-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 alignment of he sem conductor devices on said
carriers. 10 Background and Prior Art Sem conductor devices such as Bal
Gid Array ("BGA") packages are usually small in size and are transported
and/ or processed in batches so as to increase operation efficiency. Thus,

Lhey are of igSbARAATS NS WETHOD FOR ALIGKING BEVIEES'ONCARRIERS | on and
processi ng. nged in
array forminclude solder paste printing, solder balls attaching and
testing. Processing of several or all sem conductor devices in a carrier
sinultanedﬂﬁEM1d8§ﬂﬂﬂﬁﬂﬂm.high t hroughput, but that in turn requires
precis% alignment of the devices in the carrier prior to processing. 20 Poor
alignment of the devices will directly affect the yield of processes

subsequent The imdrgioneretated\to dhemiicerapatol sénmicondueior Wedineshes eamsereven
nore critical for fine pitch devices. Various approaches have been

i npl ement el@ri VBRGHS IUrBPSES tSUH AS Jar transponialiondatt RiOcassingeAnsh iBarri ers.
In a cavit ui di ' Vi ] r.receiving a
sem conducg{%@egf?\?’ﬁggh?%hgﬁ@%hp g?ma%a‘f‘egﬂwﬁbgﬁ‘?‘?"%gY'ﬁ&%{&@BS?&]‘fg?{S%é%rges of the
device. In US patent nunber 5,688,127 entitled "Universal Contactor System
for Testing Ball Gid Array (BGA) Devices on Miltiple Handl ers and Met hod
Theref1(§)r",j_|smmap9_éﬁ[o&é0 f i s 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 point to

tshe inner gemficehtiuetor dwvicdtvéioh ad BllESHAd Pari@UBGAS) packages are usually

small in size and are transported and/or processed in batches sc 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 simuitaneously resuits 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 vield 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 entitied
“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.



gui ded by the narrowi ng opening and is aligned with the interior walls of
the cavity at the inner portion. -2- A problemwth this approach is that a
cl earance nust exi st between the BGA package and interior walls of the
cavity to avoid janm ng of the device._ei§o, addi tional clearance should be
added to accommpdate any variation in si'zes 5 of different BGA packages
resulting froma prior singulation process. The resultant clearance between
t he BGA package and cavity may result in poor alignnent. Furthernore, the
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packages nmay cause potent ' t1ng or ocation’ o ckages eSpecial ly

i f the inipacdagel sad Irgenemivalls of tiegeavityCoAlvod fErhimit f thendevipé.n Agpr oach,
two or nore (ﬁl_ns are used to align sem conductor devices with respect to a
carrier, vwadditionparcleaanceshentd Pe assted tor aecaremipdate any veriatiomin s&esf or t he
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Stencil Printing" and US patent publication nunber 2003/°042626A1 entitled
"Met hod of algnmend | Gurheaonestiy aniding indatactinathedweenfthgdateriog wallsi efnnent

Appar atus and _Sem cond or vi ce Assenmbl y". ccording to the..pin

abbroach. TRocarthend Hoe Parksoss et Frbse ptealdl BhE Sr dslatatBhrotaevi ce,
Wi th the cpagiajesespdeihiliftheaiRiaP@idaigAntint APRFgalres at  each landing site
for the sem conductor devices. Apertures in the “sem conductor devices and

carrietOare pre-aligned, with pins passing through the apertures of both
parts to agsi st al"gnmant ch has the shortcomn }@L]at hol es

. .25 Thi s approa
have to berRBMAehn fhe RiA PReiRash: droadli Bide R ReeHatdst it cq
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the devices and the carrier for the pins to pass through for alignment. The pin
approach to align semiconductor 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. Ancther 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



suction cup to pick up the devices during pick-and-place operations using
vacuum suction. Another shortcomng is that unless the pins and apertures in
30 both sem conduct or devices and carriers have mni mal clearance, precise
al i gnnent cannot be achi eved. However, i becones very difficult, if not

