1 SYSTEM FOR PROCESSI NG ELECTRONI C DEVI CES Field of the Invention 5 The

I nvention relates to apparatus and net hods for processing el ectronic

devi ces such as sem conductor packages, and in particular, to the handling,
i nspection, sorting and of fl oading of the el ectronic devices. 10 Back round
and Prior Art The sorting of sawn packages on tape is one of the key
back-end processes for the nmanufacture of el ectroni c packages |ike

Chi p- Scal e Packages ("CSP") when a tapelsawi ng nmethod is adopted. A CSP
sem conduct or package 15 conprises a lead or ball side for making el ectrical
connections wth other devices, as well as a nold side conprising an
encapsul ant for protecting the internal circuitry. The nold side is al so
conmonly referred togySTEMPOR PROCESSINGEL EPVERONIC DEMICES nf or mat i on may
be marked onto this Surtface of the package. ITnspectton results on the

| ead/ bal | side and nol d/ marking side is a 20 comon criteria used when
sorting dlffgﬂggé%ﬂggﬁﬂ%ﬁétthat have been fornmed to determ ne whether
packages hav torin assenbl ed. Therefore, an inportant

per for mange i ndex for a machi ne processing CSP packages is its inspection
and sorting through icaII curre sor St ens on one of
two met hods. T‘ﬁe’”f’? %@Fﬁc}g "1“%?3( Iquj’n {Hﬁ pg%ﬁ%é@(gselﬁ'ﬁt MCadhesi ve
mounting tapge Wﬂc&? sh %@Hléor@ﬁcﬂo?%@ékég%%' Bed W’Bﬁrt‘bﬁlﬁmtbhﬁe thanglingand

i nspect the balls or S ackages. sawn packages are then

pi cked up fr@lﬂﬁpﬁhﬁomﬁaﬁmgr&jldtﬁfﬂ@dlﬂﬂQfﬁhae&cﬁﬂmﬁéﬁwceﬂ'hen t he pi ck head
noves to a position where a nold/ mark 30 side inspection optics systemis
positioned to inspect the nold/ marked sides of picked packages. After that,
good pacKageBagkgrouhdl landdeidr At a container, such as a tray or tube
container, and rejected packages are disposed of in a reject bin. Further,
reworked units nay be transferred to another tray or bin.

The sorting of sawn packages on tape is one of the key back-end processes

for the manufacture of electronic packages like Chip-Scale Packages ("*CSP”)
when a tape sawing method is adopted. A CSP semiconductor package
15 comprises a lead or ball side for making electrical connections with other
devices, as well as a mold side 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 moid/marking side is a
20 common criteria used when sorting different packages that have been formed
to determine whether packages have been satisfactorily assembled.
Therefore, an important performance index for a machine processing CSP

packages is its inspection and sorting throughput.

25 Typically, current sorting systems employ one of two methods. The first
method is to align the sawn packages on an adhesive mounting tape with the
balls or leads facing away from the tape, and inspect the balls or leads on the
packages. The sawn packages are then picked up from the mounting tape
with a pick head. Then, the pick head moves to a position where a mold/mark

30 side inspection optics system is positioned to inspect the mold/marked sides
of picked packages. After that, good packages are offloaded to a container,

such as a tray or tube container, and rejected packages are disposed of in a

reject bin. Further, reworked units may be transferred to another tray or bin.




2 Using this first nmethod, it is difficult to avoid sequential operations

I nvol vi ng package alignnent on tape, lead or ball side inspection and
finally nold or nmarking side inspection. The result is long cycle time and
| ow t hroughput. In order to acconmpdate such operations in sequence, a |long
traveling distance 5 is comon for this nethod, and therefore the cycle tine
is further increased. A conmmopn way to shorten the cycle tinme is to provide
mul tipl e pick heads (for exanple, four-€6 ten pick heads) nounted on
transfer arms. The drawback of this approach is that the Ioadlng and
conplexity of the armis increas necessj.t at es conver si on

Cime from pr &sts i st anetfiode G & Qe o aYoSRLRBH EPOTAIONS (OTHERS pade. of
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woul d be nor &3& 7&%varg@ i t er pi ck-up, inspection and/or other checking

processes, the packages have to be sorted and offl oaded to an of fl oadi ng

system Usually, there are two
The second method involves picking up sawn packages mounted on an

adhesive mounting tape using pick heads attached to a turret. Each turret
15 usually comprises more than eight pick heads. The picked packages are
placed onto a turntable including holders where bali or lead side inspection
will be performed. A second turret with pick heads (again, with usually more
than eight pick heads) picks up the packages from the turntable. The
mold/mark sides of the picked packages are then inspected at another
20 location along the rotating path of the pick heads of the turret. Thereafter,

packages are offloaded to different containers according to quality

This second method involves a relatively complex design. Long alignment
and machine setup time is incurred as two turrets and one turntable of

25 numerous pick heads have to be aligned. There is also increased conversion
time since the many pick heads of the two turrets and holders of the turntable
have to be changed if package sizes vary frequently. For the same reason,
the conversion kit would be more expensive.

30 After pick-up, inspection and/or other checking processes, the packages have
to be sorted and offloaded to an offloading system. Usually, there are two
types of offloading methods, namely offloading to tray and offloading to tube.
The good packages are put into trays, tubes or other offloading formats. The

reworked packages will usually be put into trays or reworked bins, while the



types of offloading nethods, nanely offloading to tray and offloading to
tube. The good packages are put into trays, tubes or other offloading
formats. The reworked packages will usually be put into trays or reworked
bins, while the 3 rejected packages are put into reject bins. Usually, for
packages of l|larger sizes (say, 6mm x 6mm or larger), trays are preferred
as the offloading format for good and reworked packages. For smaller
packages, (say, 5mmx 5mmor snaller), -8he tube offload format is usually
preferred for good packages, while 5 the bin format is selected for reworked
and rejected packages. Therefore, the offload configuration r%guired may

often vary frefciedarackages areape Ria rejeel bins. \Wsyaly. Jer aackacss f '8@epr ovi de
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separating electronic es from an adhesive nounting tape
lead-time is long.

