1 APPARATUS FOR OBJECT PROCESSI NG Field of the Invention [0001] The
present invention generally relates to sem conductor technology, and nore
particularly to apparatuses for object processing, especially for flipping
and/ or picking and placing a chip. Background of the Invention [0002]

Smal | objects such as integrated circuit (1C and I C chips are manufactured
ina nmulti-step process invol ving di f f dr ent | ocations; thus they need to be
handl ed properly durin h Fo I gr a flip-chip, a chip
needs to be flipped fowg%%ﬁﬁﬁﬁgﬁgﬁﬁﬁ*5H%ﬁ¥§€§§RH§E§éB§GOn1a si ngul at ed
waf er need to be picked and placed into a desired destination. For all of
t he process operations, precise and efficiency are the main paraneters for

desi gni ng an apparat us for handField of tte Investdon Surmary of the Invention
[ 0003] One enbodi ment of the present invention provides an apparatus for

obj ect processing,. The processing apparatus conprises, an input unit for
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posi t i ongickiiy andtpldaingra thip. fi rst predetermi ned | ocation and pl acing the

pi cked object onto a second predeterm ned | ocation; wherein the first PNP
unit and second PNP unit are so configured that they can pick the

posi tioned objects fromthe firghcRERUBHV M BVenti®gat i on sequentially and
in turn transport the picked objects to the second predeterm ned | ocation;
a transporting systemfor transporting the first PNP unit and second PNP

unit fr e firgt predeterm,ned | ocation t he nd predeterm ned
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pl aced onto the output_unit; ereré)ﬁ t he out put unit unl oads the placed

obj ect s. quoBgHe Arpcesh ok oregxagipli dortip-ip. rrrbinapnsds ta esflippedgsbopding o of
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t he sem conduct or " di
destination. For all of the process operations, precise and efficiency are the main

parameters for designing an apparatus for handling the chips.

Summary of the Invention

[0003] One embodiment of the present invention provides an apparatus for object
processing. The processing apparatus comprises an input unit for loading a plurality of
objects, wherein at least one of plurality of objects is positioned in a first predetermined
location; a first Pick & Place (PNP) unit and a second Pick & Place (PNP) unit for picking
the positioned object from the first predetermined location and placing the picked object
onto a second predetermined location; wherein the first PNP unit and second PNP unit are
so configured that they can pick the positioned objects from the first predetermined
location sequentially and in turn transport the picked objects to the second predetermined
location; a transporting system for transporting the first PNP unit and second PNP unit
from the first predetermined location to the second predetermined location and back forth;

and an output unit providing the second predetermined location so that the picked objects



| oaded by the input unit and unl oaded by the output unit are in a

singul ated wafer formor a strip formor a nagazine form [0005] In

anot her enbodi nent of the apparatus, the transporting system conprises a
first gantry being disposed with the firs PNP unit and a second gantry

bei ng disposed wth the second PNP unit, wherein the first gantry and
second gantry are positioned on the sa?rre hori zontal plane and have a
mrror conflguratlon so that the first PNP unit_and second_ PNP unjit travel
al ong t h&aR be sqqugatinllyyplaged ogtocthn uipithiniy; Whesehy-the pytpuit Wileards ke plageds i r st
pr edet er rghj}g d location and second predeterni ned | ocation sequentially;

wher eby t plurality of objects can be picked at the first predeterm ned
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first gantry and se ond r | aced t he second predeter ned
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PNP unit conpfises a PNP head for %I cki n% transporti ng and placing one of
the plur atrlpt@rmfor@b]l@azmse forand a nmaneuverable armhaving a first end

coupl ed e res ect| ntry, a second end to the PNP head,
and a boﬁ}mhgt weenlii %f‘ab(éir"l%‘e’%‘gs@%@wat@ﬁ&he %‘%Pgﬁ%r’i‘ S HONRIGES abl e
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operably di sposed PNP along the rails, [0007] In_ anot her enbodi ment of the
appar at uPredeframinedn losatien §gd sspeerdnneesietarmined logationy sequsatially whetshy dbeposed
with the § P cond
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and second PNP _unit trav al.ong the first gantry and second gant
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and a maneuverable arm having a first end coupled to the respective gantry, a second end
coupled to the PNP head, and a body between the first end and second end, wherein the
maneuverable arm is operable according to a user’s instructions. In yet another
embodiment of the apparatus, each of the first PNP unit and second PNP unit further
comprises a linear motor for driving the extension or retraction of the maneuverable arm.
[0006] In another embodiment of the apparatus, each of the first gantry and second
gantry comprises a rail on which the PNP units are operably disposed, and a driving
module for moving the operably disposed PNP along the rails.

[0007] In another embodiment of the apparatus, the transporting system comprises
a first gantry being disposed with the firs PNP unit and a second gantry being disposed
with the second PNP unit, wherein the first gantry and second gantry are positioned on two
horizontal planes and have a tier configuration so that the first PNP unit and second PNP
unit travel along the first gantry and second gantry separately, and stop at the first
predetermined location and second predetermined location sequentially; whereby the

plurality of objects can be picked at the first predetermined location by the first PNP unit



the second predetermined | ocation by the first PNP unit and second PNP unit
sequentially. [0008] In a further enbodi nent of the apparatus, each of the
first PNP unit and second PNP unit conprises a PNP head for picking,
transporting placing one of the plurality of objects, and a maneuverabl e
arm having a first end coupled to the respective gantry, a second end
coupled to the PNP head, and a body betveen the first end and second end,

wherein the man ahle armis erabl g according to a user's
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second unit further conprises a Z-axis linear notor f riving the

unit to Bvay.alseeand endsrppled fothePNR headnandrebodyrisouéanshe fiostt endvandasspendat us,
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syst em f @hothet RirtheN @mbodifieRBbf e dpparatis)each oFi the fikdd PNEE tihi@ And Satdhe PNPNd
sending instructions to other conponents of the apparatus for precise

pi cki ng UaHdfysthst icamprises abjincer motar for rivingr thenpyensiemor oetragiionapbdheat us,

t he vi si ' ' ri i ) |
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pr edet er secomd gamergt ¢ommprisesl aopiili omalhiyh pho PBPS infigs hﬂeeopewﬂwc&?obimmg a at
| east one, bottom i ngpection_ canera for capturing the i.mage of the object
pi cked b)ﬁfléfglﬁl‘mg%}fle %énqvlﬂp%thempragm ‘ﬁs%ﬁg)g@}?@ﬂfﬂlgﬁhpr%hi t, wherein the at

| east ongodaef t OM i N5 RAEHHEP RmbSRIREIR Jfgggiealmﬁ%@g Qﬂ%hwetm PNPStnit and

predeterm ned | ocation and second pre ocation, and optionally
pr ocessi rsgeandemifpttheredmipriaess Zamds laraombim tfor driyeg the @NR amieteamofeoalong
capturing, the i mage of the object placed by the PNP units on the out put
unit in ¥ second predetermned | ocation. In another further enbodi ment