I npossible, to align a plurality of sem™onductor devices with the carrier
by automated neans if the pins and apertures are of simlar size so that
they fit YQlgma produstian.mdvencf@uiamateduaeans icgamsmerphed. the stakingraff er abl e
for high -3- u P LA | li.ed, the
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sem conducimy cheeqritentimyitegusadisiotatidgn.al tilting or dislocation. 5 Sunmary
of the Invention It is therefore an object of the present invention to seek

to provide an apparatus and nethod for aligning sem conductor devices on

carri eri tg o] qh e di sadvantages of the prior art. 10 According
to a fi'rst ntion, there is provided an apparatus for
aligning a plurality of sem conductor devices placed on a carrier,

conprising: _alignnment guides |ocated adjacent to each device in use, and
arranged slicis thereforenay eljeeteopdha presgntidaverdinalto ggeaknto oprowigenan

sem conduct Qr Vi ce: sitioning. device conprising . a plurality of

ol der s, cagRetEndy fetiod 38} BgRPESs BB Heykiei o il ihdl

sen conduchPhiddRs iaddive AhdvahtRieR!SF thepeibRhftve to nove the positioning
device and hol ders to bias the  sem conductor devices against the alignnment

gui des1Qo orientate the sem conductor devices until they are aligned with
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devi ces pl afigingh PILFARY i 'senfiedMIuctbn@avices placed on a carrier, comprising:
alignment guides located adjacent 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
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| ocating alignnent guides adjacent to each sem conductor device, the

al i gnnment gui des bei ng arranged such that they correspond to a desired 25
al i gnnent of each sem conductor device; hol ding each sem conductor device
with a force generated froma holder amppgst 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 against t he

al i gnnent Rl ledie updetoach paseipefedingthe ganeradty aklheckioadnpentifigationar e

al i gned V“(%ihthﬁ%\% Icingé‘srrﬁé'ﬁnedgp %gl%ﬁn It will be convenient to hereinafter
descri be the Invention 1n grea L aefalT by reference to the acconpanying
drawi ngs which illustrate one enbodi nent of the invention. The
particularity of the drawings and the rel ated description is -4- not to be
under st oodBHef Rageniption efdhe hrawinias ality of the broad identification of the
inventgn as defined by the clains. Brief Description of the Drawings 5
Exanpl of preferred enbodi nents of the apparatus and nethod for aligning
sem conducEQampay 6Bsreférrét eribdairhenty difithe i paratastdnenmtidd fopwligRindescr i bed
with reference to the acconpanying drawings, in which: 10 FIG 1 is an

i sonetric semigondustasdsyicgesde lacsettangerwith thesinveption pilenewhsddesarbedi ment  of

the inventjqn, W exi b | n the push block for

al i gnnent B’BHggt%r%ﬁﬁ%*?ciﬁgrécg’gﬁﬁ%?&ﬁ@aaa%)’gﬂé{ﬁ"ﬂ?@'orret ric view of a carrier
that incorporates reference edges for 15 device alignnment that are
preformed into the carrier, FIG 3 is an isonetric view of an upper surface
of a tHp cFHapltisadn ipa@etoivieve ofa glughablock agcosdiegato gnist gueleried edges

mount ed OntePnbto%?mERto of ﬁ'nleaiﬁeénﬁc())n, 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;



FIG 4 is an isonetric view of an underside of the top clanp that is adapted
to engage an upper surface of the carrier; FIG 5 is a plan view of the top
cl anp positioned over the carrier and push 25 block; FIGs. 6A-Dillustrate
an operation sequence of a nethod for aldgning the sem conductor 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 bl ock

perform ng alignnent of a sem conductor device; FIG 8 is an isonetric view

of a carri ORRIh S| | I Saara@am F - Rei L] e;.an tion
seqguence offelbasc'rre h%dmpgtrrgg P"gﬁi%eraﬁ%% %@f&%@o?fdévﬁi&e@@ nfog ggﬁﬁ@r
conpri si ngserhicopdastor BeticEs ifl 8 casriarcarppriaihg igeipgesy of a push bl ock
according to a second preferred enbodinment of the invention, with rigid

suction rings nounted on the push block for alignment of sem conductor

devi ces; E . - - 0 Lde Vi of Q] tion, ring of
the push B b0 o BEBRREN e U ARG rh e EiRaBe B L bttt 271 o
Descri pti ogmbbdinentPofetrer irv@ntiohoditherdgid Hustioh fisgmdrR8@tdr the/ipshof a
posi tioning device, such as push block 12, 15 according to a first

pref erred Rppbipralignmgntaf semicenducter demieas; BOders conprising resilient
hol ding surfaces in the formof resilient and flexible suction cups 13
nount ed on the push block 12 for alignnment of sem conductor devices 2. Each
hol der is EREd.i OLX-BdsHdW wgh@ts;ﬁj@vﬁe%caéﬁ?(mombt@n HRPbEMROMGSIPBIcRRVI ce 2.
The push block 12 can be noved in both the X and 20 Y directions by

act uat'd} s, perornnieg fabgrment &f aisemicendusierodevidel, 15 respectively, during

al i gnnent .

