1 METHOD AND APPARATUS FOR PRECI SE MARKI NG AND

PLACEMENT OF AN OBJECT [0001] This application is a

continuation-in-part application of U S. Patent

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 nethods and apparatuses for precise

mar ki ng and pl acenment of aniobject including an

integrated circuit unit. Background of the Invention
METHOD3ANBAPP AR BUS FORARBEISH MARKING ANDCRLACPMENT OF

and | C package are mark i di fferent ways for
i nspection and identifi"sgﬂlgmc&e of the popul ar ways

for marking ICs is laser marking. During marking, the
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I Cs require second marking, the area and | ocat’ion for

referegeond  mar ki ng is even nore constrai ned because of

t he presence of thel‘-_fi%lﬁskldg‘gfk. IThus, precise and

accurate marking positr o ety i nportant in

order to maintain the integrity of the mark wth
respect to the first_ mark. [0004] An object may fail .
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of fset or out-of-position fromthe desired | ocation.
Thi s happens when tﬁe object.-is not properly
posi tioned and at tKackgnoundiofghe lpyentionci ng appar at us
fails to correct the marking position. [0005] The
i ncreasi ng demand for throughput and m niaturization
[0003]of | C Seylliabgstasucheaw igepetal ¢cicnuitdChaddiGepakage are marked in
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marking idevef nedre B6@stlathed R AR A HIRApERAEE bPthE st mark. Thus, precise
and accurate marking positioning is very imi)ortant in order to maintain the integrity of the
mark with respect to the first mark. |

[0004] An object may fail marking iﬁspection 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.




2 Summary of the Invention [0005] The present

i nvention provides a preci se marki ng apparatus for

perform ng precise marking on an object and nethods

of using the sanme. The precise marking apparatus

conprises an object input handler and an object output

handl er for handling the object; a transport system

for transporting the object handlers during a marking

process; a vision inspectignh unit for capturing

and/ or processing the imge of the object; a marking

system for marking the object; and a control unit for

receiving informati on fromand sending instructions

to other conponent Susmageobthedinyentitar ki ng appar at us.
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Transport System for transporting the object handlers during a marking proéeSs; 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, 6 Correction) for picking up the object from the object output
handler, carrying it over to the pre-placement Vision Inspection Unit and precisély 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
optional ly packaged object; and a Control Unit for
recei ving and processing information fromthe pre-nmark
Vision 3 Inspection System and pre-placenent Vision

| nspecti on System and sending instructions to the
conponents to execute precise marking and pl acenent of
an object to final packaging. [0008] The objectives
and advantages of the invent3on will becone apparent
from the follow ng detail ed description of preferred
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FIG1lis a flow art of precise marking and pl acenent

accompabﬂégéfaéﬂfl%ﬁ& ed enbodiment in accordance with the
present invention. [0011]] FIG 2 is a diagrammtic view
of the lay-out of the precise marking apparatus of

one preferred ermael DB tiptidnHTERE Daaeiagyi th the
present i nvent| on. [0012] FIG3 is a CI rcuitry bl ock

di agr am of reci se | aser marking apparatus of one
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ar at
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accordance with the present invention.

10014} 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 placemeht
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.




apparatus of one preferred enbodi ment in accordance
wWth the present invention. [0018] FIG 9 is a precise
pl acenent and packagi ng process as one preferred
enbodi ment in accordance with the present invention. 4
Det ai | ed Description of the Invention [0019] The
present invention may be understood nore readily by
reference to the follow ng detailed description of
certain enbodi ments of the igpvention. [0020]
Thr oughout this application, where publications are
~referenced, the disclosures of these publications are
hereby incorporated by reference, in their entireties,
into this applibDehiled Diescraptiéx of theTavéntfonl | y descri be
the state of art to which this invention pertains.
0021] Current narking apparatus and process are
[0018lonf r ontldg prgsent mwtmmniag regemders@od merepeaitlysiyoreference to the

fo t d t
follc;vﬂﬁéﬁ l‘iggdér‘?grﬂ%ti'(}n?gc’f C&H (Hi(e On%&’ﬁ?‘g‘@?‘“ ‘%: ﬁe obj ect
[0020}5 becomhﬂgngmsat |tRTs a@gh@ﬂﬁn' e\@herl—hb{?‘blfcgﬁo@sv 3hd ?Qe?enced the