of the apgmpft uS, qaCHhotHed SRREIdiMBICEITRIA affardlE ¥ KBS OSBRSS PNigypt em

conprises an image unit for capturing 1nmages of the object, and an

opt i onal inspsetiom spistamo ferocaptaing drstomprocessingribe timage ap ther elyecti dvaing. object
processing, and a control system for receiving information from the vision inspection
system and sending instructions to other components of the apparatus for precise picking
and placing the object. In a further embodiment of the apparatus, the vision inspection
system comprises an input inspection camera for capturing the image of the object on the
input unit in the first predetermined location and optionally processing the captured image;
at least one bottom inspection camera for capturing the image of the object picked by each
of the first PNP unit and second PNP unit, wherein the at least one bottom inspection
camera is disposed between the first predetermined location and second predetermined
location, and optionally processing the captured image; and an output inspection camera
for capturing the image of the object placed by the PNP units on the output unit in the
second predetermined location. In another further embodiment of the apparatus, each
inspection camera of the vision inspection system comprises an image unit for capturing
images of the object, and an optional vision microprocessor for processing the captured

image.



4 [0011] Another enbodi nent of the present invention provides an apparatus
for object processing. The processing apparatus conprises an input unit
for loading a plurality of objects, wherein at | east one of plurality of
objects is positioned in a first predeterm ned |ocation; a flipping
mechani sm for picking up the positioned object at the first predeterm ned
| ocation, flipping the picked object, 4nd positioning the flipped object in
a second predeterni ned | ocatjon, whereby the opposite side of the flipped

obj ect i 8%¥ai | abl &nothsy embpodipent nf fhe Jupsert inveptionk provisles A8 AMPRIAUSEEhani sm

for picki | i | t ' I -d.on,
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[0013] In another enbodi ment of the apparatUs, Fhe flippi ng mechani sm

conpr i seredgieamined dpeatioanandaplaeingithe praked lippad ehi¢ol iah thet thirdfpredgiermineshd

wher ei n 1 I [ a. _flipper. ar i n wo free ends an
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I nput unit_ at the first. iredeterm ned | ocation and positioning the flipped

obj ect i HoitHEovidingoihe third pradstenmined lpeation sontha( the migked flippest pRIecteemdel nent
of the a , . api ng nmechani sm conprises a first flipping unit
and a se@g%éépﬁﬁg%ﬁgpﬁgnw wherein each of the first flipping unit and
second fl0qip] ng unilh amtheri @eboddmbht PP ethe adppagatgy ithe plurakgnsf fabjeoty iavd ng
the flipper; erein the flipper conprises at |east one fljpper head that
is abl e SERPRRUGKY dife lBS {*%r@\ﬁ%am%emf o the ARpaFAYS tthe SB PRI edcs
| ocat i on 1&add bl itPin Qﬂ?ﬁﬁﬂtﬁnﬁ% ‘ﬁ@ﬁ egdet ' bon. In
a further enbogitrrenpgto t he appg?%tg{l?{%e? %:i{gs?{é) I p rllagwuﬁlg{elr?&%bpg]
strip form or a magazine form.

[0013] In another embodiment of the apparatus, the flipping mechanism comprises
one flipper and a driving means for driving the flipper, and wherein the flipper comprises a
flipper arm having two free ends and operable to rotate about a pivot, two flipper heads
attached to the two ends of the flipper arm for sequentially acquiring the object from the
input unit at the first predetermined location and positioning the flipped object in the
second predetermined location.

[0014] In another embodiment of the apparatus, the flipping mechanism comprises
a first flipping unit and a second flipping unit; wherein each of the first flipping unit and
second flipping unit comprises a flipper and a driving means for driving the flipper;
wherein the flipper comprises at least one flipper head that is able to pick up the positioned
object at the first predetermined location and flipping the object to the second
predetermined location. In a further embodiment of the apparatus, the first flipping unit
and second flipping unit have a configuration that the two units are independently
controlled so that they can pick up the positioned object at the first predetermined location.

In another further embodiment of the apparatus, the first flipping unit and second flipping



and second flipping unit have a configuration that the two units are

I ndependently controlled so that they can pick up the positioned object at
the first predeterm ned location. |In another further enbodi nent of the
apparatus, the first flipping unit and second flipping 5 unit have a
mrror configuration so that each unit ﬁoi cks up the positioned object at
the first predetermned |ocation and f4i pping the picked object to the
second predeterm ned Iofpatipn. In yet anot her further, enbodi ment of the
appar at udIh3Ee & SUERE CoR wtw&gﬁ eachyunit pigks pp the pasitioped plyectsbthedirst r om
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unit are so configured that they can pick the positioned | pped objects
sequent i gir¢detesmdnedriocations.t r ansport the pi cked objects to the third

pr edet er | ocat i on 00161. I n. apqgt her enbodi of ,t he appar.atus, the
t ranspor m)(ﬂgfjsyst eﬁpca(‘}ﬂgﬂ# 5‘5’%’0&.&’61“? Pgﬁnemwspg}em ir’%eﬁaglgﬁn\ﬁg RS firs
PNP uni t fadPRkS&CPIace gPNPY YinfQind G SécoR@Ta6k &MPIAtet (PN &R tbor BEkiHS ithe
wherein the first gantry and second gantry are positioned on the sane

hor i zont dlosisioaerkflinpgd tobiast &romi thegtecenshpriedetermined lasationawhereia the fisst PP uni t
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Separ at ol afsdeBhl PPl 85380 Buldy Bl ARD. ot BEE REROTRo AR it

pr edet er robjuecs scooaitially &Rigitetirh Aahytortvier sibled blsjectpltoiriad kHidd pledetbirgiatd can
be picked at, the second predeterm ned |location by the first PNP unit and
second PNPCA#RPt, transported along the first gantry and second gantry, and

| aced e thir k-ned. ' i rst '

E econd Pla\tllé’mrgir:i t seqlgeaﬁ? ﬁgﬁ:@w& cui%&?tﬁb g%%ﬁ%’eé@?ﬁ%%&%nﬁ%tgwéfﬁne& s
appar at us, fishghntof being disposed RiNR theifirs BNP wieamhd sB®dRdugantry deingr disgsed PNP
head for picking, tr orti placing one of the plurality of aqbjects,
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end and second ., Wherein the maneuverable armis operable according to
a user's ENRunittaivelradong the dirst gantry and second gantry separately, and stop at the second
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predetermined location and third predetermined location sequentially; whereby the
plurality of objects can be picked at the second predetermined location by the first PNP
unit and second PNP unit, transported along the first gantry and second gantry, and placed
at the third predetermined location by the first PNP unit and second PNP unit sequentially.