Detailed Description of the Preferred Embodiment

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.



I n accordance with the said enbodi mrent of the present invention, arrays of
fl exi ble suction cups 13 are nounted onto the push bl ock 12 which can nove
25 in both the X and Y directions. Each sem conductor device 2 will be held
by a suction cup 13 as the push block 12.is noved upwards by an el evator
(not shown) into contact with the devices 2. Suction cup vacuum shoul d be
activated as the push block 12 is noved upward, so as to prevent the
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alignnment guides in the formof reference edges 17 for device aI i gnment

that are p?&d@piedita asepminpdateppe semiconduatendeviene. pbakkPogkets3 hgsned in

the cargie Q duct or
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fromthe bottomof the carrier 1. Sem conductor devices 2 are supported on
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control. Twg ﬁ@{guﬂgg@tedges 17 are formed in each pocket 3 for alignnent
of each device 2 with one used for alignment in the X direction and the
other U&ed for alignnent in the Y direction. The reference edges 17 can 15

Wi en ar e i HRGPRBIGE Befos °7 a6 PrefGROER Tntihe At R BEpIAeRafdnce”
gﬂ: giers]g capl8neeortl. v réfefeiidngdigest 7 e foped! inrdacd pHckites fdri gned
alignment of each device 2 with one used for alignment in the 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 piurality 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 accommaodate the

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



edges or points nmounted. 20 FIG 3 is an isonetric view of an upper surface
of a clanping plate in the form of a top clanp 18 that incorporates a
plurality of pre-aligned guiding edges 19, 20 nounted onto the top clanp
18. Each carrier pocket 3 is provided wizh two guiding edges 19, 20 when
the top clanp 18 is placed onto the carrier, with one 19 responsible for

' ' ection a d the for aligning the
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1. Some carriers such as plastic s may have large warpage after
exper i enciclgmpimpeanedhardsinowpply @ dewdings fomeanntn/ethe Carrierwi | prior ¢at e an
uneven height for devices across the carrier 1. The consequence is that the
sucti on w%@“f@e May not be able to reach some of the devices 2 which are
much higgher due to carrier warpage. Meanwhile, if the height of the push
block 12 is raised to accommpdate the heights of the above devices 2,
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carrier 1 and éjspﬁsﬁlbcfocl:ﬁ( 12 moves up, the rigid pins 16 come in contact with the
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.



12. As push block 12 noves up, the rigid pins 16 cone in contact with the
carrier 1 fromthe bottomand lift the carrier 1 fromthe conveyor track

| evel to 15 a plane at a defined height and coplanarity for device alignnment
and subsequent processing. One advantage_ is that the flexibility of the
stoppers 21 provides danping for the carri er 1 when it cones into contact

with the top I nd sh bl o to av j unpi ng out of
t he pocket Iy Elé(ﬁém Wﬁﬁ'tﬁﬁaﬁﬁvoﬁrﬁﬁ%ﬁ VAU et iesptfﬁhbqui oW VERe
carrier 1 f | § t he
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sem conduc Vi ces arr r ccording to the first enbodi ment
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conveyor trac top clfanp with f e stoppers 21 and
gui di ng edgemichhdu2dr &ices 2oam éld!ldidwnsmmwhl eper 3 hgamst thersuppegai nst

t he conveyor track 22. The xi bility of the_stoppers, 21 provi des danping
for the capyfifase (W%&]C?'i“eédrre erert 8 @ﬁ{fﬂﬁ@%%@%ﬁwgﬁath%ﬁoeth@@ t hus

preventi ng junping out of the carrier pockets 3. -8- In FIG
W th t g%\sﬁggﬁlég%r%%@ﬂm vacuum on, the push block 12 is noved upward by

an el evator (not shown), to lift up the carrier 1 from the conveyor track

22toapredetermned | evel ns 16 towards the top clanp 18
Due t o!Q hel F&zi B0, the BYsh PEO% agpfé?‘gei% "Erpqthéhffo)ﬁ adhnp dHSCt'Q"hse (’&C&r rier

