8 MAR 2007 WD 2005/ 119774 PCT/ SG2005/ 000090 1 METHOD AND APPARATUS FOR
PRECI SE MARKI NG AND PLACEMENT OF AN OBJECT [0001] This apghi Fgati onis a
continuation-in-part application of U S. Patent Applicatt AT al  Nunber
10/ 856, 7630 208d19Jte 1, 2004, which is hereby incorpor aP@€HSG3005/006%r ence.
Field of the Invention [0002] The present invention relates to nethods and
appar atuses for precise marking and placenent of an object including an
integrated circuit unit. Background of,the Invention [0003] Small objects
such as integrated circuit (1C and |IC package are marked in different

ways for NrR$pRs | i idy j f mar ki ng
ICs is angr mafs‘ I n‘gwﬁfg‘gﬂygﬁﬁg%%ECJ%E?‘%@WQRRW@QC@EN@% nes
critical due to constraint of theAM@BJEOIre area and increasi ng demand for
-characters to be marked. In many occasions where ICs require second

mar ki ng, the area and location for second narking is even nore constrained
because B00tlhe pr cEBacppbicatie ifis sontipedtiondinysyt ppelidation ahd.SicBaeett e

mar ki ng RQSi-ti.onkNg kS Very . t.in qr to.maintajn.the integrity of
the . mar BoRgeaHoF SORLNert B QR es Tl pipe 3y BB Rich s B 2b ikt Wrme ki ng
i nspect i @ferkireat | east three ways. First is wong marking. Second are
cosnetic defects in the markings. And third is that the marked characters
are offset or out-of-position fFisk efithe dmeintied | ocati on. Thi s happens when
the object is not properly positioned and at the sane tinme the marking
apparatus fails to correct the marking position. [0005] The increasing

demand fpoodjhr oughphe pedsentTiniicatidhi @aitésO afetHdds’ BRAVAPRTadses Y Gedigy at i on
of handl ers or handling systens being able to deliver high outputs at

barely Perkdng:adiphesmenteivnabjectiedleding en int¢geated ¢iscudtinitiper ati ve need to
have an apparatus that enables precise marking and placenent. This
invention satisfies this need by disclosing a precise marking and

pl acenent apparatus and net hod Bickgsoinil 6fehe 3aventiont her advantages of this
invention will be apparent with reference to the detailed description.

[0003) Small objects such as integrated circuit (IC) and IC package are marked in
different ways for inspection and identification. One of the popular ways for marking ICs
is laser marking. During marking, the accuracy of the mark becomes critical due to
constraint of the available area and increasing demand for characters to be marked. In

~ many occasions where ICs require second marking, the area and location for second
marking is even more constrained because of the presence of the first mark. Thus, precise
and accurate marking positioning is very imbortant in order to maintain the integrity of the
mark with respect to the first mark. |
[0004] An object may fail marking inspection 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.



- 8 MAR 2007 WO 2005/ 119774 PCT/ SG2005/000090 2 Summary of the Invention
[ 0005] The present invention provides a precise marking appﬁ Eﬁus for
perform ng precise nmarking on an object and net hods of usi 8 H8] samre. The
preci se nmawdpmg/11|ppar at us conpri ses an obj ect i nput hangdesc@idgoddeeb) ect
out put handler for handling the object; a transport systemfor
transporting the object handlers during a marking process; a Vvision

i nspection unit for capturing and/or processing the inmge of the object; a
mar ki ng system for marking the object? and a control unit for receiving
information fromand sending instructions to other conponents of the
preci se marki ng apparatus. [0006] The present invention also provides a
preci se pl acenent - appar at us fghnuggﬁpbﬁﬁmqg§&hﬁg and/ or precise- packagi ng
an object and nethods of using the sane. The precise placenent apparatus
conprises an I nput Stacker for storing and | oading the object; a Miin
Track & [ongékers f diepresastiovdntiop proeidedi pekise tabkink afpdratas éor(pérforning
Correction) . for picking up the object and precisely placing the object for

>

final paPREienGarking R AReeRIpeihande npsshedsi efhusiag the éar%/%m&l@ Pr6fise @AkipEng t he

I mage of f ' : ' cessing. ' '
ot pat F R RaRepBRbri AR an SBlccP I KR OE R icet BRSO iy HRYfne AF
opt i onal lopjepgekagepbrotyjseat forarmsportiag ttieodbjeshindlers dofife b \hdking Peavesshi on
from and Sgivin Lnstru&tions to ot her conponents of the precise placenent
appar at udSI¢HBERCUPR a0l feseaptuning and/popropessing dhe praggiqfdhe abispleaimukingr ki ng
and pl acef®Bh foRRRALA f e ) eci | ' and
precise p@cemgnt of lﬁtge gg{eé:gtéﬁc?%;@o 98@@%5‘2{?3%5@%5&%%@8 sd"g%tngsi ng
t he saneserfheg psiegitons warthérgnpodents af tegnéciseapgrRingtapparamepr i ses an obj ect

| nput Hagpd] for adi ng and hol di the qQbject; .a Transport System for
t ranspor E‘ﬂ‘ﬂgft he obﬁg&re%&hd‘i“(ﬁnémﬁé]g?@r%VI% KiPReFIS5r B’(?é%?maal?j’taéa-tusng}rk

Vi si on | psReethaRindtink/ &R j ' ' ofr.he
object; a Marki ng{ésystdg%&? or n%&t@%‘é%?g{g% ?{edg@?&ggpgg}lgg mg}?g’ff TI—ngndl er

for hol diPfrsiseipdacgmerieabparsbjseomprisesar knpfit Blagker foostorihg dnddondieg theoobject;or
I cki ] | f t bj t t.put , ' It t
POk T yn gl el rom e chle ool band g S AT e 1o
for fi nalfomgl&a%hpﬂie_ ecPhft paeaﬁawzﬁiﬁ@ ﬁk%jewﬁpﬁﬁ{u;@e%gg{.% raggﬁs.p%@tmnuf ' ng

the image of the object and optionally processing I'mage; an
 Cut put SaBreitior Gapture Camera for capturing the image of the object and optionally processing

i

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.

- [0007] The present invention further provides a precise marking and placement
apparatus for performing precise marking on an object and precise placement of the object
for final packaging and methods of using the same. The precise marking and placement
apparatus comprises an object Input Handler for loading and holding the object; a
Transport System for transporting the object handlers during a marking procéSs; a pre-
mark Vision Inspection Unit for capturing 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, @ 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



unl oadi ng and outputting the precisely placed and optionally packaged
object; and a Control Unit for receiving and processing iq%g@@gtion from
“the pre-mark Vision - 8 MAR 2007 WD 2005/ 119774 PCT/ SG2005/ 807 3

| nspect i oW@E&9/&72d pre- pl acenent Vi sion | nspection SyRtEsGcz0sfo@endi ng
instructions to the conponents to execute precise marking and pl acenent of
an object to final packaging. [0008] The objectives and advantages of the
invention will becone apparent from the followi ng detail ed description of
preferred enbodi nents thereof in connettion with the acconpanying

dr awi Brief Descringti f the,Drawings.[ 0009] Preferred embodiments
aceor o s B ST PG P AP Biom S by B B P ence. ¢ o
t he Fi gufiRSompehtani kecilie ;i@jcrse mhdtkitBia6l pldckifedtRF 8 6FjE& to MrABIadkapikenot e

l-ike elenments. [0010] FIG1 is a flowchart of precise marking an | acenment
of one pl8P8rred Ehoobjeetives and advamaghsrod shevinventioneviirisseme apparemtiiogh.