[0017] In another embodiment of the apparatus, each of the first PNP unit and
second PNP unit comprises a PNP head for picking, transporting placing one of the
plurality of objects, and a maneuverable arm having a first end coupled to the respective
gantry, a second end coupled to the PNP head, and a body between the first end and second
end, wherein the maneuverable arm is operable according to a user’s instructions. In a
further embodiment of the apparatus, each of the first PNP unit and second PNP unit
further comprises a linear motor for driving the extension or retraction of the maneuverable
arm.

[0018] In another embodiment of the apparatus, each of the first gantry and second
gantry comprises a rail on which the PNP units are operably disposed, and a driving

module for moving the operably disposed PNP along the rail.



further enbodi ment of the apparatus, each of the first PNP unit and second
PNP unit further conprises a |linear notor for driving the extension or
retraction of the maneuverable arm [0018] In another enbodi ment of the
apparatus, each of the first gantry and second gantry conprises a rail on
which the PNP units are operably disposed, and a driving nodule for noving
t he operably di sposed PNP al ong the ral. 6 [0019] In another enbodi nent
of the apparatus, the transporting systemconprises a first gantry being
di sposed [M18h t he i prothyrempadimerrdidhe apngraiusy thet transperting systerp GOB@TISER t h

t he seco . ' | pSit Y. d ngd . .
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head for itk Rebonll 'PNTSRE, (alshdle@ GldHg tAE Eird battRPandécdbfd bdntrybnPPla&&H S,
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gantry, attedbindiprsdetenningd bgatien b theixs IR unit anvbisesomxbByP isitweguentitlly. f i r st
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for driving the extension or retraction of the maneuverable arm [0022] In

anot her @hgadyfnbiests. ené aapaneusergble asmchaviste a fiest end spupjedite theagsbesideond
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second unit further conprises a Z-axis linear notor for driving the PNP
unit to MRAA] al ong In angier embodiment of the apparatus, each of the first PNP unit and

second PNP unit further comprises a linear motor for driving the extension or retraction of
the maneuverable arm.

[0022] In another embodiment of the apparatus, each of the first gantry and second
gantry comprises a rail on which the PNP units are operably disposed, and a driving

module for moving the operably disposed PNP along the rail.

[0023] In another embodiment of the apparatus, each of the first PNP unit and
second unit further comprises a Z-axis linear motor for driving the PNP unit to move along
Z-axis.

[0024] In another embodiment of the apparatus, it further comprises a vision

inspection system for capturing and/or processing the image of the object during object
processing, and a control system for receiving information from the vision inspection
system and sending instructions to other components of the apparatus for precise picking
and placing the object.

[0025] The objectives and advantages of the invention will become apparent from
the following detailed description of preferred embodiments thereof in connection with the

accompanying drawings.



[0024] In another enbodi nent of the apparatus, it further conprises a
vision inspection systemfor capturing and/or processing the imge of the
obj ect during object processing, and a control systemfor receiving
information fromthe vision inspection systemand sending instructions to
ot her conponents of the apparatus for precise picking and placing the

obj ect. [0025] The objectives and advartages of the invention will becone
apparent from the follow ng detail ed description of preferred enbodi nents
thereof in connection with ﬁgD%&W&ﬁithgﬁdﬂﬂwgﬁgs. 7 Brief Description
of the Drawi ngs [0026] Preferred enbodi nents according to the present
inventio k{ | now i ith referencge tg the Fi es.;a ani ed
her ei n, :E?’]d%v*l ch | iPEee?re(?Ze(rﬁg)r?gggen\rqgu rar‘%‘foe{&él Ed@n@?ep r?? gl%‘feélﬁgrﬁlt@.l I §§‘82 FI G
1 shows despaibed alith sofBince o the Wighreg rcampaéd befeli, ifi whichdil@nekfergh&ci ng a
chip in accordance w.th one enbodi nent of the present invention. [0028] FIG
2 is a t dymsTaAndepotsdiksielementappar at us as shown in FIG 1. [0029] FIG 3 shows

a front Vi ew t -l N e i tions
For' the MEFLLCN TG IRRGRRS Blidd 3aMBi¢ Lt BrlantBffRlud B6r pickinePad

i |1 ust r atplaving $ehip ireaccontahcagwith bhne embéditeat off the pfébdnt imichiorshown in FI G 1.
0031] FILG 5 shows end view illustrating the two PN its as shown in
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the apparatus for processing a plurality o S in accordance wth one
enmbodi methe pdsitidne forrthe éme PNRwmits on. [ 0034] FIGS 8 and 9 show expl oded

vi ews of notio f the first. PNP.unjt. 13 and second PNP uynit 140.
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[0031] FIG 5 shows an end view illustrating the two PNP units as shown in FIG 1.
[0032] FIG 6 shows a dynamic diagram of the movements of the two PNP units
shown in FIG 1.

[0033] FIG 7 shows a partial isometric view of the apparatus for processing a
plurality of chips in accordance with one embodiment of the present invention.

[0034] FIGS 8 and 9 show exploded views of the motion of the first PNP unit 130
and second PNP unit 140.

[0035] FIG 10 is an exploded view of the flipper units in accordance with one

embodiment of the present invention.

[0036] FIG 11 is an exploded view of the flipper units in accordance with one
embodiment of the present invention.

[0037] FIG 12 shows a diagrammatic view illustrating the coordinated operations
of the apparatus as shown in FIG 7.

[0038] FIG 13 shows a functional block view of the processing apparatus in
accordance with one embodiment of the present invention.

[0039] FIG 14 shows a functional block view of the processing apparatus in

accordance with one embodiment of the present invention.

Detailed Description of the Invention



enbodi nent of the present invention. [0037] FIG 12 shows a diagrammmatic
view illustrating the coordinated operations of the apparatus as shown in
FIG 7. [0038] FIG 13 shows a functional block view of the processing
apparatus in accordance with one enbodi nent of the present invention.
[0039] FIG 14 shows a functional block view of the processing apparatus in
accordance with one enbodi ment of the Bresent invention. Detailed
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placing a chip in_ accordance with one enbodi nent of the present invention.
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i ncor por 498481 her ei ANQ¥ TeigHpgty FIG dodleredt pravideds & partig) {semetiic piewnel #1 es of
apparatus for picking and placing a chip in accordance with one embodiment of the present

invention. The apparatus 1 comprises a first Pick & Place (PNP) unit 2, a second PNP unit
3, a transport system 4, and a vision inspection system 5. It is to be noted that an input
means for loading the chip, an output means for unloading the chip, and a controlling
means for operating the apparatus are not shown in FIG 1; any suitable mechanisms known
in the art can be incorporated herein as long as it does not interfere with the principles of
the apparatus. In addition, for the convenience of description, the location where the chip
is picked up is called the picking location 6, and the location where the chip is placed is
called the placing location 7.