space for marking is com ng smal I'S a
disclpsyrgn 65 these pebliqations snedrereb)mmdmotatcm by rd¢ftrenca) um thefreghtireties,

into :tlﬁg fggp‘“ﬁcaﬁ&hﬁgirtdﬁmodﬁﬁge ﬂ@ﬁpﬁ[?? Criiﬁ?gth %%Fﬁa(%l ag&gtgrvylgglg hisinvention

pertahhgh speed handlers will be nore prone to pick & place
rrors resulting fromequi prent assist. The present
[°°21]nvent i GHITBRGY applaratiord process aee canlfirahted vghstwo challenges.

One}ip Bseiicht b Rabl ifrkBuibh 1 dghcd i of B/l Ry s marking
dimens®ul of amtobg)éct pTaeiobiecplislsceoRitiig bialdéiGad daaner. Ik thbvailable

g sen ention. The flowhart will be descri bed
Spac f?fe‘f‘?ér“}ge‘us tomme seabise h Thisasoslemangs higher presision. lp addition,

the ARS@Atkd #e r r?sg) nod E&scfélﬁ Riettind® ?g?cg gc% yg E% Kﬁ Fgncireased machine.

- trans mar ki ng ap
throughgut and Iﬂmmlathlezzmbp,emgh speéd hfbﬂldr:ﬂ&ﬂﬁﬁé ﬁhdr ohd'® pick & place

Vision ip step.20. The vi i nspection w ||
eITors ﬁ%%”?f H’P ‘ﬁ'wfﬁg”%{ﬁ'paih REesewt ipnpnionuovidpesalytions for the
challBhggi sion in step 30. The marked objects will then be

pi cked up for vision inspection before placenent for
[0023ackagi Nng refegting tel(ﬁlGTh ethqtrleok peovidgdes flowshark ob@recise marking

ins ecteg i.n s Vi's i nspection in ste

and bRRE naEhaife d:fhntinr & of s @%@mﬁpaee acqgraIca ayifh A present
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. . Objects_are stacked by the Qut put Modu

in degfiklaigsq[n 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 viéion inspection before place-m'ent 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 appreciated that the present
i nvention needs not to be practiced follow ng the
exact sequences as shown in the flowhart of FIG 1.
It will be evident fromthe discussion hereinafter
that the flowhart of FIG 1 nay be divided into two
separabl e events: one is the precise marking; and
another 5 the precise placegent and packagi ng.
Actual ly, these two events will be described
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degﬁ_-ldacerrent and packaging will be discussed. [0025] Now
referring to FIG 2, there is provided an apparatus for
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al s 0 the 1C.units on tray for marking 101 and
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IC wunits including singulated individual IC
foroﬂﬁ’uﬁoand strip-formed IC units. Wiile the discussion
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t he application of "the present 1nvention
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oSk B QR FREFROALIE 86 B4 B Befch M. whie e
dlscussxon herein is focused on IC units as an illustration of the application of the presént
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 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




appl i cations and objects. [0027] The IC units handlers
102 and 108 nay be any avail abl e devices that are

suitable for handling any IC units as required by each
specific applications. In certain enbodinents, the IC
units input handl er 102 conprises a stacking nmeans for
storing IC wunits and an input neans for unloading IC

~units in a position so as to be carried to a
predeterm ned | ocation for marking. The stacking neans
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thefﬁfl%lf*? ulated IC units. For a stacked shipping tray,
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_ st]ori ng the IC l?Jni t_sg andéﬁé)ﬁ1 gl(r:tE itfﬁ%}%tﬁs Oégé? R ‘I"&tsuﬁ?’insthe Input
station Haé_‘ﬁg bysthe i€ umita input hamiiéropedo lﬂ&}bdtplﬁfstdt'ﬁﬁ pﬁﬂ@ﬂ%’m%ie IC units
T. ty { { ts t t t
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103 and an output track 107 along which the IC units can be transported from the input

o

statior@ 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 positien and transporting the IC units to a