[0011] - ,FIG.,2 isS iagranmptic.view of the.lay-out of the preci. r ki ng
Sppar at uledplgyvind oBiafed REGHRR G sl enateim it Dol nfonrertoh SUBpE™

i nvent i 0fccoldddAvihg Blawisgd s @ circuitry bl ock diagramof a precise |aser

mar ki ng apparatus of one preferred enbodi nent in accordance with the
present invention. [0013] FIG 4 is a precise |aser marking process as one
preferred enbodi nent in . acl?oWnce. \gth tge Ere.sent invention. [0014] FIG
5 shows a detailed expl anati'off BFSCEREop oL the PEAVREY o di nent for visi on
capturing of 1C position. [0015] FIG 6 is a diagrammtic view of the

| ay-out mjpodhe prepreterrdd 8a®BBIhent#REEIRINESIf Ak RbRGE Mhehfot! MillSndW be

shi pping trays as one preferred enmbodi ment” in accordance with the present
i nvent i odescribed efitlFreferenee te thié Fggumsmtéanpanied béreinhén Ivhiclo ke gefer¢nse
precise glllacei}eacpt alﬁﬁpa[atu for placing ICunits in strip formas one
preferre BRI Y A dance with the present invention. [0017] FIG

8 is a cigostyi try DFIGK BiAgbadhk of REQS ARAKMAGRIBREeRAS FPoGTeagieRired

embodiment in accordance with the present invention.

[0011] FIG 2 is a diagrammatic view of the lay-out of the precise marking
apparatus of one preferred embodiment in accordance with the present invention.

[0012] FIG 3 is a circuitry block diagram of a precise laser marking apparatus of
one preferred embodiment in accordance with the present invention.

[0013] FIG 4 is a precise laser marking process as one preferred embodiment in
accordance with the present invention.

[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 accordanccla
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.



apparatus of one preferred enbodi nent in accordance with the present

I nvention. [0018] FIG 9 is a precise placenent and packaqupmmyﬂ@pss as one
preferred enbodinment in accordance with the present invention. - 8 MAR
2007 WO 00031 P774 PCT/ SG2005/ 000090 4 Det ai |l ed Descrp@i/komogbootdae

I nvention [0019] The present invention nmay be understood nore readily by
reference to the follow ng detail ed description of certain enbodi nents of
the invention. [0020] Throughout this application, where publications are
referenced, the disclosures of these fublications are hereby incorporated
by reference, in their entireties, into this application in order to nore
fully describe the state of art to which this invention pertains. [0021]

Current marki ng appar at us_ﬁquleo‘#@g?e?i{sqtgoﬁle?ﬁggﬁ‘%ghed with two chal | enges.
S

One is precision. Increasing in Bnto an object. Anot her
I's marking dinension of an object. The object is becomng smaller and

smal | er. [obagys t he %@b}&&kﬁnvéﬁ%emgp be r&a&é&ktee% '&n%ré)?éaeﬂi, B refRInk&to thdhi s
r I n add e

al so demands hi gher piecision. i tion, e automa I nspection

syst em déoHovdsg geteidédsdespripgloagificgrtaiwentbodimensneftte mveftione.  t hr oughput and

| C mniagyrjzation,_ high-speed handl ers w !l be re prone to pic pl ace
errors réolsbabltzl ng fFBFﬁ‘%&GPgﬁ)@ﬁtalﬂgé‘i%‘P?" Wri)r%@g[ﬁ)i‘t“m‘?vé‘iﬁ F‘?)fﬁreBF%‘ti %@s

sol uti ongisbRkuted8f tlfé?@#)ﬁlﬁﬁﬂﬁéns 420724 b#ﬁ%x‘k@xfa%dr lBgnxgsférQn@ (A theirldAfified, S
provided a flowchart of precise marking and precise packagl ng resul tant of
preci se phadesepplicatiomiceddntecsons fullytdescriredbestate df artentwhich thihimvédtionc har t

w il be g?ﬁaﬁﬁébed briefly herein while each step will be discussed in
detail later.”In step 10, objects to be narked are transferred to a marking

appar at upoy] the Cupeht iyR@tilpeapphltfls AlEproBss GfeScotrbhte@ it @REGHaREhRY. t he

Vision in step 20. The vision inspection will instruct the marki n%_
appar at u&neds peacksien elnsksjesiag gnfosmgtien is merkadronte apobject. Ahethemiskwarkisgj ect s

L e A kOl G0 R85 R 8 SRS TR ity 7,
vi sion spapdot markinglisteegmbi@ stdller.eTaly fsd denHlds Qiphsr pRcRnP!Iacadition,
precisely and packaged i.n step 60. Then the precisel ackaged objects are
stacked HiF aemeizdjnsperbien sestersrdeamands aredsespaskaging. With increased machine
' . throughput and IC miniaturization, high-speed handlers will be more prone to pick & place
errors resulting from equipment assist. The present invention provides solutiéns for the
challengcs.
[0022] Now referring to FIG 1, there is provided a flowchart of precise marking
and precise packaging resultant of precise placement in accordance with the present
invention. The flowchart will be described briefly herein while each step will be discussed
in detail later. In step 10, objects to be marked are transferred to a marking apparatus by
the Input Module. Then the objects will be inspected by the Vision in step 20. 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 vi;s,ion inspection before place‘ment 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



in step 70. [0023] Prior to detailed description of each step, it is to be
appreci ated that the present invention needs not to be practi ﬁ?gd fol |l ow ng
t he exact sequences as shown in the flowhart of FIG 1. "\ﬂnm B¥ evi dent
fromthe dweoegileTr4sherei nafter that the flowhart of FipGrkcreysob@odi vi ded
Into two separable events: one is the preci se marking; and another - 8 MAR
2007 WD 2005/119774 PCT/ S62005/ 000090 5 the precise placenent and

packagi ng. Actually, these two events w.ll be described separately in the
present application for the sake of brevity and sinplicity. As will. be .

noted later, it. should be easy .for tho illed jn the art.to conhi ne

t hese tvvotﬁé\Péﬁ?ge P acexgxggﬁ%cgpx?%%. 'I‘ié}@hbrtb?sepé‘@cF‘éeé‘tsrﬂﬁla(}bﬁg&wn'}%}fe%be
descri bedephfatly il B prREGE laﬁglid%kiaﬁ%lifﬂ{e saRL AREVATAINsiMblidinhe adiwitiuss ed.

