosnetic defects in the markings. And third is that

t he marked characters are offset or out-of-position

fromthe desired | o@ckgroundrufthéhpeatisn when t he

object is not properly positioned and at the sane tine

the marki ng apparatus fails to correct the marking
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mniaturi'zation of ICrequires a new generation of
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and #R 6K RAKHE poditicRiny i9 VerdypbAMRAA bRr to maintain the integrity of the
mark with respect to the first mark.

[0004] An object may fail marking ihspection in at least three ways. First is wrong
marking. Second are cosmetic defects in the markings. And third is that the marked
characters are offset or out-of-position from the desired location. This happens when the
object is not properly positioned and at the same time the marking apparatus fails to correct
the marking position.

[0005] The increasing demand for throughput and miniaturization of IC requires a
new generation of handlers or handling systems being able to deliver high outputs at barely
zero equipment assist. Therefore, there is an imperative need to have an apparatus that
enables precise marking and placement. This invention satisfies this need by disclosing a
precise marking and placement apparatus and method of using the same. Other advantages

of this invention will be apparent with reference to the detailed description.



[ 0005] The present invention provides a precise
mar ki ng apparatus for perform ng precise marking on an
wobjoseis7and nmet hods of using the same. The pr eriB&G2005/000090
mar ki ng appar atus conpri ses an object input handl er
and an object output handler for handling the object;
a transport systemfor tranﬁportlng the obj ect
handl ers during a marking process; a vision inspection
unit for capturing and/or processing the inage of the
object; a marking systemfor marking the object; and a
control unit for rSamnvirypfithé biveatioon from and '
sending instructions to other conponents of the
preci se_marking apparatus. [0006] The present
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and a c uni t recef vi ng i‘nPor mat on
precggevmarking ragtlfon ptecsa patkagimdan objectrmdendtbodsfoftusengthesiame The

| acenent. a at us. 07 e i nventi on .
precfis AT ERCHgUALS COTBFSE Bl ShRST QR B AT the object;
a M@RAPBEA & 9nderPRF t@ﬁmoml%om @%t ek ROPREe fm P €etrection)

and precise placenent of the object for fina

for pelchkayp thg ohjedt amitpromisely)plausigrtge olb]ectsfmmal Phckapingcarsnspection
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duri nag a marking process; a premark Vision I'nspection
and |gptien larpa@h@gedmhngctanm ercoptrobems fWgrephelngmagmmlon Heom and

ob ect ; e
sivifipfoSlctiofls KM atmplRRCh B pHRERS pRReh Al BBMEE oot
ooofji ck & Phageestnt inVentibriCArtRE prddidesl Dprepise Kha[tﬁldgpaddhplacement

obj ect fromthe object output handler, carr

f/ t:nté)(ﬁ dhe object

appasais for perfpianipg prasisgavarking op asi Qect ARhBreEise RIACRR
or BRSNS Ao b1, ADNERE, S0 0TS BRy en
appdramg ecofdprishe anbytgedt Iapdt (H‘ahdl:emefok yoaﬂmg: afadihvddinpethe object; a
eGP Y R S ST L0 0o 0 A v
marlP 3688 ¢AspRBN G Unit¥8F c&pturing and/or processing the image of the object; a
Marking System for marking the object; an object Output Handler for holding the marked
object; a Pick & Place (X, Y, 6 Correction) for picking up the object from the object output
handler, carrying it over to the pre-placement Vision Inspection Unit and precisely placing
the object for final packaging; an pre-placement Vision Inspection Unit for capturing the
image of the object and optionally processing the captured image; an Output Stacker for
unloading and outputting the precisely placed and optionally packaged object; and a

Control Unit for receiving and processing information from the pre-mark Vision



Control Unit for receiving and processing information

fromthe pre-mark Visionlnspection System and
w@e@splacenent Vi sion I nspection System and sepdi/®g2005/000090

instructions to the conponents to execute precise

mar ki ng and pl acement of an object to final packaging.

[ 0008] The objectives and agvantages of the invention

wi |l beconme apparent fromtte follow ng detail ed

descrj pti on of eferr enmbodi nent her eof i.n . .
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co |ed. hereip, i ich like. reference nu [ :
the §fifGTE eatEe drfafion oy casif LGSR EipttRR with the
accot{faR}ifg dFvikigsng and pl acement of one preferred
enbodi ment in accordance with the present invention.

[0011] FIG 2 is a diagrammatic view of the |ay-out of

the precise markjn aratus.aof one .preferred
enbodi ment in a?icrc'ﬁq.(}gﬁggp\%o? Hfﬁheeﬁ'barwég t i nventi on.
[0012] FIG3 is a circuitry block diagram of a precise

[ooobjaser Mpfdfbid emBadiidats 8écoRdigRbahe pradneiesticE plillindow be
accordance with the Er esent invention. [0012111.1 FIG4 is

descaibpd ewitls ecferenes torthe Figyrey aesompaniedoirseipr iF sy like reference

enbodi L in accordance with the present invention.
numfggsl‘%f‘g%ﬁgegﬁghe&/\ss a detailed expl anation of one
[oo10y ef er r 81G anfdadfloweliart Of prdcideafakaiy atd plgceahientt Gf one preferred

position. [0015] FIG 6 is a diagrammatic view of the
embpgdipegtin ageordpnce yyithethe presenfdayadiPnappar at us for pl aci ng
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| acement apparatus for placing LC units in strip for
[001513 one Préres raédrcéﬁ’é’o@ioﬁ]éﬂtagfaﬁg QEBPFEFA ésiﬁqﬂi;‘t“gélpparg]‘us of
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I 'agram of a precise placenent ‘and packagi ng apparatus
[oo18f one [BHi@fdeisracprecind bdenentking pawesy ahaoreeprefertedtamebodiment in

esent. _invention. [0018] FIG9 is a precise placenent

acod op XeRRE PGS BYERYhS one preferred

[0014] FIG 5 shows a detailed explanation of one preferred embodiment for vision
capturing of IC position.

[0015] FIG 6 is a diagrammatic view of the lay-out of the precise placement
apparatus for placing IC units on shipping trays as one preferred embodiment in
accordance with the present invention.

[0016] FIG 7 is a diagrammatic view of the lay-out of the precise placement
apparatus for placing IC units in strip form as one preferred embodiment in accordance
with the present invention.

[0017] FIG 8 is a circuitry block diagram of a precise placement and packaging
apparatus of one preferred embodiment in accordance with the present invention.

[0018] "FIG 9 is a precise placement and packaging process as one preferred

embodiment in accordance with the present invention.



enbodi nent in accordance with the present
i nvention.Detail ed Description of the Invention [0019]
wdbmspresent i nventi on may be under st ood nore PEESGL0P5/000090
by reference to the follow ng detail ed description of
certain enbodi ments of the invention. [0020]
Throughout this application, where publications are
referenced, the disclosures4of these publications are
hereby incorporated by reference, in their entireties,
into this application in order to nore fully describe
the state of amjedfedBbsRigdnSofr R iyehfin Pt ai ns.
[ 0021] Current narklng apparatus and process are
confronted with two chall enges. One is precision.
[001dINCr easiThg pre3bmiriARéntion rhay baukdsdstood moddreabllilgdy reference to the
Anot her i s_marking di nensi on _of an object. The object

! . Kl ( J ¢
follqvgng detailechdpssiintianaf carpin smbofwpentsiefifhe inventionai | abl e

pace f ' 4.S afe) I . ' S
0z e s T TLLE i CantRATRAT TR iEflicls Sl fetprenced, the
disclossiee of tiwse pyllicativeiesrahdeebyriecorperapaiciyagtotence)¥nt their entireties,
. increased nachine throughput and | C mniaturization,, .
into jthig APRIFEEEN HaPFGPiOsMOke| fﬁ“b &esroi08 thyr Bple of Art e i fgrseeeéenﬂon
pert§ih§ Ors resulting from equi pnent assist. The present

I nvention provides solutions for the chall enges.

