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 relates
to met hods and appar at uses fpr preci se marki ng and

pl acenent of an object including an integrated circuit
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[0003] Small objects such as integrated circuit (I1C) and IC package are marked in

different ways for inspection and identification. One of the popular ways for marking 1Cs
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 imbortani‘ 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 {ime the marking apparatus fails (0 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 o have an apparatus that
enables precise marking and placement. This invention satisfies this need by disclosing a
precise marking and placement apparatus and method of using the same. Other advantages

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



[ 0005] The increasi ng demand for throughput and
mniaturization of IC requires a new generation of
handl ers or handling systens being able to deliver
hi gh outputs at barely zero equi pnent assi st.
Therefore, there is an inperative need to have an
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I nspection System and pre-placenent Vision Inspection
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[0010) FIG 1 is a flowchart of precise marking and placement of one preferred
embodiment in accordance with the present invention,

[oo11} 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 15 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.

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 placement
apparatus for placing IC units in strip form as one preferred embodiment in accordance
with the present invention.

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

[0018) 'FIG 9 is a precise placement and packaging process as one preferred

embodiment in accordance with the present invention.



[0014] FIG 5 shows a detail ed expl anati on of one
preferred enbodi nent for vision capturing of IC
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[0020} Throughout this application, where publications are referenced, the
disclosures of these publications are hereby incorporated by reference, in their entireties,
into this application in order to more fully describe the state of art to which this invention
pertains.

[0021) Current marking apparatus and process are confronted with two challenges.
One is precision. Increasing information is marked onto an object. Another is marking
dimension of an object. The object is becoming smaller and smaller. Thus the available
space for marking is becoming smaller. This also demands higher precision. In addition,
the automated inspection system demands precise packaging. 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 solutions for the
challenges.

[0622] 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 instmctl the marking apparatus to mark the objects in precision in step 30.
The marked objects will then be picked up for vfsion inspection before piacément 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. 1t will be evident from the discussion hereinafter that the flowchart of

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



[0019] The present invention may be understood nore
readily by reference to the follow ng detail ed
description of certain enbodi nents of the invention.

[ 0020] Thr oughout this application, where publications
are referenced, the disclosures of these publications
are hereby incorporated by reference, in their
entireties, into this application in order to nore
fully describe the state of &t to which this
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[0027] The IC units handlers 102 and 108 may be any available devices that are
suitable for handling any IC units as required by cach 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 1C units. For a stacked
shipping tray, the input means may be stepper motor driven clevating type so that the

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



5 the precise placenent and packagi ng. Actually,
these two events will be described . separately in the
present application for the sake of brevity and
sinplicity. As will be noted later, it should be easy
for those skilled in the art to conbine these two
events if desired. [0024] There&fore, precise marking
will be described first. Then precise placenent and
packaglng wi |l be discussed. [0025] Now referring to
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[0029] It is to be appreciated that any other means may be employed in this
Invention for storing the IC units and stacking/unstacking 1C units so long as the means
employed may function properly.

{00303 The transport system supports the transport of IC units from the mput
station parked by the IC units input handler 102 10 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
station to the processing positions to the output station. The transport system further
comprises & 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 position and transporting the IC units to a

predetermme.d marking position; and a third transporter receiving IC units from the



invention, it is to be appreciated that the nethod and
apparat us di scl osed herein in accordance mﬁth t he
principles of the present invention arerappllcable 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
en‘godi msnt)s( the IC units input handler 102 conprises
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FRY §I tlslcgsr.]sed ];exgeszﬁaf?gc hThtergéllox\gm PC 104b includes application programs that are
used to execute the vision inspection and classification, and a system memory that includes
memory space for storing the application programs, and initial, intermediate and finished
data from exécution of the application programs of the vision inspection and classification,
where the data include gray scale image data, binary image data, and data of IC units
outlines. While a specific example of the regencration of the IC outlines is provided
hereinafter as an illustration of the present invention, any other suitable application
program may be employed so long as it can generate the IC outlines that may be
compatible with the present invention. Preferably, the vision PC 104b is a microcomputer,
and the system memory is a random access type of memory. Suitable microcomputers and
memories 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
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 vsed 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
injection 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 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
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[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)
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[0038] Now referring to FIG 5, there is now provided a
detai |l ed expl anation of one preferred enbodi nent for
vision capturing of I1C position. [0039]Initially, the
vi sion capture unit captures the inmage of each IC unit
through its Field-of-View (FOV) as illustrated in FIG
5A. The FOV has its default coordinates with its
geonetrical center as the origin (0,0). Then the

