-1- APPARATUS AND METHOD FOR ALI GNI NG DEVI CES ON CARRIERS Field of the

I nvention 5 The invention relates to the placenent of sem conductor devices
on carriers for various purposes such as for transportation or processing,
and in particular, to the alignnent of the sem conductor devices on said
carriers. 10 Background and Prior Art Sem conductor devices such as Ball
Gid Array ("BGA") packages are usually small in size and are transported
and/ or processed in batches so as to increase operation efficiency. Thus,

they are of App AFPATES ARDMETHOBFOR ALIGNING DEVIEEPON CARRIERS! | on and
processi ng.” EXamnpr €s 0f ProcCessSes carrted out on  BGA packages arranged in
array forminclude sol der paste printing, solder balls attaching and
testing. Er e? i ng of .several or all sem conductor devices in a carrier

si rrultane&é«a—yo—j—@%ﬂﬂﬁ?ﬁ% hi gh throughput, but that in turn requires

preci sg alignment of the devices in the carrier prior to processing. 20 Poor
alignnent of the devices will directly affect the yield of processes
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In a cavi haraRiMO S the Aighmehtnd thé 3bMic¥rducoreides aPematar@érst eceiving a
sem conductor device is used for aligning it wth respect to edges of the
device. In US patent nunber 5,688,127 entitled "Universal Contactor System

for Tﬁ@ti %all i d r.ray (BGA) Devices on Miltiple Handlers and Met hod
Therefor” ,&—8@4&%@%&%&' is described 30 wherein a guide plate has a

cavity that is adapted to receive a BGA package for alignnent. The opening
size of the cavity is reduced gradually fromthe device entrance FOi nt to

the i nner Sesnicpodlepr dawcesislely asTBrl B0A Asek GESAI paghngesi any uskalhhar r owi ng
openi ng a@gnélls inals'igenea(li\d"\"a“é1 tF%GSp'oPtESréﬁ)é/o\‘\'aﬂljoéeggeot er batches so as to

increase operation efficiency. Thus, they are often loaded in a carrier in array
15 form for transportation and processing. Examples of processes carried out on
BGA packages arranged in array form include solder paste printing, solder
balls attaching and testing. Processing of several or all semiconductor
devices in a carrier simultaneously results in high throughput, but that in turn
requires precise alignment of the devices in the carrier prior to processing.
20 Poor alignment of the devices will directly affect the yield of processes
subsequent to alignment. Alignment capability and accuracy becomes even

more critical for fine pitch devices.

Various approaches have been implemented in the prior art to align
25 semiconductor devices on carriers. In a cavity approach, a guiding plate with
a cavity opened for receiving a semiconductor device is used for aligning it
with respect to edges of the device. In US patent number 5,688,127 entitled
“Universal Contactor System for Testing Ball Grid Array (BGA) Devices on
Multiple Handlers and Method Therefor’, a cavity approach is described
30 wherein a guide plate has a cavity that is adapted to receive a BGA package
for alignment. The opening size of the cavity is reduced gradually from the
device entrance point to the inner portion of the cavity. The BGA package is
guided by the narrowing opening and is aligned with the interior walls of the

cavity at the inner portion.



cavity at the inner portion. -2 A problemw th this approach is that a

cl earance nust exi st between the BGA package and interior walls of the
cavity to avoid jamm ng of the device. Al so, additional clearance should be
added to acconmmpdate any variation in shzes 5 of different BGA packages
resulting froma prior singulation process. The resultant clearance between
t he BGA package and cavity may result in poor alignnment. Furthernore, the
guiding interaction between the interior walls of the cavity and BGA

packages Oﬁwrdbﬁ’é’rﬁﬂz\/lﬂpﬂﬁ@bb?bédh' i5ithat ®cledirah @ aluspBxiat beﬂé’é‘é?ﬁﬂﬁaSB@PeC' ally
if the initial msalignnen | arge. 10 Alternatively, in a pin approach,
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approach, thewcavity 'aHde mpﬁer@wk@gegrmaf/ocramé potedtightitidgsemarisshtionobf devi ce,
with the carrier having the sane pattern of apertures at each landing site

for the s®@ckageriesprciabyil trssinitig)anisalignment i l¥geseni conduct or devi ces and
carri ef@ are pre-aligned, with pins passing through the apertures of both
parts To assist alignnment. 25 This approach has the shortcom ng that holes

have to belfephamaiy,nin he piverippesetict Wo devinde®, piis Clrer ededeso t Aiigrar ea
avai | abl e for placing input/output connections, Al so, the holes reduce t he
area avai ISEANEORGCtRr d%‘ﬂ%‘ﬁ withdapred tpiacsarigr tHEh aeeTtues fatrpeddn both
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unl ess the pins an pertures
approach to align semlconductor devices with respect to a carrier is described

15 in US patent application number 6,338,297 entitled “Precise and Rapid
Positioning Mechanism for Stencil Printing” and US patent publication number
2003/042626A1 entitled “Method of Ball Grid Array (BGA) Alignment, Method
of Testing, Alignment Apparatus and Semiconductor Device Assembly”.
According to the pin approach, two or more apertures are formed in each

20 semiconductor device, with the carrier having the same pattern of apertures at
each landing site for the semiconductor devices. Apertures in the
semiconductor devices and carrier are pre-aligned, with pins passing through

the apertures of both parts to assist alignment.

25 This approach has the shortcoming that holes have to be formed in the
semiconductor devices, which reduces the area available for placing
input/output connections. Also, the holes reduce the area available for a
suction cup to pick up the devices during pick-and-place operations using
vacuum suction. Another shortcoming is that unless the pins and apertures in

30 both semiconductor devices and carriers have minimal clearance, precise
alignment cannot be achieved. However, it becomes very difficult, if not
impossible, to align a plurality of semiconductor devices with the carrier by
automated means if the pins and apertures are of similar size so that they fit

tightly. This may require manual alignment that is not preferable for high



30 both sem conductor devices and carriers have mnimal clearance, precise
al i gnnent cannot be achi eved. However, it becones very difficult, if not

i npossible, to align a plurality of sem conductor devices with the carrier
by automated neans if the pins and apegtures are of simlar size so that
they fit tightly. This may require manual alignnent that is not preferable
for high -3 volune, production.. Even if  autonmated neans can be |ied, the
striking SPUERSTEaERn EVET T Al ST odl b8 B Tsflat Rufia of

sem condugh@rpifs\ihee sorreEporiding eapetess idl undlighefds@hicdnduert déiced Sunmmary
of the Invention It is therefore an object of the present invention to seek
to provi dénancaugspaetential titro aedistaration. al i gni ng seni conduct or devi ces on
carriers that avoid the above di sadvantages of the prior art. 10 Accordi ng
to a first aspect of the invention, there is provided an apparatus for