[0021])0022] Kanvenehenkingnappamats| dBdIpro¢dseare dosfrpmtod withdwa challenges.

f.lowchart of preci.se marki ng and, precise .packagi ) .
Onelg griysion. frerGapiogiatormption omerke oauy dhifcte Sphet i anarking
dimEHsRTES anl Sbj&RL AR objEREisl BelWRNEY miMek lan® SmARSGC rTHRS @he available

briefly herfein while each step will be discussed in .
spacgdpmmprking isrbecomingtsopllen, Thisjaésot denapdpbighen preeisigne In addition,

transferred 1o a r ki n ar at us .t he ut .
the RiARRLA biEtion & IBh dePlodF Brécs Fasliaite'eaV il Hcpeased machine
thro¥glpu@iind IT SigudatiohBighispécdhandRPER 1 R mbdel frond dipidkc& place

the marking apparatus to mark the objects in precision
errofsryesylipg fom qhdpmentiassistobjl be presont invention peevigescsodeians for the
chalfe%e\’i sion inspection before placenent for packagi ng

1“HeSY ep 40. The picked objects will be inspected in
[oo2syt ep 50 NoThe:fdtriagao RIGsRahéreds providddep floGchdrt bf prealdk enarking

the .objects, to be placed precisely and packaged |in
and gyregisspackpging repultant of i esiye BIACREGRY 1L ATOEdancy vith the present
. . k t lre: 5 . i i .

imv BHGEN PR AR Al Ries BRY LRI et LRAE ofEh RS e Hisoused
in dethid pgter. tInissept 19, bbjeaspo bdeinxirked divatansfeerep te s emerking apparatus by

the ]:ggé oigglgugﬁgxg eg)g)gegtf.ﬁg\xﬁlel? {n?n():]etézlte%ebdy t&l(e) R)is%\ﬁl Pngstcterb %0. The vision
inspection will instruct the marking apparatus to mark the objects in precision in step 30.
The marked objects will then be picked up for vision inspection before placement for
packaging in step 40. The picked objects will be inspected in step 50. The vision
inspection in step 50 will enable the objects to be placed precisely and packaged in step 60.
Then the precisely packaged objects are stacked by the Output Module for further disposal
in step 70.

[0023] Prior to detailed description of each step, it is to be appreciated that the
present invention needs not to be practiced following the exact sequences as shown in the
flowchart of FIG 1. It will be evident from the discussion hereinafter that the flowchart of

FIG 1 may be divided into two separable events: one is the precise marking; and another



flomchart of FIG 1. It will be evident fromthe

di scussion hereinafter that the flowhart of FIG 1l may
wheooditwi7ded i nto two separabl e events: one i s PAESG2005/000090

preci se marki ng; and anot herthe precise placenent and

packagi ng. Actually, these two events will be

descri bed separately in thegpresent application for

the sake of brevity and si m§|icity. As will be noted

|later, .it should be,easy for, those skilled in t.he ar .
the pREBE pipbertN dod RKEEGY  AbiplIfotieShive Rghl il thscribed
. sepaldtelyeihQhe prdde@CAppHicaRIrkfordhdvishite HEb@ORE ahdS@nglicits! -As will be.
Then precise placenent and Facka ing will be -

notegjlatengt skpuld bozagy faswhessfskiltadnig the ap|te cpmbirecthese tgvo events if
deﬁghovided an apparatus for perform ng precise |aser
mar ki ng as one preferred enbodi nent in accordance with

[0028)he pri Mhedfefaes, précitdmatkimgs@ill bé dyRribéedfirst. TNRerl B8€ike placement
mar Ki ng aﬁgaratus 100 conprises an I C units i nput
and pagkagiag Wihbe disgussed-1 C units output handl er 108 t hat

old 1 Couni ] | . . : e _
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precise ldsepmarkipids dnegedfertBerabelimenointapedrdanca ekthitBy piilidples of the

transports the 1 C units handl er, during the | aser .
PreseRIRYSKiOBr afbsggﬁer HAGKI8E GAPITAYIS é@?i%ﬁlpﬂlﬁ?st am {§4 upifsainput handler
102 SAPLHTE kiR Duty R USRI 108 that i;owgrd éﬁitsasu@{léﬁw InSYS18iRkd in a

105 th h n ro 110

at marks the I1C units; a a cont unit
shippingttrag lwo W3 units i Gsteip folmata rawspdn spstem fvatinat input tzackl 103 and an

ds | ti t h t f the - .
outpif B 0T il ShFh0is dbue dtn FoTe: SitineoBe lasematiins pracess: o
visidhinkSecBBn UhAY 0% @Hat FEptkied Jhel MagRB df HireOWRIikES naflihS sPilem 105

tray for output 109. [0026] The IC units may have . =

) . Tay .
that gnarke theyd Counitsh end rs centrpl camit ild Or@apt sheswn Th&FlGaethat receives

.~ markin ratus of the present invention may also be
infof Bt SRR R sf ot a7 SPErahIE S W iyl 89 diRussed
belo®i. TJGI Bi18SIsHoMithd Iiahits! da eyl fof nRAAEnS 101 ind B FRekdd@nits on tray

units, Wiile the discussion herein is focused on IC
for quipwtd0%s an illustration of the application of the

resent ng | ol S: e -eci at.e .1 he
o025 TRV By 8Bl GRRISH B LabFbAE e o
markihg ppdretup of el preesat divehtieh Mag wtvdtbe dppied tomatk gny forms of IC

.applicable to any sujtaple applications and_gbjects, .
unit§ gepiyqingaing teﬁqil@divwaﬁldl%r@ltfmdaﬂapfean%wb\émanyWhlle the

OB SRS N SHILEETy S50 I 0
inveoBon,ait is entiwdappredistedtthet the mettod amipeppanenslidéscldse@ herein in
acco?garngi\;’i%? 'tlzlie grtir?cclglieg Ot qgg ?)?es];x?tr in%gr?t%nngrel a%plicable to any suitable
applications and objects.

[0027] The IC units handlers 102 and 108 may be any available devices that are
suitable for handling any IC units as required by each specific applications. In certain
embodiments, the IC units input handler 102 comprises a stacking means for storing IC
units and an input means for unloading IC units in a position so as to be carried to a
predetermined location for marking. The stacking means may be a slot magazine for IC
units in strip form or a stacked shipping tray for singulated IC units. For a stacked

shipping tray, the input means may be stepper motor driven elevating type so that the

stacked trays will be dropped from top to a working position. Thus, each tray will be



units and an input nmeans for unloading IC units in a
position so as to be carried to a predeterm ned

wo swatiison f or mar ki ng. The stacki ng neans nmay BE/SGE0E000090
magazine for 1Cunits in strip formor a stacked
shipping tray for singulated IC units. For a stacked
shi ppi ng tray, the input megns may be stepper notor
driven elevating type so that the stacked trays wl|

be dr d.fromtop to a workin osjtion.. Thus,. each .
progtised P i, whdic sy S ElMARABS The i3fkind PPafeT AR corain
embBlifyentsSd phourhtR ylihddr@tResl singdilatod AbS@IntiRIWed to isolate one tray

enbodi nents, a pneunatic cg)l i nder actuated singul ator

to be ptysessedy Ber aigdelomagszingothgisiot aragarine ynay dbeiperksd ot mpyleand output

sl A3be i R Fosb b b BROPRLE NN AR Rt syoem
In c@tdif efdodinteatss b isteperah6toraMech RicRearin@ay b@ﬁ%&b?u_ﬂgone strip
system In certain enbodi nents, a stepper notor driven

at ong tipe fo the dadexgr besodbadhe Bipashesnaved by the ansperting pysem.

th 1" t i :
ooz TLTG oy pu g 08 bR S e A g e
prodesved| K uill§ andngr bepat meahadld fadingamhe processédIC n@it lidto the

gfocessed IC unjts, and an output neans for | oading .
stacking mgags.e d fg gtapking meaas may Pe; imilar acidenticahinthe ongggployed in

the 1? ngxl?x'@ RPuBARR: T8Y, P6r é}ia'iﬂdl@,rthg Eta%lgﬁgtrrﬁe%ggzmtagg% Iaeslcﬂrh?agazine

oyed in the ICunits I'nput ha
for I€xamiplie striphfermtaaalstacgedradpsingnay Her singdlated b@ gaits. nBorfostacked

. ICunits in strip formor a stacked,shipping tray fo
ShipByig JTAYa s P EU TRFANS MArgHe SSRReE AREr LY BN RGTPE AJPe sprfbat each
procesteR Utay Ba eR¥tadl@ dSthaRP &fackBd QhipPlrgV@sy . eFeY alsididnagazine, a

type sO that each processed tray fmy be restacked in :

steppdrenefondiiean linsappiotign tiragger ey be usddoto loadythe ipresessed IC strips to
the %gggcggrt not or _driven linear notion dragger nmay be used
¢ 8 PAe*“Bfocessed I1C strips to the offload sl ot

[oo20gazi ng: is QOB hppreciatedt BabanPRARGCIBARImh e @fiployed in this
. other neans may be enployed in this invention for
invegtion forcstenng the IGHinits and gtaskimelunstgckingtiGcwiitsgollongias the means

s enpl oyed may function properly.
enWF%B@%Pg é”@?gﬁgggpt system supports the transport of
[0030]C uni th srhﬁ {tm%rg s%rstartuth s@paltté. Ql{ib ntaﬁiwt by I¢ fkimétb grdﬁtfﬂ Hhs input