vi sion PC uses the default coordi nat es of the FOV to
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out | i ation pr ss by identifying at
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angofgiéexa npl e, the two points on are assi
Icesyglepahatppprate mléorhativelyoi Bach Smnu%’icla&nc( Kaee ¥3lem comprises
at st one pick-up module that picks up each IC unit from the input shipping tray 201 and
places the picked IC unit in the output shipping tray 207. If the picked IC unit is rejected
by the vision inspection (to be discussed later), the pick-up module will place the rejected
IC units into the output tray 210 for rejected IC vnits. The pick-up module comprises-at
least one vacuum pick-up nozzle. In one preferred embodiment, the pick-up module
comprises two vacuum pick-up nozzles that can transfer one IC unit at each motion. There
are available of many conventional pick-up modules that can be employed in the present
invention. The choices and arrangements of the pick-up modules are well known to those
skilled in the art. Therefore, no more detailed discussion of the pick-up modules is needed.
[0047] While the precise placement apparatus shown in FIG 6 has been described
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 info 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 knowledge of the skilled ones.
[0048] The Smart Pick and Place System further comprises 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 o a precise theta
rotation. In preferred embodiments, the driving module is a motor incIudfng sérvomotor.
[6049] 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 along which the IC unit is
picked-up from the input shipping tray and transferred to the output shipping tray.
[0050] Referring to FIG 7, another embodiment of the precise placement apparatus
is illustrated in accordance with the present invention. This precise placement apparatus is
for placing IC units on Tape and Reel. The apparatus is similar to the one described above

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



Track 206, and the Qutput Stacker 208 are simlar, if
not identical, to the ones described in the | aser
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PfOC%%} ﬁer@@r)/m n%%h@fs% Iﬁﬁkﬂmgpd'ne%{r ccf@e&rb%ng)ééci%e lglageéneﬁ% %g he object

fpre erred enbodi nents
for finat packiapiggs diheqrrotass compfgAAhd bem afadingane 8bjResé:ith @i input
to, the one.in _the | aser

obieCIT: GNP Rirko s il Joadiddbripn seput R cshsapiin Biv ecision

mspcmmbnqjoam@h byt tignd BIRAGHIrAR sl?&ﬁ' In! 61: :
205 is | ocat.ed uénder ne%t h %f&y pat 519 U %mﬁpgﬁgﬁg?a%éc mark
visiogninspecdion; Wb dwhereny Hip theges rﬂfuthes(bhjp:pl ingeaptuyd aamd optionally

procéé’s@&‘ }zeﬁ] Z/r#sr{ng éﬁ{b‘@ct%%;tt and 3 %éﬁ‘}beoﬁ"ifwé?ﬂm&f of fhg object is

transﬁqm:@h ®ea pbracd maitt thapadahuded o hHﬂtﬁMg%ﬁQrﬂ Muarking the object
present invention. This precise

u gg ﬂ%}nce W th the

P "S‘fzﬁ“ ® SN SERtions, fipen “sc ?wr%wa&tﬁghq magfipg sygamTapwading the
mark8bj288 lonto TR AN AR Y Rar BerS

deSCJrFélgbed abov%&gxcg’pt arjdter; {)ﬁkm uPtt &?Tlg%tqno%] she;Input Stacker
and ppagiag drotRew|oven @ﬂ)r@lapuneﬁmaqiecﬁ&lﬁ& P&sitioh GhpREd U8mera 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 contro] unit; thereby the object is precisely packaged.