[ 0025] Now referring to FIG 2, there is provided an apparatus for -

per f or m riptedplaseri Heshonldebe epsy Kpnmthoas skitked inahe prt o cembindithmsatwp events of dance
wth the eri né:i ples of the present invention. The |aser marking apparatus
100 conpri g8&%an 1C units i nput handler 102 and an | C units output handl er

108 that fbedsgl | C unTheieford) Pt @ehrRing WRNbSHAEAbdI iR THeh Rl fnaomemr I C
units in a strip forrﬂba.transport systemw th an 1 nput track 103 and an
t

out put t raddipackagingwill be diseseadt s the |1 C units handler during the |aser

mar ki ng Ss; a i sion.in igon.unit 104.that captures the.imges of

the IC uﬁlbﬁss? a rrarlkl%{‘r“{grc vgpgﬁ?%@? ?’t ﬂ’g_{e t‘ﬁaP{&y“i Sa @Iﬁ‘FﬁtY%?oraWdfoémé&t rol

uni t 110 gra¢ite R Rarkihghb Gne prefdirdd dnsRiiMBst in aBERddRE WRR tiR Wik 8iIeksof the

I nstructions to other ;crgn'?onents of the apparatus as di scussed below. FIG
g

2 al so sHugEsH Hyepomnilhe laser magyng apparatuk LAY comprisasdntlReunitsrirest handles on
LooY ] gue @it KOSnicd ORRG! neFfer o8 Rt RofiHC IS SL G olllfRp RS and

configurations. ng apparatus o ve on may
al so be ashippisgtray onkC knigsniy o swiprborad; al teanspéiit bstérn SHthdinigpd itagk 168 anld an

i ndi vidual |1C unkts and strip-f?%ned ICunits. Wiile the discussion herein
i s focusePBH trask 17 batcansporty thed( witohanster dysing ghy laserimearkings Propesspt esent

| nvent i oNisibh ihspebBorPEnit P94 BGL ek B i&&%; Hﬁ]}g&qg i zfﬁlﬂﬁ{}g%k&?sté?ﬁ §§3 osed

herein in accordance wth the principles™ resen thon are-

appl i cabltbat magksytheul @ ainlits; and a control unit 110 (not shown in FIG 2) that receives
' information and sends instructions to other components of the apparatus as discussed
below. FIG 2 also shows the IC units on tray for marking 101 and the marked units on tray
for output 109.
[0026] The IC units may have different dimensions and conﬁguraﬁons. The laser
‘marking apparatus of the present invention may also be applied to mark any forms of IC
units including singulated individual IC ﬁnits and strip-formed IC units. While the
discussion herein is focused on IC units as an illustration of the application of the present
invention, it is to be appreciated that the method and apparatus disclosed herein in
accordance with the principles of the present invention are applicable 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 mayv 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



applications and objects. [0027] The IC units handlers 102 and 108 nay be
~any avail abl e devices that are suitable for handling any LC units as

requi red by each specific applications. In certain enbodr Aert 9007t he 1C

uni ts i npe@2desm7er 102" conpri ses. a stacki ng nmeans for stesGI@sHE@0oUNItS
and an input neans for unloading IC units in a position so as to be carried
to a predetermned |ocation for marki ng. The stacking neans nmay be a sl ot
magazine for IC wunits in strip formor a stacked shipping tray for
singulated 1C units. For a stacked shipping tray, the input neans nay be

st epper npt@essddial eactetimeathag the/ pays sretdl@tatdd® the kRS fosaws. Whderthi
Thus, each tray wll be - 8 MAR

dropped fromt.o o0 a working position. T
2007 WO fﬁ@%&‘f%“%ﬂ&nﬁﬁ?@c@dwﬁowwﬁﬂ gngyitor tabs eeh be ussddisplateeongtizay t he

trays are ' | Hion, In certain . ephodi nent s
pneﬁ matic tf?f?%ggs?e%glﬁ%%ggpg%h%?gﬁ% él{)ta EENT Y lﬂfs%a&k?(ggilg%’lt 3‘?%0‘83@‘ tray
to be prosesesu. Dng theshatkingpp@zesseihetshehsHrOolo aohs thd WahsPaHiAREHEdn at

i nput and outrﬁ)gﬁ Et tions. During the marking process, the strips are
moved al ontyCETAY £BA $ Agtenpst mptor drivep dkickar armemaydiersed to, push one pipigr

ot or  dri Weshdim& R anfin £ sh one SLri at.one tine to an
| ndexer so that the st glé)g@ééggﬁ%g&ﬁ%f}égmg% ?’ﬁgeﬁya&’gﬁ%ﬁﬂoﬁ%“gﬁ@{e@m [ 0028]

The | C unil@®@8put put Thed@lumits bt hapdibSEB @niprRekh BEKRAARahOfor Slofihy B t he
processed | C un out put means for loading the processed IC units

it and a

into the pgchgqgfl,@f HRUAndTRAR OHDIK neans R deading thee proicassed I Cownitsdiotn theal t o
t he one erpkEMedndals. | | : r . I | e, the.

st acki ng neansgr[ay Sbquggliag%( H{r%%lg?%s%w Pé(;?l“ﬁ‘&?l?ﬁl es%tllc!lr?lqgttﬁ%(én o 105?&351

st acked siol$: vajtstinayt Hapdlesilogul Eur edamfleythietstrckingrmeans tnkieda sishinagizig:
tray, the . S be st er.nptor driven elevating type so that
each pr'ogé}??g‘gﬁﬁsggs&%&a%‘eorrae??‘g%aé nPHE Y foF sngulateddiCoinitsg Pbl‘/’F aytacked g
sl ot nmagazhippingarays tiRpREputBENs Q&Y B | 1 g@,gge{ ed to
| oad t he prlggeg reac)i, I C st?lilps toS t.%eegge?lb%}glg&g?g%bﬁgggl ne. yfgg%gi%?le%%l s to
 be apprec ﬂ’é‘tcééﬁefsiﬁéﬁy way bst restackediins theastatked ehippiye tkayn Edri ssslot magadingra f or

A T T N
t ransport thefoffiGadisiot magaziwe, t he i nput :
[0029] It is to be appreciated that any other means may be employed in this.
invention for storing the IC units and stacking/unstacking IC units so long as the means
employed may function properly.
[0030] The transport systeni supports the transport of IC units from the input
station parked by the IC units input handler 102 to the output station parked by the IC units
output handler 108. In certain embodiments, the transport system comprises an input track
103 and an output track 107 along which the IC units can be transported from the input
statiori_ to the processing positions to the output station. The transport system further
comprises a transporting means not shown in FIG 2. The transporting 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 posiﬁon and transporting the IC units to a

predetermingd marking position; and a third transporter receiving IC units from the



station parked by the 1C units input handler 102 to the output station
.parked by the IC units output handler 108. In certain erdbMiivEpls, the

transport ﬁX@%}éﬂ%P”p.” ses an input vtrack 103 anq an opbRG2405M60096L07
al ong whi units can be transported fromthe input station to the