.dnput handler. 102 to the output station parke e .
Staﬂ?lcp%riw@ BY Bt loumnits dnpyt bandlerd 03 i ettt stadind pakse Ay the IC units

outptlhf?antd[efil 1980 H ci‘bﬁ%@ﬂ% ﬁtis,stﬂé gﬁﬁ?ioﬁﬁ%gteﬁfc%%r%%‘éﬂgut track

an out put trac ong which the units-c
103 andias patput dratk A7 bloagiwirch thet K units ¢am bedeansporeds fomgthe input

B NN DT T, N R .
compti§es & trahBforti hARRRR ot bWIERN GV ERe LR pbiting means moves the IC
units in the IC units handlers from one position to another position along the transport
supporting means. In certain embodiments, the transporting means may be a linear motion
transporter, preferably a motor driven linear motion transporter and more preferably a
Servomotor driven linear motion transporter. In addition, the transporting means may be
configured in various ways. For example, the transporting means may employ three linear
motion transporter: a first transporter receiving IC units in either a strip form or a shipping
tray and transporting the received IC units to a position ready for processing; a second

transporter receiving IC units from the ready position and transporting the IC units to a



units in the I1Cunits handlers fromone position to
anot her position along the transport supporting neans.

WO mosetdaé n enbodi nents, the transporti ng meansCTsg2008000090
a linear notion transporter, preferably a notor driven
linear notion transporter and nore preferably a
Servonotor driven |linear notjon transporter. In
addition, the transporting ans may be configured in

riQus, ways. For. exanple, .the transportin ns .
predefismied fRting nesitionabd oh WL HEROFEF receiing 4F unils Trom the
markin@ poRieioh @hd HafsHovinpothe CC Uit $o bRh@ith18ktpat stdckbPstatnr post-

or ‘a shipping tray and transporting the received |IC )
mark; prispection statigns Qficowrse, dheliyarfsportingonesss may emplays oo inear motion
i trags&pﬁaer QeceHviﬂgl%f:uFits fromthe ready position
ansgoxiet thg SSB%W F‘ﬂ&e Y AHPEPERIYY to apr edet erm ned
[0030Rr Ki NY TeS/idibrP ihspetfidn @nit 108 GotnpAbear infige tARRe\inid 04& and a
.units fromthe marking position and transporting the .
visioneP G048 ferprecaspiag any Emegs atured by: ey impge capipredmitpassthown in
FIG'?Hi%cdsrs]gcpﬁecan?iﬁeét’?ﬁe‘ \%Fi'ongc T4 ?n%lucftegg tﬁc%ﬁ?xp ?rrot hﬂr?s that are
means hay enploys one Tinear notion raﬂ%por SPTOPHA
usedsto@R8culé theivigby indpectias And olatsificition ] £Hdldysi¢memasthsiy @hat includes
i nspection unit 104 conprises an inmage _capture unit )
memqyy $PASOR Storag e arplicaln Bregragtsoand Hiitil, migymediaigeand finished

Aata i SRR of 18 apfAfiof BRIHDE ke iy R0} B QfSsftication,
wheap el das imbudy ggy aosletimape da, by inagxdatat andt dera of IC units
Vi Si j,nspection and cl assification, d system )
outlfpgﬁDWhg?] &tSPFﬂ&%Fd‘églplFeﬂgagf @gg%eéatp(aﬂ, ogﬂ-&&]autilﬁgs 1s provided
hercdPiltel GAAONIRIAESRTE th&PresbR {dv@htioh, Nir BBEE i€t dpplication

finished data from execution of the application
programgmajyrsbeofmplyedi soi lomgi assfecan geneaatd the d€soiitlioat that, may be

comfATE ATac P G HEeif b WTARE T e RemGfotompute,
and &&%ﬁbt@h&n;&ﬁéﬂ}?ﬁlk 8 riffdohh R cER 6 rhbRBryOf SuitaBle Inficrocomputers and
outlines is provided hereinafter as an illustration of
memdiies grecesedily dvallebleiin e manetoplnes: Bhein sibicairapp opszatioprare well
. I It te t
no PSS S0 U SOPENSE89, 1603558 b4 BER Pt PE 100

mayl RM8¢drperated Hitd frigy inddldler PCIEontioslieP 11 (P4s diSkdiBseld beRyw.
m croconputer, and the, sijst em rrerm(rg)é is a random
[003Zccess tlfipdmage ¢aptse ynit dhda msludenn detseborpicanssinddight source.

The ;{ﬁe s ‘?r?)ag% %h{c%qgiag%gg\é@bi} ARk Eehr}v\%e?ﬁfglﬁgﬁ)y ghg&(ﬁy capturing

Ir str ture an eration
the olijectefith e cametd omthe like. déwsaletdeeidn nhdank $o be ubel is not specifically

._.appreci ated that the vision PC 104b . be ..
l’mlF‘*ﬁcaérlﬁligé‘FéH‘% GhpabletRS SRMETEE BRrePHSImge of the gject into an

clsASYRICH: AL of 7)o PR CELUAE LS (2089
inje¢trrint deviigma gephwtpdinde sutay ool swnnet  bmioke peefemed bmbodiment, the
detegtti)cgna}nre]:grgs gya 8EH ga?rllelrx. F3P %)lilarnilpqg, the CCD camera is a progressive scan
camera with a model number CV- M10BX from manufacturer JAI Coorporation. It will be
apparent to those skilled in the art to utilize a different CCD camera.

[0033] In certain embodiments, an ordinary video camera is used as the camera, so
that the captured image is outputted as an analogue video signal obtained by scanning a
plurality of pixels. Accordingly, conversion of the analogue video signal into a digital

signal represented in gray-scale (multi-valued image), conversion of the digital signal into



the object with a canera or the lIike. The detection

means to be used is not specifically limted as | ong
W@20051119734 capabl e of converting the captured i PEOSGED5/000090

the object into an electric signal for output, so that

it can be a charge-coupl ed device (CCD), a charge

i njection device, a photodioge array or a scanner. In

one preferred enbodi nent, the detection neans is a CCD

a tnaaryrﬁgnaﬂ:won&&ﬁffﬂi 6f tllfehﬁnmlgt?df‘?ﬁt% éll\/ﬁ (%kgétolgi&@lssstb% Qalue, and

1scan capera with a nodel nunber
calgulatien et theepot pharassenississ san be .canrtedwult in the vigipa PENt04tbohaving a
k ar to utilize a different CCD
CP?;%Z%IQ ?W]%ﬁa}l Pa"n enbodi nents, an ordi nary
[0094]deo calliire tightssdus&dis FeefeRBlCRABRSA: s §&rﬁrﬂ et %ﬁt is configured to
h#;ted image is outputted as an ana ogue Vi
0“@1“8 g1t WRYSRi Md Bpyidecengs nf V@Vplaugﬁim tlfxrefn‘ralﬂy)(mleshght source is
AP L, | a i deo
CPRERPLONI o af AELIC th A rB R Ybagirisdd e A source is o
LEDmlighting alystedh, i pregerhblyc anoisiterizedl [ETS 1fHginG aky s§éngna{Varlous

|nt a_bi nal conver3|on of the binary S|gna
‘”“”H‘B o8 %ﬁ?‘ﬁﬁm Wiable fox thginsespny laéentwnd Elalp@l;ﬂnmtermﬂlaoihould be

stiereanAtch 2be i 1]

co ki sf 2 PC%E&{ g{}ilnﬁgétfo% éﬁ%ﬂo@ o% lhgrlil? pouEre (e.g.,

roxbtd}rtbac{(b@@wpm'ahen Ianglht efents o IC unft %ﬁﬂh@b |1ﬁ/teﬁ51 rdﬁﬂummatlon
i ght waves

bul b t fi dt t put
cho%‘c%%?‘ilgfi' %gjtg/p? § %C%?P q,‘é‘gn a {o%gca gﬂlgg@glg{b Ly certadipembodiments,
the |1ll@htna&@hl Me&hb@ i BI‘éf@ﬁHyyté)CQé' Bie&idd (L%l q’H) F’gﬁgﬁé g\glt#l & spitable

In a preferre enbo

nit.,
1nteEEg ﬂqvﬁhﬁ?rn@; W@mgeﬂ’}e mseﬁmag\dahg/qmsmomamﬂem ZHek diEdtional front
on rret hods are