15  Furthermore, due to this inflexibility, the offload configuration may only be
suitable for one type of packages. For example, a tray-tray-tube configuration
may be made to handle large packages such that the third tube offload format
is treated as a spare for future use. In case smaller packages that are only
suitable for tube offload are used, the offloading cycle time will be longer,

20 since the traveling distance and time is longer and there is no option of
repositioning the tube offload nearer to the packages being offloaded.

Summary of the [nvention

25 It is thus an object of the invention to seek to provide an apparatus and a
method of inspecting and handling semiconductor devices that avoids some
of the shortcomings of the aforesaid prior art.

It is another object of the invention to seek to provide an improved ejector
30 mechanism for separating electronic devices from an adhesive mounting tape

more efficiently.

It is yet another object of the invention to seek to provide a configurable

offloading apparatus that is more flexible in use as compared to the prior art.




nore efficiently. It is yet another object of the invention to seek to
provide a configurable offloading apparatus that is nore flexible in use as
conpared to the prior art. -4 According to a first aspect of the invention,
there is provided an apparatus for inspecting an electronic device
conprising: a holder for supporting the electronic device; a driving
mechani sm for noving the el ectronic device 5 between an onl oadi ng position
where the el ectronic device is placed onfo the holder and an of fl oadi ng
position where the electronic device is renoved from the holder; a first
optical system between the onl oading and offl oading positions configured to
I nspect a first surface of the electronic device while it is supported by

the hol der; apdorimfEAflrsPBEPeRbf F4ShAdAtiRAT RARNistI6viesd andipparatls pnd
of f | oadi ng positions conf |c%ured to inspect a second surface of the

el ectroni c dévapestinghaan ielechppiss dewce ccamprising: sa Raelderader suppasting the

supported by o Jh@nollite. ACERAMY MedBnibn? F60MOARPHid dlcdohf Wavieat! on,
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where the el qed ryiidr; GEYirstCoptival RYRAT tetweBr e NlictRing andsemehding a first

surface of the electronic device whilst it is on the holder and 20 being
noved from t lesians genfigyredtoingpest o figd guraceelshe elastroaisdevise hilgiitiy a
second surfa e all | i &fsﬂ'"@ RSt
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conprising: are@Bbket.or pin for pushing and lifting the electronic device in
a direction away fromthe adhesive
According to a second aspect of the invention, there is provided a method for
15 inspecting an electronic device comprising the steps of. supporting the
electronic device with a holder; moving the electronic device between an
onloading position where the electronic device is placed onto the holder and
an offloading position where the electronic device is removed from the holder;
inspecting a first surface of the electronic device whilst it is on the holder and
20 being moved from the onloading to the offloading position; and inspecting a
second surface of the electronic device that is opposite to the first surface
whilst it is on the holder and being moved from the onloading to the offloading

position.

25 According to another aspect of the invention, there is provided an ejection
mechanism for separating an electronic device from an adhesive surface of
an adhesive tape on which it is mounted, comprising: an ejector pin for
pushing and lifting the electronic device in a direction away from the adhesive
surface on which it is mounted; an ejector cap operative to support the

30 adhesive tape and electronic device during said pushing and lifting; and a
flange at a position where the electronic device is aligned for engagement
with the ejector pin for abutting the electronic device and partially lifting it.




surface on which it is nounted; an ejector cap operative to support the 30
adhesi ve tape and el ectronic device during said pushing and lifting;, and a
flange at a position where the electronic device is aligned for engagenent
with the ejector pin for abutting the electronic device and partially
lifting it. -5 According to a further aspect of the invention, there is
provi ded an apparatus for offloading el ectronic devices for storage,
conprising: a plurality of containers rf-which electronic devices are
storable; a platformconfigured to receive the plurality of containers,
wherei n each contai ner in%ludes aﬁ? mechanj sm f or . det achably nmounting the

cont ai ner toptcﬁ@rldmga‘lof%ﬁ-lﬁ eéﬁﬁp%{-"t. m@-i”ﬁ?ﬁt@g@vm?ée {SoRropideR AT ARRFraIHS
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the clains. 15 Brief Description of t
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enbodi nents &P @weamg'%h'rags ug And.galeElyely; placip @@Eﬁéﬁgféfqm ﬂe‘BFﬁe'rﬁﬂvent i on
wi |1 now be dg R thebdritain & C6ER HoliRr idtatioRCcconpanyi ng drawi ngs, in

: Ry onl
whi ch: 20 Fi gu?e Lf I's an Isometric view of an inspection apparatus according
to a first preferred enbodinment of the invention; Figure 2 is a side view

of the inspecti apparatus.o A - Fi s ' Vi an
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of the invention as defined by the claims.

15  Brief Description of the Drawings

Examples of preferred embodiments of the apparatus and methods in
accordance with the invention will now be described with reference to the
accompanying drawings, in which:
20
Figure 1 is an isometric view of an inspection apparatus according to a first
preferred embodiment of the invention;
Figure 2 is a side view of the inspection apparatus of figure 1,
Figure 3 is a side view of an inspection apparatus according to a second
25 preferred embodiment of the invention;
Figures 4A-B illustrate a prior art ejection mechanism to aid in picking up
sawn packages from an adhesive tape on which the packages are mounted,
whereas figure 4C illustrates an ejection mechanism to aid in picking up sawn
packages according to a preferred embodiment of the invention;
30 Figures 5(a) and 5(b) illustrate a plan view (in the X-Y axes) and a side view
(in the X-Z axes) representation respectively of an offloading system
according to a preferred embodiment of the invention, which is placed next to

an inspection apparatus;




whereas figure 4Cillustrates an ejection nmechanismto aid in picking up
sawn packages according to a preferred enbodi nent of the invention; 30
Figures 5(a) and 5(b) illustrate a plan view (in the X-Y axes) and a side
view (in the X-Z axes) representation respectively of an of fl oadi ng system
according to a preferred enbodi nent of the invention, which is placed next
to an inspection apparatus; 6 Figure 5(c) is an isonetric view of a generic
representation of a offloading sub-systEm and Figure 6(a) to 6(d) show

i sometric views of exanples of different configurations of the offl oading
systemt hat n b ssenbl ed. 5 Detai)]ed Description of the Preferred

