- 1 - HANDLI NG SYSTEM FOR | NSPECTI NG AND SORTI NG ELECTRONI C
COMPONENTS 5Field of the Invention The present invention relates to
appar at us and net hods for processing electronic conponents such as
sem conduct or packages, and in particular, to the singulation,

i nspection, sorting and offl oading of the el ectronic conponents. 10
Background and Prior Art The sorting of el ectronic conponents, such
as packages that have been singul ated 1on a nounting tape or a
singulation jig, is one of the key back-end 15 processes for the
manuf acture of el ectronic packages |like Ball Gid Array ("BGA")
packages, Quad Flat No | eads ("Q-N') packages and Chi p- Scal e Packages

(1659, Ina CSP packARpIINGSYSTEM FORNSFECTIRG ARDde (top
surface) for making el®€cirica connections W ot ner devi ces, as
wel |l as a nold side (boSQRTING EGECTRONMG GOMBONENTScapsul ant for
protecting the internal circuitry. The nold side is also commonly
referred to as a marking side as |abels or other infornmation may be
mar ked ®nt Bieldwfdhe inveatien of t he package. | nspection results on the
| ead/ bal | side and nol d/ marki ng side are commonly used as sorting
criteria when sorting 25 different packages that have been forned to

det er m ne ThepRsentiavdrion SelbRéao Bppdrafigtandfirmethods for pesteesing eféctronic
Accordi ngly, an inportgnt perforr‘rgnce i ndex for a machine used for

processi ngCYBRRNEHHI RUCHr 3B a8RBIgRRAYcION Packagese 3Nh N aREtisYaE fry the

t hr oughput gingulation, inspection, sorting and offloading of the electronic components.
10

Background and Prior Art

The sorting of electronic components, such as packages that have been
singulated on a mounting tape or a singulation jig, is one of the key back-end

15 processes for the manufacture of electronic packages like Ball Grid Array (“BGA”)
packages, Quad Flat No leads (“QFN") packages and Chip-Scale Packages
("CSP").

In a CSP package, there is a lead or ball side (top surface) for making electrical
—20 connections with other devices, as well as a mold side (bottom surface)
comprising an encapsulant for protecting the internal circuitry. The mold side is
also commonly referred to as a marking side as labels or other information may
be marked onto this surface of the package. Inspection results on the lead/ball
side and mold/marking side are commonly used as sorling criteria when sorting
25 different packages that have been formed to determine whether packages have
been satisfactorily assembled. Accordingly, an important performance index for
a machine used for processing semiconductor packages is its inspection and
sorting throughput.

30 Typically, after sorting and inspecting, good packages are offloaded to a
container, such as a tray or tube container, and rejected packages are disposed



- 2 - of inareject bin. Further, reworked units my be transferred
to yet another tray or bin. A nethod to pick-up and sort singul ated
el ectronic packages is illustrated in US 5 Patent Nunber 7,190, 446
entitled "System for Processing El ectronic Devices". Singulated
packages are individually picked up froma tape and placed onto

hol ders at a certain segnent of a rotary table. Concurrently,

I nspections of the packages take place2at other segnents of the
rotary table. The packages are next rotated to a segnment to be picked
up by an offloadln% arn1mh|ch transfers 10 the R ackages to different
of f 1 oadi ngOHIRA ERIRCT RN nFyrdhes, tayaeked wnits raaY Be frahsferred &9 Mgt anotherdray

i nspectiongrggul ts. There is, however, a shortcomng in this prior
art apparatus In that inspection of the nold side of the package is
done through the glass hol der, which may render inspection results
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I nspection. Half of the packa&es are placed onto a turntable with a
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Another pick-up and sorting apparatus is disclosed in US Patent Number
6,446,354 entitled *“Handler System for Cutting a Semiconductor Package
Device”. The singulated packages are picked up by a vacuum head, washed
———20 with water and dried while being held by the vacuum head. After cleaning and
drying, the packages are placed onto a hot plate having an array of small
vacuum holes for further drying and lead/ball surface inspection. Half of the
packages are placed onto a turntable with a buffer plate on top, with pockets
arranged in an aiternating format. The remaining packages are put onto the
25 second half of the buffer plate. The buffer plate rotates when required to position
the packages in a preferred orientation before being picked up by dual offloading
pick arms. The packages are then picked up separately by multiple vacuum
heads on the dual offloading pick arms which transfer the péckages to a position
opposite the offloading device for mark inspection. The packages are further

30 ftransferred to a tray or a tube according to the inspection results.



This method is undesirable in that a conplicated buffer plate with
guiding walls in each pocket are required in order to accommpdate the
packages. Therefore, nore expensive fabrication nmethods are required.
There is also a possibility that the singul ated packages do not fit
securely into the pockets of the buffer plate. 5 Wiile it is
essential for sufficient clearance between the walls and the packages
to achi eve an accurate placenent of th®-packages into the pockets of
a tray or insertion into a tube, the clearance cannot be too small
resulting in unstable pacK&ges -ositioninq on the buffer plates. This
€ U

pr obl em of Thigynethod is Widssir | aicemplieated buffrs olate with uiding walls in
obvi ous wh ' ileQl i gpg%%%d .
In yet anot% %Hpﬁgﬁéé;y%?@é%gr gg@ﬁ&%?%%ﬁgﬁ?daﬁl%#ﬁéé%a& : Oilgé)rem,
entitled "AMoseexpansiverfabnigsatinn matoedsrare keauigdpl Theee issien apgssibiliydhalses

a gang tragpsf | ' | e g
"sliding" gﬁ%@@%‘@%@%&%@*ﬁ‘?%ﬁ@%?“péﬁg‘g%?se g?ééégﬁk?gﬁ%y%eﬁ)%ggfng
car ri er 5f r Yvhile ikisregeérdtal for suifigiend ckearanceibetwvgrrathbovatis diebdhe packhigesng
carrier noyes the washed packaqges .further for dryi Q he, sane
oiattorm hachala R 2eCin@ Niaddien ot it Pockades el R pffria bt A3re
track wher giskhienparkagebe,ahe deqranes ednndttise sDamall esiiings il Qfistable
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conduct ed BaFKREES AEFGRIAY A D& BitTer Platgse; problgm g7 havigeto providet
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conversion kits are required for different packages, this nethod

i nvol vé8 h2¥hmenand3x3m@)set up and conversion are also difficult,
requiring major |eveling adjustnents fromsingulation jig to the
rinsing platform a nmap separator and the transfer track.

Addi ti onal Iy, yet ranothast pder larthiapproank,pdlsl i Raterss Numben 6,660,045 aetitled
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the same platform. The packages are moved in individual rows onto a transfer
track where the packages are separated into separate units for picking up at the
end of the track. Lead/ball surface inspection is conducted before offloading
—20 units to either a tray, tube, reject bin, or canister according to the inspection
results. As different conversion Kits are required for different packages, this
method involves high costs. The setup and conversion are also difficult,
requiring major leveling adjustments from singulation jig to the rinsing platform, a
map separator and the transfer frack. Additionally, this method limits inspection
25 to the lead/ball surface of the packages only.

Therefore, in the light of the disadvantages in the prior art as described above, it
would be desirable to provide simple and reliable apparatus and methods for
handling singulated packages which allow full inspection of multiple sides of the

30 packages (such as the bottom and top surfaces and the remaining four sides),
and which are efficient and cost effective.