- processing positions to the output statkon. The transport system further
conprises a transporting neans not shown in FIG 2. The transporting neans
noves the IC wunits in the IC units handl ers fromone position to another
position along the transport supporting neans. In certain enbodinents, the

transpor t pgkifp ﬁajﬁtigﬁﬁn&’ﬁaﬁsgoin’ﬁ@f‘fhegat wlB to teft?%ﬁg‘%fwétﬁgt st%,rk(af ShASH ¥ Fhsfot O -

driven linear ndotion transporter and nore pre ervonotor driven

| i near notagninspestiopstation. Oficoarid; the canspoktingtmesns poiyteinijdoysRms $ins@ymdidn
configur’egr i n vart':hous V\S%s.. For exanple, the transporting nmeans may enpl oy
three | i nSARSPORER thatstenserssly 8t cach Positien. ¢ r ansporter receiving IC units in
ei ther a g6o3np. for Mgk vicirRPbdin U043 B PR Mo dNCudiPfia Bl of
units to a position ready for processing; a second atgrangporlfer recel ving

| C units isom REd04ke fotyprpcsssingany amelge caprsied by itiginidpe chftuttidis ab shawn in
predetermF?@%h&arki n fPosi {ii on, and a third transporter receiving IC units
fromthe e BRs hiToRBEn 5 THA VoToRsP PP imbesiss 0ppBEO ProgRRT thyt are

posi tion a8d thleRBEROMHeVIdod ﬂﬁp&c‘ﬁoﬂ%&ﬁ 11l e&ﬁd{'&‘s‘;«s&%'&%&ogﬁ AGKaEugdAt | on
or post- mark inspection statfon. course, the transporting neans nay
enpl oys omendryiepacerfor stoning tthaapsylmatien ptdgadms tangd $nifisile diteretediand ashfibished

position. ;[0Q31] The.visiQn in ction unit 104 conprises an_ ipage capture
uni t 104ad§tﬁ3‘;}°5Jl %‘T%’f%’ﬁ oé%ef@.gﬁgqﬁ&n rgers §’fﬁ§ VAHign P’t‘?_ﬁ‘@fé‘%é‘ﬁ@ Gggﬂgwloflhe

| mage capiwhiege thel data 18Pyl staldintagd dhts BigR§ leﬁgé fh2hh& datalBEICY bigikON PC
104b includes application prograns that are uSed To execute the vision

i nspect i oRuEigsc|¥Bie pi spgeifisncxammie of she regenenstion pf tthaiCioutlinedds promdat y

space for ' ' [ rograns, and initial, internmediate and.
PP i eheq Hetsiatd 4 ARRLBGh QR SLATRavNER Bih ofic Sl Bomt Bhfosh
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data, binary i e.&‘gha, and data of IC units outlines. Wile a specific
exanpl e ofo%ﬂéttlﬁgé‘@ e presentanvengigny Breferablyntbs vistopPQ0db ds 2 migrecomngesy as

P ogr am e e O R Rt Y AR e B el ST R G ARSI ey
be conpatdsha@iesiarhrentity praikble ini thy anilken placer Their sthoturetddd opefition aRGvdlD4b
'sam ?r XGowh l211'%1§,r1:herefore, will not be described. It is to be appreciated that the vision PC 104b
' may be incorporated into the handler PC/Controller 110 as discussed below. |
[0032] The image capture unit 104a includes a detection means and a light source.
The image of IC unit which is an object of marking can be obtained by optically capturing
the object with a camera or the like. The detection means to be used is not specifically
limited as long as it is capable of converting the captured image of the object into an
electric signal for output, so that it can be a charge-coupled device (CCD), a charge
injecﬁon device, a photodiode array or a scanner. In one preferred enibodiment, the
detection means is a CCD camera. For example, the CCD camera is a progressive scan
camera with a model number CV- M10BX from manufacturef 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



and the systemnenory is a random access type of menory. Suitable

m croconputers and nenories are readily available in the market place.
Their structure and operation are well known and, therefor_ea MW%M not be
descri bedwdboosa19794 be appreciated that the vision PC 10461885860090

I ncorporated into the handler PC/ Controller 110 as di scussed bel ow. [0032]
The i mage capture unit 104a includes a detection neans and a |ight source.
The image of IC unit which is an object 8of mar ki ng can be obtai ned by
optically capturing the object with a camera or the like. The detection
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light' S Qlabfefa fof i ins efc{i&?t or back), illum nation angle, effects of
units surface, i ntens[?ty of illumnation, choice of lighting types, choice

of di f f udee35] and opThecmbrkahd GRS 0S5 hayChE bR By SR Al BN LSintain permanent

- marks on an IC unit so that any identification information can be incorporated into the
permanent marks. The marking system 105 may be an ink printer or a laser marking
device. In one preferred embodiment, the marking system 105 is the laser marking device
that is preferably a Nd:YAG laser marking oil_e, more preferably a Nd:YAG laser marking
device with a Diode pump light source. In one specific embodiment, the parameters of the
Nd:YAG laser marking device are about 50 watts for nominal power; about 133mm for

.focal length; about 1064 nanometers for wavelength; and about 65 kHz for pulse
frequency.

[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 |



the illumnation nethod is preferably to be directional front |ighting,

wth a suitable intensity |level for achieving the best i m__a?ﬁq Qg@zl sition
results. The directional front 1lighting setup facilitates é ign of IC
uni ts hol vy 20asthorhie nounting of CCD vision canera for pdesGcrnspentbgon.

[ 0035] The marking system 105 nmay be any systemthat can nmaintain permanent
marks on an 1 C unit so that any identification information can be

i ncorporated into the pernmanent nmarks. The nmarking system 105 may be an
ink printer or a laser marking devi ce91n one preferred enbodi nent, the

mar ki ng syst.em 105 is the | aser markluﬂg device that is referably a Nd: YAG
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accordance with the present invention in reference to FIG'4. Arter the
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the transespetiing coprdifieds TheCHssHr PU/CotirelldNe10 RISy %ﬁé&”utésﬁ%ﬁ@ﬁioh@ln in
step 20 is performed when the vision canera noves along the row
corrections in X and Y if the Vision and the Laser X & Y are not the same. After the data

are processed, it is transmitted to the laser via the Laser PC. The laser fires the column of
IC as in step 30. Indexes 2 moves the tray along the row axis to prepare the second
column for the same process. After compieting marking 1 tray, indexer 3 receives the
completed tray and shuttles it to the offload stacker station in steps 31 and 70. It is noted
that the post mark inspection in step 32 is optional. It may be done by any conventional
means that can verify the quality of the laser marking.

[0038] Now refeﬁing to FIG 5, there is now provided a detailed explanation of one
preferred embodiment for vision capturing of IC position. _

[0039] Initially, the vision capture unit captures the image of each IC unit through
its Field-of-View (FOV) as illustrated 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)



and captures/snaps the i mage of each of the I1C units. Each |IC actual
.positions X and Y are captured using a nethod described hereinafter in FIG
5. After capturing the p05|t|on of the first unit in the WA the canera
i ndexes avoon@stingg7col urm's axis to capture the next |C. pcAfsGadosiob@onhol e
colum of ICis captured the data is comunicated to the handl er

PC/ Control l er 110. The Handl er PC/ Contiggller 110 maps the IC s in the
colum with their respective coordinates. The Handl er PC/ Controller 110
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singulated IC units may also be reached by precise placement before the marking. This is
the case when the steps 40 and 50 are done before step 30 of FIG 1. Nonetheless, the
following discussion will be focused on the precise packaging by precise placement. It is to
be appreciated that the principles are readily applicable in combination with laser marking.
[0043] - Now for singulated IC units to be packaged, there is provided an apparatus
for precise placement of IC units before they are packaged.
| [0044] Referring to FIG 6, one embodiment of the precise placement apparatus is
illustrated in accordance with 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, 8 Correction) 204, Inspection & Position
Capture Camera 205, Output Track 206, and Output Stacker 208. - Also illustratéd 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