Erbod ment s FIGHE S8BT pomelieHeve o A asnenc arpTeRgatan oh s:pardinge. 10
accordi ng toggbfsyétein; aRfef erred enbodi ment of the invention. Figure 2 is a
side view of the 10 inspection apparatus 10 of figure 1. The a%paratus 10
conprises a pigienh8fa ta16(d)t shawi JsametriecHigwssof i xamples hehniliffeeenti r cul ar
pl at f or m or ' ' I rs 14 for hol di ng

el ectronic dtec\t}f'ﬁckir@gtlk%sgcﬁéh% éﬁhﬂgﬂﬁgg\é%lé@tt}r{?c%ﬁ%&ac 38@2&24, an al i gnnent
optical sgstem 18, a first optical systemsuch as top surface (lead/ ball)

I nspection opti Dt | system such as bottom surface
(mol d/ mar k) 48 : ! . A=, ¥2hani sm such as a notor 16
drives the turntable 12 to rotate along the direction indicated in order to
nmove the packages 24 froman onloading position where they are placed onto
t he package [riguierlds an isameiric yiem of £ iRgPecHer pPPAAtuRHW) 2CCoRENg i 2 firtnoved
fromthe Packpge,be! dfbcuidiént 50 tTEGnARBAA! ¥autd 2 55 GYRCYRM BFdnbY 115
ability to conduct simultaneous processing vari ous handling and

i nspecti d0 piirmspestars apparatus f fighcer 1.eihe appanatuscHksomprisesad pickihead A

pi ck-up devi c1e‘ (sltgcé}iv?nsg r%eghgnlﬁsmh%g dno %h%%fsa circular platform or turntable 12

including twelve package holders 14 for holding electronic devices in the form
of electrical packages 24, an alignment optical system 18, a first optical
system such as top surface (lead/ball) inspection optics 20 and a second
15 optical system such as bottom surface {mold/mark) inspection optics 22. A
driving mechanism such as a motor 16 drives the turntable 12 to rotate along
the direction indicated in order to move the packages 24 from an onloading
position where they are placed onto the package holders 14 to an offloading
position where they are removed from the package holders 14.
20
The apparatus 10 is characterized by its ability to conduct simultaneous
processing of various handling and inspection processes to thereby shorten
the processing cycle time. A pick-up device such as a pick head 11 moves
between a wafer ring 26 comprising an adhesive mounting tape 27 on which
25 the one or more sawn packages 24 are mounted, and package holders 14 of
the turntable 12 at the onloading position. The pattern recognition alignment
optical system 18 aligns one or more sawn packages in the X, Y and 0 axes
with respect to the package holders 14 to ensure correct orientation. The pick
head 11 preferably picks up one package 24 from the mounting tape at a time
30 and places it onto a package holder 14 in one segment of the tumntable 12 at
the onloading position, with the lead / ball side facing up. The turntable 12 in
figure 1 is divided into twelve segments or holders 14, but the turntable 12

may comprise any suitable number of segments. An ejector pin 28 of an



between a wafer ring 26 conprising an adhesive nounting tape 27 on which 25
the one or nore sawn packages 24 are nounted, and package holders 14 of the
turntable 12 at the onl oading position. The pattern recognition alignment
optical system 18 aligns one or nore sawn packages in the X, Y and 0O axes

Wi th respect to the package holders 14 to ensure correct orientation. The
pick head 11 preferably picks up one package 24 fromthe nounting tape at a
time 30 and places it onto a package horder 14 in one segment of the
turntable 12 at the onloading position, with the Iead / bal | side facing

up. The turntabl.e 12 in 1 is divided into t nments_or hol ders
15 but the ERipasectoism B80E Jh Aepattd 658 Aelkdee 28 i SRS P lilndlc o A
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by the pick head 11. The top (lead I ball side) surface of a placed package
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onloading and offloading positions along the rotaticnal direction while

15 supported by the package holder 14. However, it is also possible for the top
and bottom surface inspection optics 20, 22 to be vertically aligned so as to

inspect a package 24 at the same position or segment of the turntable 12.

In order for the bottom surface inspection optics 22 to inspect the bottom

20 surface of a placed package, each package holder 14 preferably comprises a
transparent portion. A transparent glass window 30 may accordingly be
installed at each package holder 14 to'support the package 24 such that the
mold/mark surface that is supported on one side of the package holder 14 is
visible on an opposite side of the holder 14 underneath the turntable 12.

25
After completing the inspections, each package 24 is offloaded from its
respective holder 14 of the turntable 12 at a further segment downstream
along the rotational direction. It should be appreciated that other types of
processing or handling can be arranged whenever space allows, for example,

30 package thickness measurement. The above steps are repeated and the
turntable 12 will keep rotating segment by segment so that the simultaneous
activities of the various handling, inspection and offloading processes are

maintained.



transparent portion. A transparent glass w ndow 30 may accordi ngly be

i nstall ed at each package holder 14 to support the package 24 such that the
nol d/ mark surface that is supported on one side of the package holder 14 is
vi sible on an opposite side of the holder 14 underneath the turntable 12. 25
After conpleting the inspections, each package 24 is offloaded fromits
respective holder 14 of the turntable 12 at a further segnent downstream
along the rotational direction. It shour@-be appreciated that other types of
processi ng or handling can be arranged whenever space allows, for exanple,

30 package thickn rreas above steps are eated and the
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As the upstream packages 24 are checked by the top surface inspection
optics 20 for top surface (lead/ball) inspection, the downstream packages 24
15 are checked by the bottom surface inspection optics 22 for bottom surface
(mold/mark) inspection through the transparent glass support plate 34. The
packages 24 are queued adjacent to one another. A package 24 can
therefore be pushed against an adjacent package by a driving mechanism in
the form of an indexing device 38 to move the queue of packages 24 together
20 by an incremental distance. The upstream packages checked by the top
surface inspection optics 20 will subsequently be checked by the bottom
surface inspection optics 22 after moving the required distance. With such a
layout, simultaneous processes including concurrent inspection of both sides
of packages 24 can be conducted, as in the first embodiment described
25 above.

Figures 4A-B illustrate a prior art ejection mechanism to aid in picking up
sawn packages 24 from an adhesive mounting tape 27 on which the
packages are mounted, whereas figure 4C illustrates an ejection mechanism
30 to aid in picking up sawn packages 24 according to a preferred embodiment

of the invention.