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




station parked by the I1C units input handler 102 to

the output station parked by the I C units output

handl er 108. In certain enbodi-ments, the.transport

system conprises an input track 103 and an out put
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fromthe input station to thHe processing positions to
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B -menory space‘for storing t n prograns, an
may he incarporatad interdlati kendlea P/ Contiadlee 10 stadisciissatibelow.

cuti on, of the application, prograns of the vision =
[00 ?%ﬁpect i of° gﬂ%gec‘fazQELEF f‘fl’ééplg?) h‘ﬁ’liu ardstecHen meens airte light source.
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: :og uni t@[ outlines. Wiile a specific exanp
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limited &k 1&id 8¢ 1128 Al Ustration of the present L
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il Flat ({éagclebe cgr%aéi ble with the present invention..

JG5Hep dex y2 pholodipde arraper mysganper. oInpae deefeped gnibodiment, the
detection means is a CCD camera. For example, 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




and the systemnenory is a random access type of

menory. Suitable mcroconputers and nenories are

readily available in the market place. Their structure

and operation are well known and, therefore, will not

be described. It is to be appreciated that the vision

PC 104b nmay be incorporated into the handl er

PC/ Control l er 110 as di scussed bel ow. [0032] The inage

capture unit 104a includes a gletection neans and a .

light source. The inmage of IC unit which is an object
a nanyerighalgcaamersien obtthe badrpyigat it jei b Pt Statd DRue, and
cal%maggxtl ﬁath a canera or the like. The detection means
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i njection device, -
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i atjo the spot .characteristics can be

hghgg‘? sotip f%éfuif‘é?éﬁ i ge\%‘ﬁ&i itsoha)derAndrie anountiog of CCD vision

camBR@br the Rispbctiond an 1/ O port. [0034] The light source
[003' s pref g_r ably a broad spectrumbulb that is configured

lo out tb? markiag %&gslﬁﬁe;ayquMx@?ys&ﬁgﬂnanzan maintain permanent
ra .dhe |i source is
nlarﬂka(yr_?hﬁ?? At sd” th% %{% 1@%@4{@3@& frggrme@qgmqn’ bq incgrporated into the

opticalTy couple _ _
pernpeftemadd. €T tiafking sybtem §09MaySOY LS Snlt ggﬂ?ébllzf% laser marking

Jdighting system preferably a conputeriz
devigg. g‘?}t‘%‘?ﬁ g’r%f%f?% fmbodimentighe inarldng systén 105 the dssepf@rking device
that BWré R3- i nvention. Th araneters .
b PR S A BRIy VR e g AN O S h spomarking
devigepvitioa Dieds poep bight soueses IRfont BeechficdthbSRMERS tl'¥eepa%1meters of the
Nd.yf“{@qgsegr blgiCk)d Ll uma{r;atl on angle, effects of I
unt ts S MAPHEE CVifeAie apgutot0 patts farmomiioal povedrprbeutdf33mm for

| :rc::é iﬁgahﬁerﬁo-w Ne%4 AiRIEACR! fdi! %ﬁ@gx’fgth;aﬁﬁ'd Wouf Bs kHz for pulse
[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 lighting, with a suitable intensity
| evel for achieving the best image acquisition
results. The directional front 1ighting setup
facilitates the design of IC units hol der and the
mounting of CCD vision canera for the inspection.
[ 0035] The nmarking system 105 may be any systemt hat
can maintain pernanent markg on an IC unit so that
any identification information can be incorporated
iy c
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our 0
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The rkin stem. 10 i S ser_marki ng system
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first yuit irathke solvinen dm@mmdgxeswiemhemolunm mgxlatq)mpstﬁa #e next IC.
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t k. The
Af‘%i?%”ﬁwi F&ﬁ‘f‘?&?ﬁ I?b Rorniped 6 cdata iy somww%e% thenpandler
PC/Aop@8l1e0n0. artk MéndleH B CoR&alldrand n?eﬁ)st(ﬂ’fl@F iPidle féehﬁrﬁﬁw:th their