al i gni By BUrhthad) bf thedhvestidreonduct or devi ces pl aced on a carrier,
conprising: alignnent guides |ocated adjacent to each device in use, and
arranged such that they correspond to a desired alignnent of each

sem condu eCES - POSit Lani Vi i §J -l i of
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sem conducipparasta¥i aed méttodclonadlighing spafi@driduetdrodevies tdre camidrs ithat ng
device and holders to bhias the semnm conductor devices agai nst the alignnent
gui des t o &yPikineakoverdisadwantageriattherrriRdartes until they are aligned with
sai d i gnnment guides. 20 According to a second aspect of the invention,
there I's provided a nethod for aligning a plurality of sem conductor

devi ces plAspedding ta acfinst Bspectadithe iisiengion, thecatis peovidéd)yaneapipagatugder adj acent
to each seni conductor device, the alignnment guides being arranged such that
they corr é4igbhg 2 Plaliysefr samisgndyctgn feMices ilagrth o8 enfabitaue?mPTIEBg ce;

hol di ng eagRnAfif GRMLLCIREtENHSBent to each device in use, and arranged such

that they correspond to a desired alignment of each semiconductor device; a

15 positioning device comprising a plurality of holders, each holder being
configured to generate a force to hold a semiconductor device; and actuators
operative to move the positioning device and holders to bias the
semiconductor devices against the alignment guides to orientate the
semiconductor devices until they are aligned with said alignment guides.

20
According to a second aspect of the invention, there is provided a method for
aligning a plurality of semiconductor devices placed on a carrier, comprising:
locating alignment guides adjacent to each semiconductor device, the
alignment guides being arranged such that they correspond to a desired

25 alignment of each semiconductor device; holding each semiconductor device
with a force generated from a holder amongst a plurality of holders comprised
in a positioning device; and moving the positioning device and holders with
actuators to bias the semiconductor devices against the alignment guides to
orientate the semiconductor devices until they are aligned with said alignment

30 guides.

It will be convenient to hereinafter describe the invention in greater detail by
reference to the accompanying drawings which illustrate one embodiment of

the invention. The particularity of the drawings and the related description is



with a force generated froma hol der anongst a plurality of holders
conprised in a positioning device; and noving the positioning device and
hol ders with actuators to bias the sem conductor devices agai nst the
alignment guides to orientate the senm ganductor devices until they are
aligned with said alignment 30 guides. It will be convenient to hereinafter
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parti cul argftiye m‘vehﬁen dsaldfingd byneetdnsinisel at ed description is -4 not to be
under st ood as superseding the generality of the broad identification of the
invention as defined by the claims. Brief Description of the Drawi ngs 5

Exanpl es grié?r%s%ﬁéﬁgn SWbO@@BQSOf the apparatus and nmethod for aligning
sem condu e wth the invention will now be descri bed

with rference to the acconpanying drawings, in which: 10 FIG 1 is an
isonmetric view of a push block according to a first preferred enbodl ment of

the i nvent®@MPIRS ©f W?fégﬁgleéng%m%\tﬁ el W@B{f meshedider aligniik f or
al i gnnent ¢ %fmléfﬁﬂlfd?&da’&;lé’és HeYisRs n&al @ItE%&é %\%’ﬁtibﬁ%ﬁ‘hbw é{'d%@’cﬁ’éecf" carrier

that i ncorporates reference edges or evice alignment that

pr ef or med witht eefétemcedo the accdrhgandng siraningspimewhich: vi ew of an upper surface
of atop clanp that incorporates a plurality of pre-aligned guiding edges
nounted onto the top clanp; 20 FIG 4 is an isonetric view of an underside

of thgot ofF @, s L o'n?et aw}?é\ﬁdoft difcked étg i fAiFk Yerdrhgy carrier;
FI G gol sn:a@'pl an vi e\I/\S/ 0 ﬁﬁe top c rrp posi '[KI o(r:1 | \9e t%]e carrlféerr and push
25 bl ock; embodiment of the invention, with flexible suction cups mounted on the push

block for alignment of semiconductor devices;

FIG. 2 is an isometric view of a carrier that incorporates reference edges for

15  device alignment that are preformed into the carrier;

FIG. 3 is an isometric view of an upper surface of a top clamp that

incorporates a plurality of pre-aligned guiding edges mounted onto the top

clamp;
20
FIG. 4 is an isometric view of an underside of the top clamp that is adapted to
engage an upper surface of the carrier;
FIG. 5 is a plan view of the top clamp positioned over the carrier and push
25  Dblock;
FIGs. 6A-D illustrate an operation sequence of a method for aligning the
semiconductor devices in the carrier according to the first embodiment of the
invention;
30

FIGs. 7A-B show top and side views of a flexible suction cup of the push block

performing alignment of a semiconductor device;

FIG. 8 is an isometric view of a carrier comprising grippers;



FIGs. 6A-Dillustrate an operation sequence of a nethod for aligning the
sem conduct or devices in the carrier according to the first enbodi nent of
the invention; 30 FIGs. 7A-B show top and side views of a flexible suction
cup of the push block performng aligngent of a sem conductor device; FIG
8 is an isonmetric view of a carrier conprising grippers; -5 FIGs. 9A-D
illustrate an operation sequence of a nmethod for aligning sem conductor
devices in a carrier conprising grippers; 5 FIG 10 is an isonetric view of
a push bl ;e@sacgADiimgstiae aaneopsrhtiphefsequedce eabedimethodoffoit hatigniigent i on,
with rigid suction rings nounted on the push block for alignnent of

seni conduSEBHCRRAUERISdeVIGRS ipasarrie] SOBMPSBIE 9§ Peafd side views of a rigid
suction ring of the push block 10 perform ng alignment of a sem conduct or
device. Detailed Description of the Preferred Enbodinent FIG 1 is an

i sonet 5i ¢ AIGew0ads am iBoRetii®wieng oflavius, bisok Bcesrding to Bl sstlond hrefetfedaccor di ng
to a first preferred enbadi nent of the invention, with holders conprising
resilient erﬁ‘@ﬁPQﬂ"ﬂiGn&LﬂfftﬁﬁéﬁVﬁ’ﬂ{'%éN'fer'ﬂi%ﬁuﬁ%ﬂ ringatmaHated eRitheePustuct i on
cups 13 NW icasl gyyrent of semiconductor devices
2. Each ho ek?@rgﬁ%%rﬂﬁpgﬁf%ﬁicgﬁg%%@th{/alcgé,f orce to hold a sem conductor
device 2. The push block 12 can be noved in both the X and 20 Y directions

by act uat , in the form of and. Y actuators 14, 15 respectively, during
ol i grrent P15, AL SHAUCORAN HIA8 asIob AOISH SHRIORNGIS 1he GUSHDISG ent | on

arr aygnof b q}ﬁq i i nted onto the push block 12 which
can rrzge é)sefrﬂloﬁﬁfgf)qﬁh eérgz%;r?gé%ﬁg%ﬁgg?tﬁgggyﬁ ach sem conductor device 2 will
be held by a suction cup 13 as the push block 12 is noved upwards by an
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FIG. 1 is an isometric view of a positioning device, such as push block 12,
15 according to a first preferred embodiment of the invention, with holders
comprising resilient holding surfaces in the form of resilient and flexible
suction cups 13 mounted on the push block 12 for alignment of semiconductor
devices 2. Each holder is configured to generate a force to hold a
semiconductor device 2. The push block 12 can be moved in both the X and
20 Y directions by actuators, in the form of X and Y actuators 14, 15 respectively,

during alignment.