Referring first to figure 4A, during ejection of a package 24 mounted on an
adhesive mounting tape 27, an ejector cap 40 usually acts as a platform to




packages 24 are queued adjacent to one another. A package 24 can therefore
be pushed agai nst an adj acent package by a driving nmechanismin the form of
an i ndexing device 38 to nove the queue of packages 24 together 20 by an

i ncremental distance. The upstream packages checked by the top surface

I nspection optics 20 w il subsequently be checked by the bottom surface

I nspection optics 22 after noving the required distance. Wth such a

| ayout, simultaneous processes includingdconcurrent inspection of both sides
of packages 24 can be conducted, as in the first enbodi nent described 25

above. Figur | ustr at e rio ej ecti mto aid in

o oking up. | SalhNecackess 55 woidabi heios i bnRts P w8y guMai ch t he
packages ar e g{jBfitH. eﬂwer\"’@ﬁm’é&#&hé bgw eéQ4ldd thet halmmgaBp&22Gé niive@ehani sm 30
to aid in picking up sawn packages Z4 according to a preferred embodi ment

of the i nventhegentgeefdhe iejggtariqagtdiptoralignmentwith arasitgngf aptaigmioratina package
24 nounted omyga i t o 4 |y acts
as a platfor %at gT g@ggﬁgigt\éﬁ%i%ggt{(%tgg%rbgﬁa% sﬁ 'éBingPﬁk%@y h%fléﬁn]r?g%t fIi@'lﬁountl ng

t ape g; Wit hmgwejvecwupm 2fhis tﬁm;’als?m mfsht are Iﬂam&agmmnag talplse Phandount i Rg

t ape IS nov to ter of the e]ector P4 éncj)eal nt wwth a
position of é’&? B?I]ﬁ Wﬂfﬂ%‘%éﬁ%@@”?ﬁ@% %E?l on for

pi ck-up. Ref %brthélQhé%aEkéﬁérﬂ StaftB1to 5EariesiFdrR thediape 25 . "I?netﬂ%%"hd@ﬂtﬁéd to push
and lift the nounting and with it, the package 24 upvvards in a

direction amgoumlomt@mﬁwém e@cmmraeaforgva pegnoupeedrernicalshape 4darts to
separat e Tfog.’é‘ﬂ{bgmtoﬁnﬁn%gagnT#du@gsga& f ‘rﬁlaeresffgv{}w é]%t"hg@“% nO4et NE

ej ector pin rns a ounce ni cal shape nnuntlng t ape 27
during ej1€ct inuntingetapes27 ofaivtain pwkag&bo@atm aré estill Oheld .ldawm gytthpe 27

the e ector CEREID B NGOG ieqLier 1) esi P et Bk 7 i ok
head 11 wi th Simuhgnsousyada ipick! bewd @d @ik ca tvaeuum pad is lowered onto the
package 24 to pick up the package by vacuum suction. After the package 24
is picked up, the ejector pin 28 returns to its original position. This pickup
15 process is repeated when the next package is indexed to the center of the
ejector cap 40.

Referring next to figure 4C, the embodiment of the invention includes small
steps or flanges 42 on an upper surface of the ejector cap 40 at a position
20 where the package is aligned for engagement with the ejector pin 28. The
flange 42 is preferably formed around a perimeter of a hole that the ejector pin
28 passes to engage the package 24. The width of the flanges 42 is
preferably a bit smaller than the width of the packages (about two-thirds of the
package width) and the height of the flange 42 is preferably a bit smaller than
25 the thickness of the package (about one-third to two-thirds of the package
thickness). With the inclusion of the flanges 42, when a package 24 is moved
to the center of the ejector cap 40, the flange 42 abuts the package 24 and
partially lifts it so that partial separation from the mounting tape 27 is
achieved. The ejector pin 28 can then be raised to completely separate the
30 package 24 from the mounting tape 27, and the pick head 11 is lowered onto
the package 24 to pick up the package by vacuum suction. As compared to
the more pronounced conical shape 41 during ejection using the prior art
apparatus (see figure 4B), the apparatus according to the described



package 24 to pick up the package by vacuum suction. After the package 24
Is picked up, the ejector pin 28 returns to its original position. This

pi ckup 15 process is repeated when the next package is indexed to the center
of the ejector cap 40. Referring next to figure 4C, the enbodi nent of the

I nvention includes small steps or flanges 42 on an upper surface of the

ej ector cap 40 at a position 20 where the package is aligned for engagenent
with the ejector pin 28. The flange 42-1&-preferably formed around a
perinmeter of a hole that the ejector pin 28 passes to engage the package

24. The width of the fl es 42 is referaply a_bit spaller than fhe w dth
of the packadeodmeorhg e fion Pradiior. 5 Batvelf S3kinad fonica shAGS A8 ght o
the flange 43nitfe rﬂbﬁr’ﬁtﬁfg&ﬁ?é’ﬁvﬂiefn i?i@@nbﬁg?ed batheZgedtbepihPgckness of the
package (about one-third to two-thirds of the package thickness). Wth the

i nclusion of the flanges 42, when a package 24 is noved to the center of
the ejector ¢ . ] Q%g C 24 d Lally lifts
it so that paﬁ{él éﬁ;’ % %Sartﬂcgbfdg%ﬁ?%ﬁ] eﬁ‘r‘nt;'{}ﬁ? !ﬂﬂeg aﬁteI 5&%8273)@ |ét€'éd. The

ej ector pisn 28dead tohthe bentembf thk ejectwngapede| canseplacatthe tdvekd bfpthekage 24
fromthe nounting tape 27, .and t pick hegd 11 is | red, onto e package
2 To pi ok uFied PR JEpo e Uik Rebielt e AdckedRyEA Tam b (e S e
pronounced cOfHeféfbres R #la teaided ASIE At ARe UGedter bite 281 hight pehetr@BPar at us
(see figure 4B), the gf)parat us according to the described - 10 enbodi nent of

t he i nventi onthiouel @PdLamags theitare.y Thisaalse rrduces the Wielibpag ef damagigt he
e el ) he oo
mount i ng apqh%fa\&it?ed? the C;La%ksglg?ﬂe TRY ddREsiGé f‘r@}nﬁgmpg%g@%_] &und. the