5 can be akugyq 1’6? he Y dir éz‘ei\‘tlll hi Q&ubﬁ:{}é'ﬂgbﬁ Sugﬁec(?)ﬁélécﬁ gh%g( Andt e Sa”E

time, the “sém con uct or are held’ agai nst the
support sdwéamﬂreﬁpetmelya;uchelhalthér bemcorﬁiuatcrrlwnme e hiaseedy t he
conveyor 1 rhaeC Eusr% %nc?&daﬁé‘ %uﬁg& rt;y the suction cups 13 against the guiding edges
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.



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, 15 aligned along the X and Y
directions respectively such that the sem conductor devices 2 are biased by
the push block and pulled by the suctiqr cups 13 agai nst the guiding edges
19, 20 in the top clanp 18 for alignment. The sem conductor devices are 15

bi ased an iepntated untjl . they are aligned with the quidi edges .19, 20.
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Once the sem conductor devices 2 are ali wth the reference edges 17,
25 suct i ona sufficientlyusmal skdingtfictioriaghthegquedh blockri@vmotveslirsthecXtarmhYof t he

sem conduct or devi ces I n subsequent processing. Preferably, the tgp clanp
18 conpri sEECSHRES; ﬁﬁ"@é?r@?péﬁ i"‘%};cet &9968; ﬁ’o cﬁe"ﬂ'ﬁ@n‘éf&%g@@‘@e@n%t he
carrier 1, r jdﬁ}ﬂt' ' e éa?% 18
after engggﬁea%e%?y%%la? e to%ﬁcszﬁ%r?g{ %gﬂf@l@?ﬁfg&%ﬁﬁé?g?{l% %@rl_e{ngg lg]l% show
top and si dé foi aighnednta fl exi bl e suction cup 13 of the push block 12

performng alignnent of a sem conductor device 2. -9- FIG 7A shows the
devi ce in a pocket 3 prior to alignnment. A clearance 24 exists between

the ouiding, pigesnlds (A8 AUkh bidek SENTcRBEA Woitn 4RY ¢ Bnd-y difecfibnd Ard! | onrrent

of the sem conductor devices vacuum pressure o suction cup 13 is
cdont r ol | eddevicas Zaphidperateld byehe suctivadepes 1Bemeiré digaing thei guidiog bet ween

the deviceg; 86219, Y0t R cidfp 16° Bud'io the fedible Fature 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



a sufficiently small sliding friction, as the push block 12 noves in the X
and Y directions towards the reference edges 17, the sem conductor devices
2 which are held by suction cups 13 will also nove against the reference
edges 17 for alignnment. 10 In FIG 781\1,\23_ t he push block 12 noves in both
the X and Y directions, the devices 2 ich are held by the suction cups 13

nove agai nst :eﬂe ui.din edges 19, 120 in the top clanp 18. Due to the
fl exibl e n3f ee a5t Yildn 8‘%1@[@'%@ eqlﬁf‘&s 7_1§E efﬂ'é?ar_é"&ﬁ P_&E\‘%‘r:fn iThe gripper 88 shown
in the fi ggr&r%d% Suteh) YRRV R BRsbAGondidd Mo dbRELS ONIRATIrRSUMRRR the device

2 and reference e 7 to achieve the require I gnrent .
al i gnment , déwiee tawands) greesStnecrefdrenbe eslges i1@nindhp potRetrdnthine crentfrtbbl ed to

fix the deyices 2 firmy_ in th i gned. position, so revent

(i 51 ocat | oHEVISS €g0eRdS SEEIGNE. S BustiBRL e asEwes hagalerRe. Beceiibherups 13
preferaply ' ti o L ri : .

sem co%uc%gmééﬁﬁggeg%rrg%%ggggagggegéI%@%@o@?gﬁ@’ﬂﬁg%ﬁd&%gBThe
above nent caméd sdstgredetat theetlaothing séstpeny #diy irhoreabtestdring dencei #fterpocket s
3 with |low profile guidi ngnfe tures. Since the devices 2 are not lifted
from the s[PRING N gHRREINAIAI@RE. carrier pocket 3, it will not cause the

device 2 to junp out of the pocket 3 due to the | ow profile guiding
features. It can be difficult for a device 2 to return into the pocket 3

once it i sTbidligachapeheyriing ddge ofdddgvicdinig theatarries 1 witls a.grippies 26ehod can
be nodified to handle carriers with gri Ppers to _assist the alignment of
devi cet) FOUPPEY Pushai (NebsBewnd MavRedntegrated: with the quishr Plockd 2- glhgper s 26.