\Var.i ou [ 1 um nati
ight i SLP o H B The SBUEE 1t oBler w7 GhmeanEREPECCD vision
cametvafor gledndpdctih. consi dered in choosing an illunm nation
t hod | cI ude positions of the |light source (e.qg.,
[003p} ¢ o aking sysigm e me bamylb'esystemf that eanahaihin permanent

14@ t | ym nati on, .choi ce of

mard gﬁ %Infllglrlérﬂg §o tﬁaghgf%en)tllf %E(l]t.l(fnf Wz%rlrnatxgﬂocaadlel 185q»rporated into the

Peﬂaimegh merks. The Gmlrklag sy teROLD IR She A Enkt biintat Bf"ta'l%r marking
od is to be directional front Iighting,

devi ﬁl . j{%r ef er
‘\%ﬁ’t PeRIFerse &m ﬂfhé'“r%lf tthe marking systenn 05 Qvthn teserhmarkigtdevice

that ﬁ%ﬁtﬁ’f ngﬁggtﬁugAg?Fﬁ#%{@é tLE mgfe r%}‘erzgo? gc{ﬁﬁ@laser marking

deviggywitha Rinde phrop mghmolumg dh oftCEpeeifii @ﬂbcﬁﬁtﬁ@xﬁtathfe %rahié?ers of the
ng system 105 may be any

t Th
Na: Y ARPR It’ﬁagrf‘”%a i P gpiﬁpﬁ WAk Hr noariRal pawesnatkegt d3mm for

system

focab dertguigt abiit 10ERNhALIngREIsOfdr i WARY] l@n%tkogncﬁ_aa%ogp 63, kr%z for pulse

f i ncorporated into the permanent
IeqEPeY-em 105 may be an ink printer or a |laser marking

[0036) Now referring to FIG 3, there is provided a circuitry block diagram of one

preferred embodiment in accordance with the present invention. The marking system 105
is a laser marking system comprising a laser PC/motion control that executes instructions
received from the handler PC/Controller 110. The handler PC/Controller 110 may be any
suitable microprocessing system including a personal computer and a notebook. The
handler PC/Controller performs two main functions. One is to map the marking location

and IC units locations on the shipping tray. Another is to control the motions of the laser



device. In one preferred enbodi nent, the marking

system 105 is the |l aser marking device that is
we@e@sarEld y a Nd: YAG | aser mar ki ng one, nore ppef/eGainkg00090

a Nd: YAG | aser marking device with a D ode punp |ight

source. In one specific enbodi ment, the paranmeters of

the Nd: YAG | aser marking deyice are about 50 watts for

nom nal power; about 133nm ffor f ocal Iength about

064 nanoneters for mavelen ngd about for..
marking S¥stem éﬁwn%e@@}rew Bioush thegr wepachics W St fgrdiscussed
aboveS tl{éf\%{brgf’é a8d the G tﬁCym%BQ hmcghﬁge[t@dnn% tHeMandIESB & CoRtoller.
diment in accordance Wth the present invention.

[oos'me mar Navg dyetid 108 pmecisel laser masking nprosyst amone preferred

R B B0 S e BT P Bt
marlihg appgdtfud &N, ee OChGRM:E RJaH&f at]tﬂé)lﬂﬁm’ stR§ordhto Bi¢iihiR sBipping

m Cr opr ocessi ng system including a personal conputer
traymrdnaa ﬁcpefbuo Kn sEpel haddce thePlS Coits moll Ibertrq@epﬁrmdmstq m@ -mark

cti.on t he. mar kj cati
inspr per iR arn L B S SRR i el e g Sy g, The
pre-fRARK InSpeckibR imBep Q0Ss Bérféx’&’r%dhﬂ&%rtﬂ@ﬁli%id’iﬂcaﬂéﬁ ﬁi@v@sﬂaﬂoﬁé@le row
I mge captured unit through their respective PCs.

and gapsergs/seaps Hvomage of each; ofj |t1@mICP@1§n &ach natg@kp@mona% a@é Y are
capt}%%({féﬁmgra%gtﬂ%& ﬁés%n%@c?h&@lﬂgh%rm I%%go &f’teql trurmé %%%amon of the

reci se laser

ﬁrstQm& iptief @lind tl&fm@larmﬁfdbxesralmgcme dalmm _wailh td t@ture the next IC.
resent invention in reference to FIG 4. After the
AfteﬁaﬁhRﬂlﬁ}gOlﬁpﬁQH%fﬁ? W iGiomartird the data is camaunifatrsytoathe handler

PC/émrdIféF ¥io. STR! HQHdefI%@/C%}Eﬁoflé}ﬁlib sQlPé 1195 Erf ?ﬂé cBfundnWwigh their

strip formin ste units
respecans mootchnlateant oTbe Hamtlde PO¢QPettolter Pk latsnonxecmtest aqditional

corréélqkr)l & 2 aﬁﬁe\g bfe the ?‘R‘P fll?fg g{ap%f?& Shmﬁ(aﬂ?r%gl)ts ugégéj After the data

are ﬁ%Eés@édn?QS WaREmH{RE o LRI 190 CATRE Ra8R YRS PhORE T8 he\Wolumn of
d captures/snaps the i mage of each of the IC units.

IC &amhstm:.’:actlundbxqso% imaven shextran dlovigathe rewpaxis & preparegthe second
net hod, descri bed herejnafter .in After .capturi

Colmﬁisﬂ&? SFR PBTCesh e AFIeF SPORISHnE MArking L EPUmindpRg 3 feclies the

compRA&Ry 8‘ ﬂﬂﬁiﬁ&le@h@ﬁ%& BE1da8 | stitRerSstAnSintsps 3R tadd 90t N€is noted
next After the whole colum of ICis captured the

thatdbg aost snaglo ippadtiom iacbtapo32 iscoptianal df nrg/begtene 3yl aay conyentional
mea};p a{'@a[}ld‘le?@, ﬁ’}gg/ch‘gptlty Qs eﬁnoarﬁc%gs_ the 1Cs in the

urm W espec I've coordi nates. The Handl er

[ooaﬁp Cont riabweefedridy talBG ¢ HRELs @swaRtoviledadetailed &@tdnatioisof one
in Xand. Y if the Vision and the Laser X & Y are not
prefeed embedimapt fof vision captng pEIGPRfiked, it is

[003%1' ansm Eltélﬁg“)f Qpd bﬁ clnacsalﬁfuré’ (it ERure8 B8R infdge of REcH RS&Hit through
its Field- of-Vlew (FOV) as 1llustrated in FIG 5A. The FOV has its default coordinates
with its geometrical center as the origin (0,0). Then the vision PC uses the default
coordinates of the FOV to commence the process of outline regeneration of the captured
IC unit.

[0040] One IC unit has four sides designated as L1, L2, L3, and L4. The vision PC
starts the outline regeneration process by identifying at least two points from each side as

shown in FIG 5B. One pair of coordinates are assigned to each point. For example, the

two points on L1 are assigned as (X1, Y1) and (X2, Y2); the two points on L2 as (X3, Y3)



IC as in step 30. Indexes 2 noves the tray along the

row axis to prepare the second colum for the sane
w@r@sasw74 After conpleting marking 1 tray, i ndegE8GH05/000090

receives the conpleted tray and shuttles it to the

of fl oad stacker station in steps 31 and 70. It is

noted that the post mark ingpection in step 32 is

optional. It may be done by any conventional neans

andt(ﬁ@t Y@aﬂle\’t%' ﬁantE be Lgl'h@|(Xt5}’Y S’f arldNX 6! 8P randRhdiwtOpoints on L4 as
Now referring t 5, thereis now provi ded a
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process of ne regen
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desi gnat ed . as L3, and L4. The_ vision
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Then, the Vision PC derives equations each
rOWSlfdi@unft'Sqrough wor ki ng t he equatl ons of LI L2 L3, and
4, the Lntersections
onaffy 1S S0 BSChESne ALE SOTM AN ML OIS on s
discueean®oas atle dr&Qdl mabiang fblssﬁlgslagéatw Thite@tia9naled be R€ached by
center of the regenerated 1C outline. It can be done

predise plenement priorettbe madgog.nibisas theivesd Whessthe Sreps d8apdiS@ are done
' bef({ % s{:e?g()%f F I : lﬁéxtlegﬁeé%sqaghe( QB @) dlS(PlﬁSlg)g%ll l?ea%ocﬁse(afon the

enter e as

predignpekagihf ébytli‘re&lée pfacementl Qtasitd baappecideddethat fRdprindiples are
shovvn in FIG 5D, the slope designated as Lc is forned

readyly ap @tlpﬁgmbh’étlﬁﬁl Wptbileper Barkizg. t he center point and
odyre md I
ool 7 8P € P 5020 s
for pfcase)pla@@ldnheﬁla n@isHedors thdye:re:ipdcaagu‘d each I C uni t of a
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[0043L t ai n ReH5BAR ﬁ‘éﬁ 6 pRe 5*3 iy & tpprest a@&}?ﬁf pRpgratus is
illustrafed¥n Qb cdrarké@iiith the present invention. This precise placement apparatus is
for placing IC units on shipping trays. The apparatus 200 comprises Input Stacker 202,
Main Track & Indexers 203, Pick & Place (X, Y, 0 Correction) 204, Inspection & Position
Capture Camera 205, Output Track 206, and Output Stacker 208. Also illustrated in FIG 6
are IC in Shipping Tray. (Input) 201, IC in Shipping Tray (Output) 207, Output for Empty
Tray 209, and Output for Reject IC Units 210. The application of this precise placement
apparatus is not limited to any specific configurations and dimensions of IC units. Thus,
the shipping trays may have different configurations and dimensions compatible with the