pre-separation o he package from the noun once it is 5
i ndexed t1® t ackage 24 abbve e ejector pin 28 s risexbless ad woenpaned & thekpriasf t he

o ector B b HH G ol e e BRREE S B BB RYEef o biATA 20°, 2
through and dauengs fid®atsapear Hei packages 2adusesa rduuit] nioee idatie stindbgmagi ng
the back of tc%%dﬁiggé( g? t?\ezadfdjac;m? pggg]aeg%is\é%dno%%gé(i}u% tlg(,a %ig%ér Sircayur;])dyiélge
can be generated.
15
Figures 5(a) and 5(b) illustrate a plan view (in the X-Y axes) and a side view
(in the X-Z axes) representation respectively of an offloading system 50
according to a preferred embodiment of the invention. In this description, it is
placed next to an inspection apparatus comprising a turntable 12. Figure 5{(c)
20 is an isometric view of a generic representation of a offloading sub-system 68.
The offloading system 50 consists of a plurality of offloading slots 52, 54, 56
of similar dimensions and mounting format formed on a multi-slot offloading
platform 51. In the described embodiment, there are three offloading slots 52,
54, 56. Each slot 52, 54, 56 can accommodate a container in which the
25 electronic packages are storable, such as a tray 72, tube 74 or other types of
offloading sub-systems 68. Therefore, a flexible configuration is possiblie to
achieve various combinations of containers, such as tray-tray, tray-tube, tray-
tube-tray and tray-tray-tube. Generally, the tray, tube or other offloading
subsystems (e.g., tape and reel) are designed with overall dimensions within
30 the boundary of a slot 52, 54, 56.

It is preferable that the flexible and modular offloading system meet certain
criteria. The offloading sub-system such as a tray or tube container, has two
important dimensions of width “a” and height “b” (see 61, figure 5(c})} which




10 package 24 above the ejector pin 28 is raised |l ess as conpared to the
prior art. This will reduce the interference to adjacent packages or other
objects, such as tie bars near the packages 24. As a result, nore stable
standby conditions of the adjacent packages and consequently, a higher

pi ck-up yield can be generated. 15 Figures 5(a) and 5(b) illustrate a plan
view (in the X-Y axes) and a side view (in the X-Z axes) representation
respectively of an offloading system 50 faccording to a preferred enbodi nment
of the invention. In this description, it is placed next to an inspection

apparatus conpri si a tuyrntagble 12. Figure 5(.c) 2Q .is an.isongtric view of
S bener o r eohaud b Bes, tidh 3he fiwboaatical Uberuds & e e B At ng
system 50 corgbwhisle Height PBUbRIHe! offIGAdif SloraieeB 3 IfigLre 5@) Fedpeltfvelyof sim | ar
di mensi ons and nounting format forned on a nulti-slot off]|oadin platform

51. In the dd8e/depty cRhYH opeding Revevsies fiavrecS(eD s palrriigakasol §am2 54,
56. Each sl o fayg o‘iﬂsidé%tf%t.a‘ffctﬂmgﬁéfgtr"l’es%oéﬂté%‘id;gﬁe hﬂag\’ﬁ?j&bé 78 of°
) uc S a tray , tube

el ectroni c packages are storable or other types
of of f1 08di mthes uiflaadirige sab-8@sterhk difeSunheas dadd end bhéel (oohshawn)atarbei s

possible to chi,eve various,copbjpati,o of. .containers, such as.tray-tray,
tray-tube, trp;%@dt"ﬂfﬂea-nﬁ'roév ﬁt&eﬁr%g _(}?lg{}?ﬁ%%g wggﬁ@ﬂgmwapﬁm pvg{}ﬁ t ube or
ot her of f| oadAngnd ﬁagﬁw.errhedast 8lot 56 A EctaAl 4 §Fdde Xt ol dlitgde Wallh over al |
di rensions within 30 the boundar a slot 52, is preferable

of 54, 56. It
that the fle®f m%smdﬁﬁﬂvﬁ“a?n%fsf%B&&?P@Q%P%PHQQ@"G@Q% $Ub-8¥S{4Bri a. The

of f1 oadi ng s\ga- ggh as a tray or tube container, has two inportant
di mensi ons of V\cﬂ?f?flﬁfgf&]ﬁ and height "b" (see 61, figure 5(c)) which - 11
shoul d bd0l ess than the two critical dinensions of inner width "A" and

al | owabl e hei "B LQf. ' S . enfd )
respectivel yAq’%é%(ﬁ%’gh?wgmgﬁ% ﬁﬁgggﬁeldof@é | h@%ﬁﬁ?gtgﬁu f ﬁgé@é tg( c))
not critical providé uriversalxamd dstandasd deolfitings Ireferenices t (segh st ibyf ysingese
criteria, t hestgr{daa¥d ggfewtsl{gesez:ﬂreotrhe offloading sub-systems) so that various kinds

of offloading sub-systems 68 can be detachably mounted into the slots 52, 54,

15 56 of the offloading platform 51 without tedious modifications.

In use, all the offloading sub-systems 68 may first be mounted by screws (not
shown) to the left wall 58 of the slots, and therefore the surface of the left wall
58 of the slot can be used as a reference plane to locate the offloading sub-

20 system 68 in the slot in X-axis. Next, in the Z-axis, a reference block 60 on
the left wall 58 of each offioad sub-system acts as a mounting reference plane
with respect to the upper surface of the left wall 58 of each slot. Third, in the
Y-axis, a reference rod 62 is added onto the upper surface of the left wall 58
of each siot and therefore acts as a reference point to locate the reference

25 Dblock 60 and thus the whole offload sub-system 68 in the Y-axis. The surface
of the walls 58, reference block 60 and reference rod 62 comprise alignment
guides for aligning the offloading sub-systems 68 with the offloading platform
51.