[ 0001] Next is the determ nation of the center of the regenerated IC
soutliine. It can be done by conputing the m dpoints of the lines. The
conputed I1C center is illustrated in FIG 5C The coordinatfﬁ ﬁf t he center
are assigned as (X9, Y9). In sinmlar manner, the -theta of 8 N& 8 out!ine
i s deter WRYWSIMYT6Ehown in FI G 5D; the slope desi gnat ed PEI/SGE0GSH0000hr med by
connecting the mdpoint on L4, the center point and the m dpoint on D. The
theta is defined as the angle between tHé Lc and the X axis in the FOV.
[0041] The Vision PC then transfers the data of each 1C unit of a group of

| C units Trarkt206, dddrttlé erutRE/SeaKer 208 ﬁe-siﬁﬂax%%&%ff'd%%@dfﬁgqg iﬂﬁ&%htes ddsPBLeiRg Of
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Qut put  f oreRiRLINble OF - : tonf | &¢: Upits 210, The
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in to place the inspected ICs into the output shipping tray 207, it is to be appreciated that the
| ’ precise placement apparatus is not so limited. In certain embodiments, the Pick & Place -
means 204 will place the inspected ICs back into the input shipping tray 201, so that the
apparatus can be more compact. The configurations of the Pick & Place means capable of
performing the placing-back movements are well within the knbwledge of the skilled ones.
[0048] The Smart Pick and Place System further comi)rises a driving module that
operates the pick-up module. The driving module is able to adjust the pick-up module in
X, Y, Z directions. More importantly, the driving module may operate to a precise theta
rotation. In preferred embodiments, the driving module is a motor includi'ng se'rvémotor.
‘[0049] The Inspection & Position 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 alohg 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



the | aser marking apparatus, so that there is no further description about
these features. [0046] The Pick & Place neans 204 conprises at |east one
Smart Pick and Place system In certain enbodinments, the Pi8kR &Pl ace

means 204wapppsisess two Smart Pick and Place systens thgér/08808b&090
alternatively. Each Smart Pick and Pl ace system conprises at |east one

pi ck-up nodul e that picks up each IC unit fromthe i nput shipping tray 201
and places the picked ICunit in the oiouzrt]put shipping tray 207. If the
picked ICunit is rejected by the visi [ nspection (to be discussed

| ater), t ks ] | ac e.Jejecte unlts
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is illust rat ed in accordance W t present 1 nven feci
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apparatu r. one cribed above except_that the output
nmodul e 2?‘ e5m§ %%ﬁéﬁge)ﬁés ftd@flmﬁ inrthg tkay,ers Tageck; Reedtiptopihg glefined

workmg position. One of the alternating smart pick and place units picks up IC units from
the tray or Tape & Reel 320. The first nozzle picks up an IC followed by the second
nozzle. The two IC’s are carried by the smart pick and place unit and brings it over the
stationary inspection camera position. Then in step 330, the inspection camera captures
the rel_ative positions (X, Y, 0) of the two IC’s, one after the other. Each IC actual
positions X and Y are captured using a method described in FIG 5. The inspection camera
PC communicates these data to the Handler PC / Controller. The Handler PC / Controller
maps the positions 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.



- 0 MAR 2007 WD 2005/119774 PCT/ S&005/000090 12 Tray (CQutput) 207, and
Qut put Stacker 208. The Tape and Reel output nodule is well known to those
skilled in the art so that there is no nore detail ed descrrp&l‘”%?ﬂﬁ t he
conf i gur aW@p®sand74di nensi ons of the Tape and Reel out pupcosGpusioomosiul e.
[0051] While the precise placenent apparatus shown in FIG 7 exenplarily
shows that the I1Cs flow fromthe input shipping tray 201 to the Tape and
Reel 211, it is to be appreciated thg?vt he preci se placenent apparatus can
have vari ous configurations wi t hout iating fromthe principles of the
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1 xog poudrafes Qg RarARE pibefRS s pislrabC Y isfoomesifioy Ly i GBRR bl 5, %
Tape & Re@ledsiHgtht hﬁaagieei)f f1RCobj ey X MUFkR@SS st foragrkify thb@bjkt; @hnajdcny
smart pick and place units picks up IC units from the tray or Tape & Reel

320. TheOpinug Hanéyz fer hpldiog tb?) nmchtplmgq:tl; avitiek %Ptah@(?ée*éoﬁ dJorwsﬁgm)efor The
two | C s_.are car

the st Riebiad bt ERet oA e Bbd G pARfleR sRRRnE R LB udpr gdrert "

I nspect i Viki6MRpacG@PUHiI€and tpﬂﬁ%l&i’d})t Pldcyi®s BRS bbje@Nfor (fihal Hackdgi®f; dohpre-
two.IC s, one after the other. Each IC actual ~ positions X an Y are

capt ur edphgfrrnglta innnpapersionr Ve dor eapurens theTimage o e pbiset mtwnaﬁr:
C/
Cont ol | BiocEie ot ERlOindle: OBy Hadcel 361 Utonfihe oHACouBRRIE HE T

dat a recpteeidly placedoamt epi@rhlly dricRagudeotsestid aaCamrol QJxﬁhﬁ)rSBmeEIanH and
Place unit via the notion _control and input / output boards. The Pick and
 Place unPYOCRIsHige dnforBatien fam the pre-magk thaoa H@P§ﬁ‘i“§b$¥r‘§e‘? @R§ P&y-placement

Vision Inspection System and sending instructions to the components to execute precise
marking and placement of an object to final packaging.

[0055] The present invention also provides a precise marking and placement
process for performing precise marking on an object and precise placement of the object
for final packaging. The process comprises 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 pre-mark
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 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 & Positién Capture Camera by a
Pick & Place (X, Y, 6 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.



Tape & Reel according to the position data received instep 340. After
processing one tray or Tape & Reel, the enpty tray or Tape %mﬁeel goes to
the enpty tray output station. The indexer transports a néW 3W7or Tape &
Reel to tk yeElkiong, area to do the sanme process. After pddsdfeotistobss have
been processed, the apparatus will be off 350. 8 MAR 2007 WD 2005/119774
PCT/ SG2005/ 000090 13 [0054] As discussed above, the precise marking and

pl acenent may be executed as an integral process. Therefore, the present

i nvention provides a precise marking ddd placenent apparatus for
perform ng precise marking on an object and precise placenent of the

obj ect flBP56li nal pWbKedhapresent innentionl baobeensiengibiet avithaneferenca topartipylar er r ed

enbodi ment. {he preci mar ki n n .aceneni. apparat.us. c ri ses obj ect
R Ry A e LR I

t ransporinvedionRopdisatdt so hamlder AltehihliNOe@bSRMER Df PEOSBSht ifveRti@r WHI K