In accordance with the said embodiment of the present invention, arrays of
flexible suction cups 13 are mounted onto the push block 12 which can move

25 in both the X and Y directions. Each semiconductor device 2 will be held by a
suction cup 13 as the push block 12 is moved upwards by an elevator (not
shown) into contact with the devices 2. Suction cup vacuum should be
activated as the push block 12 is moved upward, so as to prevent the
dislodgement of devices 2 from their positions on a carrier at the moment

30 when the suction cup 13 contacts the devices 2. The softness of the flexible
suction cups 13 further reduces the likelihood of dislodgement of the devices
2.



activated as the push block 12 is noved upward, so as to prevent the

di sl odgenent of devices 2 fromtheir positions on a carrier at the nonment 30
when the suction cup 13 contacts the devices 2. The softness of the flexible
suction cups 13 further reduces the |ikglihood of dislodgenment of the
devices 2. -6 FIG 2 is an isonetric view of a carrier 1 that incorporates
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device 2. Each pocket 3 has 5 a center opening for the flexible suction cups
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edges 17 are preformed into the carrier wWth ti ght di nensi onal, tol erance

control . le@nﬂem@déh@eswgégdm¢toar®wm@dfrvw thec Rofieexet the regirierafli gnnent
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ot her used for a I gnnent on Yefence e can 15
conpri se @uand bguadeed svithin fha pdcket 3o yresfemgrice etdgm;l Skpcthusgmm theont r ol
whi ch are |nherent y built into the carrier 1. Alternatively, reference

gui des cayppert 86 by a clanping plate or top clanmp with pre-aligned
gui diRg edges or points nmounted. 20 FIG 3 is an isonmetric view of an upper
surface of a clanping plate in the form of a top clanp 18 that i ncorporates
a plural i thheofef@reacaledgesd 7garedirafpregeintd e ceﬁﬁenmumtretlgrmmmehb.nabp cl anmp

18. Each rrier pocket rovi ded e 19, .20 when
the top ol PaTEacbu0 JRTEsSTFHe ScaPe: U araatiechibdad PockBna Bl o 1 or

al i gni ng tdRgnAft ©F ehbh deSick 2WithdnLlséd fbrtdIgnfiditin %th X direction and
the other used for alignment in the Y direction. The reference edges 17 can

15 comprise guiding edges or points, formed with precise dimensional control,

which are inherently built into the carrier 1. Alternatively, reference guides

can be provided by a clamping plate or top clamp with pre-aligned guiding

edges or points mounted.

20 FIG. 3 is an isometric view of an upper surface of a clamping plate in the form
of a top clamp 18 that incorporates a plurality of pre-aligned guiding edges 19,
20 mounted onto the top clamp 18. Each carrier pocket 3 is provided with two
guiding edges 19, 20 when the top clamp 18 is placed onto the carrier, with
one 19 responsible for aligning the device in the X direction and the other 20
25 for aligning the device in the Y direction.

FIG. 4 is an isometric view of an underside of the top clamp 18 that is adapted
to engage an upper surface of the carrier 1. Some carriers such as plastic
JEDEC trays may have large warpage after experiencing repeated reflow
30 processes in an oven. This will create an uneven height for devices across the
carrier 1. The consequence is that the suction cups 13 may not be able to
reach some of the devices 2 which are much higher due to carrier warpage.
Meanwhile, if the height of the push block 12 is raised to accommodate the

heights of the above devices 2, suction cups 13 corresponding to pockets 3 at



25 for aligning the device in the Y direction. FIG 4 is an isonetric view
of an underside of the top clanp 18 that is adapted to engage an upper
surface of the carrier 1. Sonme carriers such as plastic JEDEC trays nay
have | arge warpage after experiencing repeated reflow 30 processes in an
oven. This wll create an uneven height for devices across the carrier 1.
The consequence, i.s, that the s Lon 3.ma ot _he able.t reach sone
of “the dedioras neGhf CRY.cA I ONITRERPa R MR MR Ao 3 ol Biar e,
if the heiegbbssiVe her-passl bitoeke bdckstsr Bi Trerefereait (o pdsed tdRavédei ghts of
t he above devices 2, suction cups 13 corresponding to pockets 3 at -7 nornmal

hei ght nmaglarapiss aieshaalserearPlyf adieyeling forée gmtehthepsakeers 13 piige to

excessi ve ﬂéﬁﬁk%{avel into the pockets 3. Therefore it is proposed to have a
cl anpi ng fe anismapply a leveling force onto the carrier 1 prior to
alignngnt. 5 Described belowis a nethod to flatten or level the carrier 1.
Fl exi bl e stoppers 21, for exanple air cylinder rods, are nmounted onto the
top cl anp Describgd pelawis @ anethed ta ﬂaagmo,ﬁée\tﬂh the eafigsylorFlexiklasteppetse t op
clanmp 18 iS5 | [ 0 j ' ingmﬁgpinst t he
carrier 1 rg%¥§ﬁ§qub&@ﬁﬁmT%gi%%§’%hgﬁ?gkﬁ%%&ﬁﬁggégﬁﬁifﬂ¥ﬁé%é%nveyor track

22. Ri gi dtipé sarris 1aresting wnt & dooveydr taacR 2 tive tsgkclathp P8 ¢ Riwadred datwrposi ti ons
near the flexible stoppers 21. FIG 5 is_a plan view of the top clanp 18
posi t i onedvitytie flendbleaptopaers)2h paesing agaist the xarmer b feamghedrP @ndoves up,

the rikgi dpi CORe, | i cay: Liqel: r tt.om and
te 1R AU Rty Feaddin i RE30hy By dnrdchezs C Rigiing 16 hABEdPTL ANC
hgi ght andheppﬁhrb&rdf}%,:‘mefedabﬂb | ¢ pa?itiggsnetar ttmlﬂeﬁblb%qpmrsdadr. dﬁl@ssﬂ ng. f One
advantage .is that the exibility of the stoppers 21 provides ing for
the carri 3 aPlamyiew of heder Glamp 18asiianed e¥Frithe cegier tradpUSh bi;@ push
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carrier 1 from the bottom and lift the carrier 1 from the conveyor track level to
15 a plane at a defined height and coplanarity for device alignment and
subsequent processing. One advantage is that the flexibility of the stoppers
21 provides damping for the carrier 1 when it comes into contact with the top
clamp 18 and push block 12, to avoid devices 2 jumping out of the pockets 3
due to impact. Another advantage is that it allows the carrier 1 to be kept in a
20 flattened state during its lifting from the conveyor track height to the defined

level for alignment and processing.