[0044] Still referring to FIG 1, the two PNP units 2, 3 pick chips in one location
and place them in another location. The first PNP unit 2 comprises a maneuverable arm 21
having two ends, one end 22 is attached to the transport system 4 so that the first PNP unit
can be transported from the picking location 6 to the placing location 7 as described in
detail hereinafter, and the other end 23 is attached with a pick head 24. The pick head 24
is able to pick up a chip from the picking location and place the chip in the placing
location. The pick head 24 can be any known means in the art such as a vacuum sucker

that picks up the chip with air pressure and place the chip by releasing the pressure.



the apparatus. In addition, for the conveni ence of description, the

| ocati on where the chip is picked up is called the picking |ocation 6, and
the location where the chip is placed is called the placing |ocation 7.
[0044] Still referring to FIG 1, the two PNP units 2, 3 pick chips in one
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3 move horizontally, and the second driving means 44 connects the one end 32 of the

maneuverable arm and the leveled beam of the second gantry 43. The second driving
means 44 can also operate in Z-direction so that it can lift or lower the second PNP unit 3.
The second driving means 42 can be a motor in itself or controlled by a motor disposed
remotely from the driving means.

[0047] Still referring to FIG 1, the first gantry 41 and second gantry 43 have a tier
configuration; as shown, the first gantry 41 is lower than the second gantry 43. As
discussed in detail hereinafter, each PNP unit will be lifted into a safe position after they
have picked up the chip so as to avoid collision. In this configuration, the two PNP units
can be operated in sequence. For example, while the first PNP unit 2 is picking up the chip
in the picking location, the second PNP unit 3 is placing the chip in the placing location.
[0048] Still referring to FIG 1, the inspection system 5 comprises an input
inspection camera S1 for inspecting the chip picked up by the PNP units, and an output
inspection camera 52 for inspecting the chip placed by the PNP units. The inspection



3 nove horizontally, and the second driving nmeans 44 connects the one end
32 of the nmaneuverable armand the |evel ed beam of the second gantry 43.
The second driving neans 44 can also operate in Z-direction so that it can
lift or lower the second PNP unit 3. The second driving neans 42 can be a
notor in itself or controlled by a notor disposed renotely fromthe
driving means. [0047] Still referring 88 FIG 1, the first gantry 41 and
second gantry 43 have a tier configuration; as shown, the first gantry 41
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chips during the process. [0050] Now referring to FIG 3, there is provided

a front phatowereansy 4dhandahssceandsPNR woiind showhlaGthe ksficsiqst isfthe uppes gpaisy t i ons
for the t PNP units. FIG 3 shows a tier configuration of the two PNP
units, whére the first PNP unit 2 shown at the right side is in the |ower

gantry 4Xoosand t he NegordediNy tNIFIG34shbwe &t ptdedddeth &iplieiel sfrofie vigper
gantry 43. [0051] Now referring to FIG 4, there is provided an expl oded
front vi diustrating sthe otigr gonfigarationr of dhe ityar BNP ownitst shaven dndFIENS. urdll ¢hehown
in FIG 1'coﬁ‘lp'on&rﬁ§ have been described above. For the driving means 42, 44, they comprise a Z-
axis linear motor so that the PNP units can be lifted and lowered accordingly.
[0052] Now referring to FIG 5, there is provided an end view illustrating the two
PNP units as shown in FIG 1.
[0053] Now referring to FIG 6, there is provided a dynamic diagram of the
movements of the two PNP units shown in FIG 1.
[0054] Now referring to FIG 7, there is provided a partial isometric view of the
apparatus for processing a plurality of chips in accordance with one embodiment of the
present invention. As discussed above, the chips may need to be flipped and transported so
that there is a need to integrate these two mechanisms into one machine. As discussed in
detailed hereinafter, the flipping mechanism has two flippers with a specific configuration.
Thus, it is to be appreciated that the integration of the flipping mechanism with the
transport system can be done according their parameters.
[0055] As shown in FIG 7, the apparatus 100 comprises a flipping mechanism
having a first flipper unit 110 and a second flipper unit 120, a first Pick & Place (PNP) unit
130 and a second PNP unit 140, and an inspection system having two bottom inspect

cameras 151, 152, an input camera 153, and an output camera 154.



conponents have been descri bed above. For the driving nmeans 42, 44, they
conprise a Z- axis linear notor so that the PNP units can be lifted and

| owered accordingly. [0052] Now referring to FIG5, there is provided an
end viewillustrating the two PNP units as shown in FIG 1. [0053] Now
referring to FIG 6, there is provided a dynam c diagramof the novenents
of the two PNP units shown in FIG 1. [6654] Now referring to FIG 7, there
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descri bed 1 n detall erelna
to that of the first PNP unit 130 The two PNP units 130, 140 have a mirror configuration

so that they can operate independently and sequentially.

[0058] Now referring to FIGS 8 and 9, there are provided exploded views of the
motion of the first PNP unit 130 and second PNP unit 140. As shown in FIG 8, the first
flipper unit 110 has put one chip at the flipping location so that the first PNP unit 130 will
pick up the flipped chip and transport the flipped chip along the pathway (1-3) to place the
flipped chip onto an output means; at the meantime, the second PNP unit 140, after placing
the chip onto the output means, will move to the flipping location of the second flipper unit
120 that will pick up a chip from the picking location. As shown in FIG 9, the first flipper
unit 110 is picking up a chip from the picking location, and the first PNP unit 130 is
placing the flipped chip onto the output means, while the second flipper unit 120 is
flipping the chip to the flipping location, and the second PNP unit 140 is picking up the
flipped chip from the picking location.

[0059] Now referring to FIG 10, there is provided an exploded view of the flipper
units in accordance with one embodiment of the present invention. The first flipper unit

110 is operated by the first driving means 111 and the second flipper unit 120 by the



[0057] The first PNP unit 130 as shown in FIG 8 in detail conprises a
maneuver abl e beam 131 with two ends 132, 133, and a picking head 134, where
the picking head is attached to the end 133 and the end 132 is attached to
the transport system 160 discussed in detail hereinafter. The second PNP
unit 140 has the simlar configuration to that of the first PNP unit 130.
The two PNP units 130, 140 have a mrrd2 configuration so that they can
operate independently and sequentially. [0058] Now referring to FIGS 8 and
9, t her e segoad grigingdaeang 1g1.odbd dvivingsmerins chwe be amlt iokprdhatiche cause she fHiRperun t
130 and i As shown in FIG 8, the first flipper unit 110
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units into a rotational notion. [0060] Now referring to FIG 11, there is
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t he apparatus as shown i'n
for specific applications. The input unit 170 and output unit 180 may be any available

devices that are suitable for handling any chips as required by each specific application. In
one embodiment of the present invention as shown in FIG 13, a singulated wafer is the
supply of the chips to be processed. The input unit 170 comprises a wafer cassette 171, a
wafer feeder 172 and a wafer table 173. The wafer cassette 171 has a hollow chamber for
housing a stack of singulated wafers, an upper opening for ejecting and loading the wafer
to the wafer feeder 172 one at a time, and a built-in elevator for lifting the stack of wafers
towards the upper opening. The wafer feeder 172 receives the wafer 171 from the upper
opening of the wafer cassette 171 and conveys the wafer 171 to the wafer table 173. The
wafer table 173 can be moved along the X, Y, and Z axes, and rotated about the Z axis.
The X-Y movement of the wafer table 173 on a common horizontal plane allows
consecutively aligning the chip to be processed with a pre-determined picking location
175. In addition, the rotary movement of the wafer table 173 about the Z axis allows
adjusting the orientation of the chip in the picking location.