- 4 - Summary of the Invention It is thus an object of the invention
to seek to provide a handling systemfor 5 efficient sorting and

of fl oadi ng of singulated el ectronic conponents, which al so provides
reliable inspection of nmultiple surfaces of the electronic conponents
and sinpler handling requirenments as conpared to the prior art.
Accordingly, the invention provides a sem conductor package handling
system 10 conprising: a package hol der4 §or receiving and hol di ng

si ngul at ed sem conduct or packages; a first inspection device arranged
and configured to inspect a first surface of the packages while they
are being held by the package hol der; an offl oadi ng device for

receiving ggﬁ,ﬁg@g@qn&éﬂg%the package hol der and to convey the
packages t0 an o oader; and a second inspection device arranged 15
and configured to inspect a second surface of the packages which is

opposi te T {90 ah! dbjéct Ut theifvetfibh G0 1SBBK 1870l B0hdiRiifla Wsiehf for

of f1 oadi ng device. | e convenient to Herernafter the
i nventi 8n efficgntaorting dataifilodsing ef singulatedteletttonicacaropgreems, iwhich also

deacr i ot oReeRapIoBl? BebdrtiaRiot il MeHE 6 fi bHE coBeBhfte apo.or
the broad biggmriHangiig @quipdmeénite asrusiparedtodse gedriaed by the cl ai ns.

Brief Description of the Drawings 25 The present invention will be
readily appreciated by reference to the detail ed description of a
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acconpanyi ng draw ngs, Is a side view (in the x-z

i n which; FIG 1 , 1 |
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first preferred enbodi nent of the invention;

surface of the packages while they are being held by the package holder; an

offloading device for receiving the packages from the package holder and to

convey the packages to an offloader; and a second inspection device arranged

15  and configured to inspect a second surface of the packages which is opposite

from the first surface while they are being held by the offloading device.

It will be convenient to hereinafter describe the invention in greater detail by
reference to the accompanying drawings. The particularity of the drawings and

-———20 the related description is not to be understood as superseding the generality of
the broad identification of the invention as defined by the claims,

Brief Description of the Drawings

25 The present invention will be readily appreciated by reference to the detailed
description of a preferred embodiment of the invention when considered with the

accompanying drawings, in which:

FIG. 1 is a side view (in the x-z axes) of an inspection apparatus for sorting,
30 inspecting and offloading singulated packages on a mounting tape according to
the first preferred embodiment of the invention;



- 5- FIG 2is aplan view (in the x-y axes) of the inspection
apparatus of FIG 1, FIG 3 is a side view (in the y-z axes) of
the rotary pick arns of the inspection 5 apparatus of FIG 1 ; FIGs.
4A to 4H illustrate side views (in the y-z axes) of a working
sequence of the rotary pick arns of the apparatus of FIG 3; 10 FIGs.
S5A to S5F illustrate side views (in the x-z axes) of a working
sequence during the transfer of packages between the rotary pick arns
and linear offloading arms and the offl oadi ng process between the

| i near offl oading arns and the offl oaders of the inspection apparatus
of FIG 1; 15 FIGs. 6A-6D are side views of a five-sides inspection

devi ce whi i :5isuabh GieW (vnb Rey Bicaf B hehepbAsh arartl of s iavent i on

for inspecting QFN packages and which i1llustrate 'a working sequence
for inspecting QFN packages held on the offloading arnms; 20 FIG 7 is

a side vie iq:the: -z i I 1 ’ i.ng,
napect | ng i B Pl @ the 3z ARl NIARE vbER, FREAAL uF i heBeitchy
preferréd appardiusmbfi®f1;t he i nvention for singulation jigs; FIG 8 is
a plan view (in the x-y axes) of the inspection apparatus of FIG 7;
and 25 FIGs. 9Ato 9H illustrate side views (in the x-z axes) of a

wor Ki ng sefqi@nds, to4H ihestiatasigé elewsl(inthe yagetes) bpawerking sujuegc®biihkor m
to linear offloﬂﬂ ng ar and of th of f1 oadi ng process between the
li near of f [SAYiARE & fﬁ??daﬂn?éatB?P & s of the inspection appar at us
of FIG 7. - 6 - Detailed Description of the Preferred Enbodi nents

of the invention ) . .
10 FIGs. 5A to 5F illustrate side views (in the x-z axes) of a working sequence

during the transfer of packages between the rotary pick arms and linear
offloading arms and the offloading process between the linear offloading arms
and the offloaders of the inspection apparatus of FIG. 1;

15 FiGs. 6A-8D are side views of a five-sides inspection device which is usable with
the preferred embodiment of the invention for inspecting QFN packages and
which illustrate a working sequence for inspecting QFN packages held on the
offloading arms;

—20 FIG. 7 is a side view (in the x-z axes) of an inspection -apparatus for sorting,
inspecting and offloading singulated packages according to a second preferred
embodiment of the invention for singulation jigs;

FIG. 8 is a plan view (in the x-y axes) of the inspection apparatus of FIG. 7; and
25
FIGs. 9A to 9H illustrate side views (in the x-z axes) of a working sequence of the
transfer of packages from a flipping platform to linear offloading arms and of the
offloading process between the linear offloading arms and the offloaders of the
inspection apparatus of FIG. 7.
30



The preferred enbodi nents of the present invention wll be described
hereinafter with reference to the acconpanying drawings. 5 FIG 1 is
a side view (in the x-z axes) of an inspection apparatus 10 for
sorting, inspecting and offl oadi ng singul ated packages 12 on a
nounting tape according to the first preferred enbodi nent of the
invention. FIG 2 is a plan view (in the x-y axes) of the inspection
apparatus 10 of FIG 1. 10 The inspectgon apparatus 10 can be
generally divided into two nodul es, nanely a tape handling and
packages plck_up nodul e and a Packaoe of f | oad nDduIe The tape
handl i ng aPgtaled Pesaription of thePieferiedd 8B QMEMION,N| oadi ng
station 14 and a pick-up station conpr|5|ng a package hol der for
receiving and 15 hol di ng singul ated packages. The package hol der nay
be in the flbe @feierr@mambggjn@ngwféhgprﬁsem iaventionevill bpsleacrbeddiesginafter

first insp s gured to inspect a first
surface of %hégfgaeq'%ﬁ@e\%&ﬁ%ggﬂ'@&are e| ng hel d by the package

hol der.5The package of fl oad nodul e includes an of fl oadi ng device,
such as du
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Datkages whh 8 1S Redited Siboliiert atheiPentcn, PICS i paf viaginhe x-
bei ng hel dyléxeé)ftﬁtlfé"hbﬁxﬂﬂbngfgﬁﬂéttﬁelo% FIte1] oadi ng/ unl oadi ng station

14 corrprl ses a wafer ring onloader 20 with a ring | oadi ng/ unl oadi ng
arm 2210The ri ng | oadi ng/ unl oadi ng arm 22 transfers a wafer ring

oadi ng/ o e drpeeRbrbibearaiasky ST Yerstail Mipcd B WP moduics, namely
pac kaﬁes havtep@@endlmgcm pagkapes pickiup megalengnd Aoackage 9ffioad Imedulss

16, 22
oo e e thgd Handigh IR bitidet Bl hodfle ABHLE0 A1 ARGNARNT'

7 - The quakitiopllé andtapickpipcitatomseorigriamge aviackaga hbldenfor secsdngaddar e

| ocat ed,.abgy e Al four rotar | ck

neads 33 wibginonraBrEHePamage o, T Pack B oy aRdh S Ib e Tor of

by angl es qhadi(fle rotaey phad!rmpl‘iﬁ r'theas ¥s also a first inspection device arranged
and configured to inspect a first surface of the packages while they are being

held by the package holder. The package offload module includes an offloading
device, such as dual linear offloading arms 40, 42, a gang précising station with a

— 20 gang précisor 44, a second inspection device such as a ball inspection device 46
and offloaders 48, 50. The second inspection device is arranged and configured
to inspect a second surface of the packages which is opposite from the first
surface while they are being held by the offlcading device.