TR1 T L7, BoBt B Sfr i beragliaRRe by 2o ol B BRSSURANNS L R o
i's arrangedrippeh26.hJheidariier biigfied flattened dytthe tdp\clamp 13 andlplish dlogkushes
the 12, with devices 2 held by suction cups 13 in each pocket 1. The gripper
pusher then pushes the gripper handie 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 Iillustrate 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



device towards one of the reference edges 17 in the pocket 3, thus one of
the device edges is self-aligned. By pushing the gripper handle 27, the
grippers 5 26 will be opened to rel ease the devices 2 from clanpi ng, and the
grippers 26 can be restored to the clangping state by their inherent
restoring force after releasing the gripper handle 27. To align the

remai ni ng of a_devi in the carrier gr.ipper 26, a
gri pper g‘@ese\"ﬁﬁtz éﬁ(ﬁ”ﬁ)heﬁﬁymb‘é'o?%t%‘rt%qte‘ﬂ'tw f '?ﬁegtﬂqg‘lg Bﬂ%l@fltﬁe The

gri pper ¥h SestbliNaFSiHe B n-%rqgg er, to open the
gri pper 26.%he ar??eer I@s&??rstuéﬁ?f ene )ﬁblé ugh{)%%%l@drrp 18 and push
bl ock 12, with devices 2 held by suctlon cups 13 in each pocket 1. The

gri pper er,_then push the per le 27 to re] ease the device 2

ar pper DR éQp!Sn@”g'rSPHEz’F 3o\t Ro beSR a0k A2, ARgOING 401 (YRAORE g i pper
26, they d 17 of
26, thes JiERod drbddienl o g AICHIGN lrBRIRLAAS AR 36 SRpesn

rel eases ttrﬂagmstpblelck 12afod bigriehbofeddmicohtgctor dppiees 26 to restore |tself to
its clanping 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. Fly es%ﬁggc(i: f[albbUgtéWeﬂs&g]tﬂfﬂ%%élw erﬂ#%ﬁﬁ?er%ﬁj ol pade Pl

aligning sem<co evi ce conpr ng grippers 26. 25

In FI G 9Acriticed fdewligemant of deakpe® by wéikagrfoppabsetfudnt grbcessivg,ilike pocket .
There is a cl earance 28 betmeen the reference edge 17 and the device 2. In
FIG o) tReEresh pidinguEeReveRotoBR S eﬁsa@'emee@qq%urplgeﬂq RakigES pocket 3
by pushi ng 7 r Thi s
of catos. - Brdanel aBRSl BRRGEUR reddied BhdsiBnt REIGHT of the RANBLE TG, o2
30 the puskupportisutfacemvetud to theelinitatiorscsfi the,fabrichtion proeessiot tanhighp 13
pulls the device 2 in the same direction to align the device 2 with an X
reference fahfifation copt F‘I‘{@"’BQ%REQO@ capigtidignegsiongheoniialpper pusher rel eases
the gripper handle 27. The gripper 26 restores itself to its clanping state
to self-align the

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



device 2 with the Y reference edge 17 of the pocket 3, while the left edge
of -11- the device 2 is still held in close contact with the left guiding
edge of the carrier by the restoring force induced by the flexible suction
cup 13. FIG 10 is an isonetric view of 48 push block 12 according to a
second 5 preferred enbodi mrent of the invention, with rigid suction rings 30

mounted on |t sh bl ock 12 for ali nt of sem conductor devices 2. As
descri bed & @neaurr}é(r I'R'@Bnﬁﬁéf‘?é@v %gglgr%ﬁupﬁﬁﬁﬁ‘am@e@@p?}ﬁ%%lﬁff ace 4
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processi ng, en printi wever, sone
especially plastic carriers, my not able to provide the required consi stent