[0064] The output unit 180 receives the processed chip from the PNP units 130,
140, and unloads the chip. In one embodiment of the output unit as shown in FIG 13, the



[0062] Now referring to FIG 13, there is provided a functional block view
of the processing apparatus in accordance with one enbodi nent of the
present invention. The conponents including the flipper units 110, 120,
the PNP units 130, 140 and the inspection system 150 have been descri bed
in detail above in terns of their configurations and operations, thus the
follow ng description wll be focused b the i nput and out put neans and
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be noved along the X Y, and Z axes, and rotated about the Z axis. The XY

movenent iedependentlas by thisspry thy swePNP usiisreen srease theaoutputafdhe prosgesing

consecut i ]l . Chi i 8- m ned

pi cki ng Iaéﬁéar?tlug'n llﬂgl?(g&%&g%g#ﬂ p ioé‘%{a{l?%gﬂr?%%gfr?@}d%}gv‘%%lelﬁ}%m?%e%Mf er table
173 aboutjodsbp Z axiTheaddn@olingadeans tli90gnahde @by @fdcabhio Mmiefopidt@sswiispch Bs t he
pi cking | g at{fﬁn. [0064] Th& ouﬁiput uni.t 180 receives the processed chip
from t he BSnpotgapels Py or thedike. ke comrolipg meprs 190;tgceiyes thiiastawations frem 2 of
the outp P 0 FhG - . 0 u ni i an
nput e o SHERREYR fhdhn e iheheckiB sl R herd" el B D R 20

t ape sealcospanénsmnoflBé apffdratuenpty tape i s wound around the input tape reel

181 that is operahle to,.rotat t.a shaft. st.epper tor .drive

linear mi%988h dr agddt™ O o (o e reideds MEO%%&%@ ofibe | oads

the tape grideSsihd!8pp#@us FR88@rddhcd Hith odAABddilRA: bf éﬁay&feh fRehtfon 58ne

conprises a first 'gantry unit 161 and a second gantry unit 162, where the

first PNRpparatusiowanth &G ol iPidentiealttolth® emee slopyar ablKIG 13 except for the
configuration of the two gantries 161, 162. The two gantries 161, 162 shown in FIG 13

has a mirror configuration.

C

[0068] While the present invention has been described with reference to particular
embodiments, it will be understood that the embodiments are illustrative and that the
invention scope is not so limited. Alternative embodiments of the present invention will
become apparent to those having ordinary skill in the art to which the present invention
pertains. Such alternate embodiments are considered to be encompassed within the spirit
and scope of the present invention. Accordingly, the scope of the present invention is

described by the appended claims and is supported by the foregoing description.



di sposed onto the first gantry unit 161 and second gantry unit 162
respectively. The two gantries 161, 162 are configured in parallel so that
the two PNP units 130, 140 can nove independently; in this way, the two
PNP units can increase the output of the processing apparatus. The
configuration and operation of the gantry are well known in the art. [0066]
The controlling means 190 may be any el4ctronic mcroprocessor such as PC,
not ebook, PDA or the like. The controlling nmeans 190 receives the
instructions froma wuser and information fromthe inspection system and
send instructions to rel evant corrportgir‘\its of the apparatus. [0067] Now
referring to FIG 14, there is provide 2% unctional bl ock view of the
processi ng apparatus in accordance with one enbodi nent of the present
invention, The apparatus shown in FIG 14 is identical to the one shown in
FI G 13 ex¥gids ¢laimedds  configurati on of the two gantries 161, 162. The two
gantries 161, 162 shown in FIG 13 has a mrror configuration. [0068] Wile
the present invention has been described with reference to particul ar
enbodi nert s, iAn apphfatiseforiobjectyirocdsihfabntphigingnbodi nents are illustrative
and that the inventi o&pysfogﬁ'e is not.so limted, Alternative enbodi ments of

the present i AU&MRYSHIE B’@c%ﬂl\‘-:lmé‘&ba‘? QWFCtﬁ’oW}(‘?Té‘élé‘tﬁ%ﬁﬁ o Al olski | |
in the arhidR ié"{%s@t‘fbrfeg% Qgﬁtﬁ??%de'téﬁﬁ%ﬁ'@&tio ertains. Such alternate

enbodi ment's are consi dere e enconpassed within the spirit and scope
of the presenta first ®inki &rPlacko®OR) iuniflangd atseeorsicRipke LoPlacé €PNPewsnfor ipivkary i on

is descrjbed.b he.appended ¢l ai and is supported by the for in
A R M T A A
processi REo £ WEBAA §}e(19tfbrrﬁil?1eﬂ Iik}%_aﬁoﬁwﬁeréiﬁrthé ARAYPRP dhiPddd’ RLdddyPIoP uRRhRCT S,

wherein at |east one of plurality of objects is positioned in a first
pr edet er P neoafigueedt thah they €amr pickPihe kpagititinad eobjderPfroumithe fimst predaseronivedPi ck &

Pl PNP) .uni 't for .pickij t i.1ioned, ohj t t fi |
b odet or v stswertalfy St FingPOR ohe PERGLOBRTE e teCponEpreditginined
pr edet er npda@ien;] ocation; wherein the first PNP unit and second PNP unit are

so configured that they can pick the positioned objects fromthe first
pr edet er mi ned @ transporting system for transporting the first PNP unit and second PNP unit from

the first predetermined location to the second predetermined location and back forth; and
an output unit providing the second predetermined location so that the picked
objects can be sequentially placed onto the output unit;

whereby the output unit unloads the placed objects.
2. The apparatus of claim 1, wherein the plurality of objects are semiconductor dies.

3. The apparatus of claim 2, wherein the semiconductor dies loaded by the input unit
and unloaded by the output unit are in a singulated wafer form or a strip form or a

magazine form.