25 The loading/unifoading station 14 comprises a wafer ring onloader 20 with a ring
loading/unloading arm 22. The ring loading/unioading arm 22 transfers a wafer
ring holding packages on an adhesive mounting tape from the loading/unloading
station 14 to the wafer {able 26. After the packages have been picked up from
the tape by the rotary pick arms 16, the wafer ring is removed by the ring

30 loading/unloading arm 22 from the wafer table 26 back to the loading/unloading

station 14.



5 pick arnms 16 are driven by a notor 30 which is preferably a direct
drive notor wwth a hollow shaft at its center and which rotates about
the x-axis. Therefore, the four pick heads 28 of the quadruple rotary
pick arns 16 rotate along a vertical plane extending along the y-z
direction. A lighting source 34 |ocated next to the quadruple rotary
pick arns 16 provides illum nation of the packages on the tape. 10
The linear offloading arns 40, 42 are-pesitioned above the wafer
tabl e 26 and each arm noves i ndependently to and fromthe gang
precisor 44 and the offloaders 48, 50 in the x-direction. The |inear
of fl oading arns 40, 42 conprise two |inearly novable arnms with each

of 1 0adi ng 1egUaBNIpMIroRHY Pickl ma el 8 YenallPaitinided Wikt ooatdtPatiblech

ar e arranged In a smgﬁe row and al g al ongl a st raig center
e

line. The dkwaler tablge oihmqmmowotmp&k ae% 28 pﬂweafamrqierabw
i d w
mul ol o oPPFaGheRed Hont 470 dndfler 125 ) GO0 br BORCINBUABLRAR ity
Addi t i obal Ipick arme 1§ ateodriNangbypa akothe 3@ svhich isreferably medirachidfive motor
d fac ' .
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i nspection qua&rum&oﬁw bick BFAE ¢6 providde liptindtfon 6f the padiedes BA Bl @pEh
the paths of the |inear offloading arns 40, 42 and upstream of the

IoadlndodeV|ces The gang precisor 44 is |ocated between the

quadr upl e Hebafh¥aPbfbadhdBrhE 4@”‘12"5?@ p]aélklbnéd‘éﬁﬁfé th@“wé*%}“ta‘b?e 46-anthe
gang procisor 44 conprises a pair of parallel 30 bars |ocated at

about the €agk argyaloves ipdrpepdentlyytes apd cikem lby gaRg |Prémiser 44 fﬂnda'dleng
arms 40, 4ggq %ﬁ&% 44180/ ih &% 0‘%& A I e e e el J%Zarﬂi]%o ang preC| s8

- packages and travel next to the gang precisor or
44 cl oses tt\moanegiy siovable earma olitty eachh effidathing tarm baving anliliple afffeading 42
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Al ternati velalyter Ilrie t Tey eenter lmes pébethcomst40andtare tHus preferably aligned with
each other such that the pick and place points of the muitiple offloading pick
heads 52, 53 lie along the same center line. Additionally, the offloading pick
heads 52, 53 are preferably arranged facing each other.

—20
The multiple offloading pick heads 52, 53 optimize the cycle time for picking and
placing packages. For BGA packages, vertical motion is not necessary during
ball inspection. Therefore, four to six heads per arm is preferred since less
inspection time is needed in the absence of vertical motion during inspection.
25 The ball inspection device 46 is located undemeath the paths of the linear

offloading arms 40, 42 and upstream of the loading devices.

The gang précisor 44 is located between the quadruple rotary pick arms 16 and
the ball inspection device 46. The gang précisor 44 comprises a pair of parallel
30 bars located at about the same level as the packages picked by the linear
offloading arms 40, 42. When the finear offloading arms 40, 42 pick up the



5 gang precisor 44 may be | ocated above the quadruple rotary pick
arnms 16 such that the precising action is done immedi ately after all
packages are picked up on one arm Another possibility is to position

t he gang preci sor 44 above the ball inspection device 46. After
precising, the packages are transported to the ball inspection device
46 for ball inspection. 10 In FIG 2, the first inspection device in

the formof a nold surface inspection&evice 36 is shown pointing to
t he back of the apparatus. The gang precisor 44 noves in the
y-direction and opens to receive one of .the |inear offloading arns

40, 42 car P??’WQ%&BM@L‘% et fnibegangingrasasrid Bieddang peeiRotishelgsespto
53. It cl ogfgn 4P the patiagBs th%ﬁi Bﬁ“?fl@gﬁl%aélhglgrhaﬂ?%bﬁhm@ﬁeml Fhisand
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20 onto thgﬁé?t?{ gpg" n.%é% %gé%céﬁ%gtg g\?e osl oni(!;ngi S@?&? Eéﬁspt)%li: a@gs
i s further ghog ptécisat dd may be lnsptedpahoredhe qaadi‘uplep'otary ptmhairms 16 such

conpensat i e . CQ at i . pRlLavi de t he r

o 11 oad ng T A BrBoind UERGR 5 4 EsitEl ) =B Btk ol PifEd e on
of f Ikoader ﬁ oAB, an;ao Anfgtiger ;a:rssmmuaomqid dts)sumnihtae yahg rpfcé(ﬂscera'myabaauet4 ﬂze ball
ackages have re ri ente t he reci sqr

e & 20%51 i datloen g ABer LS Nt the SAkBas re rBRSNRE toce el
I nspecti on,,@pggroatd&,céomcr&r GnspectiGRur p| ck heads 28 conprised in

t he quadruple rotary pick arns 16 are rotatable on the vertical y-z

pl ane. 1@ddi ti onal | y, a pattern 30 recognition ("PR') alignnment
opti cal Syt ﬂ@?@ fhé fnétefneﬁ@&ibx Rt thHE%inﬁ‘%g%en{o'ftPsﬂﬁééeOWsﬁéﬁiﬁh of
t he not or R al i gnnent opti cal stem 32 recogni ses t
de\nce 36 is shown pointing to the back of the apparatus. The gang précisor 44
moves in the y-direction and opens to receive one of the linear offloading arms
40, 42 carrying packages on the multiple offloading pick heads 52, 53. It closes
15 to align the packages simultaneously for angular and positional consistency of

the packages.