FIGs. 6A-D illustrate an operation sequence of a method for aligning the
semiconductor devices 2 in the carrier 1 according to the first embodiment of
25 the invention. In FIG. 6A, semiconductor devices 2 in the carrier 1 are
transported to a position above the push block 12 and are placed on the

conveyor track 22.

In FIG. 6B, a top clamp 18 with flexible stoppers 21 and guiding edges 19, 20
30 is lowered down to flatten the carrier 1 against the conveyor track 22. The
flexibility of the stoppers 21 provides damping for the carrier 1 when it comes
into contact with the top clamp 18, thus preventing devices 2 from jumping out

of the carrier pockets 3.



20 flattened state during its lifting fromthe conveyor track height to the
defined level for alignnment and processing. FIG. 6A-Dillustrate an

operation sequence of a method for aligning the sem conductor devices 2 in
the carrier 1 according to the first enpgadi ment of 25 the invention. In FIG
6A, sem conductor devices 2 in the carrier 1 are transported to a positi on

above the |l ock, 12 and e conv ragk 22. FI G
on's ¢ op IFG, BLa it Ploits’ el A5 pacillrd 3R, P K Riodd 35 de Favddo™ 55 i 6
| ower ed dQIWWer tfyI éﬁfe%vdtdite(mfslhb&fn 1toaﬁf&UDSthetdtﬁn§pm\'f&yrﬁfthbr@ﬁk/e?@r The
flexi b|||ty of the stoppers 21 provides danping for the carrier 1 when it
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|l evel by the rigid pins 16 towards the top clanp 18. Due to the flexibility

of the st &gpdeondugter gdpuices? @rankeld dy ﬁH@tl%ﬂupérﬁ againgh the SHRREFS kept
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sem conductor devices suction cups ar nst € support
surface 4 2¥andthecedrrieen. 1. There is a cl earance 23 bet ween t he conveyor
track 22 and the carrier 1. 10 In FIG 6D, the push block 12 travels in
both the X and Y directions (not shown for the Y direction) by actuators

14, 13g2l ijgnag; aé@”ﬂwé gﬁs% G196k Y2 ﬁ%g&%ﬁhoﬁ&hrﬁ%ﬁ?ﬁ%béf:ﬁ@ipuﬁpg% §t the

sem conduct or devitce are | ased e pus t he

suction ctﬁh@m&sf(ﬁgmens’tdntétmo@tylby agtuattyes14,195 Aligned albagttbp Xlamp Y18 for
alignment. .The sem conduct or ngw ces are 15 biased and orl entated until they

are ali gnéﬂlfe\ﬁ'Pﬂs FRIP]AHVEY the sepyconuciel deYgPS 2 BffebBsRAhduct or
gitvl,;firﬁt%%‘%ér@?gﬁ%géﬁﬁe?gﬁ’ %‘ué léuetrbrﬁcuﬁé 3BCaMInbtheCElibiing edgend the
19, 20 in the top clamp 18 for alignment. The semiconductor devices are
15 biased and orientated until they are aligned with the guiding edges 19, 20.
Accordingly, the semiconductor devices 2 are arranged substantially on a
plane on the carrier 1, and the actuators 14, 15 are operative to move the
push block 12 and suction cups 13 along a plane that is substantially parallel
to the plane on which the semiconductor devices 2 are arranged. Movement
20 of the semiconductor devices 2 is facilitated by controlling the suction cup
vacuum to an appropriate level to reduce the sliding friction between the

devices 2 and support surface 4 of the carrier 1 for alignment.

Once the semiconductor devices 2 are aligned with the reference edges 17,
25 suction cup vacuum is set to a high level to prevent dislocation of the
semiconductor devices 2 in subsequent processing. Preferably, the top clamp
18 comprises opening corresponding to positions of the devices 2 on the
carrier 1, whereby the devices 2 are accessible through the top clamp 18 after
engagement of the top clamp 18 to the carrier 1.
30
FIGs. 7A-B show top and side views of a flexible suction cup 13 of the push

block 12 performing alignment of a semiconductor device 2.



push bl ock 12 and suction cups 13 along a plane that is substantially
parallel to the plane on which the sem conductor devices 2 are arranged.
Movenent 20 of the sem conductor devices 2 is facilitated by controlling the
suction cup vacuumto an appropriate Lgvel to reduce the sliding friction
bet ween the devices 2 and support surface 4 of the carrier 1 for alignnent.

25 suct 1 o 1Bug VALt 1 S6uEE 2.8 gRet T9EP 1 o bBnl “BreRaRRE ot e
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18 conprlses openi ng corresponding to positions of the devices 2 on the
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perforgi ngn@tidrgua@weteanneaims@aducth@tsugp@rﬂt sarface 4%fRh&.cafdershovigith he
device 2 in a pocket 3 prior to alignnent. A clearance 24 exists between

the gui di r@gS@Bglégtlngmaélml@Hw frwélogeﬁss Hemaush Slodkela soves inghe o apg Yaj | gnnent
of the seny;caRGhCtBh AR it e|¥ re\ﬁ?&“gcg@,regu c;{hgh%mf&%uﬁtbgtgé’&k(g p13is

controlled to an appropriate 1Teéve e sli1ding riction between
t he devi ceghigh anel helieby 8ppitart ceps flaaill 4lsyf mioe azpinstehe tefevéide edges
sufficiently snall slldlng friction, as the push block 12 noves in the X and
Y directildnfor eHgrmEst.t he ref erence edges 17, the seniconductor devices 2
whi chsgre held by suction cups 13 will also nove against the reference edges
17 for "alignnent. 10 In FIG 7B, as the push block 12 noves in both the X
and Y dirdatHIGNYB,tdethedpusicdtock tRimdves i belihdthlethémi yuditéctionsyise 13 nove

agai nst the ui dj n edg 9,, 20 in the top cla . Due to the flexible
natUre of GEMEESLEORERT anied:hy MRsFugtin qabs i MPEnagENSS engHIING | he
figure angdJudsi4 eI®YE the top clamp 18. Due to the flexible nature of the suction
cups 13, they can deform in shape as shown in the figure and thus remove
15 the initial misalignment between the device 2 and reference edges 17 to

achieve the required alignment.

After alignment, the vacuum pressure of the suction cups 13 can be controlled
to fix the devices 2 firmly in the aligned position, so as to prevent dislocation

20 of devices 2 in subsequent processing.