4. The apparatus of claim 1, wherein the transporting system comprises a first gantry
being disposed with the firs PNP unit and a second gantry being disposed with the second
PNP unit, wherein the first gantry and second gantry are positioned on the same horizontal
plane and have a mirror configuration so that the first PNP unit and second PNP unit travel
along the first gantry and second gantry separately, and stop at the first predetermined

location and second predetermined location sequentially;



| ocation sequentially and in turn transport the picked objects to the
second predeterm ned |ocation; a transporting systemfor transporting the
first PNP unit and second PNP unit from the first predeterm ned | ocation
to the second predeterm ned | ocation and back forth; and an output unit
provi ding the second predetermined | ocation so that the picked objects can
be sequentially placed onto the output1®nit; whereby the output unit

unl oads the placed objects. 2. The apparatus of claim1l1l, wherein the

plurality of &tjcedyshepluralishpiehiemis casr bedpieked ag thetfirat prpdetermined logationdiym 2,
wherei n e sse P Nl Ghd " sefbRs pﬁﬂrﬁg l?z}/nsf) od 1848 tﬁ%nti}st ﬂl{#}r ufhodgd by
the output uni't "are In a srngulated Water*formor®a stri ormor a

magazi ne ghntynand .platbé antheaseedndsprelieteintingd locatiiebetie fillePNPamimdisecghdsyst em
conprises_a first gantry being disposed with the firs PNP unit and a
second ganth ynibearehtigll¥posed with the second PNP unit, wherein the first
gantry and second gantry are positioned on the sane horizontal plane and
have a mrror configuration so that the first PNP unit and second PNP unit
travel &l ong Thhaepparams of ghimy, avidreir eachdofgha first PNIpaniahmd yecoad @NPwpit at

the first predet ed _location and second predeterm ned | ocation
sequent i &Pﬁ{lsefﬁ@ 5?%@21' Pirbing, traBtRoryngandoplpcieg enecfaf?hsgfjwl&x & Oﬁtecashe
first predehendiel®dabloashinaling fiRkEedd 6@@(1: d) tHé‘%ésP@éﬁQe Eﬁﬁﬁ%d“ Rebnd'Gd A

transported along the first gantry and gantry, | aced at the
second prceudgltd tarthecRNP beat,iand abyodyhisetWeersthe PRt emdi andasedorskerah) dvheRilP theni t

sequentially. 5. The apparatus of .claim4, wherein each of the first PNP
unit and %%Bma%ﬂ?%}ﬁ‘ﬁ’ef@iw%dé%g%?ﬁﬂm RESHUEHANS i cking, transporting
and placing one of the plurality of objects, and a maneuverable arm havi ng

a first end coupled to the respective gantry, a second end coupled to the
PNP head 6. and Thesprgrate ofuskaimt S eviferein eagnof the dirss g0 dnieaud sedoad NP uie

maneuver able arm.i.s operabl e accor di.ng,,to user's . instr ions. 6. .The
onar at u3ttsfer 2pbriSes MR woi SGCI VL e RniiEE opRewaiion She P RBuintie
unit furkker conprises a linear notor for driving the extension or
retracti on of the nmaneuverable arm

7. The apparatus of claim 4, wherein each of the first gantry and second gantry
comprises a rail on which the PNP units are operably disposed, and a driving module for

moving the operably disposed PNP along the rails.

8. The apparatus of claim 1, wherein the transporting system comprises a first gantry
being disposed with the firs PNP unit and a second gantry being disposed with the second
PNP unit, wherein the first gantry and second gantry are positioned on two horizontal
planes and have a tier configuration so that the first PNP unit and second PNP unit travel
along the first gantry and second gantry separately, and stop at the first predetermined
location and second predetermined location sequentially;

whereby the plurality of objects can be picked at the first predetermined location by
the first PNP unit and second PNP unit, transported along the first gantry and second

gantry, and placed at the second predetermined location by the first PNP unit and second

PNP unit sequentially.

9. The apparatus of claim 8, wherein each of the first PNP unit and second PNP unit
comprises a PNP head for picking, transporting placing one of the plurality of objects, and



7. The apparatus of claim4, wherein each of the first gantry and second
gantry conprises a rail on which the PNP units are operably disposed, and
a driving nodule for noving the operably di sposed PNP along the rails. 8.
The apparatus of claim1l, wherein the transporting system conprises a first
gantry being disposed with the firs PNP unit and a second gantry being

di sposed with the second PNP unit, whtBein the first gantry and second

gantry are positioned on two horizont al gl anes and have a tier
conf i gur &tMefiFu¥erablsarm having astirsprppd ganpled tel thes respertivRIFZanHY + 2 t5peond| enda| ong

the firs | t t. th |
pr edet or  Hag) | GETAE RERL 300y ARG phur AR bR PPl el B,
wher eby twisaeywenabdd arty isafperibjecadcordimtolaauspi’ clettu@ions.he first predeterm ned

| ocation by the first PNP unit and second PNP unit, transported along the

first gantry and second gantry, and placed at the second predeterm ned

| ocati on t fl |t J j .. The
appar at Us of o ai BpD UGe e, e ERRCor (R Trdt Ty BAPHRTGGBd PP dmin
unit  coifynthes esmprifesia liveadmbtor fon drkviimgthe ex@nsiqoot iengctpdnaafithgmanaivefabtehe
pluralité of objects, and 16 a maneuverable arm having a first end coupl ed
to ther E‘B'ecti ve gantry, a second end coupled to the PNP head, and a body
between the first end and second end, wherein the naneuverable armis
operabl e according to a user's instructions. 10. The apparatus of claim9,
wher ei n dach dhetappafatussof Bliaitnuhi whereid saeboofdtheNirstigantry fand tseeondcgantryi ses a
e. maneyver.abl e

| tor .for driving. i tracti t
ar 11 CHRBra g o dfe PG G Bporlk ppred g pioFSimEgAtAts fatna

second gaidving the @pErablyeRspdsé EPNPAbndhEhilkhe PNP units are operably
di sposed, and a driving nodule for “noving the operably di sposed PNP al ong

the rails. 12. The apparatus of clains 5 or 9, wherein each of the first

PNP unit ;gnd it er oConprises, a.z- axi inear tor for

ari ving te pRge Rl o sbithd b o SRBieE Sty Dr B il AR e Sin s 1
further ¢oripricempased aZ-aki8linkSASOGE o ArisihBHtRIPNO uNitGd Ve ialtihg ZNEKiOr
processing the inmage of the object during object processing, and a control

system for receiving information fromthe vision inspection system and

sending 13 Tpe apparatus of claim 1, further comprising a vision inspection system for

capturing and/or processing the image of the object during object processing, and a control
system for receiving information from the vision inspection system and sending
instructions to other components of the apparatus for precise picking and placing the

object.