After précising and inspecting the balls of the packages, the positions of the
packages on the linear offloading arms 40, 42 are recognized and are placed
-—20 onto the offloaders 48, 50. Accurate positioning of the packages is further
facilitated with appropriate x and y positional compensation where x
compensation may be provided by the linear offloading arms 40, 42 and y
compensation may be provided by the offloaders 48, 50. Angular compensation
is not necessary as the packages have already been oriented by the gang
25 précisor 44,

FIG. 3 is a side view (in the y-z axes) of the rotary pick arms 16 of the inspection
apparatus 10 of FIG. 1. Four pick heads 28 comprised in the quadruple rotary
pick arms 16 are rotatable on the vertical y-z plane. Additionally, a pattern
30 recognition (“PR") alignment optical system 32 is preferably positioned inside the
hollow shaft of the motor 30. The PR alignment optical system 32 recognises the



- 9 - position of each package to be picked and its alignnment
relative to the rotary pick heads 28 so that the wafer table 26 is
able to carry out positional conpensation in the x, y and 6
directions for precisely picking up the package. 5 At the pick-up
station, packages are picked up individually fromthe nounting tape
consecutively by the four pick heads 28 using vacuum suction. Next,
t he pi cked package is subject to nold-gurface inspection by the nold
surface inspection canera 36 | ocated horizontally next to it al ong
the y-direction. The nold surface inspection camera 36 may point

ei ther to PRéitioRekeanh Raskagrta bepickes andity aignmend exlativertodps Eatarypicki 0,
dependi ng I i | t4 I i '
arme 16, ThESary &0 it O Harcl (RE 2R dhle oy A dSiBua X eRiotnRatih
mul ti pl e ofif theadlyagd i ditectiensdior BRCiSSE pickindwp Weglackageear of f | oadi ng
arnms 40, 42 using vacuum suction for downstreaminspection and

of fl oad processes. 15 FIGs. 4A to 4hl illustrate side views (in the
y-z axe$§) ot the pirkkipngtatienusaukaged atehpicked aipyingividkally fromlfheofot fiting

t f FIG 3..1 I 4A, t . t i.ck 0
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optical path is_not blocked in this positio one of the pick
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are rotigt e@fiGs Al todHoillodtrawe side 2wss(irthe y-pads) 8f a Retking Seduznasdf Hig

T et 3k 5Bk PLEICE bl . balFpe
bl ocked. Thrk@wagdreRbeté Oh@ir¥ctionafyPsuch that a first pick head 28a moves by 45°
towards the mold surface inspection device 36. The PR alignment optical path is
not blocked in this position by any one of the pick heads 28, so it is able to view
20 the position and orientation of a first package 12 to be picked up. Alternatively,
instead of stopping at the 45° orientation, the quadruple rotary pick arms 16 may
rotate within an angular range of between, for example 30° to 60°, as long as the
optical path is not blocked by any two adjacent pick heads 28 and the package
12 is viewable between the adjacent rotary pick heads 28. On-the-fly PR
25 alignment is achievable in this way and is useful when cycle time is critical.

In FIG. 4B, afier PR alignment of a package 12 and the corresponding package
position compensation by the wafer table 26 has been conducted, the quadruple
rotary pick arms 16 are rotated until a pick head 28 is over a first package 12 and
30 picks up the first package 12 by vacuum suction. At this position, the view of the
package by the PR alignment optical system 32 is blocked. The quadruple rotary



pick arms 16 are then rotated another 45 such that in FIG 4C, the PR
alignment optical path is unbl ocked by the first pick head 28a to

all ow pattern recogni zati on of a second package 12 to be picked up. 5
The quadruple rotary pick arns 16 rotate another 45 in FIG 40 such
that a second pick head 28b is over the second package 12 and is

| owered to pick up the package. At the sanme tinme, the first package
12 is held by the first pick head 28a18t- a position 900 fromthe

pi ck-up position. In this position, the nold surface of the first
package 12 faces the nold surface ins ection canera 36 for 10

tl
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sanme time a e secon acka 12 1s cke

resul t, cyofase¢ond pas?ka@jll%@bbeplﬁkﬁfd@ AE, the quadruple rotary pick
arms 16 rotate a further 45 and PR 15 alignnment optical system 32
recogni zes the position of a third package 12 on the wafer table 26.
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r epeat ed asessmdwackager]a3s beirg nickedl-illpm%sar@mt @W&Bi}ﬂ'&@i@r@dsm on the
nounting tape held on the wafer ring are picked 30 up and their nold
surfaces are inspected. A new wafer ring is |loaded to the wafer table
26 and t helsFHps4Ey the FuasrupléArdtary4ipiclaraems et adtetd a further 45° and PR

15 alignment optical system 32 recognizes the position of a third package 12 on the
wafer table 26. In FIG. 4F, the second package 12 on the pick head 28b has its
mold surface inspected by the mold surface inspection camera 36 while the third
package 12 is picked up. At the same time, the first package 12 is now
positioned at an upright orientation pointing upwards towards the multiple

——— 20 offloading pick heads 52 of the tinear offloading arm 40.

In FIG. 4G, an offloading pick head 52 of the linear offloading arm 40 moves
down to pick and receive the first package 12 from one rotary pick head 28 while
mold surface inspection of the second package 12 held on another rotary pick

25 head 28 is conducted. In FIG. 4H, the offloading pick head 52 is raised together
with the first picked package 12.

The pick-up and mold inspection cycles are repeated as shown in FIGs. 4F to 4H
until all the packages 12 on the mounting tape held on the wafer ring are picked

30 up and their mold surfaces are inspected. A new wafer ring is loaded to the
wafer table 26 and the steps from FIGs. 4A to 4H are repeated.



FIG. 5A to 5F illustrate side views (in the x-z axes) of a working
sequence during the transfer of packages 12 between the rotary pick
arns 16 and linear offloading arns 40, 42 and the offl oadi ng process
between the linear offloading 5 arns 40, 42 and the offl oaders 48, 50
of the inspection apparatus of FIG 1. In FIG 5A the first linear
of fl oadi ng arm 40 noves directly over the quadruple rotary pick arns
16 to position the multiple offloadi Rg1pi ck heads 52 of the

of fl oading arm 40 over the rotary pick arns 16. A first offl oading
pick head 52 is 10 lowered fromthe |linear offloading arm40 to pick

up a first &sﬁi%‘ge 12 fromthe rotary pick head 28a. At the sane
time, the § e PEaliusirate side MigwarGn he iz axasIof i Werkng seaerneg

pi ck heads gaghd HelirdlE i RRKEGHIC11 Befiieh tﬁﬁ‘é@én} Eick hemgaftPamd ffiedror

44 for package orientation ali gnrrent . Al'l the packages 12 held t he
of f | oadi ngofficating@ams 49344 raadithe wflladipgrroesashatweethst §nagy offteadiiang
15pr eci gor C | ' i

| ower edgt oaﬁﬁ%ﬁﬂ’&g %r}?ethﬁgmo%gg%k%go%&i#ﬁﬁ%e{&ﬁgﬁég&aﬁﬁgygi&h@ad 28b
of the quadruple rotary pick arnms 16. At the sanme tine, the second

[Lnear o PR 8 4R AEIPLARnd Mo P PO B R R o e
the ball i rg@gcpiclommievia to 4oskion thal hultipiepefibadiy Qickt headdGH2 of the
packages. offloading arm 40 over the rotary pick arms 16. A first offloading pick head 52 is
10 lowered from the linear offloading arm 40 to pick up a first package 12 from the
rotary pick head 28a. At the same time, the second linear offloading arm 42 with
multiple offloading pick heads 53 holding one package 12 each moves to the
gang précisor 44 for package orientation alignment. All the packages 12 held by
the offloading pick heads 53 are then aligned simultaneously by the gang

15  précisor 44.