The suction cups 13 preferably comprise an antistatic rubber material to

prevent the semiconductor devices 2 from damage by electrostatic discharge.

25 The above mentioned alignment method is especially suitable for carrier
pockets 3 with low profile guiding features. Since the devices 2 are not lifted
from the support surface 4 of the carrier pocket 3, it will not cause the device 2
to jump out of the pocket 3 due to the low profile guiding features. It can be
difficult for a device 2 to return into the pocket 3 once it is lifted up beyond the

30 guiding features.

Also, this method can be modified to handle carriers with grippers to assist the
alignment of devices. FIG. 8 is an isometric view of a carrier 1 comprising

grippers 26. This type of carrier 1 has a gripper 26 with a gripper handle 27



15 the initial msalignment between the device 2 and reference edges 17 to
achieve the required alignnent. After alignnent, the vacuum pressure of the
suction cups 13 can be controlled to fix the devices 2 firmy in the

al igned position, so as to prevent dislqgation 20 of devices 2 in
subsequent processing. The suction cups 13 preferably conprise an antistatic

bb i . h i,cond devi f d b
Gl ect rost 419 WalipS P e entA e RBS T R st S an TREDABRRT S
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features. Since the devices 2 are not lifted fromthe support surface 4 of
t he carri etevinsclostards one ofithe referenceuedgehd’ dethecpockettd thuspneof the t he

pocket 3 dye.to 0 refl i di . (fficult for a
vt ce 5 (e apdSs 1 8P RRBOIAE, B S 3% 8fiGBer hondiBlhr Sne Hidieft 50

gui di ng f 8 willese opbRed td hdisas@tHindeiass Qerrdm@iafmpmg; anbanglgeippersr2@rs with

grippers to assist the alignnent of devices. FIG is an isonetric view of

a carrier CEncbapesired to ghe slempingestataiby thepgenberendrestoring fiesee aftgri pper 26
with a gri r.gﬁ'@?l .27 S |l as built-in reference edges 17 at each
carrier porgﬁa Iy @'pé’ﬁr?)‘%gg%z%ﬂei s arranged such that it is biased towards
the devices 2 and first pushes the device towards one of the reference

edges 17 in the pocket 3, thus one of the device edges is self-aligned. By
pushi ng t heo ghgrpg’@ refaAINg edge cha dpvighéris the sarmgri T WHB ageEpRer 2% 3 el ease

t he dgyi ces. r i h I ) e t he

ol anpi . STEPer SGRRE T Sfownthalr e BeBBRES with 4P BLSH HIGR P200THE

gri pper hagnpper pishé&p nddy be ddteatedrmy), fongxadge ah ar dgindee, © oper lilee carri er

1 with a gripper. 26, a 10 g1r_i pfper pusher (not shown) may be integrated with
the push HIRPer 28. T cariaspels asiratienad by thetopelertp 1Y anddusbbifske an air

o o, 18 IRl PP duch Base B sdod potESt, TR ARRCY (e
each pockgtusher Then grusphpsrthe gripper handle 27 to release the device 2 from the
15 clamping gripper 26. Without the clamping force from the gripper 26, the
device 2 is free to align with the remaining reference edge 17 of the pocket as
the push block 12 travels. Finally the gripper pusher releases the gripper
handle 27 to allow the gripper 26 to restore itself to its clamping state to self-
align the devices 2 with the previous reference edge 17 of the pockets 3. In

20 this way, both edges of the devices 2 are aligned.

FIGs. 9A-D illustrate an operation sequence of a method for aligning

semiconductor devices 2 in a carrier 1 comprising grippers 26.

25 In FIG. 9A, the device 2 is clamped by the gripper 26 in the carrier pocket.
There is a clearance 28 between the reference edge 17 and the device 2. In
FIG. 9B, the gripper pusher (not shown) opens the gripper 26 in the pocket 3
by pushing the gripper handle 27, to free the device 2 from clamping. This
creates a clearance 29 between the gripper 26 and the device 2. In FIG. 9C,
30 the push block 12 moves in the X direction, and so the suction cup 13 pulls
the device 2 in the same direction to align the device 2 with an X reference
edge 17 of the pocket 3. In FIG. 9D, the gripper pusher releases the gripper
handle 27. The gripper 26 restores itself to its clamping state to self-align the

device 2 with the Y reference edge 17 of the pocket 3, while the left edge of



pusher then pushes the gripper handle 27 to release the device 2 fromthe 15
cl anpi ng gripper 26. Wthout the clanping force fromthe gripper 26, the
device 2 is free to align with the remaining reference edge 17 of the pocket
as the push block 12 travels. Finally fhe gripper pusher releases the
gripper handle 27 to allow the gripper 26 to restore itself to its clanping

state to self- al i nthe evices, 2 with t r sre erence edge 17 of
t he pockett8elevice 2@ | gewaw C!ﬂﬁenc%’atﬁég“@ﬁ ﬁ}?e? £d QPeog Yned.
FI Gs. 9A- '%drhérbﬁf/ frt r%s?d?’u F@é fn@lﬂcé@%&!qﬁéﬁe%l@swm g pg_aligning

sem conduct or Ices 2 | carrier 1 conprising grippers 26. 25 In FIG
9A, the device 2 is clanped by the gripper 26 |n the carrier pocket There
is a cl ear c 8 bet ween {he refe?ence dﬂg) nd t he device 2. FI G
9B, the gr' Epe? puisHErSYRGYICs HEWh T op S € gpae@% NOnta Re SBEVIEL 3 by

pushi ng t NGefirtdiPEmbBaMEER of the ivdritiop, With rgﬁd"sﬁétlc?n fihgsnsel MBRh#RA: onlhi S

creates a clearance 29 between the gripper evice 2. In FIG 9C
30 the pughelpusbibldck hdfarsalignment oXsdimieriductor devites®.t he suction cup 13
pulls the device 2 in the sane direction to align the device 2 with an X
reference edge 17 of the pocket 3. In FIG 9D, the gripper pusher rel eases

the grippess déﬁlﬁﬂéﬂ %oveTEewéll bBH@éIIe’tﬁhélgﬁf of the dérﬁ@r' §u§7dbr$ &Lﬁfé%eaﬁfﬁ’é[(ng state

to self-align devi ce ference edge t he pocket 3,
whi | e t he driical mllgihgnfnentbftdteu@sv?cas well sassftarIsJublseQUemtnpnolcessngohk@ct with

the left i d , f th [ th t duced by th
e 5L SPeehRnB0R8. Hoiler S bl helifid 85 b30adnl BLe aiesc, "L,
accor di ng thay &ot b€ p50\ﬂ6é*ftﬁé rreau@éa)@éhg@fétnt cn‘engsmeoﬂ tlmée\mrm@ caWiep rigid
suction rlngs 30 nmounted on the push 12 for alignnment of

sem conducﬁlmpodesurfwgsz‘r due t@létz%hirlﬁatjomofxme tabvieatio pragessiasdhadiigiht of the
carrier s Eortt surf qs critical (ﬁr al i gnment Olf devices 2 as well as
for subseaﬁ fir@ E)rno%%s énvrg)ve %@"fﬁ G ar'18° NY@wever, some kinds of

carriers, especially plastic carriers, may not able to provide the required

consi stent_height of the various carrier
15 To handle this kind of carrier, there is another embodiment of the invention,

with suction cups replaced by holders comprising rigid holding surfaces,
preferably in the form of rigid enclosed suction rings 30. Each rigid holding
surface or ring 30 is machined with a center cavity to provide suction to a
device 2 from its bottom side. The push block 12 moves upward with the rigid