hei ght of rrous arrier ot surfaces4duetothe|rmtat|ons of
he T abri cANPARESFBESE408s CENOAPENTaBY M CHBiRT o bY HeoiSPedlomst Tood

carrierg d'ﬂgBPfHé’ rCtﬂBtlé\%rB ﬁoT%é‘an?rﬁrfgné@%és{Lf ”Qo%fre?r?crnh{eacegﬁr%r%"se s

anot her” e dirnme of th oh~cups rep hol der s

conpri si ngsoiagitd reduick the Bhelthaodf tiltimgasfehalkleyices zrvaemmuemcesm a!reencl osed
suction rings 30. Each rigid holdin surface or ring 30 is machined with a

cent er cavpﬁy‘gt f?'?ﬁ%\ﬂ@é@&@UWW e&'“eGéQMH’@QUW@ﬁneidgﬁbkﬁ t#hfafi e, The
push bl ock he rigid 20 suction ring 30 vacuum on. The
rigid suctréﬁ ring fgaﬁﬁ{r‘eﬂg%ﬁaﬁe device 2 to a height above the device
support surface 4 of the carrier 1, with the device 2 still bounded by the

gui di n? features of the carrier ocket 3. The height of the top surface of
each r18Qi dFdaet 1 &A-B shgwstep §nQ\éI'qe viewsr of pdiid §U§F*60|rtl¥9 30 of dheipisint

nei ot Tor bRRRM SBuiino nFieRbr hSeMtANERS: flyget conductor devices 2

vacuum pressure o is"contirolled to an
appropriate level, to reduce t he slrdrng friction between the devices 2 and

suction rings 30. As the push block 12 pnoves towards the reference edges 17
in both t h&l& 114 shayys the deyise 4 prior to alignment. The semiconductor device 2

is lifted from the carrier support surface 4 and is supported on the top surface
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.



30 sem conductor devices 2 which are held by the suction rings will also
nove against the reference edges 17 for alignnent. Wth a sufficiently | ow
sliding friction, unaligned devices 2 can slide and orientate relative to
the rigid suction rings 30 to renove §Q§_initial m sal i gnment with respect
to the reference edges 17. The result i'5 alignnment of all devices 2 in the
carrier 1 -12- sinultaneously. Also, as the devices 2 are supported on the

top surfacA#epplignment: the waap ipkessure g thspsuglipn TrayBP saphbe srntediedces 2
can be well. g ; ; ; § can be provided by the carrier
1 or by th{é) ﬁ’gg*e(r:‘?%\}rlr(g&lﬁT'F'ﬁ@ﬁéﬁﬁgﬁggﬁgq?grgfﬁgf]he | ower part of the guiding
edges 19, 20 are inclined outwards so as to reduce the |ikelihood of

tilting of the devices 2 when the devices 2 are being raised into the
boundary defmi@rdtontet fifst ginbgdirgeedgkinventiondhecsudtive nngpeeeaAsht hag Agnment

of the Busi Bue BBy SARRY FYiof g o Tisdtion B3 St 19 Fa
11A shows tompdead kepromart Piethode! AigoNet suctios MR VEQIIH Cafrbelayédfor2 i s
lifted fromthe carrier support surface 4 and is supported on the top

surface 18ltipg detectiongpfdhe semiepnduater dwvicasaus its height can be precisely
controlled by the rigid suction ring 30. The heights of the devices 2 w |
not be affected by poor dinensional control of the carrier 1, but wll

still be gmtﬁgdglbythbhgu@mketrg Zan dO@pfse Svaticise e of 2hakafaeen ishe
) e

gui di ng@edges 19, 20 and the device 2, a clearance 25 between the conveyor
track B2 anteferable do usermetal matetal with basdgnasdciopsaunireese do dissipatednye 2 and

the carrier th ice ing aligped with the reference
cdges 10, 3t Gietops belinrted D PR bR B B Al &5 an
appropri at glil@vwalthém. order to achieve a sufficiently small sliding
friction. This enables the 25 sem conductor device 2 to slide over the top
surface of rigid suction ring 30 and thus be aligned with guiding edges 19,