In FIG. 8B, a second offloading pick head 52 is lowered to pick up the next
package 12 from the rotary pick head 28b of the quadruple rotary pick arms 16.
At the same time, the second linear offloading arm 42 completes the précising
20 process at the gang précising station. The second linear offloading amm 42
moves to the ball inspection device 46 for bali inspection of the BGA packages.

At the quadruple rotary pick arms 16, the pick-up cycle is repeated by the first
linear offloading arm 40 until the last offioading pick head 52 picks up a package

25 12 as shown in FIG. 5C. The second linear offloading arm 42 has completed the
ball inspection of the packages 12 on the arm 42 and then moves to the
offloaders 48, 50 for offloading the packages 12 held by it. During offloading, the
packages 12 are sorted according to the inspecfion results into different
offloaders 48, 50.

30



At the quadruple rotary pick arnms 16, the pick-up cycle is repeated
by the first linear offloading arm40 until the |last offloading pick
head 52 picks up a package 25 12 as shown in FIG 5C The second

| i near offl oading arm 42 has conpleted the ball inspection of the
packages 12 on the arm 42 and then noves to the offl oaders 48, 50 for
of fl oadi ng the packages 12 held by it. During offloading, the
packages 12 are sorted according to tH2-inspection results into
different offloaders 48, 50. - 12 - In FIG 5D, after offl oading al
t he packages 12, the second linear offloading arm 42 noves to the
quadr upl e IbEKs-Plhiader affingding al ihe,pagkages pactha gesendlingar clloadipg@mst
linear of f Loadivag 1§48 ¢Padidd rtafy itk hdl1®To bR UPFRKRERS 12w fhebY
its pick heads 52 noves to the gang precisor 44 for package
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i nspection device 46 for inspection of the BGA packages held 10by it.
The pick-up cycle is repeated as shown in FIG 5F until the |ast

of f I oadi ngIpFKk Stk se3ond lihde offivadng drimeBeominitorRMbiBOURbatIEZep1eKS

up a package 12. The first |inear offloading arm 40 has_ conpl eted_t he
bal | i nspe%?%ﬁ"eoquqdﬁ‘@'%é%‘ﬂgg%‘gk Aomg 16 wgﬂe %e ﬁrrsq finear o oadEF\% arm (10
moves to the ball inspection device 46 for inspection of the BGA packages held

10 byit.

The pick-up cycle is repeated as shown in FIG. 5F until the last offloading pick
head 53 of the second linear offloading arm 42 picks up a package 12. The first
linear offloading arm 40 has completed the ball inspection of the packages 12 on

156  the arm 40 and moves to the offloaders 48, 50 for offloading the picked packages
according to the inspection results. The steps described in FIGs. 5A to 5F are
repeated until all the packages 12 are sorted and offloaded.

FlGs. 8A-8D are side views of a five-sides inspection device 46’ which is usable

20  with the preferred embodiment of the invention for inspecting QFN packages 12
and which illustrate a working sequence for inspecting QFN packages 12 on the
offloading amms 40, 42.

For QFN packages, vertical motion is needed for additionally inspecting the leads
25 on the four side walls of the QFN packages. A longer inspection time is required
to project the packages towards the inspection optical systerns by independently
projecting each offloading pick head relative to the other offloading pick heads 52,
53. In order to increase throughput, eight to ten heads are arranged in two
separate groups such as in 2x4 or 2x5 configurations to match the arrangement
30 of the dual five-sides inspection device 46' in the inspection apparatus 10 which
have replaced the ball inspection device 46 of FIG. 1. The pitch between the



15 the arm 40 and noves to the offl oaders 48, 50 for offloading the
pi cked packages according to the inspection results. The steps
described in FIGs. 5A to 5F are repeated until all the packages 12
are sorted and offloaded. Fl Gs. 6A-6D are side views of a five-sides
I nspection device 46" which is usable 20 with the preferred

enbodi nent of the invention for inspecting QFN packages 12 and which
illustrate a working sequence for inspB8eting QFN packages 12 on the
of fl oadi ng arnms 40, 42. For QFN packages, vertical notion is needed
for additionall the | eads 25 on the four side walls of
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10 group is preferable.

The five-sides inspection working sequence is shown in FiGs. 6A to 6D. In FIG.
6A, the first pick heads of each group of offloading pick heads the linear
offloading arm 40, 42 are fowered simultaneously to the corresponding optical

15 system 54 for five-sides inspection of the two packages 12 held by the respective
pick heads of the offloading arm 40, 42.

In FIG. 6B, after completing the five-sides inspection of the first two packages 12
held by the first two pick heads of the two offloading arms 40, 42, the second pick

——20 heads of each group are lowered simultaneously towards the corresponding
optical systems 54 for five-sides inspection of the two packages 12.

in FIG. 6C, the third pick heads of the offloading arm 40, 42 proceed likewise as
with the first and second pairs of pick heads illustrated in FIGs. 6A and 6B. This

25 is repeated till the last pair of pick heads complete the five-sides inspection
process as shown in FIG. 6D.

FIG. 7 is a side view (in the x-z axes) of the inspection apparatus 10’ for sorting,
inspecting and offloading singulated packages 12 according to a second
30 preferred embodiment of the invention for singulation jigs. FIG. 8 is a plan view



5 two groups of the offloading pick heads 52, 53 of one arm can take
place in a shorter cycle tine. However, a single five-sides

I nspection device with one five-sides inspection optical systemis
sufficient if cycle time is not a concern. The quantity of pick heads
per group to be used depends on the requirenents of the apparatus
cycle tinme. To achieve a shorter cycle tine, nore pick heads per 10
group is preferable. The five-sides kngpection working sequence is
shown in FIGs. 6Ato 6D. In FIG 6A, the first pick heads of each
group of offl oading pick heads the linear offloading arm 40, 42 are
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molding inspection device 36 is also present. The package offload module is the

10 same as that described above in the first embodiment of the invention which
comprises dual linear offloading arms 40, 42, a gang précisor 44, a second
inspection device such as a ball inspection device 46 and offloaders 48, 50.

The unloading arm 22 picks up all the singulated packages 12 from the
15 singulation jig and loads them onto the flipping platform 56 with their mold sides
facing downwards. The flipping platform 56 flips the packages 12 received by
180° so that their mold sides or surfaces point upwards for inspection by the first
inspection device. It then moves in the x-direction to transfer the packages block
by block onto one of the dual buffer boats 58, 60 when the buffer boat 58, 60 is
-——20 raised. After the buffer boats 58 receive the packages 12, they transport the
packages 12 with their mold surfaces pointing upwards in the y-direction to the
mold inspection device 36 at the back of the inspection apparatus 10° for mold
surface inspection.