Another is to control the notions of aser

respefiiRi pRPTinAtesn ahep tHeadiera€/Coapiralterdlhiatsot hxemugds additional

comSI AR 1 SR TSUREEH, YRS A
are pﬁ‘@d&@ﬁcﬁ[ it ROr&osmiitted tethe lasePOR the Naw¥r B€S CThdRSkrfedthe column of

recise |laser marking process as one preferred
IC amam%% Indexgs domeaet theviira along the eewraxiy twempmnthﬁ rsecond

couf}B0F o i 1 b TRLELAS PRESUIHER 4 e e

com]tlbted itrap wihd Shugles tgo the affload stadkér s‘ﬁzitfdnﬂnfs&fp%ﬂ And 7@ It is noted
%ﬁe ThentheICunlts will be transported into
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[0038}i si on &Wveredemingés FHF Gntj;letehe nowwrovided 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 IC units.
Each |1 C actual positions X and Y are captured using a
nmet hod descri bed hereinafter in FIG5. After capturing
the position of the first uni't in the columm the
canera i ndexes along the colum's axis to capture the
next 1C. After the whole colum of ICis captured the
data is communicated to thelfandler PC/ Controller

110. The Handl er PC/ Controller 110 maps the IC s in

i@g c@r y%w th_ their. respective coordi nates. The
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refeflruaﬁ %Odl nt for vision capturi ng
38 R s TROMEAIC Privera i Lo pibibo Aea6ingbp 0N uni
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Field-of-View (FOV) as i1llustra
to the Hapdler BefCGantrollen ohdtentaireembaditnbnti the 298P BPLC ubi®d may comprise a

’ Eﬂt@; @s the origin (0,0). Then the vision PC uses
rovf e detfault coordinates of the FOV to commence the
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[004@) TheRowtthe si\igs]iacad IeCulerto R pabieidal | taBe if ?Eoﬁ@&f‘an apparatus
i ng the equations of LI, , L3,

for BﬁalsﬁRla"?fﬂsgﬁ i O s e they areppekegedd and will form
[00441e cor rleéférrﬁfg o d &, MY dhB&timeAbT thé B?ems% pl'g@e%'xent %pparatus is

..., how regener at ed
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, 0 Correction) 204, Inspection & Position
Capture Camera 205, Output Track 206, and Output Stacker 208. -Also illustrafed inFIG 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 I1C outline. It can be done by conputing

the m dpoints of the Iines. The conputed IC center is

illustrated in FIG 5C: The coordinates of the center

are assigned as (X9, Y9). In similar manner, the

theta of the IC outline is determ ned. As shown in FIG

5D, the sl ope designated as is fornmed by

connecting the m dpoint on L4,” the center point and

ge m dpoi nt_on L3. The theta is defined as the angl e
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invaGEor W|th {l resent invention. This precise
Biele t m?né?r obihg pigkqun wodwles aregell known to those
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&he t ‘
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X, Yhd %ﬁ@é@omie slordaupdrtantly, the driving module may operate to a precise theta

rotation. In preferred embodiments, the dnvmg module is a motor mcludmg s€érvomotor.

[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 marki ng 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 enbodinents, the

Pick & Place neans 204 conprises two Smart Pick and
Pl ace systens that operate alternatively. Each Smart

Pick and Pl ace system conprises at |east one pick-up
nodul e that picks up each 1Ganit fromthe input

shipping tray 201 and places the picked IC unit in
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the present invention. This precise placement
PC c%ﬁggx%ﬁg thege 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.




for placing I1C units on Tape and Reel. The apparatus
is simlar to the one described above except that the
out put nodule 211 is Tape and Reel, not Qutput Track
206, ICin Shipping 12 Tray (Qutput) 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 description of the configurations and
di mensi ons of the Tape and f¢el output output nodul e.
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precipely (plaged apdromiwaallywparkaggd pbi¢ati and a Geatret Unitefor receiving and

ter [ Ng: ' n .ace units picks up,l
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The two IC s are carried the smart pick and pl ace