30 The overall working sequence will now be described. A pick-up device in the
form of an offloading pick head 64 picks up packages 24 from the turntable
12. Depending on the inspection results, the offloading pick head 64
selectively places each package 24 into one or other of the offloading sub-
systems 68 in an offloading slot 52, 54, 56, or even into a rework/reject bin 70,




5 other offloading sub-systens 68 such as tape and reel (not shown) can be
pl aced into any one of the first two slots 52, 54, which allow a maxi num
width "A" and height "B". The last slot 56 is actually a space next to the
outside wall of the second slot 54, and is thus capable of accepting an
of fl oad sub-system 68 of a larger size. 10 Another preferable criterion is
that the offl oading system 50 should be able to provide universal and
standard nmounting references (such as by1%3|ng standard screws to secure

t he of fl oadi ng sub- systens) so that various kinds of offloading sub-systens

68 can be detacha tedJnto he slots 52, 15 56 _of the ffloadlng
o atT or i 51 VA tolaRAEE s RrlatR: SieD et L Bectiof Taeungg pienn

sub- systens Qﬁuampafckéc%é 24 e AN RIFhGMCIS SIP'88 withdual §h|%w)1?t¢ibktm%dlseft wal |
58 of the slots, and therefore the surface of the |left wal 58 of the slot

can be used £4 &R ebaaméﬁ@etomm v thecpicke amdepkaf:elm'aae%g when 2 figstst em 68

in the slot '@édﬁﬁjw'}% %?tcfgﬁé' ' a Pabid %‘Ctﬁetﬂttq k?rﬁeom% the

| eft wall system act s "as rmdn erence pl ane
withr espéct move h@laq;quaslwgbéaaearmfvmémerbaf Thadlrhtab& 02 wélarotats bptan Third,
in the Y-axis

d dded o f f th
ot vel | 58 STt A BRbSeamAN Ar epof £a0tace 2L TkAiReae 8% 10 MRVt o | ocat o
t he ref er encell2padiagel B0 oanthet tudstablee 124y enefJdgpmsht TUP piaksdrRPpiBSe,i n t he

Y-axis. The surface of the walls 58, reference bl ock 60 and reference rod
62 conprise ansrpsHemend gifioadiogs as digryssad withiraspest f e dg sub- systens 68
with the offloading platform 51. 30 The overall working sequence will now
be described. A pick-up device in the formof an offl oading pick head 64
pi cks up 1¥acKiepaverAitfis oot trhesessarptthal the nackaoepe?#diareg poked h frogpact i on

nto one or  doiasie2 oot g BPatna K GG EFeY elhef RRRAEEFRBERANG "l o
52, 54, 56, dfireethepicknt packaesr freireatmbuntingOtape 127 or other iocation to
transfer them to the offloading system 50.

15 Figures 6(a) to 6{(d) show isometric views of examples of different
configurations of the offloading system 50 that can be assembled. They show
offloading configurations comprising tray-tray-tube (figure 6(a)), tray-tube-tray
(figure 6(b)), tray-tray (figure 6(c)) and tray-tube (figure 6(d}). It should be
appreciated that other configurations are possible without departing from the

20 principles of the invention.

It should be appreciated that the preferred embodiments described above
provide simple apparatus and methods for simultaneous processing of
electronic packages, including package pick up, lead/ball inspection,

25 mold/mark inspection, as well as other processes that may be incorporated
into the apparatus, as desired.

With these advantages, the said embodiments seek to achieve lower cost,
shorter cycle time and higher throughput. Moreover, the simple methods and

30 designs offered by the said embodiments may lead to a more reliable process
and higher yield.

The invention described herein is susceptible to variations, modifications and/or
additions other than those specifically described and it is to be understood that




according to predetermned criteria such that that used for identifying a
good or bad package 24. An offloading pick arm66 with dual offl oading pick
heads 64 can be used to speed up the pick and place process. Wen a first
of f| oadi ng pi ck head 64 noves to pick up a package 24, the other one may 5
nove to place a package 24 and vice versa. The turntable 12 will rotate by
an equivalent of one segnent after each package 24 is picked up so as to
nove all packages 24 on the turntable 1® by one segnment for pick-and-place,
i nspection and of fl oadi ng, as discussed with respect to figure 1. 10

However, it i, not necessar hat, t he packa 4 are pic up from a
urntani e 12 vpafi RERES ol B valtaoBRE i tieatians B/t ATRoNNnES wovi ce
may direct!| yalpkitin the spitt kg seopetofitidaboveriegeriptiog. t ape 27 or other |ocation
to transfer themto the offloading system50. 15 Figures 6(a) to 6(d) show
isometric views of exanples of different configurations of the offl oading
system 50 that can be assenbl ed. They show offl oading configurations
conprising tray-tray-tube (figure 6(a)), tray-tube-tray (figure 6(b)),
tray-tray (figure 6(c)) and tray-tube (figure 6(d)). It should be

appreci ated that other configurations are possible w thout departing from
the 20 principles of the invention. It should be appreciated that the
preferred enbodi nents descri bed above provide sinple apparatus and net hods
for sinultaneous processing of electronic packages, including package pick
up, lead/ball inspection, 25 nold/ mark inspection, as well as other
processes that may be incorporated into the apparatus, as desired. Wth

t hese advantages, the said enbodi nents seek to achieve | ower cost, shorter
cycle tinme and higher throughput. Mreover, the sinple methods and 30
designs offered by the said enbodinents may lead to a nore reliable process
and hi gher yield. The invention described herein is susceptible to

vari ations, nodifications and/or additions other than those specifically
described and it is to be understood that



-13 the invention includes all such variations, nodifications and/or

additions which fall within the spirit and scope of the above description.

-14 CLAIMS: 1. An apparatus for inspecting an el ectronic device conprising:

a hol der for supporting the electronic device; 5 a driving nmechanism for

noving the el ectronic device between an onl oading position where the |
el ectronic device is placed onto the holder and an offl oading position |
where the el ectronic device is renoved fHomthe holder; a first optical |
syst em bet ween the onl oadi ng and of fl oadi ng positions configured to inspect

a first surfzﬁsﬂgéﬁthe el ectronic device while it is 10 supported by the

hol der; and d optical system between the onl oadi ng and of fl oadi ng
positions configured to inspect a second surface of the el ectronic device

that is opposite to the first surface while it is supported by the hol der.