25 After mold surface inspection, the bufier boats 58, 60 move to the middie of the
inspection apparatus 10" where the linear offloading arms 40, 42 are positioned
for the multiple offloading pick heads 52, 63 to pick up the packages 12. The
offloading arm 40 holding the packages 12 then moves to the gang précisor 44
for alignment to maintain angular consistency of the packages 12. Next, the

30 packages 12 are transported by the linear offloading arm 40 to the ball inspection



FIG 7 is a side view (in the x-z axes) of the inspection apparatus
10" for sorting, inspecting and offl oadi ng singul ated packages 12
according to a second 30 preferred enbodi nent of the invention for
singulation jigs. FIG 8 is a plan view - 14 - (in the x-y axes) of
t he i nspection apparatus 10° of FIG 7. In this enbodinent, the
packages 12 are singulated on a singulation jig instead of on a
nmounting tape. The inspection apparatd§-10" includes two main

nodul es, nanely the onload and 5 front processes nodul e and a package

of fl oad nodul.e. The onl oad and front rocesses nodul e i ncl udes an
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f or m of d“?dth@‘ﬂfﬁcﬁ'ﬂem $058, 60, each of which is configured to hold
an array of packages first inspection station in the formof a
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posi ti ¢hedbetween the linear offloading arms 40, 42 and the offloaders 48, 50 of the
inspection apparatus 10’ of FIG. 7.

in FIG. 9A, the unloading arm 22 has transferred the packages 12 from a
singulation jig to the flipping platform 56. At the same time, the first linear

20 offioading arm 40 stands by above one of the dual buffer boats 58, 60 to pick up
packages 12 after mold surface inspection. The second linear offloading arm 42
carntying packages 12 after inspection is at the gang précisor 44 for package
orientation alignment as described in the first embodiment.

25 FIG. 98 shows the flipping platform 56 flipping the packages 12 by 180° before
moving to one of the dual buffer boats 58, 60 in the x-direction. The second
offloading arm 42 moves the packages 12 held by it to the ball inspection device
46 for inspection of the BGA packages. FIG. 9C shows that, substantially
concurrently, the second buffer boat 60 moves up to receive a block of packages

30 12 from the flipping platform 56. The second buffer boat 60 rotates, if necessary,
to the required orientation of the packages 12 for downstream processes before



for the nultiple offloading pick heads 52, 53 to pick up the packages
12. The offl oading arm 40 hol di ng the packages 12 then noves to the
gang pracisor 44 for alignnent to nmaintain angul ar consi stency of the
packages 12. Next, the 30 packages 12 are transported by the linear
of floading arm40 to the ball inspection - 15 - device 46 for

I nspection of BGA packages, before the packages 12 are offloaded to
the offl oaders 48, 50. The nold surfadé-i nspection device 36 is

| ocated at the back of the inspection 5 apparatus 10' in the
illustrated enbodi ment for inspecting the packages 12 whi ch have been
t r anspor t eOVEG: Ithg JeRld Surigpe InfREsiHY devias 36 @ tg bagk of the inspedion

boats 58, B8Qnardfi8 1mogrdoq§ﬁ§.gﬁtcgqﬁ5#§g+rge 36 is novable in the

x-direction to 1 nspect pac es 1 on one of the buffer boats
58, 60. Preferably, the buffer boats 58, 60 can rotate 900, 1800 or

270 fromt gy ' | . Suy [
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process 15gsésingemifict heat 60daderekfihahdiydire2tiow s Ghatitheapsbkhés 12 are
of fl oaders 48, 50 of the. i qsneegt i on ‘%p%\r atus 10 ,?f FIG 7. . )
picked up one row at a time by the offloading arm 40 until all the offloading pick
heads 52 have picked up one package 12 each from the buffer boat 60. At the
10 same time, the second offloading arm 42 moves to the offloaders 48, 50 for
offloading the picked packages 12 after ball inspection of the packages 12 has
been completed. It can also be noted in this figure that the first buffer boat 58

receives a block of packages 12 from the flipping platform 56.

15  In FIG. 9E, the last offloading pick head 52 on the first offloading arm 40 picks up
a package 12 while offloading is completed at the second offloading arm 42. At
this time, the first buffer boat 568 has already received a block of packages 12
from the flipping platform 56 and moves to the back of the apparatus 10’ for mold
surface inspection.

—20

In FIG. SF, the first buffer boat 58 moves to the middie of the apparatus 10’ after
mold surface inspection for the packages 12 to be picked by the offloading pick
heads 53 of the second offloading arm 42. The first offloading arm 40 is at the
gang précisor for package orientation alignment. In FIG. 9G, the second

25 offloading arm 42 picks up packages 12 from the second buffer boat 60 in the
same manner as described ahove with respect to the first offloading arm 40. The
first offloading arm 40 moves the packages 12 to the ball inspection device 46 for
ball inspection of the packages 12.

30 In FIG. 9H, the last offloading pick head 53 on the second offloading arm 42
picks up a package 12 from the second buffer boat 80. The steps described with



In FIG 9A, the unloading arm 22 has transferred the packages 12 from
a singulation jig to the flipping platform56. At the same tine, the
first linear 20 offl oadi ng arm 40 stands by above one of the dual
buffer boats 58, 60 to pick up packages 12 after nold surface

i nspection. The second linear offloading arm 42 carryi ng packages 12
after inspection is at the gang precisor 44 for package orientation
alignnent as described in the first eMdedi nent. 25 FIG 93 shows the
flipping platforn156 flipping the packages 12 by 180 before noving to

one of the ual t 8, 60 in the x-direction., The second
OFT1 ot merteiangs th EEls, SBlb Bybaresaae e il A mgkeges & ineisesand bufer
i nspect i onheMVBEaredficHe@ by haAR& drNseRond bedBENgRARKa@E 32, Atthe %Qne
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nmoves to tbeats 58, 60. The cycle is repeated from FIG. 9A to 9H for another strip of
singulated packages transferred by the unloading arm 22.

10 It should be appreciated that the preferred embodiments described above
provides a simple apparatus and method for handling singulated packages such
as BGA and QFN packages. Full inspection of all the surfaces of QFN packages
is also possible.

15 Simultaneous processing of multiple singulated packages 12 can be conducted,
including package pick-up, mold surface inspection, ball or five sides inspection
and offloading, which reduces cycle time. The use of multiple offloading pick
heads 52, 53 on the linear offloading arms 40, 42 speeds up the pick and place
process. Further, the use of at least two optical systems 54 for five-sides

~——20 inspection of QFN packages 12 allows simultaneous inspection of at least two
groups of packages 12. This reduces cycle time significantly.