12 Tray (Qutput) 207, and Qutput Stacker 208. The Tape

and Reel output nodule is well known to those skilled

inthe art so that there is no nore detail ed

description of the configurations and di nensi ons of

the Tape and Reel output output nodule. [0051] Wile

the precise placenent apparatus shown in FIG 7

exenplarily shows that the I1Cs flow fromthe input

shipping tray 201 to the Tagd and Reel 211, it is to

be appreciated that the precise placenment apparatus
[00%hn haveWhide tisuseseonfivgutiat hanisenideholbed demirateteige for@Micular

the principles of the present invention. For exanple,
eml%qll?ém ’i‘t&vc’i% s"g‘”p&a%%ﬁ‘fmgﬁb%{r@? wanbasmends arndluvagiveaand that the
invdreigh i I h r.. v Sk on . inspection .and.. .

put fﬁﬂﬁﬁﬁgﬁggég ?@s§¥§§?ﬁ5%§W¥%§Pﬁ8“%P§§§J”?%862Y%5WW‘“”
becora¢ @ppdreny tahEdeGading iy skiriavhelal 18 vaiidiek thekent invention

o tb.I ocE gi agr am of .one preferred enbodi nent in
Pertalig o PHShRE TRt KrbRdinpsris e tconsidensd ito he eMwenhssedvethin the spirit

and RE&5out hel b -sultabl e m cyoprocessing .. .
sysIggm i ncﬂlrg%inﬁég/ aeHgéI}'sgﬁncgpydgz#%iﬁgrsc%edoé\gﬁdlree?‘SBto]I?,V htion is

descaibedi by ubs egpaininde clajA0 ZBHNoWsweei Do the f@regéi‘%g' &Bcription.
pl acement for final packaging as one preferre
enbodi nent in accordance with the present invention in
reference to FIG 9. After the placenent apparatus is
on 300, the IC units are |oaded at the input station
through an input shipping tray or in a Tape & Reel in
step 310. The vision canera is in a fixed position.
The main track indexers transport IC units in the tray
or Tape & Reel into the defined working position. One
of the alternating smart pick and place units picks up
ICunits fromthe tray or Tape & Reel 320. The first
nozzl e picks up an IC followed by the second nozzl e.
The two IC s are carried by the smart pick and pl ace
unit and brings it over the stationary inspection
canera position. Then in step 330, the inspection
camera captures the relative positions (X, Y, 0) of
the two I1C s, one after the other. Each IC actua
positions X and Y are captured using a nethod
described in FIG 5. The inspection canera PC
conmuni cates these data to the Handler PC /
Controller. The Handler PC/ Controller nmaps the
positions of the I1C units and process the position
data received. The processed data are communicated to
the Smart Pick and Place unit via the notion contro
and input / output boards. The Pick and Pl ace unit
places the IC one at a tine to the shipping tray or
Tape 8c 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
out put station. The indexer transports a new tray or
Tape 8c Reel to the working area to do the sane
process. After all 1C units have been processed, the
apparatus will be off 350. 13 [0054] As di scussed
above, the precise marking and pl acenent may be
executed as an integral process. Therefore, the
present invention provides a precise nmarking and
pl acenent apparatus for perform ng precise marking on
an object and precise placenent of the object for
final packagi ng and nethods of using the sanme. In one
preferred enbodi nent, the precise marking and
pl acenent apparatus conprises an object |nput Handl er
for | oading and holding the object; a Transport System
for transporting the object handlers during a marking
process; a pre-mark Vision Inspection Unit for
capturing and/ or processing the inmage of the object; a
Mar ki ng System for marking the object; an object



[ 0055] The present invention al so provides a precise

mar ki ng and pl acenent process for perform ng precise

mar ki ng on an obj ect and preci se placenent of the

object for final packaging. The process conprises the

steps of:loading the object onto an input object

handl er; transporting the object | oaded in the input

obj ect handler into a vision ih$Spection position by

using a transporting system inspecting the object by
alpressmark vi sion inspection unit, wherein the inmages

of the object is captured.and optionally processed by

the v BI e&fﬁeupﬁmw@nﬁ appanatistipr prociswpRE@hht e object, comg)rising:
|nforag%¢&rbtgg tf?e nglge(:tdgos transferred to a“control

uni t thaetEShl sosueepd loadinadhagbisytst em  nar ki ng

t he alje@tTRME SUARL-Ork L.NS, tipons fromthe

control unit to the}tcmalr0 Pﬁ%gpggé{ggtﬁfoﬁ'ﬁﬁoadi ng the

er kédebfieblace Ght X, @ontiikey feysiokihe 1ARN Ricet BRPHIBy placing
‘dﬁﬁoltn'het @)bjé'el%g fromthe |nput Stacker and' passing the