20  suction ring 30 vacuum on. The rigid suction ring 30 lifts up the device 2 to a
height above the device support surface 4 of the carrier 1, with the device 2
still bounded by the guiding features of the carrier pocket 3. The height of the
top surface of each rigid suction ring 30 is well controlled to provide a
consistent height for each device 2.

25
Prior to alignment of semiconductor devices 2, vacuum pressure of the rigid
suction rings 30 is controlled to an appropriate level, to reduce the sliding
friction between the devices 2 and suction rings 30. As the push block 12
moves towards the reference edges 17 in both the X and Y directions, the

30 semiconductor devices 2 which are held by the suction rings will also move
against the reference edges 17 for alignment. With a sufficiently low sliding
friction, unaligned devices 2 can slide and orientate relative to the rigid suction
rings 30 to remove any initial misalignment with respect to the reference

edges 17. The result is alignment of all devices 2 in the carrier 1



support surfaces 4 due to the limtations of the fabrication process or the
high fabrication cost involved for good carrier dinensional control. 15 To
handl e this kind of carrier, there is another enbodi mrent of the invention,
wi th suction cups replaced by hol ders rising rigid holding surfaces,
preferably in the formof rigid enclosed suction rings 30. Each rigid

hol ding surface or ri 30 i chined with a center cayity to proyide
suction t SIEUTERSAUSY-2 M The Berieenrst/GesuPRREs R 1B Sk SYBarey 8t upvar d
Wi th the rgirhi?Quatiért firfds 56 NEeHigHS YTRLHeviddS 2Td0i 5k WefCoRftoliédg 30 1ifts
up the device™2 to a height above the device support surface 4 of the

carrier 1, with the device 2 still bounded by the guiding features of the
carrier pagket 3. The height of the urface of ea rigid sugtion ring
30 1 s wel TR TRPinCB pad s Praralioe B BF satriaref gr Byt WllehritiPee 2. 5o
Prior 50 gtdraRERatter0theSRWF PHHUST IR JlRYihG @RIgés MADOUTeNhfd Sutdfarddre rigid
suction rings 30 is controlled to an apProprl ate level, to reduce the
sliding fsa as toredusevibehkelifwatesf titng of heddevieas dnvhamifie dyicess? ahe push

bl ock 12 noves towards,. the reference edges, 17 in both th d

di r ect | ondog2sBUII i Beb e doneEtBs ok uidndcidhsia fay2Ber e on
rings w llg¥sequeRvalignigsttiiztiohbe reference edges 17 for alignment. Wth a
sufficiently | ow sliéllng friction, unaligned devices 2 can slide and

orientate relative to the rigid suction rings 30 to renove any initial

m sal i,gn Wt espec o the reference .edges 17. .The result i

21 anriEht ToBsa 1TABUTREE tod PRt el St o | SRSkl van sl e Wh, as ¢ he
devi ces 2 1spek $2pReotRhgalignttetalt aSsérhideRguetbr deligert.gi d suction rings 30,
the heights of the devices 2 can be well controlled. The reference edges can

be provided by the carrier 1 or by the top clanp 18. 5 For the latter, the
the 11 kel iigd g1 SHS G <BHRE ber fEalinblE THEnE BIEONRLES, B8RSR 20, 1™ °
rai sed intjg liftee flonmiskacyrridefsuppdrttyurtaee Qandidgussieesd dR thefop surfade
15  of the rigid suction ring 30, thus its height can be precisely controlled by the
rigid suction ring 30. The heights of the devices 2 will not be affected by poor
dimensional control of the carrier 1, but will still be guided by the pockets 3.
There is a clearance 24 between the guiding edges 19, 20 and the device 2, a
clearance 25 between the conveyor track 22 and the carrier 1, and a

20 clearance 31 between the device 2 and the carrier 1.

FIG. 11B shows the device 2 being aligned with the reference edges 19, 20.
The vacuum level of the rigid ring 30 is controlled to an appropriate level in
order to achieve a sufficiently small sliding friction. This enables the
25 semiconductor device 2 to slide over the top surface of rigid suction ring 30
and thus be aligned with guiding edges 19, 20 in the top clamp 18 when the
push block 12 travels in both the X and Y directions. Accordingly, the
semiconductor devices 2 are arranged substantially on a plane on the rigid
suction rings 30 instead of the carrier 1, and the actuators 14, 15 are
30 operative to move the push block 12 and rigid suction rings 30 along a plane
that is substantially parallel to the plane on which the semiconductor devices 2

are arranged.



subsequent alignnment actions. 10 FIGs. 11A-B show top and side views of a

rigid suction ring 30 of the push block 12 perform ng alignnment of a

sem conductor device 1. FIG 11A shows the device 2 prior to alignnment. The

sem conductor device 2 is |lifted from4{de carrier support surface 4 and is

supported on the top surface 15 of the rigid suction ring 30, thus its
controlled b id suct] The

hei ght can, be preci sel t ri nring 3

el ght s orA T AT Bs e He R BESsEYe. ot e ethf s A bR EeditaleEont r o
of the cartpifirthd.devidles'? fitmistih kthe BRgrisd pesitibyy, t he pockets 3.  There is a

cl earance 24 between the guiding edges 19, 20 and the device 2, a clearance

25 between the conveyor track 22 and the carrier 1, and a 20 clearance 31

beteet {5 PR Erind SBiTRYB,ASHE S 4,05 19,

30 is @ontmathedwed Bk i peain@tdevicey @itingn or odidRication a@iﬁr?/%ngnmefnii ciently
small sliding friction. This enables the 25 sem conductor device 2 to slide

over the t@pnBaeddedrin art gethadfetilem the syction riagyacHum een BRiuseedoni th
gui di ng egkﬂgﬁ%a%eéﬁﬁgnIO[PIM]?G&‘%%@%L’Q@&%%C en the push block 12 travels in

both the recti ons: he sem conductor devices 2 are
arranged substantially on a plane on the rigid suction rings 30 instead of
the carrier 1, and the actuators 14, 15 are 30 operative to nove the push
bl ock 12 afheudhi dheuruction FinGgeABEOMRNRe JapPuselyPena®f inateligls: dhtisal |y

paral L)t okignRl NGOl (e RTEAAGNEE SIRMLEESIZabg AERaNged

-13 After ‘alignnen e vacuum pressure 0 e suctron rings
cont r ol | edstatio chargdshgernkeratezeana th ipravigeiandutableltosadape ot devicesSitari | ar to
the first enbodi nent of invention, the suction ring approach has a 5 nuch
| oner ri skS!6® @uih§Mhg device tilting or dislocation during alignment
conpared to prior art nmethods. Also, the suction ring vacuum can be used for
tilting detection of the sem conductor devices.