Another time-saving factor is provided by the gang précisor 44 which allows for
simultaneous angular alignment of a row of packages 12 at once, thus

25 maintaining consistency in the orientation of the packages 12. The package
hand-over frequency, excluding the pick-up from the tape or transfer from the
singulation jig, gang transfer and offloading to the offloaders 48, 50, is reduced
substantially. Therefore, the reliability and stability of material handling is greatly
improved.
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5 mddle of the inspection apparatus 10' such that the first

of fl oading arm 40 may pick up the inspected packages 12 individually
with its pick heads 52. The second buffer boat 60 indexes in the
y-direction so that the packages 12 are picked up one row at a tine
by the offloading arm40 until all the offloading pick heads 52 have
pi cked up one package 12 each fromthe buffer boat 60. At the 10 sane
tinme, the second offloading arm 42 noY8s to the offl oaders 48, 50 for
of f| oadi ng the picked packages 12 after ball inspection of the
packages 12 has been conpleted. |t can also be noted in this f“gure

that the fApditionallys e pog yielbisdngieased igpidicanily ip dog AERt embpdiment

the flippi Bﬂth@u%écn%mrﬁ@is éﬁﬂ!l@aﬁé% nﬂﬁnhﬁé‘%de@%% thé Eb@@fﬁb@(?ro@rf kickead
52 on the first offloading arm40 picks up a package

of f | oadi ngamas G A e tp wiate withineavangular rangeefietwesn fsmzexamplehm“ to
time, the khd o

p:ackages 1§bf|§§otﬁqg¥ltﬁfe ! ?%gfnr?g%t P?’?’f gb%nm dngqﬁéx@ésjo@wm %KQSCEPR

t he appar aslighnigit optical reyblems 82 fisaoet blocksschy the. tw2OadjacdFit (BJckQIFeadsr@

first buff boa S I t ter
ol d surt ad 22t e e TR PRCpIofisnp odh B c@rllobd” RERIAR g e &
of f | oadi ngregucéd bﬂditlﬂls531|gtier'rslyaes'elhcm.@hpﬁﬁdrﬂqﬂodlg:tlaityméh%hleWMefl r st
of floading arm 40 is at the gang pracisor for package orientation
alignment. In FIG 9G the second 25 offloading arm 42 picks up

packages 1%hé Vpﬁmdgbeﬂlﬁﬂﬁ@'f&tlhéflﬁﬁtﬁe Qe&dndbEmbadiindat SRR IAVSHEBH tA& is
descri bed above with respect to the first offl oading arm40. The

first &9fl Micﬁﬁeéprﬁ'ﬂﬂ}"ﬁt%‘el*&lst H@V'Hﬁﬁléa&@elﬁdi’@ﬁt@% to e inveslirit@son
devi ce 46 ﬁlB?InBathb PARRAGE Hthtoin %Hﬁlep%'ftagfeﬁielgackaﬁe hﬂandluﬁ@fp%@e%e
to FIGs. 90 9H are repeated until al acka

buf f er boagll®e %ﬁseerpﬁndme@;urﬂhéamqﬂmgtofélrrmpa@mem13,f$mczﬁaﬁierﬂgt bettam 40,

42. At theg

of f | oaders %Eegyﬁrp%??%éa?%rgeﬁ%&eﬂgl Qoé?ﬁ ?ilgs@%)\ﬁﬁapﬁ%qt Jé h'

ins pecti ontypfcaﬂmhaps;oknﬁgwt&bni ®pconipd everdll rﬂ'éﬂhaﬁlsfn uilized us faiao meat
58 foI h S th second_buffer boat 60 |

Cranst 491 FOTORE CRRERE.E Moo iasg EpRE REl | RGBT R B4 SR P e
dual buffethabtmtcwew cobfof tAidisysteralierdduced:peated from FIG 9A to 9H
for another strip of singulated packages transferred by the unl oadi ng
arm?22. 10 It should be appreciated that the preferred enbodi nents

descri bed 7h®¥veRtich HgRpbed hbmm % tﬂ:n@& aéﬁhtueﬁé hﬁddlf'@itlohé”éﬁhloﬁ‘g
si ngul at ed packages such as i nspection of

al | the supddilians ¢fhe dhm;sw@a%fﬂp@"yaﬂ%wb%gnéuws twesmﬁmta@fém%
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i ncl ud??lg tph%c g%HetfoBﬁh %&9#5?&(;? %@g ﬁ%g"gé?:@gnméal or %tgch

si des i nsp@dmitbin the gpiit amd)a@mgﬁthmamvert@@amﬁ@ncycl e time. The use of
mul tiple offloading pick heads 52, 53 on the |inear offloading arns
40, 42 speeds up the pick and place process. Further, the use of at

| east two optical systens 54 for five-sides 20 inspection of QFN
packages 12 allows sinmultaneous inspection of at |east two groups of
packages 12. This reduces cycle tine significantly.



Anot her tine-saving factor is provided by the gang precisor 44 which
allows for sinultaneous angul ar alignnment of a row of packages 12 at
once, thus 25 nmaintaining consistency in the orientation of the
packages 12. The package hand-over frequency, excluding the pick-up
fromthe tape or transfer fromthe singulation jig, gang transfer and
of floading to the offl oaders 48, 50, is reduced substantially.
Therefore, the reliability and stabiligy of material handling is
greatly inmproved. - 18 - Additionally, the package yield is

i ncreased significantly in the first enbodi ment of the invention that
is applica ' . nounting tapes as the quadruple rotary pick arns 16
are able to rotate within an angul ar range of between for exanple,
300 to 60 instead of only stopping at a 45 orientation, so that the
optical pafh ofAsemmndmwna@Emhamwwmtemmrmni\sm: i s not blocked

chn be conduct oh PP HoPEF I8 e lany oy cifilpits 2érfaERR'

hi gher Syspaskapges;oughput and productivity is achi evable. The package

f1ipping f in th d_enbadi f the jnvention that is 10
appl | cabl e to < WOLPEDRORT eace A aptibend cpufauAey ekt st inang

i nvention asthé phekiges vibie thicite bemg heldby the pRekadetolgert t of the
package handl i n% ocess allo easi er .and re stur handl i ng, of
the packages 12 Qiipeding flevies 1 1Beeivibe the Prdiages diom file packegs dides
are hel d i gsd RAbn0éy fMeaRRadestb @R dMloddBRIndSi de which typically has
conponents on top. The overall nechanismutilized is also |ess 15

conpl eX0 conpar eusesendHespectondeayiee prraegechand canfigutsshipdnspash ag@cead ar e
fewer, so {halat f : i ?‘““% :

i nvention gdescr idgg'agﬁgygdr?sﬁ@ﬁéhugc%%gégéﬁmfaﬁ?g I ons?‘”mighmey are
modi i cat i beieg held/byrthe dtfloadlioadevtéer t han those specifically
described and it is to be understood that 20 the invention includes
all such variations, nodifications and/or additions which fall within
t he spirit2and Beopemitbndintorapatiageebandlipyi system as claimed in claim 1,

156 wherein the package holder is operative to pick up individual singulated
semiconductor packages that have been mounted on an adhesive tape.

3. The semiconductor package handling system as claimed in claim 1 or
claim 2, wherein the package holder comprises rotary pick arms.

4, The semiconductor package handling system as claimed in claim 3,
wherein the rotary pick arms comprise four pick heads that are equally spaced
from one another.