ob] FET 1§V dPak PACkaEHIza ddeett hanBppdcdilinceSisRagitils of being moved in
difaptnidacSasmera by a Pick & Place (X, Y, 0 Correction);
inspec%ing t he picked up object by the pre-placenent

| nspée{nspactnRdiosition (Gppirel CanfedRE danthiisy &) *
O]Et%rﬁ'ilgﬁng on..of ﬁhe i rmg(is i's transf e{ﬁ elgﬁg oggm%:%ﬁ?i}%? object and

nit; " and prag iy PRETPHdPast sihebinede Ipsectiorldy Position Capture
CuineraQy tapableSh Rk hifbs 81437 instruyctions from

the control unit; theér eby %ﬂ%‘%ﬁpg‘é’t@ ng(egph@fgéﬂt&egﬁ(&maw?
pack#yed!put Sipcke0bs pulndieg i opipasiitihé PreeRblly Pack@Sind optionally

 pdRRERJIRSGHi hgd with reference to particul ar
pen‘%éokdi nt’s&git wi || be understood that the

enbotl ol sundr eledthdniclly atoupRdanh b ' lon -
cope i sénot so limted, ternative 13%%5'1%%{?@ tit Inspection &
rdeaéJ

SE
P‘g‘é_% ‘%&: Pﬁv’éiﬁ;ﬁ}lnerwu I‘ﬂl@ecﬂwecan\;\lﬁ_rengt RQIBOSR orientation
inftamiaflen QF Ph 8k, . ar 0. wWni the present
_i nve‘ntli]:%(r;]cgb per?%ftnsé.n éBécE“%F%é%‘%tﬁe“&%béﬁmwfgwmr& it adjusts the
origgifdiot of ¢l piokéxbolgna Ay aeE o Wrtd Pick b ‘ :
caﬁﬁgt@agcuqft é&z ‘jior esent invention. Accor ?ﬁ&%% 21}?2'&%3’6%1(5(1 object
0 YAt nvention is described by the appended
clainms and is supported by the foregoing description.
15 %LIQI MS: 1Iél A precise placenent apparatus for
pr ecits@rphiscplpemienofiprantahjetdim GORRlEH B ob .
Stacker for storing and | oading the gbj ect ;0 gégf\}asirbﬁqbunlt'
Track & Indexers for transporting the object; a Pick &

Pl adire (pXecist placdang ﬁgﬂairz‘éﬂg of QhirP il(,: k\k{ﬂ&'efﬁpthct: E]nepu(t) Ejla%ﬁér comprises

a S%rég. precisely placing
Ing means 1of 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 placement apparatus of claim 3 » wherein the object is an IC unit:

. . - ]
wherein the stacking means is a slot magaziiie 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 Qutput Stacker

CO Vet 3 3 A " 3 T A b
mprises a stacking means for storing the objects and an output means for loading the

objects onto the stacking means.



the object for final packaging, wherein the Pick &

Pl ace is capable of being noved in different

di recti ons; an Inspection & Position Capture
Canmera for capturing the i mage of the object and
optionally processing the captured i mage, wherein the
I nspection 8c Position Capture Canera i s capabl e of
determining the orientation ofig he pi cked object by
the Pick & Pl ace; an Qut put Stacker for

unl oadi ng and outputting the precisely placed and
opthnally‘packaged obj ect.; and a control unit
%1 ect6AIedtq plactuglt erpwatis dffeiifi ck vheRiage 1aad TeRR & Indeers

t n Capture Canera, wherein when the
? ?éc;sl 4 Ipﬁ‘l ng% "@o e ?H‘E’UEP?%‘%@P& @ihlqhﬁh@ pimcirs oan bé transported,
atldile tzam;:@eﬂing meMstibembiIRRARE b cé‘n‘? 81% gléa%gf) Eskfrécan one position to

ra, it adjusts the “orie atlon §
aa%t gatosiipnsbenedhe inpuoand oelpi edcks, Pl ace so that the
pi cked obj ect can be accurately placed. 2. The precise
pl acenent apparatus of claim1, wherein the object is
Aan | Chelpirécise placemed &L Y c tus of
claim 1, wher ai n the %)nr;ygt % !11‘31 E:‘? g@'@ﬂlg%rampomng means
C%‘PB%WS@@ Ipashndirfeor muttioni wlsmhaezo blrﬁ@ﬂaslya@ ghott dritRMtlinear motion
BRef Or unloading the objects in a position so as to
be carried to a predeterm ned | ocation for inspection.
4. The precise placenment apparatus of claim3, wherein