It would be appreciated that the preferred embodiments of the invention offer

15 more precise methods to align a plurality of semiconductor devices as they
serve to minimize the clearance between the devices and reference edges, or
may virtually eliminate the need for such clearance. They also do not require
special alignment features to be made on the semiconductor devices, such as
apertures.

20
The preferred embodiments of the invention do not involve any vertical
guiding interaction between alignment features such as pins or reference
edges and the semiconductor devices. Thus, the risk of device tilting or
dislocation caused by alignment is reduced. Moreover, the designs are

25 simple and cost effective. Instead of having individual alignment mechanisms
for each semiconductor device on the carrier, there is a plurality of flexible
suction cups or rigid rings mounted onto a single positioning table to achieve

precise alignment of all devices.

30 Moreover, the alignment methods are fast because all devices in the carrier
can be aligned together simultaneously and the alignment methods can be
easily adopted by automation means, which makes them suitable for high
volume production. By using flexible suction cups mounted on the push

block, the first embodiment is further capable of handling carriers with low-



Al t hough the suction ring can conprise various types of materials, it is 10
preferable to use netal material with hardened top surfaces, to dissipate
any static charges generated and to provide a durable top surface for
devices to slide on them It would be4qgppreciated that the preferred

enbodi nent s of the invention offer 15 nore precise nethods to align a
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features to be made on the sem conductor devices, such as apertures. 20 The
pr ef er r ed fetirsacanable obhandbing GAETRMP JAr whidbihe AEYICeeSURPBYFAGRS IN gui di ng
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suction ¢ ted onto a single positioning table to
achi eve %feglé'%g%%ggﬁrqeh{eﬁ?&%\{@%? devices. 30 Moreover, the alignnent
net hods are fast because all devices in the carrier can be aligned together
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of handl i E@j Wﬁ'?'F'lﬂé‘F §p'f'g?”‘3vﬁf;%9p 9‘1@9 VedesHiIaN surfaces in the carrier

pockets have poor di nensional height control. To minimze carrier



5 warpage, the preferred enbodi nents of the invention also offer the
advantage of being able to flatten and even out any warpage of the carrier
for nore accurate alignnment of devices. The invention described hereinis
susceptible to variations, nodificatiang and/or 10 additions other than
those specifically described and it is to be understood that the invention
i ncl udes qil | h variations, nodifications and/or additions which fal

Wi t hin theigéﬁﬁit and scope of the above description. -15 CLAIMS: 1.
Apparatus for aligning a plurality of sem conductor devices placed on a
carrier, conprising: 5 alignment guides |ocated adjacent to each device in
use, and drrandwparaiyustor g nlﬂae,wplel(ﬁlme@béﬂ@lq%\dactswervwsaplag@mnta of each

sem condu d j ce: positioning device conprising a plurality of
hol der s, &taagﬂerhgﬁﬁfgfﬁnggi ng configured to generate a force to hold a

sem copgduct or dslignesentauidddioaatedbadiaserntiteredchvdevice Mvse, tdmel poesnhgedni ng
device and holders to bias the sem conductor devices against the alignnent
guides to ssichetheittbey reorrespendo i @ Hepired \aligamantit ¢f e@ﬁ'éyseéﬂ'éoﬁqj‘i‘ﬁﬁéd with
said ali g%.gui des. 2. Apparatus as clained in claim1l, wherein the
plurality of sém conductor 15 devices is arranged substantially on a pl ane,

and the actuators ar.te org)er ti.ve to rlrpve t he, po ti tiﬁni n&gdevi Cﬁv\ﬁn@ hol der s
along a pl ane t?‘la&oﬁ' O S é:lomp 'Sﬂ%ﬂﬁ Pe{raly P @Oﬂ) _ﬁeegﬁ 7 _ﬁrthe
sem CondeBéPrﬁg déNﬂi@ﬁéd%@eﬁéf@é%rc&o Iﬂé%&?éridﬁ:oﬁéu@tbﬂd@ﬁi@e! Anglaim1l or
claim 2, including openings formed 20 in the carrier for the holders to

ext endnt hr ough i } \clmé;;, o‘?@% pidppar at us
as cl giomad in aénéggaofr\?gé E’P@fﬂfggﬁpgﬁg‘ﬁ % 8@%:%”@% eréehf ﬁﬁts\kﬁe gltéebrléQar e
oper at i ve the $erhitonHectee ndeaceiu cgainst ethiec abgropent guidess ta tdreantates tHer ce.

semiconductor devices until they are aligned with said alignment guides.

2. Apparatus as claimed in claim 1, wherein the plurality of semiconductor
15 devices is arranged substantially on a plane, and the actuators are operative
to move the positioning device and holders along a plane that is substantially

parallel to the plane on which the semiconductor devices are arranged.

3. Apparatus as claimed in claim 1 or claim 2, including openings formed
20 in the carrier for the holders to extend through the carrier to hold the

semiconductor devices.

4. Apparatus as claimed in any one of the preceding claims, wherein the
holders are operative to hold the semiconductor devices by vacuum suction

25 force.

5. Apparatus as claimed in claim 4, wherein the holders comprise resilient

holding surfaces.

30 6. Apparatus as claimed in claim 5, wherein the resilient holding surfaces

are made of anti-static rubber material.



5. Apparatus as clainmed in claim4, wherein the holders conprise resilient
hol ding surfaces. 30 6. Apparatus as clained in claim5, wherein the
resilient holding surfaces are made of anti-static rubber material. - 16 7.
Apparatus as clained in any one of clai{g-4 to 6, wherein the holders
conprise rigid holding surfaces with central cavities. 8. Apparatus as

clained in, clai 7 erein. Tl ol dj rf f et al
and each P7i'gi d'@o[f%? é{g%ﬁ;ggﬁég%gdq{%éﬂﬂggnfgptozfﬁﬁﬁg%rg?n g_?e %@%{%t us as
cl ai med i reophig® rigi@hotdiag Bufaced@itidentlaecavigésl hol ding surfaces have top
surfaces that are coplanar. 10 10. Apparatus as clained in any one of the

preceding clainms, wherein the alignnment guides conprise at |east two

ref erence gdges gﬁe i f i gni i devi ce
in at | eas$ t\AoAéﬁ%rrec |%§ng%hﬁﬁ8%%ﬁ1a7tt@ earginctlglgi @%ﬁoﬁo@ﬁ%%ﬁﬁ%%&%% F‘? he

pr ecedbng rahaé o6 matalcdndleach fgidlHoldihgrsuirfage pladtehpeiinedaspsugaeat o t he
carrier and operative to apply a leveling force to flatten the carrier. 12.