IC units. Moreover, the Input Stacker 202, the Main Track & Indexers 203, the Output



[0043] So far the precise marking is done by pre-mark

vi sion inspection. As discussed above, the precise
woreokiing74 or singulated 1 C units may al so be reerkezhobyo009o

preci se placenent before the marking. This is.the case

when the steps 40 and 50 are done before step 30 of

FIG 1. Nonet hel ess, the foltpmﬁng di scussion will be

focused on the precise packagi ng by precise placenent.

thaS tQ, b cj at t hat .t he.pri.ncipl.e re a0
Track 295, i g G RRR SFRG A 03 Bl F  aRlS By s degorbed in
the b9 AfhlkiNONpFalitus s eHak eepslisine fufthdr AedcRipbn BHSUE A8E features.

there is provided an apparatus for precise placenent

[0048f | C uhhe Bidkekdtlecer megnsaA0d qrammkisgbal lepb 0ns Snret Rick ippg Place
systérg. T gef*r@tin g&goﬁgﬁeg?gr gl?enf’icfgf& i’pa%e RlSGL 564 %rﬁ&ﬁ%‘g Wo Smart Pick

apparatus 1s | ed I'n accor dancée w

and PIa€s syttentsti&tripeite alldth@ivehye CERB SMarCRIOE Ahd RRPE kR NS corfiprises
for placing 1C units on shiﬁping_trays.,The appar at us
at lepgione Bigkrup Jeadule gt picksaeneachIgamit feany therippwt skippigdragr2d1 and

e e A S
by tl_@J“ziBiﬁ_h irﬁpaﬂioi?r(to?%:iiséhfed lzaﬂct)é{ysllx% ﬁ_t:k?—dlgiﬂ?ﬂodﬁ_llﬁwﬂ_lrpraee the rejected
MR ST T
least Bfie PRIBAT pick-dfhd 512190 ohBEréRALA %ﬁﬂ&ﬁtﬂgﬂ'{tt g{yaﬁi;/:k-up module

preci se placenment apparatus i s not
comppgesitWo vagwnt pigkHuptniosziss thaticaditrapsfst omesI(Onit £ eavh trwtion. There

Thys,, the shi i ng. trays nmay have different )
are Railgsle oF G B ob I Rctis oS it cpf e rmloxagn e present
inveHfibrt. SThd\eHoRRY 8hd afrhiSyehitpit of@h@ﬁi&ﬁfuggﬁgduléshﬁe MRIINknd%RAGH those
& I ndexers 203, the QutputTrack 206, and the Qut put

skillgl acthe art.2 OBerafose, siomdrgdetailed discussigaof thegtick-tp ntadeles isaseded.

R R R A B —

to plafdHelinspb@ePI CKindo MlearpuTBRIPHingthy QUTPH ii S@SbAdppk@afiéd that the
one Smart Pick and Pl ace system F,r] certain )
precisgipasement apparas isinek s liptitgd e Insertain zowodispgnts, skesPiclig Place

[ : tens ; .
meaiff 204 will plbcf Bt imBRRe IS R 0 e ABR 3iine pray, 201, so that he
appaalIPeinsRsmade dofgatt. OTtR qinfisutaonssiuh€Picka& Phice kseatipcapable of

each | Cunit fromthe input shi p&)}g tray 201 and _,
perfoymypg teplasingback anquementsiare wekl pa fgséfpow}ﬁdsg phtgeskiflgd ones.

07. |If [We''d L Qo ' i
100481 < pect 1o P ESHHEE ahd PHEL SybPal BHAE Gt Adrkiny Bule tha
operaiek Itheppiclcep hivelutee | Elad dilving modutesis iabledo tallpsothie guitk-up snpdule in
10 f.or .rejected .| C units. The.pi ck-up nodul e
X, CofndlieieT; MaFSmRen{ i trfio bk S B2V PR ethe theta
precRidH. §h pREerfsdRRsbIdREnts A€ ARVIAK mddu S ¥ ot SOMBILERG SefvdRotor.
vacuum Elgl ck-up nozzles that can transfer one IC unit
[0048) eachThelispectionhgsBesition Capture Camera 205 is similar to the one in the

laser marking apparatus as above described. In one preferred embodiment, the Inspection

& Position Capture Camera 205 is located underneath the path along which the IC unit is
picked-up from the input shipping tray and transferred to the output shipping tray.

[0050] Referring to FIG 7, another embodiment of the precise placement apparatus
is illustrated in accordance with the present invention. This precise placement apparatus is
for placing IC units on Tape and Reel. The apparatus is similar to the one described above

except that the output module 211 is Tape and Reel, not Output Track 206, IC in Shipping



are avail abl e of many conventional pick-up nodul es
that can be enployed in the present invention. The
webwsaeg7and arrangenments of the pick-up nodul BGT/SGE05/000090
wel | known to those skilled in the art. Therefore, no
nore detail ed discussion of the pick-up nodules is
needed. [0047] Wile the pregeise placenment apparatus
shown in FIG 6 has been described to place the
Tray ER@SI L7, Qﬁd'(ﬁﬂtﬁutt Sacioytiugt By ’Pzﬁienagldt REH o%&%rt rﬁc}dule is well
to be appreC|ated that the precise pl acenent
kngven #othose skilled tindthe lant s thatithere ib mdi meret setamdded&cabu&n of the

oA B T5  SS i S ' L0

[o0$x¢ nOr e Walpact pre&B@p&@%bx&%pﬁ&ﬂaﬁ@%b@@ntulﬂ?ld? ' ‘%( larily shows
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Ses a
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aPP?WBEr“Baé’rHSF yhe Taps agd Reehfpr innutting thejCofoe mtoex ingpectien and put the
1n$k£§hﬁ€?&ﬂﬁéﬁ%@?nghﬁﬁPreferred enbodi nents, the driving
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ule 1s a cl udi ng servonotor. [0049] The

[0052hs pect iNow &fBloiigtto HIGE phdte 6s franRled a2Heuitsy BlbeRk HRErahPof one
%:e one |g t he ] aser marking, apgaratus as above
Preffeecdy FREadingant oife aﬁ?gﬁémee Vil PresRIt mventiow, peahp ohandler
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PC/t@ﬁgﬁglg%r'hﬂgl gﬁg %/\Hh?%}ﬁ@t §roI ?oc!e?sqxgé §gst%ﬂ ﬁr rﬁ ?H)ersonal

Commﬁmtan(i;hn@pbotgt asdnycwsaﬂ ahoaelsferred to the out put

50] Ref F| G7 th
1003 D5 AR BHSCrES By piccise plasgdRutior BppaaReg e 8 one preferred
emYoldirédt rlﬁlta%i)rdz{hc@%i% @l?enﬁl%sé’ﬂttlﬁ‘vetnhSn ‘?@f@fé cb %’i}ﬁ}‘x gjnAfter the

This precise placenent apparatus |s or acin
placgmepgap@nraq[g ps;ora R00,rbelC ulteara pored btithe i lmpuﬂ; smlbm throwgh an mput

g BLPPRSFRELLREE TR e, L T
TheShampra&g'Eﬁ@akefsQﬂixﬁpbx)t I@Jnltsalﬂ(ihé)t'rta?lﬂr Topa &K EKcelzg{?to tﬂ_é"ﬁeﬁned