Vi sion Inspection Unit for capturing and/or processing the inmge of the

obj ect ; bechmelapparest st asd bavingiokdingyytskil objhecrt toawhioh ftlecpresant ipigntieand| er
for holding.th rked object. a Pick & Place (X, Y, 0 Correction) .for

bt cki no Rease Sy el EiteRotimeddimBu s st wirangmpesed Yifly BFbEr o
the pre-g@&opERE the/biseit ih&RRM! | RBcdelinklyaMke Biope i0Tehy pRi@tiifgentios i9bj ect
for final packaging;. an pre- placenent Vi'sion Inspection Unit for capturing
t he i magdesefibedy yOg1ee@mpeanddd oPeimnand yis supperted ibygthehforeggingirdsscriftitde; an
Qut put Stacker for unloading and outputting the precisely placed and
optionally packaged object; and a Control Unit for receiving and

processing information fromthe pre-mark Vision |Inspection System and
pre-placenent Vision Inspection System and sending instructions to the
conponents to execute precise marking and placenent of an object to final
packagi ng. [0055] The present invention also provides a precise marking and
pl acenent process for perform ng precise nmarking 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
obj ect | oaded in the input object handler into a vision inspection
position.by using a transporting systenm inspecting the object by a
pre-mark vision inspection unit, wherein the inmages 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 fromthe control unit to
t he marking system unloading the nmnarked objects onto.an o[ggeigt out put
handl er; picking up the object fromthe Input Stacker and b&ssily the
obj ect ovWP 280H8778| acenent | nspection & Position Capt urRCTEGHIFBP0a Pi ck
& Place (X, Y, 0 Correction); inspecting the picked up object by the
pre-placenent Inspection & Position Capgure Canera, thereby the :
information of the inmages is transferred to a control unit; and placing
the inspected object precisely into thgafgy$ put Stacker pursuant to the
instructions fromthe control unit; -thereby the object is precisely
packaged. - 8 MAR 2007 WD 2005/119774 PCT/ SG2005/ 000090 14- [0056] While
the presefpnqk pvan 'e?@%has been described with reference to particul ar

enbodi nents, It w Je understood that the enbodi nents are illustrative
and that the invention scope is not so limted. Alternative enbodi nents of
t he preseﬁlt invention will becone agpar ent to those having ordinary skill
in the art- to ®hPESIChBapkiBe eapparatve dor eerfopmingapresise Suetking toar amtobject,

enbodineng&mﬁﬁgn%onsidered to be enconpassed within the spirit and scope
of the present 1nvention. Accordingly, the scope of the present inventiaon

s described by obket inppdndéldr aldddabiasiduliu ARG TLEMANnS BE bRLE00! NI
description. - 8 MAR 2007 WO 2005/ 119774 "PCT/ SG2005/ 000090 15 d ai ns
What is cl ai nefl REsportsystsmyfor fpsportinathe gbiepiamdietssduting apparkimgmirogespr eci se

mar ki ng on an gRi&EH ; St B ject, 1nput handl er and.an qgbj ect

out put handl er for hgﬁsgfﬁir%{ étuﬁle?%b?agg‘fr?lp%aqcf/%rn%rgﬁﬁsfmggg? URPgSPE ﬁﬁa‘?%é‘%? rting

the obj ecwhhw;mi Heer wisibor inspectiomamiid djl@tpﬁfslgzheﬁﬁf,‘on%._at\'/dnsi)iofh\:\aj1 ék%@t_eﬁégitﬁcsh BNte for

capturing _and/ or. .orocessing the jnmage of the object, erein the vision
AR RS bt B

inspectio Mal ffati on of the exact position of the

83} gg: W\/\;12Ir gi %h?ﬁtemhrr%r ftr?gplsf?/rs ?g%ﬂlhggr thé oK RleYS ttﬁgnrggxﬁ(iﬂgirs%tgﬂ fhe
K maneuverable in X, Y and theta directions so that it can mark the object within the
object input handler at any predetermined marking area; and |
a control unit electronically coupled with the vision inspection unit and the marking
system; wherein when the control unit receives from the vision inspection unit the
information of the exact position of objects within the object input handler, the control unit
maps the predetermined marking areas on the objects and controls the motions of the

marking system to mark the objects on the mapped marking areas.

2. The precise marking apparatus of claim 1, wherein the object is an IC unit that may
be singulated or in strip form. |

3. The precise marking apparatus of claim 1, wherein the object input handler
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 marking.

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.



maneuverable in X, Y and theta directions so that it can mark the object
"within the object input handler at any predeterm ned marking area; and a
control unit electronically coupled with the vision i nspec_tgi ;@;{MQW t and the
mar ki ng system wherein when the control unit receives from Vi si on

i nspect i woeensti1g7ne i nformati on of the exact position @CTGGR@SN80096 t hin
the object input handler, the control unit naps the predeterm ned marking
areas on the objects and controls the nofg ons of the marking systemto
mark the objects on the mapped marking areas. 2. The preci se marking

appar at us Sof clHienpitcisehiadkiing bpparetiis et clafin 0 WHerdiRithe Bt Gadput Bendler
"singulated or in strip form 3, The-precise marking apparatus of claiml1,
wher ei n t HEMPBISELR Stagking means for stogiagthe obiects andackoutpntmecans foroloading therg

t he obj ectg;a ' : for unloading the objects in a position so '
as to be callrlfkgodﬁ?gﬂe;b?%trké e gzrﬁlrsn ned | ocation for marking. 4. The precise

mar ki ng apparatus of claim 3, wherein the object is an IC unit; wherein
t he st.acki ng ns is a slot magazine for the IC units in strip formor a
st acked i ppi Y BIeglye morking apparays phclaim ICwhaieinsthe drdsportesyeiem ¢dmeprisaput

nmeans . i s S r LV.e vat i Vi ce. or a stepper notor driven
ki cker ar %\n %\%ﬁﬁgaﬁg%w MB%%?&%@?@‘% ﬁ%g?]g&eoﬁgf:%d@§3)el'%gn539nﬁ‘i\eanﬂr%ci se
mar ki ng appmspdrtiag aheatisafomnioving) eeCobjeéth 8n UM 8BjecORnArs RRRALEE poKAGPYEL Ses
a stacki n%pgt ans for storing the objects and an output nmeans for | oading

11

the obje hPesitonalepg theippptaad gutpubtrackse preci se marki ng appar at us of
claim1, wherein the transport system conprises an input track and an

out put track al ong which the objects can be transported, and a

t ransportilg nekhes pfepisemmarkiggt dppaedijie aif sclaiin té)ewkdibaC thehaagpettind hoanone
posi tion Q. 2not he!ﬁagosiii on aI.on%_@t he i nput and output tracks. 7. The
preci se narRIPRGCSAhlEAST 3 dingtr woLUpPRsnsRasiercpisiarahly @ matos siiven dingerpmetion
conpri ses tainspoies!t a |inear notion transporter, preferably a notor driven
| inear notion transporter. 8. The precise marking apparatus of claiml,
wherein the vision inspection unit conprises an inmage capture unit for

capturing g mgeﬁle%retcﬂ% Iggxlk%% hpge{]rgtu%nofo Qhin? q?lwh\grgi}lotﬂe vision inspection unit
comprises an image capture unit for capturing images of the object, and an optional vision

microprocessor for processing the captured image.

9. The precise marking apparatus of claim 8, 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.

10.  The precise marking apparatus of claim 1, wherein the marking system may be an

ink printer or a laser marking device.