14.  The apparatus of claim 13, wherein the vision inspection system comprises:

an input inspection camera for capturing the image of the object on the input unit in
the first predetermined location and optionally processing the captured image;

at least one bottom inspection camera for capturing the image of the object picked
by each of the first PNP unit and second PNP unit, wherein the at least one bottom
inspection camera is disposed between the first predetermined location and second
predetermined location, and optionally processing the captured image; and

an output inspection camera for capturing the image of the object placed by the

PNP units on the output unit in the second predetermined location.



instructions to other conponents of the apparatus for precise picking and
pl acing the object. 14. The apparatus of claim 13, wherein the vision

i nspection system conprises: an input inspection canera for capturing the
i mage of the object on the input unit in the first predeterm ned | ocation
and optionally processing the captured, inmage; at |east one bottom

i nspection canera for capturing the i the of the obj ect picked by each of

the first _PNP_unit and second PNP unit, wherein the at | east one bottom
i nspect i &t cafBf aPrasatys ehclamy 1herhpaein cashbinspection prragraof the vidan [sesitiosn and

second 1 B [t I ' . Jred
Tmge: anan compras an AR WA foRUpuRRle BBk of (B BHEST Pl URiGAP ViR
obj ect plhucegrdeyssohfor pRidBssing the captuteddmagé.put unit in the second
predeterm ned | ocation. 17 15. The apparatus of claim 14, wherein each

i nspection canmera of the vision inspection systemconprises an image unit

for capt ys! N9 A BRGARTol Scdph&lsindRdnBRsp! | onal vision  m croprocessor
for processing the captured irfmage. 16. An apparatus for object processing,

conpri si ng: amniimgmaunii ot loading|aopldiatity af pbjects|wheyeinfat tdaptemesof phiwalityi of at

| east one, of plurality.of . obj s is positioned in a first predeterm ned

| ocat i on OPIECEs iy ?)‘bsi?thod’e ﬁgfﬁ(%?jfﬁ%%ﬁ?fmmeéﬁ?%&oﬁp_ the positioned object at the
first predetenfiipfiflg nleeRafidn® for ﬁi&l&iﬁ’@h? ¢hel piRitIONEKES]e @k Bietfirs@teddd&fliddoni ng
the flipped object In a second predeternined |ocation, whereby the

opposi t elefatien,oflipping the pisked oljieatt and posiionmigl thef Bipped wobjéntrinpa geendi ng; a
Pick & Pl ac PNP), ,nechani sm for. pi cking up t fh.i d. .obj ect at..the
cecond  ARasER (BFOBC xSy of SREpDR %Ot Tie TPBRERER Skaling 88 (o a
third pregefieeprocasshg;| ocation, and placing the picked flipped object at the
third predeterm ned | ocation; a transporting systemfor transporting the
PNP nechani smaflfielné Rlace éRNRYmeghanimn dompickiag upcthe flippedoobiess at Hier gcond

pr edet er ti.0p: an . h;. i b Qr oy di e
Phird pr ofarermied (oAl faBokild " picRRE Al o 103 il @Al
pl aced ombaatibmeandplaeittg the picked flippt ©brpPartes third piedetediniied Gocatibsy ei n t he
plurality of objects are sem conductor dies. )
a transporting system for transporting the PNP mechanism from the second
predetermined location to the third predetermined location and back forth; and
an output unit providing the third predetermined location so that the picked flipped

object can be placed onto the output unit.
17.  The apparatus of claim 16, wherein the plurality of objects are semiconductor dies.

18.  The apparatus of claim 17, wherein the semiconductor dies loaded by the input unit
and unloaded by the output unit are in a singulated wafer form or a strip form or a

magazine form.

19. The apparatus of claim 16, wherein the flipping mechanism comprises one flipper
and a driving means for driving the flipper, and wherein the flipper comprises a flipper arm
having two free ends and operable to rotate about a pivot, two flipper heads attached to the
two ends of the flipper arm for sequentially acquiring the object from the input unit at the
first predetermined location and positioning the flipped object in the second predetermined

location.



18. The apparatus of claim 17, wherein the sem conductor dies |oaded by the
input unit and unl oaded by the output unit are in a singulated wafer form
or a strip formor a magazine form 19. The apparatus of claim 16, wherein
the flipping mechani smconprises one flipper and a driving neans for
driving the flipper, and wherein the flipper conprises a flipper arm
having two free ends and operable to rdBate about a pivot, two flipper
heads att%ched to the two ends of the.flipﬁer_arn1for.sequenpialIy.

acqui ri nd0t he T45;j Bparatysopt clém; Hyuwhersin thet flinping meekanissn cQBWEFH Adirst

Iocationfﬁ@g i L.l oni L o j.ect, i . term ned

| ocati on. 8n£§§i‘t tal}ﬁg Sg%ﬁlg?gﬁ}éé (%P ﬁt@?"ﬁqﬁﬁ%ﬁd‘%%&Z“%Fﬁﬁ’gﬂ\gﬁrngtgﬁq’ﬁg&%c ani sm
conpr i sedlippifig msit cofpripgi flippar dndaa dridingemend bt dgving gheflipper; Weketh theeach

of the fiyst flipping ynit ang second fljipping unit conprises a_ flipper
and a dr VPR C%%ﬁgewﬂeﬁr PRg b}’Pthe%dl thapbisrableyiepigk ¥p thePositiqnsd abiechaor i ses
at | east yaneird! hRRB&ERsaS 1 I Sid2Bk i | Gk; Ll [ ect  at
the first prléde{)er m rnegafoc%?ibgn&gnﬂirﬁlé%é@ngb ehlngt%@%eg%%%]% @E@%@?gﬁg

pr edet er ddgatidn. | ocati on. 21. The apparatus of claim 20, wherein the first
flipping unit and second flipping unit have a configuration that the two
units are independently controlled so that they can pick up the positioned

obj ect apjt he,mkrai?a@flﬁ%%%mzaﬁdvﬂeﬂﬁﬁftﬁeoﬁrst A 7ppind Gni CARPROMP 1fpiry @lith 21,
wherein the first tlipping unit and second fli 3p| ng unit have mrror

conf i gur &avoa configuraiorethehthartivo upits lese indepdndemtdys contmlled soBjae theyatantgiek f i r st
predetermned | ocati.on. a | L.pping the picked object to the second

pr edet er &Pﬁgﬁposlltb%’e?fliogﬁcpgéfw ﬁﬁgp’ﬁaﬁtﬁpﬁ‘ﬂ’gg?%ﬁt‘%‘f'ai m 22, wherein the second
predeterm ned |ocation for the flipped object fromthe first flipping unit

and second flipping unit is different so that the PNP nechani smhas to be
abl e to plck tlhe appargpedf shiimci1, atheraip theefirsh Hlippingienitand sesdnd flipping wnis. 24,

The appaﬁl%é)rﬁﬁroqlc%mé&gﬁomg :% it&a%ﬁ%gﬁ%@glgsg&é] ni So@&ﬁq%g”@{oiﬁe%&a@ Q{eh{érss{ Pick

& Pl ace nit anl a seco he

posi t i onggedeterpped 1@bﬁ@ptanﬁrmgﬁtdgeﬂ&ew1@dp&gé&tw FieN 86toh@ Cprlei@BiminEEr ei n
the fi rst1 Plt\JP unit and second P
ocation.

23.  The apparatus of claim 22, wherein the second predetermined location for the
flipped object from the first flipping unit and second flipping unit is different so that the
PNP mechanism has to be able to pick the flipped object at two second predetermined

locations.