Tape and Reel output nodule is well known to those
WOfEWE Ipegition.nOpg ef ﬁxetaltgmatlhasmm ercét and pase noitepidks ap [@dnits from

d di
the H37SE TBY R R 40 TR Ul Rl iR a0 a8 TEGRRE[ 091 e second
nozzlhe The ewd §€° srdraeaﬂ&ﬂtbyame afaktysicls Ehﬁdl\?labé‘ ufiit @nd brings it over the
ow

exenmplarily shows that the I1Cs fl romthe input
statigpary ﬁ?%?@ctt%sﬁ%& Peyippe Themén stap 3RBethe 2nspectien Pamers captures

the REatARPFARIAL LK, 1128) #)P?hepfv%: 'Ié§ \%h?%m?%dcegﬁrg regaléﬁ 1G, actual

can have various configuration o]

positibms X and ¥i gr& esptofed tubingpirasthiod désevbed indG §-0T h@?ﬁ@mﬂu@n camera
atus may use the Tape and

PC {Qlinblichies Gt iy hhPaG Phrl GARSPBS. | Fhedend PG Gontroller

mapP'the pdiRions of the IC units and process the position data received. The processed
data are communicated to the Smart Pick and Place unit via the motion control and input /
output boards. The Pick and Place unit places the IC one at a time to the shipping tray or
Tape & Reel according to the position data received in step 340. After processing one tray
or Tape & Reel, the empty tray or Tape & Reel goes to the empty tray output station. The
indexer transports a new tray or Tape & Reel to the working area to do the same process.

After all IC units have been processed, the apparatus will be off 350.



inspected 1Cs to the shipping trays. [0052] Now

referring to FIG 8, there is provided a circuitry
whbmskidragr am of one preferred enbodi nent in PCT/SG2005/000090

accordance with the present invention. The handl er

PC/ Control ler 110 may be any suitable m croprocessing

systemincluding a personal1 conputer and a not ebook,

as di scussed above. [0053] Rlow described is a precise

| acenment ..for final ckagin one, preferred
10051601 BT AP Y S ARC R eGet g p Blafion ey e geuied =
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camera position. Then i tep 330 in tian .
OutpgNanalet i tishas Hrompeied e ek & adet 3y Oppction) for
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Visidte hopeditg UnitFn® frecitéle plasipg che abjecafer AnklCpackaging; an pre-
‘ conmyni cates thes da'[Qa to the ndl er fpﬁﬁ/ . d optionall
placamitt (\IpiPR INSPRRUOTHEIR foF cppturingdht impgecot g bigqhgnd optionally

proc%‘%ﬁfgt {hgn&ip red @ﬁagg ICRp@ANGtaPkQCHR? unldiiRO 8 IREputting the
ata recelved. The processed data are communi cated to
precistlg hamdtantiapionalty Prckegedinbject;iandtzh€ontoeli Gnit donraceiving and

pos e, S S B S T BB S b

VisiotPRi8pktiBR ‘Skst@ﬁlcﬁfddéeﬂginngnitﬂﬁ:tiBﬁ§ td ihe Q:oﬁ?bﬂerft@ eebxeRtel precise
step 340. After processing one tray or Tape & Reel,

markingansmiacgmentgf aprobjrspte fEnakpatkagings to the enpty tray
ut put station. .The ind r.t RO . .
oossfe” o FEPHRE it RS mp LR Bls?isR AELiA e Hhacomen
procé¥s %ﬁﬁ&forﬁﬁﬁgie?reaﬂsé matkibif ichSanhaject e praeise prssadnt dfthe object
apEar atus wi be off 350.[0054] As_ discussed above, .
for fingbpankaging.e ThaPkeases eatapiies dsEiRps ofpadiae diccrhied Pnigsan input
: i nt e L Thef ef i L on i

s AgPEAISES pyTAE 181 5y S50 MIEnt 0 isn
inspqeibh Positiog byreirigse transporting systan; mbpesting dintlopjeetchys @ pre-mark
s RS S e B er 40 P 380208 nd cptioaly
proc%@@%grﬁgtvis%ﬁ"?nsglé&?dnsﬁniﬁ@&ﬂﬂ MieRN tH AESMRIMon of the object is

apparatus conpri ses an object | nput
transferred to a control unit that is connected to a marking system; marking the object
pursuant to the instructions from the control unit to the marking system; unloading the
marked objects onto an object output handler; picking up the object from the Input Stacker
and passing the object over a pre-placement Inspection & Position Capture Camera by a
Pick & Place (X, Y, 0 Correction); inspecting the picked up object by the pre-placement
Inspection & Position Capture Camera, thereby the information of the images is transferred
to a control unit; and placing the inspected object precisely into the Output Stacker

pursuant to the instructions from the control unit; thereby the object is precisely packaged.



Handl er for | oading and hol ding the object; a

Transport System for transporting the object handlers
walewosng7a4 mar ki ng process; a pre-mark Vi sion | PSP8GLIOSM0090

Unit for capturing and/or processing the imge of the

object; a Marking System for marking the object; an

obj ect Qut put Handl er for ggldlng the marked object; a

Pick & Place (X, Y, q Corréction) for picking up the

obj ect t he object output, handl er
1005y 1 G WiFIE e e Shi, B eafion DRShen dereibed S Aghee ko garticular
embwlﬁﬁh@ehywm BE ufGersfd8d ARheGk én%odlﬂneﬂb P2 AR IS aﬁ’cﬂ that the

prepl acement Vision Inspection Unit for capturing t
inventipgesopd istriod so himetetd. ahlderom\feowmbcbckmpmts o€ ¢hei prgsenh mventlon will

A N e AT R T

pertaRRC KALR AlteRhREmbANeRs BRI InSidekddi th bk RhcdiBFRied WHhidnHe spirit
processing information fromthe pre-mark Vision

and saepp ef thopregyndtinyansiod. phecopdiaglymsie scope ob thel mmtm‘mnon is
nd sen i.nst ru t.ions t 0 onent S
desciTh&d M bRt Rt MR ot Shieirted,BF (R TRAEME desiption.

final packagi ng. [0055] The present invention also
provi des a precise marking and pl acenent process for
perform ng precise marking on an object and precise

pl acenent of the object for final packaging. The
process conprises the steps of:loading the object onto
an input object handler; transporting the object

| oaded in the input object handler into a vision

i nspection position by using a transporting system

i nspecting the object by a pre-mark vision inspection
unit, wherein the i mages of the object is captured and
optionally processed by the vision inspection unit,
and wherein the informati on of the object is
transferred to a control unit that is connected to a
mar ki ng system marki ng the object pursuant to the
instructions fromthe control unit to the marking
system unl oadi ng the marked objects onto an obj ect
out put handl er; picking up the object fromthe Input
St acker and passing the object over a pre-placenent

I nspection & Position Capture Canera by a Pick & Pl ace
(X, Y, q Correction); inspecting the picked up object
by the pre-placenent |Inspection & Position Capture
Canera, thereby the information of the inmages is
transferred to a control unit; and placing the

i nspected obj ect precisely into the Qutput Stacker
pursuant to the instructions fromthe control unit;
thereby the object is precisely packaged.[0056] Wile
the present invention has been described with
reference to particular enbodi nments, it will be

under stood that the enbodi nents are illustrative and
that the



I nvention scope is not so limted. Alternative
enbodi nents of the present invention will becone
wappanestr4 t o t hose having ordinary skill in theCESG2008000090

whi ch the present invention pertains. Such alternate

enbodi nents are considered to be enconpassed within

the spirit and scope of thq present invention.

Accordi ngly, the scope of tﬁ-e present invention is

descri bed by the appended clainms and is supported by

the foregoing description.Clains Wat is clainmed is:

1. A precise marking appaChins for performng precise

mar ki ng on an obj ect, conprising: an object input

handl er and an obj ect output handler for handling the
Whaﬁf@jcg'&éd%:”ampo” system for trfe\nspo_rti ng _thg obj ect

andl'ers during a marking process; a vision inspection

unit for capturing. and/ or processing the inage of the

obj ect;, a marki ng system for garki ng the object; and %

coftt PEFISErinerking P%%éﬁ“éi g RERFBMYRE iPEYFIIS Bi¥iGAg on an object,
compifs .ng instructions to other conponents of the

preci se marking apparatus. 2. The precise narking

appestaea snpot haidhérmnd an whieceoutputthandlby foc handding the @jeat; t

ke R RS GE e A A Brarin g proces
oby} igioniifdpebtidhaik fBF capPifig sforprédedird he iMBaIST th&bbject;

storing the objects and an input nmeans for unl oadi ng
t hemetkieg systemmion npoksing therobsestandt o be carried to a

predeterm ned | gcation for rking. 4. The precise

e e SpBG fa e ROk P inetBR TP and serdRe e ifus igyoter
comﬂo@em@iofthe\ga@ﬁ@irﬁmkh@ appaatisng neans is a sl ot nmagazine

for the 1Cunits in strip formor a stacked shi pping

tray for the singulated IC units; and wherein the

[ - e 0 e
2. 7Pl B0 BARRREL L R SRR BAC 68 may
be singulited gr mpady forms of cl aim 1, wherein the object

out put handl er conprises a stacking neans for storing

the objects and an out put neans for |oading the

3. ?rabfrrﬁﬁgec% Hlamﬁ%%g?&xlg}d“sgoﬁ%&ﬂﬁ- 1,6wh3_113§1h RICEbREt input handler

appar at u aim1l, wherein the transport
compmyses arstackingrmeans famstoripgithet atgedts ambtlaraimpotitneens for anloading the

obiedy FLARRHI g e BRETTEY HODAGeTHE D RFErar et

obj ect handl ers fromone position to
4, The precise marking apparatus of claim 3, wherein the object is an IC unit;
wherein the stacking means is a slot magazine for the IC units in strip form or a stacked
shipping tray for the singulated IC units; and wherein the input means is a stepper motor

driven elevating device or a stepper motor driven kicker arm.