11. The precise marking apparatus of claim 1, wherein the control unit may be a

MiCroprocessor.

- 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



m croprocessor for processing the captured inmage. 9. The precise marking
~apparatus of claim@8, wherein the inage capture unit conprises a detection
means sel ected fromthe group consisting of .a charge-coupl eﬁ g vice (CCD),
a charge in&egti on device, a photodi ode array, a scanner, a §AR 2007 deo
camera. MP2P§d1%feci se marking apparatus of claim 1, wherscaoosheoser ki ng
systemmay be an ink printer or a |laser marking device. 11. The precise
mar ki ng apparatus of claim1, wherein tH& control unit may be a
m croprocessor. 12. A precise marking apparatus for perform ng precise
mar ki ng opredetar@ingdi logationofop mizking; amhwhereimitie IO olipmdiagdleaveimprises @ uni t
out put harggal gr for h?.ndl i nxg ﬁ{gel |C.unit, wherein the |IC unit input handl er
conpri ses SKCSPR GRS 1opestiorig the 15 WHisapdianeontrut ggaps fos Jerdingthe AG R0ItSEBI9S f or
unl oadi ng thd@adknadkikd: i N a position so as to be carried to a - 8 MAR 2007
WO 2005/ 119774 PCT/ S&005/ 000090 17 predeternined |ocation for marking,

and wherein the tr@spoitt systampubr tenspating aipriCsestsahakll@s kdubiggnha nsarkiig
storing the |IC uni an ou',isgut nmeans_ for | oadi ngkthe IC units onto the

t d
stacki ng HEXHES ef‘?ﬁlaﬁ‘gep‘é?ﬁspeg} SIFTYF HORTESEH 3P it Hack ard arcounit Gackalenger s
during t hevHigd #eNQ units R&E S traldifRrell Mrld ‘&JsgaﬁﬁgErfe&ﬁyf&%v‘ﬁ%@gﬁé%ﬁnéﬂl
i nput track and an output track al ong rch t units ¢ e

t ranspor t éb IGndita handinspliom onp pesitien foanstheti pgitidtealbf Wy inpui Mnd bipud C
units handglers fromone position.-to another position along the input and
out put t CK%; a vision i nspection unit for capturing and/or processing

the image of t hevidibn Wkpkétion Mﬁl?f&!c’&pfu‘i‘ﬁg‘%ﬂ]o?ﬁr&c@%‘?ﬁ&{eqﬂlaggh% HRAAIRES an
i mge capture unit for capturing inages of the | I'ts, and an opti ohal
vi si on m SYhsEB Ehesygien inspegsianciristomeprishe aw pagercapturamagefor captering imagasof

vi sion ingj i j the informati on of the exact positjon of the
G it o e F it ) o SRANIAY 1Sl wilcRariessSh sih.prertisine, B sRbRE HIBERI ng

the | C uniwiereintisr eisiontinepertion uniy oanhitLiie ThlrRSI G of the ex it ipakiGon OF tii leaser
mar ki ng devi.ce.  an \f@er ein the marking systemis maneuverabl e so
‘ units within the [C units input handler; '

a marking system for marking the IC units, wherein the marking system may be an
ink printer or a laser marking device; and wherein the marking system is maneuverable S0
that it can mark the IC units within the IC unit input handler at any predetermined marking

‘area;
a control, unit for receiving information from and sending instructions to other
- components, wherein the control unit is a handler PC/Controller that may be a
.. microprocessor; wherein the control unit is electroni.cally coupled with the vision
inspection unit and the marking system; wherein when the control unit receives from the
vision inspection unit the information of the exact position of IC units within the IC units
input handler, the control unit maps the predetermined marking areas on the IC units and

controls thé motions of the marking system to mark the IC units on'the mapped marking

arcas.

13.  The precise marking apparatus of claim 12, wherein the transporting means

comprises at least a linear motion transporter, preferably a motor driven linear motion

transporter.



 that it can mark the 1C units within the I1C unit input handler at any
predeterm ned marking area; a control, unit for receiving information from
and sending instructions to other- conponents, wherein the-ddifrpgdy unit is

a handl e oller that may be a mcroprocessor; wherein_the control
R Tt PeRSGaehdly

unit is ally coupled wth the vision inspect t he
mar ki ng system wherein when the control unit receives fromthe vision
i nspection unit the information of the d8act position of ICunits within
the ICunits input handler, the control unit maps the predeterm ned

mar ki ng adéas dhetimecis€ marking apphratisnof olasmt 195 windréianhe dindgbecapairk ivag

systemto the, [ C.units, onthe mpapped marking , areas, 13. The, precise
mar ki ng aS%%Pé%%& d(?#ecgplémﬁa&%?el?ﬁﬁeéir g&ﬁ‘ t{elﬁgrqupgﬁwg iohd chargereoup] ®es at

| east a | (0eBy, nfeCAAS BViLE D phBIdRH L]l bfApar motion
transporter. D 8 NA%E%O? WD 200 /11.g@if%m%ggfg@d’g‘g%éa%@A The
preci se marki ng apparatus of claim 12, wherein the inage capture unit
conpri ses det,ecti.on ans selected fromthe group consisting of a

char ge- co&§1 ed%?lé%m%focﬁss RERgEKing pa ebiedncanerrising, thasispveladi ode
array, a scann@adirifle 8bjétt8io GR TRufob; étl?d%dgF.eci se marking process for
mar ki ng an obj ect, conprising the steps of. ’oadi ng the object onto an

i nput obj ect h#maasperting themdpent tloadtgdtinahe ijpat bbjecrid@dler Mntb evision dhispeticect
handl er i . | Si.0n_i.nspection osition by using a transporting system
i nspect i ngggﬁ‘g“%%}s‘%‘% aﬁvngpo\ﬁlgg it ™spection unit, wherein the images of

. the object is ippétitipalec aBdctaitd GidRNliMsHRER LRV i Sd .é“oc’d} j on
unit, and wherein the _i n?ort(nlgii on of1 ?}%e 0 ?xgtg?v}ll@séu%@gﬁ%?%%s?e?gkto gc?'ié
control ufrRtursdaand ontionally trrgcessed byaitlhe rvisioms yistpectiomiueiteiandt Whereom theol

unit is ek [ C 1. ' he vision i.ngpection uni.t .and.a
mar ki ng sb’gftsg%amélngf %}%eér\bﬁbg l?ﬁ%‘%%%? é & alﬁﬁnfropgl&xé%gés tonnepisditp jagRarking -
i nf or mat i eystah, whereimtheawhtrol it is élberonigally hpRAtwinadR! BSion FRPSciidiunit
mar ki ng are .h d controls the marking systemto mark the

‘ﬁ on t.he obj ect, f t SLE '
obj ect ~ on 2PHa T gayﬁ%pkfmﬁlgw 8 thesentral gnitreccbiss Betpopitios irfermatipn ¢fghe
i nstructi @BRcf Wi tA8 iARobRlct Hitidled Ehatpg %I’lérﬂlrahlil?ggarea on the object, and controls
the marking system to mark the object on the mapped marking area;
marking the object pursuant to the instructions from the control unit to the marking

~ system; and

unloading the marked objects onto an object output handler.