éhe ¥§%ect is.an ICunit; wherein the stacking neans
a B‘Eec}fﬁg%%eﬁémf apPParaug wif todaiion 1S twhepeif wlidTln@peoaon & Position

d1C 1
C%gﬁég@ﬁn?ﬁ'edél ﬁ?ig({_:st %Txg%f%:; ca%'ﬂﬂ 8@68 cq%qrg{g 131‘85;1;;%9{ the object, and

angprdipaeli vigjon evieroprasessar ﬁir@ﬂ@@ﬁs1ﬂ@tlwoa€¢me\a%a§¢ cker arm
5. The precise placenent apparatus of claiml
wherein the Qutput Stacker conprises a st ackl ng nmeans

£ t t
9l Or ‘BicOpicdhe m%mlﬁ%&?o@?ﬁ% Le ia%gr&pﬁ 2%3 the i@ag% caplure unit

| oadi ng t he objects
COPHEISPY BETIed il meranericctag fmnathegrefp dblnﬁbmg]owh%@c[bohﬁ%d device

n
(C@) a Iﬁa@ﬁgngéctmn %evxce a photodiode array, a scanner, and a video camera.

10. The precise placement apparatus of claim 1, wherein the Pick & Place X, Y,0
- 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 picks up the
object from the Input Stacker and places the picked object in the Output Stacker, and a

driving module that operates the pick-up module, wherein the duvmg module is able to

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

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

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

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

MiCroprocessor.



conprises an input track and an output track al ong
whi ch the objects can be transported, and a
transporting neans for noving the objects in the

obj ect handlers fromone position to another position
al ong the input and output tracks. 7. The precise

pl acenment apparatus of claim6 wherein the
transporting neans conprises g% | east a linear notion
transporter, preferably a not driven |linear notion

ty an . The precise placenent, apparatus of .
IS ot A placBmell Brobi R 1B bt Bh Seapiish gomprising the
siGandr a conpri ses an i mage capture unit for capturing
inaggs_of t he object, and an optional vision
ni criopfiog Seseed de apiepeSticka; t he captured image. 9.

no PREERAR LR ETIR 4 BB AR Brouah o Blatutrdade Indesers (0 a

paitlonotiege fabiddabOHRKELASIRLh . a char ge-coupl ed
deviqe'(CII»,Ja chargg iﬁf@cfi&nﬁgggpte, a phot odi ode

ar r aicking st pbjeghdromn Vi bgut Sverkar and fdssikpehe object over an
enent. apparatus qof claim1l1l , wherein_the )
RS PRI B RAEReGE B el Pt 3ol Camreignd; wherein the
piciog: 1950 it cffhdthe MELifth ARG YifTuttIfLALA, the at | east
one Smart Pick and ace systemconprises at |east one
pi cKitnscipg dhe pidkatl yii eljsciulpy theelnspjction & riausitidneChpipiet Camera,
. : .aces. t,he. pi cked ,obj ect .in the Qutput .
ih%{egg Eg‘? ,lggbggﬁgggr?ﬁu{hﬁgmﬁ%ﬁllé taatTsetCat €onirpk unit, wherein the
Ingieckenig Rositibe,Caprereeldinérigs didablder AR Rid-Sihadfe ‘
.gﬁdj ui)} t Ee ﬁ’i nl:sk- u‘g modul e in >P Y, Z, and 1Ogst rfénfaflon of the
Piged @bigeb RE the Pk &fifjacep prd pbereps! the snntrol wppisreitctmnishlly coupled
wit 8l Xo PYREGLAY oK dul omprises at .
| east one \_/acugm g]?‘%:E’sﬁg&‘ﬁ’gz&zj?8@?‘&&?‘@5&?‘5&%@@%&@ the
coplplenrit atcedashihentiianation hZormkhienRsfegiSébj @l aBGITRAS Inspection &
podpRarat us g; cIaLn%} ., Wherein the control unit is a
OgRop g%pglég &giera, 1yadjusts 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 Qutput Stacker pursuant to the