5. The precise marking apparatus of claim 1, wherein the object output handler
comprises a stacking means for storing the objects and an output means for loading the

objects onto the stacking means.

6. The precise marking apparatus of claim 1, wherein the transport system comprises

an input track and an output track along which the objects can be transported, and a



anot her position along the input and output tracks. 7.
The preci se marki ng apparatus of claim®6, wherein the

WO e@sApors i ng nmeans conprises at | east a |i neaprCTBG2005000090
transporter, preferably a notor driven |inear notion
transporter. 8. The precise marking apparatus of claim
1, wherein the vision inspggtion unit conprises an
i mage capture unit for capturing i mages of the object,

i ' 'han@lerPrOMESH pdbition to
e o B e e
anothet positomaléng thieenmitiand betpuhtsapkscapt ure unit conprises a

detecti on nmeans selected fromthe group consisting of
a charge-coupl ed device (CCD), a charge injection
7. JeVhESre@sd R Ot addtidVof @aitk ) NWheref1thed rihdpoRing means
canera. 10. The precise nmarki ng apparatus of claiml1, |
compiises @t teasha limearkmntiors rensporienyprbfsraiy ianmoter idpiven lippargmotion
| aser marking device. 11. The precise marking
transppRielr atus of claim 1, wherein the control unit may be
a mcroprocessor. 12. A precise marking apparatus for
performng precise marking on an IC unit, conprisi nq; .
8. anThCpasise mapking BBprIntes oirdlaign 1) @heraie thy VAN Highedtion unit
for handlin . [ : ' . k1 foi
compriicoih phgdsrApheEunifrct Rabrurit FaEedh deife teat e afUbnal vision
micrtptot&satdr pocéssipgitha@pnged imagenl oading the I C units in
a position so as to be carried to a predetermn ned
| ocation for marking, and wherein the I C unit output
ha. : ' [ t B h i
O Uit PO BB e o S B e R M M ke uni
compri¥es adbectidramkimgeleetad fronatht pangpontisgnegsefenchirge-coupled device
transporting.the JC units. handlers durin he. ;mar ki n
(OO} GebEge g iche RIpGr Hm8y E SEfnE it SO0 andkd
i nput track and an output track along which the IC
units can be transported, and a transporting neans for
10. no¥hegrectse matkingiapparatus (o€ cla@n Uniwherdim thel rearkingrsypiewraay be an
.nklgositiog to ari(oth r.position along the input and
InkK RIS 373G RETXI%E €54 n i nspection unit for capturing
and/ or processing the image of the I1C units, wherein

the vision inspection unit conprises an inmage capture
11. uniThe fpogcissapatking gpparetye of ¢laim 1, wherein the control unit may be a

mMicroprocessor.

12. A precise marking apparatus for performing precise marking on an IC unit,
comprising:

an IC unit input handler and an IC unit output handler for handling the IC unit,
wherein the IC unit input handler comprises a stacking means for storing the IC units and
an input means for unloading the IC units in a position so as to be carried to a
predetermined location for marking, and wherein the IC unit output handler comprises a
stacking means for storing the IC units and an output means for loading the IC units onto
the stacking means;

a transport system for transporting the IC units handlers during the marking
process, wherein the transport system comprises an input track and an output track along

which the IC units can be transported, and a transporting means for moving the IC units in



the 1Cunits, and an optional vision mcroprocessor
for processing the captured i mage; a marking system
wo o00smea7kd ng the 1 C units, wherein the marki ngpGSGEINF/000090
may be an ink printer or a | aser marking device.; and
a control unit for receiving information from and
sendi ng instructions to othgr conponents, wherein the
control unit is a handler PC/ Controller that nay be a
the fCcuripriendksofromlone JotidH REhShempdditith ABRATRL ilﬁguroﬁnd output
4ﬁla|n112 wherein the transporting nmeans conprises at
®ast a |inear notion transporter, preferably a notor

dr| [ ' 14. The pr.ecise
é’ ﬁﬁghaﬁ%ggtéﬁgﬂlgrb C(%ég{ﬁf’ﬁg fhﬁfv% BFO. (ﬁeﬁf“ﬁ@g 1%%%& the IC units,
Wharaptthﬁr esmnumSpemqmrummn@rdai arinape capRRSuriefof 64pRetid| C&)ﬁﬁ’ges of
th L&r Wg{ consi sti.ng of a charge-coupl ed device
° & URiLy o PhPRRARLYISIHR Bhigtoprogesshb fas ressesing rhayaptared image;

sc FEeGLSE

o SOt ASRRER 6 S, RS BT g oy b
ink pfintet oxaajiasrigmahbmgkdpece anf 0 an i nput obj ect handl er;

transAo ﬁ g he ob .ect | oaded in the_ input object
harfdf 8o r\r??r Oe iIHOPBRIG b fropband seiling ingghetipng to other
compoaB§R O ithieRdn S Cld S
|prrspect| on unit, &mﬁﬁpﬁﬂﬁ h¥eS ?gn%%dgzero?tﬂfer&m%le? ttﬁt hl%p be a
mlc&ﬂmcﬁ‘f‘s@ﬂ and optl onal Iy processed by the vision
i nspection unit, and wherein the information of the
object is transferred to a control unit that is
13. commecpredlsé Qnark iy’ Kpﬂh@atﬁyﬁf%mﬁmlﬁk'W}erélﬂethgtﬂa%%ortm means
rsuant to the instructions fromthe control %
Comlpﬁ‘éesnﬁr Rish@ Ligesr anptioarternspomserd prafetahly aandterddrotynelitiear motion
@y an object output handler.16. The precise marking
rocess of claim 15, wherein the object is an IC unit,
and wherein the outlines of the captured i nage of the
14 IC nit is reggnerated by the follow ng steps of:
PG ATRYSS ARG FPRASBEY ioh plaim (18, M@r@aﬁh@m@dgr‘ iwapiare unit
com}ﬁﬁﬂs%‘d&técﬂ@n Qﬁaﬁsuée ec ?STOSI')) ARt (égu;%o sszSg gﬁac 5 re%, goalﬁlpgél device

center as the orig nati ng
(CCB?, a ¢hergeGnjentian desndcl a ph@odibde arai},d alsdanner, and a video camera.

tran

15. A precise marking process for marking an object, comprising the steps of:

loading the object onto an input object handler;

transporting the object loaded in the input object handler into a vision inspection
position by using a transporting system;

inspecting the object by a vision inspection unit, wherein the images of the object is
captured and optionally processed by the vision inspection unit, and wherein the
information of the object is transferred to a control unit that is connected to a marking
system;

marking the object pursuant to the instructions from the contro! unit to the marking
system; and

unloading the marked objects onto an object output handler.



identifying at |least two points from each side;

assi gning one pair of coordinates to each point;
waolesosmigTgds equat i ons for each side, thereby threombG2005/000090

wor ki ng the equations of LI, L2, L3, and L4 to

generate the outlines of the ICunit; determning the

center of the regenerated kg unit outline; and

calculating the theta of the ICunit outline. 17. A

16. pr?ﬁ% Fecf%te%mfrg proPRRT AL Snd 05, Rh&6inSte Rbjee ieat I@Munit, and

an object, conprising: an I nput Stacker for storing .
whereirdtht oatineg of He @pjuzed imagenithe T¢ ank igragankssted Hy fteg following
transporting the object; a Pick & Place (X, Y, ¢
stepsfr r ect | on) for picking up the object and precisely

Pl %@ig}ﬂné he d0RR Cod@inafes 'R tHRaAKAGIATimaR, IWitpetthondefault
& Position Capture Canera for capturing the inmage of
coordinatepimedlt geomattugsl centerl dsyhgenginde.Ohig t he capt ured

[ e, an tput .St acker. §or. unl [ out putting
tﬁ &ngﬁv%@éﬁw‘fegﬁg}h%@w a&ﬁ‘allo?‘é’ gg’cﬁ?‘gg‘é‘d obj ect ;
angiedti Ry dt MastiWd pdifts floRC&icH isidg; | nf or mati on from and
giving'instructions to other conponents of the precise

pl assigming ongyairafcaerdinpges torpechdiodei se pl acenent
appar at us_of. i 7 ui ' ' ' - )
ety Eaiofs iy Thalsg AREER b SBRRRER: F cQhcbls gLr 1. L2,
L3, aadgrelorzehbratel thpuitlifésetire ICompr i ses a stacki ng means
. for stori ng% the objects and an i}r}xg{ut%tgeans for
unfeamingetthecougrad e reaensraisiG IEhownggnto pe
carnib kil th@tt?ertaegﬁﬁugﬁ@‘uﬂﬁguhi%.at' on for inspection.20.