. by :
markipg andplarementefsan; abiesy & fing packaging. onary i nspecti on
anmer a hid . 3| t , 1N '
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procdshdort pevfdriigg pretise afdrking tdhearpbbject, andgeécise(placdniait of the object
' positions X_and Y are captured using a nethod )
for figakeackBBIAE| 1l HEIREPASSS oBDHTEEbe piephobioading theebject onto an input

je HANHR f i isi
ot R ar e Py e PLch Lde g B BFS o bandiggfto = vision
inspegtien (position d using 4 Gansparingsystemp ospectingghp object by a pre-mark

vi_sioxqaitngperc 108 uni ,'W}Ter}ginp{h%cieﬁgg%gs 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 & 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.




data are communi cated to the Smart Pick and Place unit
via the notion control and input / output boards. The
Pick and Place unit places the ICone at a tinme to the
shipping tray or Tape & Reel according to the
position data received in step 340. After processing
one tray or Tape & Reel, the enpty tray or Tape &
Reel goes to the enpty tray output station. The

i ndexer transports a new trgy or Tape & Reel to the
working area to do the same process. After all IC

rosely Pl SRR RERTC b ROl Bacad biaferdoco partcular

embdnkhRgitarill Bé a@.a@i%woth BR EmesMihRAtsAfe iRfstiafive@nalthat the
process. Therefore, the present invention provides a

mvermoecacspe serait s dinaited. @ltameh'emt:Mpdrmeatsﬁ thopresent invention will
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process; a pre- nark Vi si on Inspectlon Unit for
capturing and/ or processing the inmge of the object;
a Marking System for marking the object; an object
Qut put Handl er for holding the marked object; a Pick &
Place (X, Y, 0 Correction) for picking up the object
fromthe object output handler, carrying it over to
the pre-placenment Vision Inspection Unit and
precisely placing the object for final packaging; an
pre- placenent Vision Inspection Unit for capturing
the i mage of the object and optionally processing the
captured i mage; an Qutput Stacker for unloadi ng and
outputting the precisely placed and optionally
packaged obj ect; and a Control Unit for receiving and
processing information fromthe pre-mark Vision
| nspection System and pre-placement 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
provi des a precise marking and pl acenent process for
perform ng preci se marking on an object and precise

-+ placenent - of the object for final packagi ng. The
process conprises 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

i nspecting the object by a pre-mark




vision inspection unit, wherein the inmages of the
object is captured and optionally processed by the

vi sion inspection unit, and wherein the information of
the object is transferred to a control unit that is
connected to a marking system marki ng the object
pursuant to the instructions fromthe control unit to
the marking system unl oading the marked objects onto
an obj ect output handl er; picking up the object from

nput Stacker and passing the object over a
acenent | nspection & Position Capture Canera by
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for capturing the imge of the object and optionally"
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Position pture AT
t he orlentatlon of the picked object by the Pick &

I : ..
. 3P affie precise placement apparatus of claim 1,. 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.

4. The precise placempnt apparatus of claim 3, wherein the object is an IC unit;
wherein the stacking means is a slot magazine 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.

5. The precise placement apparatus of claim 1, wherein the Output Stacker

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

objects onto the stacking means.




an CQut put Stacker for unloading and outputting the

preci sely placed and optionally packaged object; and

a control unit electronically coupled with the Pick &

Pl ace and the Inspection & Position Capture Canera,

wherei n when the control unit receives the orientation

informati on of the object fromthe I nspection &

Position Capture Canera, it justs the orientation

of the picked object by operating of the Pick & Pl ace

so that the picked object can be accurately placed.

2. The precise placenent apparatus of claim1, V\,her ein
6.t he Thbjpesdisd Sla
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apparatus of Tl ai eint e object is an IC
, unlt wherein the stacking neans is a slot magazine
7. bC uni.t s. n strip formor_a stacked shi ping tray
for

f RyTsg @ CFE‘eBh ?Pléarafélﬁcpfmﬁemlﬁw, wherdimple transposting means
corhprises St QOReMa HRP rmotﬂ{( E&rp%h@)’ agr%fn %Pﬁigbf’g%? gri¥%en linear motion

st epper notor driven

tragsparielire nt apparatus of claim1l , wherein the Qutput
St acker conprises a stacking neans for storing the
obj ects and an output nmeans for |oading the objects