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

14. The precise placement process of claim 13, wherein the object is an IC unit, and
Wherein the outlines of the captured image of the IC unit is regencrated 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 LL1,12,1L3, and L4;

identifying at least two points from cach side;

assigning one pair of coordinates to each point;

deriving equations for each side, thereby through working the equations of L1, L2,
L3, and .4 to generate the outlines of the IC unit;

determining the center of the regenerated IC unit outline; and



13. A precise placenment process for precise packagi ng

of an object, conprising the steps of: |oading the

object to an Input Stacker; transporting the

| oaded I nput Stacker through a-Main Track -& I ndexers

to a position where the object can be picked up and

i nspect ed; pi cking up the object fromthe I|nput

St acker and passing the object8over an Inspection &

Position Capture Canmera by a Pick & Place (X, Y, O

Cor r &&kubipE tirehetanof; the 101 oiit &uBliRg evlicseif AR &a Uefers 1o the

[ indifferent directions; i nspecting
PR IRUEE hOar aufl B X' fa pBech od-aposit | on
Capture Canera, thereby the information of the inmages
Is transferred to a control unit, wherein the
I nspection & Position Capture Canera i s capabl e of
determining the orientation of the picked object by
the Pick & Place; and wherein the control unit is
el ectronically coupled with the Pick & Place and the
I nspection & Position Capture Canera, wherein when the
control unit receives the orientation information of
the object fromthe I nspection & Position Capture
Canera, it adjusts the orientation of the picked
obj ect by operating of the Pick Sc. Place so that the
pi cked obj ect can be precisely placed; and
pl aci ng the inspected object precisely into an Qutput
St acker pursuant to the instructions fromthe contro
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 the
captured image of the ICunit is regenerated by the
follow ng steps of: assigning a default
coordi nates to the captured i nage, wherein the default
coordi nates are the geonetrical center as the origin
(0,0); ‘designating the four sides of the IC unit as
LI, L2, L3, and L4; identifying at | east two points
from each side; assigning one pair of coordinates to
each point; deriving equations for each side,
t hereby through working the equations of LI, L2, L3,
and L4 to generate the outlines of the I1C unit;
determining the center of the regenerated IC unit
outline; and



18 calculating the theta of the I1Cunit outline,
wherein the theta refers to the angle between the Lc
and the X axis in the field-of-view 19 ABSTRACT
METHOD AND APPARATUS FOR PRECI SE MARKI NG AND PLACEMENT
OF AN OBJECT The present invention provides a precise
mar ki ng apparatus for perforygng precise marking on an
obj ect and nethods of using the same. The precise
mar ki ng appar at us conpri ses an object input handl er
and an object output handl er for handling the object;
a transport systemfor tfﬁﬁgﬁg¥¥ﬁng t he obj ect

handl ers during a marking process; a vision inspection

: . the |
@@%@%@?W&’E?Ré@ﬁﬁﬁ%ﬁ%}% NGy B EEEM e R AN
control unit for receivi ng? mati on from and

RSB BTGPl o p@-R SR R ore i Ghegalng grecise
rr]@nflow desn abpceaidcweihbac ety thp gamat Uthef @écigy ma«"k&@ apparatus

kagi b
&fl|5rﬁéseg%n%%%/cprﬁplﬂrh%ﬁqlgrgar%%ags ee}ﬁeic?gtﬁt\%w%njg%c%o B?’P%Pg he O%Ject a
Vﬁ"l‘%’@ﬂ@é@eﬁ‘ fpr ewrisperting thel oigechhahdidracieriems rrwptprag priotsssf alvision

ln@ didk ﬁhr‘f‘%r@é;ﬁ&r‘l Fk%gss tﬁ@ inqg’%e b 0K ec? g omlcar%mg system

acenent of j ec agi n
fomgrﬁq{@ag thg ogjgptn@nqi weccgugﬁleumt:fcguﬁ@enﬁrng mformanon from and sending

instructions to other components of the precise marking apparatus. The present
invention also provides a precise placement apparatus for precise marking and/or
precise packaging an object and methods of using the same. 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.

Figure 7.