20 in the Etoﬁoﬁlhaﬂg)aﬂsgre%qu ttlt?:?t 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 suitabie 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-



push block 12 travels in both the X and Y directions. Accordingly, the

sem conduct or 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 block 12 and4uigid suction rings 30 along a plane
that is substantially parallel to the plane on which the sem conduct or
devices 2 ar rrapged. -13- After aljgnnment, the vacuum pressure of the
suction ri H@gﬁ?@%g@gﬂgggeewﬁ et L'Ha d?éﬂ'cgﬁx BHe“%iBgiQQé SZJCF'BPnﬁ'@Qﬁ Withe

al i gned pogj.bé I [hi fiHeS §,?rbt9 fo AN QR e;.suction
ring appr oglgh r%;%nzg H%brﬁrfjc({?(hlt%\ugrt frhibsEuo cgﬁ'g?ﬂ%e %g\c/:%)@éé %Ptegngérgr s>

di sl ocat i ofurthericapable ohimndling capamredot whiph tre deticestuppdst sifsses inhe
suction ri r]_? vacuum Cl%n e used fqor tjltj g,ggzt ecti on_gof the sem conduct or
devi ces. AMEhGRGRT PREKRISAIVENPIGT rr@aﬁloe@LB Ioh CERIPLUEO MYpERIZBICaRRMer i al s,
it is 0 iR E bl | i t s, to

di ssi paffle %’ﬁ%ﬁb?@@ﬁﬁgﬁﬁggﬂ{er atggf ?ﬁd%%ﬂ%%vgg’%réﬁgé?ﬁéﬁf@% surface
for devi cesf theing lablte toflatteanand tevenubut bey aygrpageadfethet batrier fer pnedeer r ed
enbodi nents of the invention offer 15 nore precise nethods to align a
plurality @fCdiate aberuentbel ¢W¢e%s as they serve to nininize the clearance
bet ween the devices and reference edges, or may virtually elimnate the
need for such clearance. They al so do not require special alignnent

f eat ures t Thednvertionadeschibed drtreio sl sgdcaptidleMcoesiations, medgificatipistandisr 20 The
preferred enbodi nents of the invention do not involve any vertical qguiding

i nt er at®i oRdgtione Othelthgn teese sreaiinally desered apd dsisdp hecrrdaspioed thalges and
the sem Cowmﬁhtiﬁﬁ%(ﬁ@&%s ZW&ﬁch ARafidiK rﬁédiﬁt’éé’tlo%% did/dr B8difibns Wnfdnocat i on
i's reduced. Moreover, the deslgns are

caused by alignren
! fall within the spirit and scope of the above description.



25 sinmple and cost effective. Instead of having individual alignnment
mechani sns  for each sem conductor device on the carrier, there is a
plurality of flexible suction cups or rigid rings nounted onto a single
positioning table to achieve precise alignnment of all devices. 30 Mreover,
t he alignment nethods are fast because all devices in the carrier can be

al i gned together sinultaneously and the i gnnment net hods can be easily
adopt ed by automation neans, which nmakes'them suitable for high volune
production. By using flexible suction cups nmounted on the push block, the
first enbodi&ﬁ#iﬂﬁﬁ further capable of handling carriers with |ow -14-
profiled guiding features for the devices. By using rigid suction rings wth
di mensi onal height control at the push bl ock, the second enbodi nment is
further capabl.e oAppardis fog inctividuallysaligningveh pleralitih ef srivicordustgypdsvicesur f aces

in the carr Ill? ﬁ'gﬁtoﬂeﬂ ISI'\ Wﬁ’ﬁn %‘,gg&ﬁ)e%lar{{gﬁ%@etg%ﬂt Bérnep-oea%m m ze

carrier 5 marpage e preferred e |nven Ion-dl'so offer the
advant age5 ofof the rmpcablsebeing fdizeck Eefiatamdtoeﬂmnsmtcoadwctmadpﬂges o6 allow carrier
for nore te a devi ces e |nvent n_described herein is
Suscept | bl o dtpegai &t MENGMehL T H1e SpmiRoalslay BAVER HRieifs T PATAER ¢ han
those speci figgrigingescribed and it is to be understood that the invention
i ncludes all such variations, nodifications and/or additions which fall

within the spirit SapRrate afanmgnt g RApeciateslowith eaeh pockes and, aranged

Appar at us fOrto'daﬁﬁé/{rﬂutféslir)éd%hbﬁt%h&g a plurality of sem conductor devices in
a desired orientation Wthin respective separate pockets on a carrier, each

5 of the ¥ockets lagasifiopingatevicel comprisinga pibealityeofi noldetsiach halser beisgt o al | ow
freedom of mMuyeEERLIAh JdHeraE™ F8REUG! Rl AR rtfifadd YefilidbnduBor HRBREAL US

conpri si ng:
within its respective pocket; and

actuators operative to move the positioning device and holders to bias
the individual semiconductor devices within their respective pockets against
15 the alignment guides to the desired orientation.