16. - The precise marking process of claim 15, 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 unit as 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, wherein the theta refers to the

angle between the Lc and the X axis in the field-of-view.



system and unl oadi ng the marked objects onto an object output handler. 16.
-The preci se marking process of claim 15, wherein the object is an IC unit,
and wherein the outlines of the captured imge of the IC uanmj§ﬂ7
regenerated by the following steps of: assigning a default coordinates to
t he capt uMEH200HEWET4 wherein the default coordi nates -ar PCT/RG2098000040r i cal
center as the origin (0,0); designating the four sides of the ICunit as
L1, L2, L3, and L4; identifying at |east9 two points from each side;

assi gning one pair of coordinates to each point; deriving equations for
each side, thereby through working the equations of LI, L2, . L3, and L4 to
generate the ou lines | C unit, determning the center of the

f the
regenerated | C Rfetms&l)??qeﬁ’&?t appaTatyy for precss glaceracntiod am obipcts epnprisingsi t

outline, wher eign hpet Itheled fér&i&T etween the Lc and the X
o1 I the ti arq oR SRR ISR ol sbdfing BAILEART) 0774 PCT/ S2005/ 000090

19 17. A precisMapl Breekénindexpafatmasotingtieabiet;pl acenent of an obj ect,

conprising: an J4.nput Stacke storing and | oading the object; a Miin
Track & I ndexer ﬂan:& P E’éiﬁz%o&t é%qeﬁgowﬂi%éewkma up; th olgieqt|and preciselyyplaging
Correctionhe b Eskehng | £ -Precpsel | acj ng., the object for
final packaei ﬁffc p\{/‘\(/r%efriI(qakjlgrFé tE Eéeé?ﬁ?@ﬁ”%&ﬁ l‘gl?:gpl?‘g%ccg ﬁﬁﬁ%g‘iﬂagiﬁe nlbel%g’&’f%ﬁ?h“

di f f er ent differestdicaesipngn | nspection & Position Capture Canera for capturing
the i mage of the .object and .optionall rocessing the captured inmage,

wher ei ngt he | nfﬁ‘e‘Bfl}e&ﬂo %‘ngsi‘?‘?lbﬁam&éfgeramwging th@mﬂ%le@f dte d&@ogmi ni ng
t he ori entoptiofMlPbrddessihl j j Lace: oa t t acker
for unl oad@trtllg an)gfp(r)ut pﬂt %?ﬁgq?lﬁgfegﬁé%%\séélw}%ﬁ lggg%%é%a&goﬁ’t %og%ﬁ%{ﬁﬁﬁggﬁ%ged
obj ect ; arfermaera érrapable efidetenhintigthabdehthijorcofitht pitked sbjedtive thi Rick & Plaage and

the I nspection | &J.on tyre,.Canera, wherein when the control unit
I ecei veg_ the o e(%\lﬁgﬂ %tﬁgker?oarp urHoadmg anc{ outputting the precisely placed and optionally

packaged object; and

a control unit electronically coupled with the Pick & Place and the Inspection &
Position Capture Camera, wherein when the control unit receives the orientation
information of the object from the Inspection & Position Capture Camera, it édjusts the

orientation of the picked object by operating of the Pick & Place o that the picked object
can be accurately placed.

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.

20.  The precise placemgnt apparatus of claim 19, wherein the object is an IC unit;
wherein the stacking means is a slot magazihe for IC units .in strip form or a stacked
shipping tray for singulated IC units; and wherein the input means is a stepper motor

driven elevating device or a stepper motor driven kicker arm.

21.  The precise placement apparatus of claim 17, wherein the Output Stacker

comprises a stacking means for storing the objects and an output means for loading the

objects onto the stacking means.



information of the object fromthe Inspection & Position Capture Canera, it
"adjusts the orientation of the picked object by operating of the Pick &

Pl ace so that the picked object can be accurately pl aced._@.:%m 2'@? precise
pl acenent apparatus of claim 17, wherein.the object is an I it. 19. The
preci se pVaeMFEM77appar atus of claim 17, wherein the | npar/ssesheriso
conprises a stacking neans for storing the object's and an i nput neans for
unl oading the objects in a position so28s to be carried to a predetern ned
| ocation for inspection. 20. The precise placenent apparatus of claim 19,
wherein the object. is an IC unit; wherein the stacking neans is a slot
magazi ne f.qr I&units.i strip formor a stacked shipping tray for

si ngul at ed”1 C HF@E?CI%ﬂam?W¥ﬂ@S iof glaimplid awberein the daip Jaacknbadexersr i ven

el evati ng * rs , j kicker arm. 21. The. preci.s

pl acement. Cg%gg%gtéglsmg?ﬁé F%%dﬁ?&%g?{g%&é@@%g &lﬁfc&fﬁe gbﬁﬁtﬁ &P %8 Blpﬁﬂsfﬁogtgg’ a

st acki ng ‘medasrahsportiigmiemy fohmoohigahé sbjaod ifihe QbjeRLbandRAM Foh Ve boagé® t he
objects onto,the stacking neans. - 8 MAR 2007 2005/ 119774

PCT/ SG200&1ebefoRsitiog along thefpubapd puputiragkanent apparat us of clai m 17,
wherein the Main Track & I ndexers conprises an input track and an out put
track al ong which the objects can be transported, and a transporting neans
for novi ng@3t he Thbjretise iplacehendbpgarhtus asTidiems 20 Ve tIROGhAIpBRIHgOmeaROt her
position along the .input and output tracks. 23. The precise placenent

appar at us CB?’ng%fi %IQQ{% 3, HBsat; oYL transpREts rreistable aBotor dripen Haearanotiasast a
l'i near notdapgoteansporter; preferably a.notor driven |inear notion
transporter. 24. The precise placenent apparatus of claim 17, wherein the

I nspection & Position Capture Canera conprises an inage capture unit for

capt uri ngi,nmag f t.he phject, and, a tiopal vision_mcroprgcessor for
processi ngz4t he%zlg X %cl;%edpﬁ gt afg?raﬂfe&pag@?i Y‘fh%?&lé’rﬁ%ﬁtln%l)ﬁﬁté?lh o | ai m
24, wher eiCaptute CaRgecapiists @nUftiage cERIRY Wifi€fr %aetﬁ}i gtu‘(xQ sr@%oﬁ%t?&{cﬁd
fromthe %{riou c?nsl,stl ng of a charge-coupl ed device ), a charge -

i nj ect i on2ReRteREl VisIgIBicERRTeeRsselfprprocessingthmeapturadimageyi deo canera. 26.

The precise placenent apparatus of claim 17, wherein the Pick & Place (X

Y, O

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, 6
- Correction) 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 pické 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.

27.  The precise placemgnt apparatus of claim 26, wherein the pick-up module

comprises at least one vacuum pick-up nozzles that can transfer one object at each motion. -

28..  The precise placement apparatus of claim 17, wherein the control unit is a

Microprocessor.
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control unit receives the orientation information of the object from the Inspection &
. Position Capture Camera, it adjusts the orientation of the picked object by operating of the
Pick & Place so that the picked object can be precisely placed; and
placing the inspected object precisely into an 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
whe_rein the outlines of the captured image of the IC unit is regenerated by the following
s;teps 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
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