25 5. The semiconductor package handling system as claimed in claim 4,
wherein the rotary pick arms are driven by a direct drive motor with a hollow shatft
at its center, and the hollow shaft further comprises a PR alignment optical
system for determining an alignment of each package relative to the rotary pick
head.
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-19- CLAI Ms: 1. A sem conductor package handling system

conpri si ng: a package hol der for receiving and hol di ng

si ngul at ed sem conductor 5 packages; a first inspection device
arranged and configured to inspect a first surface of the packages
while they are being held by the package hol der; an of fl oadi ng
device for receiving the packages fromthe package hol der and to
convey the packages to an offl oader; -280d 10a second i nspection device
arranged and configured to inspect a second surface of the packages

which is opposite fromthe first surfac‘ﬁ white the{ are bej ng held by
t he of fl oadi ng Seguicondugtor fRgkagennaBHNge f¥Heipadk K@Mednth Fisgn

system as Whéfé"f?ﬂwé fbtangudn Head%f?armhﬁgmea @acrpmdfaag\ﬁe\ncaf%egsadksge by

oper ative to ﬁ i vi dual si n&do at ed sem conduct or pac ages
that have HecHR-alignment eptiosh Systess akgdeby a Zotamhpick dwad @i dueitktip

package hapgélh&gofsﬁh%trﬁfgn‘??lcﬁll'%'aaegnifhecﬂ)ﬂk%% Ifolﬁ%ﬁlere%Ne Sjgir:éhtt he

package ho rises fotary plc sem con

package5 harmanyrmpl@y&ads whes the mtmgqblqkrhaakias nff$Sst frohvetheipick:upepositics: y

pi ck arns conprise four pick heads that are equally spaced from one
anot her. 25 5. The sem conductor package handling systemas clained in
claim4, whierei Thd bemicohdugtomppadkage ﬂ‘iandling gydtaranadylaimet ireahy dhe wf

notor with hol | o ent and_the_hol | ow shaft further
Comr i ses SRE 41tP e he CIfoa0G: TR GRS 9 REEHR 2 PGB!
of each paglrgg rohabickehdad WhiR thet frs indpektionedélice is inspecting another

10  package held by another rotary pick head.

8. The semiconductor package handling system as claimed in any one of the
preceding claims, wherein the offloading device comprises multiple offloading
pick heads that are arranged in a single row.

15
9. The semiconductor package handling system as claimed in any one of the
preceding claims, wherein the offloading device comprises first and second
offloading arms.

-—20 10. The semiconductor package handling system as claimed in claim 9,
wherein each offloading arm comprises a single row of offloading pick heads
which are configured to hold one package each, and which are aligned along a
straight center line at a position for receiving packages from the package holder
such that their pick and place points lie along the same center line.

25

11.  The semiconductor package handling system as claimed in claim 10,
wherein each offloading pick head is configured to be independently projectable
relative to the other offloading pick heads.

30 12. The semiconductor package handling system as claimed in claim 10 or
claim 11, wherein the offloading pick heads are arranged in two separate groups.



-20 - 6. The sem conductor package handling systemas clained in
claim5, wherein the rotary pick heads are configured such that a

vi ew of a package by the PR alignnent optical systemis blocked by a
rotary pick head at a pick-up position of the rotary pick head, and

t he package is viewabl e between adjacent 5 rotary pick heads when the
rotary pick head is offset fromthe pick-up position. 7. The

sem conduct or package handling systemRas clainmed in any one of clains
4 to 6, wherein the offloading device is operative to receive a
package fron1a rotary_pick head while the first inspection device is

| nspecting %notﬁ@* Sﬁm'cﬁﬁékﬁ@% Pﬁ‘é‘i%ebS}afm‘iBﬁ Hystenbagr Glaigieck imelaim 133
The sem copg Zr; e H‘Qw a i B t?oada'ﬁ?é?aé Quélﬂﬁa?ﬁeplf&f'n

t he precedlng alns evi ce conprise
mul tipl e obéwesdi thg pememhebdbettwat cemeraar ceregpands ta aumtyhebebmenlS

the precodlSoe S SoBRRErER, s Andkshel B MoE SR Bote S,
and secﬁndotﬂbﬁdﬁngd:chgieadsrs. 20 10. The sem conduct or package handling

systemas clained in claim9, wherein each offloading armconprises a
single row of offloading pick heads which are configured to hold one

package eaqh, arTk ydmhigBndictorPackuirchaidimPsstérh eicHned ANA®Y ohd Bthat 2
position fo cei vi n%d‘f"ﬁ(:ka es fromthe package hol der such that

their pi ckpv@ﬁaaas stam rigingA,9aNTP TS BIRYS QABHANSING 3 RAIr obparalel
The seni copgdGiineh BRSK dHR merﬁbkggsw s?wéombéam&@emee §bads@ ?py

wher ei n each offl oadi ng S con ured be i ndepe

pr oj ecl@pl all thel packagesthel dp e the: aflioadiie deying mumrzﬁoualaads -21-

The sem conduct or package handling systemas clainmed in clain112,
wherein the second inspection device conprises two caneras such that
a pitch befSeenlheseniesnductor phckage tandlingsysien as@taireeqbdmatsj one af thet ch

bet ween reé%ﬁ%&héfdé)msl QALUBH RleCBadERLdSn G LbREsds” at BéitdrBoat for

separate g
holding an array of packages.

15

16.  The semiconductor package handling system as claimed in claim 15,
further comprising a flipping platform for transferring packages onto the buffer
boat, and which is operative to flip the packages by 180° prior to transferring the
packages to the buffer boat.

—20
17. The semiconductor package handling system as claimed in claim 16,
wherein the flipping platform is operative to flip the packages to expose the mold
surfaces of the packages for inspection by the first inspection device.

25 18. The semiconductor package handling system as claimed in any one of the
claims 15 to 17, wherein the offloading device is operative to receive a row of
packages from the array of packages held by the buffer boat and to convey the
row of packages at the same time to the offloader.

30 19. The semiconductor package handling system as claimed in any one of the
preceding claims, wherein the package pick-up device comprises two buffer



5 of fl oadi ng pi ck heads. 14. The sem conduct or package handling
systemas clainmed in any one of the preceding clains, further
conprising a gang precisor conprising a pair of parallel bars which
cl ose onto the packages held by the offloading device so as to align
10 all the packages held by the offl oadi ng device simultaneously.

15. The sem conductor package handling systemas clained in any one
of the preceding clains, wherein the-package hol der conprises a
buffer boat for holding an array of packages. 16. The

sem conduct or pack handl i ng systemas clainmed in claim?15, further
conpri si ngbaatﬂ ﬂome?cirQJ Itwe fsepATate blogksneft aaysngf saaticenductonpackagss
buf f er boat; th is operative to flip the packages by 1800
prior to trans errl g the packages to the buffer boat. 17. The

sem conduct or package handling systemas clained in claim 16, wherein

the flippi platform i rative tp flip th QS the
nol d surf agg‘s oﬂ%e’t %8%’3@[2@‘3@’5 %%'%'?a?%enﬁﬁ'b"lé'{‘ﬁ O%sgeyg)ta%egl%ﬁesc{ ?'] ﬁ@'@
device. 5 25wh8re|ﬁr|1' te cfﬁaﬁdmglgamt@n%ape\:hhmtdwmﬁhé n?? l?:)iﬁlta‘y@ls&?lcpbﬂloﬂad
in any one of the ns,. erein the offl oadi evice is
operative PB'IfGF’e‘l‘Et ubst aP'&ﬂjﬂVd?h"&a‘?ﬁh%’gB%d‘@B%%naf%Qe‘é?ﬁrfss?e'&?g Y dha piner
hel d by thgyatijoaf, boat and to convey the row of packages at the same
time to the offloader. -22 - boats for holding two separate bl ocks
of arrays of sem conductor packages sinultaneously. 20. The

sem conduct or package handling systemas clained in claim19, 5
wherein the offl oading device is operative to receive the packages
hel d on one buffer boat substantially while other packages are being
recei ved by the other buffer boat.