Apparatus as clained in claim1l1l, wherein the clanmping plate conprises

openings Gpr resgangbpg L9 Rt iﬂ“&ai‘ﬁ’i 7t BE G &%Hé‘r%‘ir?"thé’?%iiocﬂélﬁ%g” the

carrier, ier eb e sem conductor devices are dccessi bl e tHroug

cl anpi ng purfaeeathizee tepgadaoenthadfaré keplahanpi ng plate to the carrier. 13.
Apparatus as clained in claim1l1l or claim12, including flexible stoppers
coupled to the clanmping plate for engaging the carrier and applying 25 the

level iipg Ty ce. addhrafi¥PAS ldihedSn Uriy &l of pweeggyec%ﬂﬁgolea &l Nﬁgﬂé‘n Qe 13

wherein the alidgnnent guides conprise at t two guid ng edges nounted on
t he cl anmliggnmErtgeides cahpase agleast bno cefederatcoedghsviocmedrorathd earsier t wo

: : _ _ | ai : Eth ; | ai
IdInLFEE: ggsfor glcl)gn]igg aAspéDr%rcgﬁ Sctg?dgvigérirr?gt I'era]\sfa{\]/yo 8|J?§ct%nst. e preceding clains,

11.  Apparatus as claimed in any one of the preceding claims, including a
15 clamping plate positionable onto the carrier and operative to apply a leveling

force to flatten the carrier.

12. Apparatus as claimed in claim 11, wherein the clamping plate
comprises openings corresponding to positions of the semiconductor devices
20 on the carrier, whereby the semiconductor devices are accessible through the

clamping plate after engagement of the clamping plate to the carrier.

13. Apparatus as claimed in claim 11 or claim 12, including flexible
stoppers coupled to the clamping plate for engaging the carrier and applying

25 the leveling force.

14. Apparatus as claimed in any one of claims 11 to 13, wherein the

alignment guides comprise at least two guiding edges mounted on the

clamping plate for aligning a semiconductor device in at least two directions.
30

15.  Apparatus as claimed in any one of the preceding claims, including

grippers coupled to the carrier that are operative to contact and apply a force

on at least one side of a semiconductor device towards at least one of the



grippers coupled to the carrier that are operative to contact and apply a
force on at |east one side of a sem conductor device towards at | east one
of the - 17 alignnment guides and novabl e away fromthe sem conductor device
to release it. 16. Apparatus as claine¢yLn any one of the preceding clains,
including 5 rigid pins coupled to the positioning device for supporting the

For a1 gni A9t OFE, 2of BevpbBaabbl AT ESSE e IREY s foers
conpri si ngeledgelipcati ng al i gnment gui des adj acent to each sem conduct or

device, the alignment guides being arranged such that they correspond to a
desired alignnent of each sem conductor device; holding each sem conduct or

device witfha MBESSARISLAUEML] Oy DALUR A BRGSLIR Blithal du ol dors

conprised I ap I'oni'ng device, oS L1 0ni Ng &di ce and
hol der $ wifidid pirisied@sled o tix positibRingsIvico it utipportie\thearagavneh thae
alignnent guides to orientate the sem conductor devices until they are

al i gned wih9lders arealginadhe sgmierryluciay davigasod as clained in claim 17,
wherein the plurality of sem conductor 20 devices is arranged substantially
on a plane, and the actuators are operative to nove the positioning device
and hol der7.al ddgtrodpfanalignived ai plusalitg tofirdensitbyduqiar delieks tpladdde opl ane on

whi ch the semi conductor devices are arranged. 19. Method as clainmed in claim
17 or cl ai YA™8" GRAPEBIMYt he hol ders 25 generate vacuum suction force to

hol d t sem co L Ol i 2 rgg&] i , erein
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surfaces with ceqtral ﬁavi ties, -18 .
alignment of each semiconductor device;

holding each semiconductor device with a force generated from a

holder amongst a plurality of holders comprised in a positioning device; and

15 moving the positioning device and holders with actuators to bias the
semiconductor devices against the alignment guides to orientate the

semiconductor devices until they are aligned with said alignment guides.

18. Method as claimed in claim 17, wherein the plurality of semiconductor
20 devices is arranged substantially on a plane, and the actuators are operative
to move the positioning device and holders along a plane that is substantially

parallel to the plane on which the semiconductor devices are arranged.

19. Method as claimed in claim 17 or claim 18, wherein the holders

25 generate vacuum suction force to hold the semiconductor devices.

20. Method as claimed in claim 19, wherein the holders comprise resilient

holding surfaces.

30 21. Method as claimed in claim 19 or claim 20, wherein the holders

comprise rigid holding surfaces with central cavities.



22. Method as clained in any one of clains 17 to 21, wherein the alignnment
gui des conprise at least two reference edges fornmed on the carrier for
aligning a sem conductor device in at least two directions. 5 23. Method as
clainmed in any one of clains 17 to 22, {gicther conprising the step of
positioning a clanping plate onto the carrier to apply a leveling force to
flatten t carfh,igr., 24. t hqd. as cl ained.in .clai 3, erein the

2l gnent 2 adeefii At e s BrEugt dlhilingTedge2 il EE e ¢ he

cl anpi ng piRhtndriguiddsUtdripride adRIBSE G6 sfepsndtead @y fofmal dreass caner
directions. 25. Method as clained in ané|one of claims 17 to 24, further

conpr i si ngdof Akgnisg @psaspicapgustPhgewce 4t atlegst tyo fiegelionsne si de of a
sem conductor device 15 towards at | east one of the alignnment guides to
align it against said alignnent guide, and rel easing the sem conductor

devi ce5f r @B . suallefrodcss blafmee inany be df BRiiMESITt todXB, Hgrtk@visiepegidg e ders to
bi as the sem conductor device against the alignment guides.
step of positioning a clamping plate onto the carrier to apply a leveling force to

flatten the carrier.

24.  Method as claimed in claim 23, wherein the alignment guides comprise
10 at least two guiding edges mounted on the clamping plate for aligning a

semiconductor device in at least two directions.

25.  Method as claimed in any one of claims 17 to 24, further comprising the
step of applying a force on at least one side of a semiconductor device
15 towards at least one of the alignment guides to align it against said alignment
guide, and releasing the semiconductor device from such force before moving
the positioning device and holders to bias the semiconductor device against

the alignment guides.