15 2. An appdr at uAn@pparadisitedinspeetingian electigiig device eRMPRAIRGEr | ncl udes a

transparent porti ﬁ@OﬁféfﬂDfﬁsﬁﬁ@@{@?*Lﬁfég&fﬂic &g\ﬁcéal ectroni c device supported

on one side of t e € on an oppodsite side of the holder. 3.
An appar abus as chadnving irmeoblaaism Zor mwiogingi thet blectrorio sgevicenbeiwaeni am of 20

the hol der i f ql 4. A | ai i f th
o ecodi ne ol aniedngasdicn Whers the R dafioeds acty ito s BR300 Or m 1 b
is drivable Taﬁdfﬂﬁaiﬁr%ﬂé%it}dh&whégéittré BEctiBGE aBliséNs rémoved AOMAPRBMoRIeHS as

clainmed in claim4, erein the platformincludes a plurality of holders,
each of which is adiph erticabsysigporatweere the eploadiwgcantkoffleading posiiioBppar at us

as clained i o] r ' | i o8, o | i a3 pi Gk- up
devi ce for p{&g@ﬁu&@&;ﬁoefngéggoﬁi@'ggg\lfﬁg%&ooz {ﬁﬁeelkl?(e)\? Jggg an(|1G eagvh‘ﬂe g
10 supported by the holder; and
a second optical system between the onloading and offloading
positions configured to inspect a second surface of the electronic device that

is opposite to the first surface while it is supported by the holder.

15 2. An apparatus as claimed in claim 1, wherein the holder includes a
transparent portion such that a surface of the electronic device supported on
one side of the holder is visible on an opposite side of the holder.

3. An apparatus as claimed in claim 2, wherein the transparent portion of
20 the holder is made of glass.

4, An apparatus as claimed in any one of the preceding claims, wherein
the holder is formed on a circular platform that is drivable to rotate by the
driving mechanism.

25
5. An apparatus as claimed in claim 4, wherein the platform includes a
plurality of holders, each of which is adapted to support one electronic device.

6. An apparatus as claimed in any one of the preceding claims, including

30 a pick-up device for placing an electronic device on the holder and an
alignment optical system for aligning the electronic device with respect to the
holder before being picked up by the pick head.



al i gnment optical systemfor aligning the electronic device with respect to
the hol der before being picked up by the pick head. -15 7. An apparatus as
claimed in any one of the preceding clains, wherein the first optical
systemis adapted to inspect the electronic device at a first position, and
the second optical systemis adapted to inspect the electronic device at a
second position offset fromthe first position. 5 8 An apparatus as cl ai ned
in any one of the preceding clainms, wherin the first and second opti cal
systens are adapted to inspect the electronic device at the sane position.

10 9. An apparatusg _as clainmed in any one of the preceding .clains, .wherein
the hol der | 4- conf GRPBEALS o AAIMET 7 ARk ne P dhe BEEaNg Hemie WBLE or r anged
next to one ti Qi pticd Osystiiin 3P BAGFREY S0 ASspelcBtHEE Blecorit Melict atvd @fsti n t he
driving nmechanism 15 conprises an indexing device operative to nove the

el ectronic doesifer. @yl Messeeegdaapticaleysiesmiie adanted dodusneast theaplesiiprie ent
el ectroni ¢ deul e .fURABL Fflosifih S8 OIS firs posflodiEt hod for inspecting an
sing the steps of:

el ectroni c devicée ‘conpri supporting the electronic
device wi 6h a hol der; noving the el ectronic device between an onl oadi ng

i tion where the electronic device is pl to the hol der and
01 11 ondi ng ol (| B RBFLS PRIREE i Y A 168 PIECRANGIR™ M The. ol der

i nspecting atfd fitdt drid ESEMAOPLICAR spétemis ABi adapted ¢6 ivdpebBineg blebold the 25
hol der and bei ng noved fromthe onloading to the offl oading position; and

i nspecting adeyicedthasamepogiion-he el ectronic device that is opposite to the
first surface whilst it is on the holder and being noved fromthe onl oadi ng
to the of floading position. 30 12. A nethod as clainmed in claim11,

i ncl udi nd0of o9 ngAa apparaipsiaerdaimed in any one of the preceding claims, wherein

the holder is configured to hold a plurality of electronic devices arranged next
to one another.

10. An apparatus as claimed in claim 9, wherein the driving mechanism

15 comprises an indexing device operative to move the electronic devices by
pushing an electronic device against an adjacent electronic device supported
by the holder.

11. A method for inspecting an electronic device comprising the steps of.
20 supporting the electronic device with a holder;
moving the electronic device between an onloading position where the
electronic device is placed onto the holder and an offloading position where
the electronic device is removed from the holder;
inspecting a first surface of the electronic device whilst it is on the
25 holder and being moved from the onloading to the offloading position; and
inspecting a second surface of the electronic device that is opposite to
the first surface whiist it is on the holder and being moved from the onloading
to the offloading position.

30 12. A method as claimed in claim 11, including forming a transparent
portion on the holder such that a surface of the electronic device supported on
one side of the holder is visible on an opposite side of the holder.



portion on the holder such that a surface of the el ectronic device supported
on one side of the holder is visible on an opposite side of the holder. -16
13. A nmethod as clained in claim12, wherein the transparent portion of the
hol der is nmade of glass. 14. A nethod as clainmed in any one of clains 11 to
13, including noving 5 the electronic device and holder on a rotary
platformfromthe onloading position to the offloading position. 15. A
method as claimed in claim 14, wherein tHe-rotary platformincludes a
plurality of holders each of which is adapted to support one electronic 10
devi ce.

step of aI | gﬁr ng égé%{%iagrﬁgg%rﬂg@’w{é?wergq{elpgb%gnﬁsq%elﬁtrpgjﬂﬁda %ﬂﬁl gg:‘ (r)]?et e

placing it omoldeh®s ,hghél@f lag® 17. A nethod as clainmed in any one of clains
11 to 16, wherein |nspect|on of the first surface of the electronic device
and inspection of the second surface of the electronic device are carried

out at positisgns hhﬁﬁ?trﬁﬁ%soélgﬁr?éd fnréf'[y oﬁehclsﬁﬂgeﬁ tc?Qsli%ciuém@% @fgas

clainmed in any one of clalns , erern | nspection |rst surf ace
of the el &ct thmietecironicc devicel andshaldei on afrotane plastoomdfremr fnacenloedmg he

el ectroni c deyvi t the sane position. 25 19. A nethod as
clainmed in aws@%%ﬁw c?f@%;@#gﬁ&%ltbo i ncluding arranging a plurality of
el ectroni c devices next to one anot her whi | st novi ng them from the

onl oadi ng p03|t|ontothe of f | oadi n rrethﬁd as Ialrredln

claim 19, indPudi AyMgtiodiasclamed i ?'g'of{tw'%éiagg? Elaty piatiorm Uéi’& Facent

el ectronic deavb&@am*lrbwo‘i&r#s byadmer WHidels 8@apéd te dumsarttm Blegtrahict y of
el ect ron|1(6 dedV| ces fromthe onl oadi ng position to th
evice.