8.0nt Bhé b&cﬁe?ﬂkfﬁﬂeﬂ%ﬁ&%&%f Bai qu h)gﬁ&%ifﬁﬁe Fih%%@t‘i@ﬁ& Position
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YPera qogMRIses as image ﬁfgxiuretmat:for ampiuang dmagestof teachject, and
| n _bhe t ans and a
&Lt%gl moﬁ%kﬁr&gs tfgl' 1‘% ﬁalng thg gn;?g? t he

transportin ans

obj ect handl ers from one p03| tion to another position

aI 0 the.input and output tracks. 7. The precise

pI a ?TBH‘?CI%FthéF%‘PE%t Bpagatys of 6>1amv\/t$e,r whereithhe image capture unit

| east .a li.ne
conraReBLe i FRANSLRIRIL AT Sy B3 PR TR covie
(CERmashange énj cctibn ddvicepa phcbtﬁéloﬂé aa8yRINcaRRRHndaUgd&f camera.
claim1, wherein the Inspection & Position Capture

Canera conprises an image capture unit for capturing

10L mepiRspRtisk Hﬁa&'ﬁieﬁ? paditls of‘@]a?xﬁéi gg’g’?{ﬁ{’lég‘ oﬁﬁ]é & Place (X, Y, 6

m croprocessor for oceSSI ng

- 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 pleS 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 dr1v1ng module is able to

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

11. The precise placemgnt apparatus of claim 10, wherein the pick-up module

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

12. The precise placement apparatus of claim 1 , wherein the control unit is a

microprocessor.




9. The precise placenent apparatus of claim$8 ,
wherein the image capture unit conprises a detection
nmeans sel ected fromthe group consisting of a '
char ge-coupl ed device (CCD), a charge injection
devi ce, a photodi ode array, a scanner, -and a vi deo
canera. 10. The precise placenment apparatus of claim
1, wherein the Pick & Place (X, Y, O Correction)
conpri ses at least one Smart 1Pi ck and Pl ace system
wherein the at | east one "Smart Pick and Pl ace system
13conppredse plact@ast pooesspiot pregisdTpabith€ing bfitan RIbGES, dodnprising the
th object fromthe Input Stacker and places the
step§io%tked obj ect in the Qutput Stacker, and a driving

noqy&ﬁgéEg%ﬂﬁgﬁﬁggggﬂégsgﬁk&k;up nodul e, wherein the

drivin adj ust the pick-up nodul e

i n tnsportihg dhiedloddeld Mapit SRskerldhrouldhea M&G FPRck & Indexers to a
| acenent apparatus of claim 10, wherein the pick-up
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| acement process for precise packagi ng of an object,
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Pick &cPlags sektbat b jpisked ohjecheanfieqitediseBt ploegd; andl wher ei n
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orientation information of the object fromthe
I nspection & Position Capture Canera, it adjusts the
orientation of the picked object by operating of the

14. The precise placement process of claim 13, wherein the object is an IC unit, and
whe_réin the outlines of the captured image of the IC unit is regenerated by the following
sieps 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




Pick & Place so that the picked object can be

preci sely placed; and placing the inspected object
preci sely into an Qutput Stacker pursuant to the
instructions fromthe control unit; thereby the object
IS precisely packaged. 14. The precise placenent
process of claim 13, wherein the object is an IC unit,
and wherein the outlines of ;gthe captured i mage of the
ICunit is regenerated by the follomﬁng steps of.

assi f captured i mage,
V\hercglwr?ﬁtgh gﬁfgﬁr Ofg%cr)?%l ngtt%‘ét e eV hﬁ‘ﬂg‘ é‘ﬁrfgﬁq gafers to the
angdabet waentthe Ioc iagidntHedX0)xisdiesitnabid fifigw our si des
of the ICunit as LI, L2, L3, and L4; |dent|fy|ng at
| east two points from each si de; assigning one pair of
coordinates to each point; deriving equations for each
si-de, thereby through working the equations of LI, L2,
L3, and L4 to generate the outlines of the I1C unit;
determ ning the center of the regenerated |IC unit
outline;- and 18 calculating the theta of the I1C unit
outline, wherein the theta refers to the angl e between
the Le and the X axis in the field-of-view