24.  The apparatus of claim 16, wherein the PNP mechanism comprises a first Pick &
Place (PNP) unit and a second Pick & Place (PNP) unit for picking the positioned flipped
object from the second predetermined location; wherein the first PNP unit and second PNP
unit are so configured that they can pick the positioned flipped objects sequentially and in

turn transport the picked objects to the third predetermined location.

25.  The apparatus of claim 24, wherein the transporting system comprises a first gantry
being disposed with the firs PNP unit and a second gantry being disposed with the second
PNP unit, wherein the first gantry and second gantry are positioned on the same horizontal

plane and have a mirror configuration so that the first PNP unit and second PNP unit travel



unit are so configured that they can pick the positioned flipped objects
sequentially and in turn transport the picked objects to the third
predeterm ned | ocation. 25. The apparatus of claim24, wherein the
transporting systemconprises a first gantry being disposed with the firs
PNP unit and a second gantry being di Sﬂ sed with the second PNP unit,
wherein the first gantry and second gantry are positioned on the sane

hori zont a ane and have a m rror configuration so that the first. PNP
unit and ai‘@’ég‘hﬁ 'f"mpsaaw tan‘ﬁrss?f@fi gpgtry éFPﬁﬁ@tgtjyhé“# Stopat therserond:pradSerayn
gantry sqpaiiohahd thiflpte@dtOimiAld fobRicneeqishaangdet ermi ned location and third
predeterm ned | ocation sequentially; whereby the plurality of objects can
be pi cked at twherghyctbaplysaliyof ebjectsedn bopiwkedat thbyedohe pfadetstmimbiPlagcation and

o1 aced atoh et PP R rhocEer oBf Ity OF Ron R brbReMihm B d ocond

PNP uni t Pg@xﬂﬁyl,eiﬁd plated at?e tlid@ pAdlRRIAlNd 18Eatfondby i FirstPRPAIM: ARCECBA t he
first PNP unit and second PNP unit conprises a PNP head for picking,

t r anspor tENRupit seguafiallye of the plurality of objects, and a nmaneuverable
arm having a first end coupled to the respective gantry, a second end
coupled to the PNP head, and a body between the first end and second end,

wherein t2te rEReippaiaalsl of obdim 155 whRRiREAch FIROfiflt PNPlitthnd $8¢ond PNP unit
instructions. 27. _The apparatus of claim 26, wherein each of the first PNP

uni t and 9EWEEEs PRIPepd forrpieking riranspasting placiag|ana of theplurslityf ofrobiedts/ang t he
extensi on, H{anélﬁzte{‘a%?é %ﬂﬂ }g.(/in hg ﬁ'mne%'d\/@d’ugpédeto ﬁé@eg&?ti%hgaﬁﬁgq SliRd %Ld clai m
e Ti y an gantry ©co

25, whereln each o r gantr secon rises a rail on
whi ch t hecopled unithies PNPeheapedarribd Yodli Bgrosenl theafitkt andland sétgndendl| whdrein theovi ng
the operably disposed PNP along the rails. 29. The apparatus of claim 24,
wher ei n tTAAeEYE[ARIS 3Fm;in gparglle aFROERE £Q  BEeT'S IRSIFUSHORfaNt ry  bei ng di sposed
with the firs PNP unit and a second gantry bei ng di sposed with the second
PNP unit, wherein the first gantry and second gantry are positioned on two
hori zont &7. plBrecspparathshaf\obaim 26, evherebmn Eachlofahé first POPLundt ankdsecdndrBXP B uni t
and secor}d NP unit trgvel al gtng the first gantry and second gantry

separ at el YOS PMPrSEs & {ingan materdoh driyng das Gxtensipapr retsacen ghths apanenygraple

predet er geped | ocation sequentially;

28 The apparatus of claim 25, wherein each of the first gantry and second gantry
comprises a rail on which the PNP units are operably disposed, and a driving module for

moving the operably disposed PNP along the rails.

29.  The apparatus of claim 24, wherein the transporting system comprises a first gantry
being disposed with the firs PNP unit and a second gantry being disposed with the second
PNP unit, wherein the first gantry and second gantry are positioned on two horizontal
planes and have a tier configuration so that the first PNP unit and second PNP unit travel
along the first gantry and second gantry separately, and stop at the second predetermined
location and third predetermined location sequentially;

Whereby the plurality of objects can be picked at the second predetermined location
by the first PNP unit and second PNP unit, transported along the first gantry and second
gantry, and placed at the third predetermined location by the first PNP unit and second
PNP unit sequentially.



whereby the plurality of objects can be picked at the second predeterm ned
| ocation by the first PNP unit and second PNP unit, transported al ong the
first gantry and second gantry, and placed at the third predeterm ned

| ocation by the first PNP unit and second PNP unit sequentially. 20 30.
The apparatus of claim 29, wherein eacE of the first PNP unit and second
PNP unit conprises a PNP head for pic Qng, transporting placing one of the
pIuraIitégof jects, a verabl e i a first end coupled to

nfl a neH gr m havi n

the respaltivé §2RPaTgtus of elatm ad: Whereinceagh ok thedfyst Y pRibarbsrsond RNPngody
bet ween { ikdsSt “ﬂfé L : I4S

oper abl e g@@%%%?n%ﬁ?geﬂé f&g{g?ﬁ%gtl 0 lgélﬂ%%ﬁ@%fhtgggg%%%?’ géﬁjg S’(: ﬂgi m 30,
wher ei n eawhneniverahle 4rnr baviPdR first endvdupled aodhdiBpentive gahtryt heecandngndi ses a
| i near ot or. r,.drivi he ,extensi on or .retfraction of the maneuverabl e
32, Cagiled e S, Bia frhost Befiestiing b e Heond ick SGSIRY Peand
second gafineverERin BSperhbledccoring¥dl Libet B nstPhEidns] tS are operably

di sposed, and a driving nodule for ~ noving the operably di sposed PNP al ong

the rails. 33. The apparatus of clains 26 or 30, wherein each of the first

PNP uni t ,and cond unit further. conprises a Z-axis linear no or,
ari ving O, PRBEARPEaS of ot Do EGaeE SF o Aame® up ARdresont P NE Wi 16,
further geivricompeised airehOmMoton SHediiviRNthektcAsTbn BF ret@aiin b thdmansliverable
processi ng the i nage of the object during object processing, and a control

system f 8y eceiving informati on fromthe vision inspection system and
sending instructions to other conponents of the apparatus for precise
pi cki ng and pl acing the object.

32.  The apparatus of claim 29, wherein each of the first gantry and second gantry

comprises a rail on which the PNP units are operably disposed, and a driving module for

moving the operably disposed PNP along the rails.

33.  The apparatus of claims 26 or 30, wherein each of the first PNP unit and second

unit further comprises a Z-axis linear motor for driving the PNP unit to move along Z-axis.

34.  The apparatus of claim 16, further comprising a vision inspection system for
capturing and/or processing the image of the object during object processing, and a control
system for receiving information from the vision inspection system and sending

instructions to other components of the apparatus for precise picking and placing the

object.