16. A method as claimed in any one of claims 11 to 15, including the step
of aligning the electronic device with respect to the holder before placing it on
the holder.

15
17. A method as claimed in any one of claims 11 to 16, wherein inspection
of the first surface of the electronic device and inspection of the second
surface of the electronic device are carried out at positions that are offset from
each other.

20
18. A method as claimed in any one of claims 11 to 17, wherein inspection
the first surface of the electronic device and inspection of the second surface
of the electronic device are carried out at the same position.

25 19. A method as claimed in any one of claims 11 to 18, including arranging
a plurality of electronic devices next to one another whilst moving them from
the onloading position to the offloading position.

20. A method as claimed in claim 19, including pushing an electronic

30 device against an adjacent electronic device supported by the holder so as to
move the plurality of electronic devices from the onloading position to the
offloading position.



of fl oadi ng position. -17 21. An ejection nechanismfor separating an

el ectronic device froman adhesive surface of an adhesive tape on which it
is mounted, conprising: an ejector pin for pushing and lifting the

el ectronic device in a direction away fromthe adhesive surface on which it
I's mounted; 5 an ejector cap operative to support the adhesive tape and

el ectronic device during said pushing and lifting; and a flange at a
position where the electronic device is Hligned for engagenent with the
ejector pin for abutting the electronic device and partially |lifting it. 10

22. An ejectign nechanismas clainmed in claim?21, erein the, eiector cap
el des a hélle. AR CHBFCANTER ST dPE SEBRENG 5heeElotis dyisooina

el ectronic gamédive safsteldianiddhesive tdpe’ S WREh 9 HtinfedD8smpREiRG: Of the hole.
15 23. An ejection mechanismas clainmed in claim?21 or claim22, wherein a

wi dth of the flangeejestamin ripvahiap@ndlifiinghihe etecpnig devigenn @ ditagior| ect roni ¢
devi ce. 24. ] | ' ' | one of clains 21 to 23,
20 wherein a’éplag%‘rﬁ)ﬁ g‘%rﬁdﬁ?‘i??%gé&%@n ?B%Pgﬁlgnr% eq?éybet ween one-third to two-
thirds of 5a thi ckaesfectdr tdpeopérative tnisopptey ttecadliEsiveNape pgral efeasorfior

of f| oadi ng el ectroni.c devi ceﬁ, for ﬁ.h_orage conprising: a plurality of

contai ners i FeWGP AHreg said PYsNipo ABgiNg 47Y storable; 25 a platform

configured to recgifghdehat M Wosltibh YwhéreC @it didtfohic WBAESIi® alRmed fpntai ner
i ncl udes a nmechani sm for detachably nounti ng the container to the platform

and a pi ck- ugngasepentivith the eieatey rif fosaputlispdbe plgstronip dgvicegnd Rariady ect r oni ¢
device into zﬁﬂ%gq{)e of the containers, or to another |ocation. 30
10
22.  An ejection mechanism as claimed in claim 21, wherein the ejector cap
includes a hole through which the ejector pin passes to engage the electronic

device, and the flange is formed around a perimeter of the hole.

15 23. An ejection mechanism as claimed in claim 21 or claim 22, wherein a
width of the flange is approximately two-thirds of a width of the electronic

device.

24.  An ejection mechanism as claimed in any one of claims 21 to 23,
20 wherein a height of the flange is approximately between one-third to two-

thirds of a thickness of the electronic device.

25.  An apparatus for offloading electronic devices for storage, comprising:
a plurality of containers in which electronic devices are storable;

25 a platform configured to receive the plurality of containers, wherein
each container includes a mechanism for detachably mounting the container
to the platform; and

a pick-up device for picking up and selectively placing each electronic
device into any one of the containers, or to another location.

30
26. An apparatus according to claim 25, wherein the platform is sized to
receive two or more containers of substantially similar maximum widths and
heights.



26. An apparatus according to claim25, wherein the platformis sized to
receive two or nore containers of substantially simlar maxi num w dths and
hei ghts. -18 27. An apparatus according to claim25 or claim26, wherein the
plurality of containers conprise a conbination of tray and tube containers.
28. An apparatus according to any one of clainms 25 to 27, wherein the 5

pl atformincludes one or nore walls arranged between adj acent containers to
whi ch the containers are detachably nountéabl e. 29. An apparatus according to
any one of clainms 25 to 28, including an alignnment guide for aligning the
containers wi.th the platform 10 30. An arat ug_.accor di 0_any_.one of

i ai s 25 0280, AAPRRIAIS Srordng a2 BRI 2w HEATAMNS  ne

el ectroni ¢ deyhtafierd ESHIbNSY & BorbBatiéh 8CkayaHEtuBE CoRafeds © Pi cked up by the
pi ck-up device. 15 31. An apparatus according to claim30, wherein the

pi ck-up device is adapted to selectively place an electronic device into

one or other i t R HfARNAL MRESIGHGCR GhBnb LIRSAR! 25 B B9 Wiehdifthe:

5 platform includes one or more walls arranged between adjacent containers to

which the containers are detachably mountable.

29. An apparatus according to any one of claims 25 to 28, including an
alignment guide for aligning the containers with the platform.

10
30. An apparatus according to any one of claims 25 to 29, including an
inspection apparatus for inspecting the electronic devices from which the

electronic devices are picked up by the pick-up device.

15 31. An apparatus according to claim 30, wherein the pick-up device is
adapted to selectively place an electronic device into one or other of the

containers according to predetermined criteria.