The prec:lée pl acenent apparatus of claim 19, wherein

the object is an IC unit; wherein the stacking neans

Is a slot magazine for LCunits.in strip formor a.. .
17, ¢ doREH ST SEReEgior B PEHG plasemand < a st Sypfisine

whet Gidht SBEkdrBHtofRAAR! Tofdifg BleRfbpRE Mot or driven

el evat’ing device or a stepper notor driven kicker arm

21 a Miie Tpackok dedepemdenteansperpipa ithet ebhecst cl ai m 17,

gl e 4 R oSl TR, B SRR i
e e B RE" 2 oar at usof lal M7 wherei n. the
Maian Iispactions& |Rodigios (Gapture Camera for capturing the image of the object and
optionally processing the captured image;
an Output Stacker for unloading and outputting the precisely placed and optionally
packaged object; and
a control unit for receiving information from and giving instructions to other

components of the precise placement apparatus.
18.  The precise placement apparatus of claim 17, wherein the object is an IC unit.
19.  The precise placement apparatus of claim 17, wherein the Input Stacker comprises

a stacking means for storing the objects and an input means for unloading the objects in a

position so as to be carried to a predetermined location for inspection.



conprises an input track and an output track al ong
whi ch the objects can be transported, and a
wo e@sapors i ng neans for noving the objects i n PAESG2005/000090
obj ect handlers fromone position to another position
al ong the input and output tracks. 23. The precise
pl acenment apparatus of claiqg 22, wherein the
transporting neans conprises at least a linear notion
tr r [
20. | THERNAE piofRTBIR, FFB 10. Wifelr NGRS AR 1C uni
wheddimitha stdckind) eeans is bsldtnﬁp@ztnwﬁ)r&(}?mtst immlﬁabtm roe a stacked
. Caner a rrprl?es an image capture unit for capturin
shipping Jeay nealaed derunitynand Whepsin dieainpyt glegps 1s a stepper motor
ured i mage. 25.
driv %é‘%?ggﬁgéégFaéggﬁﬁ%gﬁr%ﬂ}% a'F}{al m 24, wherein
t he i mage capture unit conprises a detection rreans

cted fromthe roup consi.sti.ng f char I
21. GedFE e eietyplacr R BEaTag o | S dd: canerdao: ORIRBe acker
comﬁﬁ&%ya stackfAMHGhs fRNEbrihgthd €8 LA RIdPan Sftp utTllﬁgan{%rt%F 'lo%ﬁmg the
| acenment appar at us of c al m‘i? wherein the Pi ck
objeéilsaowthe($tacklng1n@msr ection) conprises at |east one
Smart Pick and Place system wherein the at |east one
Smart Pick and Pl ace system conprises at | east one

22. Pi ¢ke ufécmegﬂuc%ntehﬁtpuafa@mmmhﬁ Qbtie@sih the MMt Teick BPMdexers
St acker an | aces the picked object in the Qutput

COMBYIsas wermp\arteacg agid jai cwgmmmk elongavhiely dheaetiects pan be transported,
and § gr%nsggﬁﬂréorgeang orvt\'{ﬂgtgle% [}16 obl| ecg&n\ﬁynglﬂgqgtﬁaﬁars%ro%? offe ISo%mon to

e pI CK-up no
anotHd:rrpbethbﬁ akong the 1hpat plecime tatlacenment appar at us of
clai m 26, wherein the pick-up nodul e conprises at
| east one vacuum pi ck-up nozzles that can transfer one

23. Obﬁﬁgtanr@&see?ﬁ@frq%t' %{}mra\?ﬁs of stau@r?f'&ﬁergl aﬁgrt%ts?ortmg means

apparat us o He”Cont Fol - unit
comptiggsayprlease aslatear AfbtioA tpmeporsee, prederabiynd mptacdrsenflarear motion

preci se packagi ng of an object, conprising the steps
tra“%PP ®I-0oadi ng the object to an Input St acker;

transporting the | oaded I nput Stacker through a Main

Track & Indexers to a position where the object can be
24. pi dhe pragiseaplaceanmesp @pparatus pf cliimgl 7 pvhehen ¢l bspedtiopnk Position

he | t Stack d [ i t
Caplui GaBPIRSPRTS PR FORRCSATAT Antede by e PHEEK Dkt opisgt and
an optfonall visfon@RicteddeSddt for processing the captured image.

25.  The precise placement apparatus of claim 24, wherein the image capture unit
comprises a detection means selected from the group consisting of a charge-coupled device

(CCD), a charge injection device, a photodiode array, a scanner, and a video camera.

26.  The precise placement apparatus of claim 17, wherein the Pick & Place (X, Y, 0
Corret:tion) comprises at least one Smart Pick and Place system, wherein the at least one
Smart Pick and Place system comprises at least one pick-up module that picks up the
object from the Input Stacker and places the picked object in the Output Stacker, and a
driving module that operates the pick-up module, wherein the driving module is able to

adjust the pick-up module in X, Y, Z, and 0 directions.



i nspecting the picked up object by the Inspection &
Position Capture Canera, thereby the information of

wo besiimages is transferred to a control unit; BETSG2005/000090
pl aci ng the inspected object precisely into the Qutput
St acker pursuant to the instructions fromthe control
unit; thereby the object isgrecisely packaged. 30.
The preci se placenent process of claim?29, wherein the
object is an IC unit, and wherein the outlines of the
captured image of the ICunit is regenerated by the

27. f oThewragses tpdpeneht appsiagus of) caithe PauMhecinrtte matlesp trmodule
the captured inmage,. V\/nereiq tEe def aul t coordi nat es )

compgises gt aﬁ@gﬁggqqughplc]é-gﬁpggz escthatfan dran. phor(e(p’l:mc’t at each motion.
designating the four sides of the ICunit as LI, L2, *
L3, and L4; identifying at |east two points from each

28. si db¢ mascisygplavgment appdratusfofcdeimli IVatwekereim gectonpoil ninjt is a

. deriving equations for each side, thereby through

MICIOBYORYHIY  t he equations of LI, L2, L3, and L4 to
generate the outlines of the IC unit; determ ning the
center of the regenerated IC unit outline; and

29. calAcpriceist mpcement processdbr presise @agkaging of lan ebject, comprising the

steps of:

loading the object to an Input Stacker;

transporting the loaded Input Stacker through a Main Track & Indexers to a
position where the object can be picked up and inspected;

picking up the object from the Input Stacker and passing the object over an
Inspection & Position Capture Camera by a Pick & Place (X, Y, 6 Correction);

inspecting the picked up object by the Inspection & Position Capture Camera,
thereby the information of the images is transferred to a control unit; and .

placing the inspected object precisely into the Output Stacker pursuant to the

instructions from the control unit; thereby the object is precisely packaged.

30.  The precise placement process of claim 29, wherein the object is an IC unit, and
wherein the outlines of the captured image of the IC unit is regenerated by the following
steps of:

assigning a default coordinates to the captured image, wherein the default
coordinates are the geometrical center as the origin (0,0);

designating the four sides of the IC unitas L1, L2, L3, and L4;

identifying at least two points from each side;

assigning one pair of coordinates to each point;

deriving equations for each side, thereby through working the equations of L1, L2,
L3, and L4 to generate the outlines of the IC unit;

determining the center of the regenerated IC unit outline; and

calculating the theta of the IC unit outline.