2. Apparatus as ctaimed in claim 1, wherein the plurality of semiconductor

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

3. Apparatus as claimed in any one of the preceding claims, including
openings formed in the carrier for the holders to extend through the carrier to
hold the semiconductor devices.

25
4, Apparatus as claimed in any one of the preceding claims, wherein the
holders are operative to hold the semiconductor devices by vacuum suction
force.

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

holding surfaces.

6. Apparatus as claimed in claim 5, wherein the resilient holding surfaces
are made of anti-static rubber material.



separate alignnent guides associated with each pocket and arranged to
define the desired orientation; 10 a positioning device conprising a
plurality of hol ders, each holder being configured to generate a force to
hol d an i ndivi dual sem conductor device wthin its respective pocket; and
actuators operative to nove the positioning device and holders to bias the
i ndi vi dual sem conductor devices w thin_ ¢§ir respective pockets against 15
the alignnment guides to the desired orientation. 2. Apparatus as clainmed in
claim1l1, wherein the plurality of sem conductor devices is arranged
substantially on a plane, and the actuators are operative to nove the

posi tioning devi cappactitohsleaimed nghyomd endainad td 6, GHbaimiie Boibars 20
parallel to the plane, on (}ﬁ/ﬂi ch the sem conductor devices are arranged. 3.

Appar at us as SOMHNgedgidNUA)S sHEacsS WiHECEWaE&RMIUES: ¢l ai ms, including openi ngs
formed in the carrier for the holders to extend through the carrier to hold
the sem conductor devices. 25 4. Apparatus as claimed in any one of the
precedi ng Sl @ ns, ARRaradimas pleimethindidzin &rwhespiartae rigid haldingistrfaces are

sem conduct or %é’ﬁﬁﬁ?ﬁ‘é%ﬁdé?ﬁdﬁé&@ié%fdh@]surfa%ﬁ saﬁ%rg’%ncﬁﬁgpﬁrsaﬁb'é as clai med

in claimd4, V\rﬂer eln conprise resilre g S8rTaces. 6.
Apparatus as clained in claim5, wherein the resilient holding surfaces are
made of anti-stati,c rubber terial . -16; 7, arat us cl aj . in any one
of ol ai a4 19 6., ApRRIA, s RATGH da claim ont PR, Wilerin dfe il B¥fnaCeq i ¢
central cavi tdugliceShéve tbpRarfataessthasarelcapapdr.i n claim 7, wherein the rigid

hol ding surfaces are made of netal and each rigid holding surface has a

har dened 1toop surface.

10.  Apparatus as claimed in any one of the preceding claims, wherein the
alignment guides comprise at least two reference edges formed on the carrier
for aligning a semiconductor device in at least two directions.

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

20 comprises openings corresponding to positions of the respective pockets 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
25 stoppers coupled to the clamping plate for engaging the carrier and applying
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

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

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



9. Apparatus as clained in claim7 or claim8, wherein the rigid holding
surfaces have top surfaces that are coplanar. 10 10. Apparatus as clained in
any one of the preceding clains, wherein the alignnment guides conprise at

| east two reference edges fornmed on the carrier for aligning a

sem conductor device in at least two directions. 15 11. Apparatus as clai ned
in any one of the preceding clains, incl.yg¢i.ng a clanping plate positionable
onto the carrier and operative to apply a leveling force to flatten the
cartier. 12 SRR UGES SRl HRTlabR hakid wlh SERIrklacr ARG Pl AL e
20 conprises openi ngs” correspondi to positions o e respective pockets
on the carri eleaselier eby t he senlconductor devi ces are accessi bl e through
the clanping plate after engagenent of the clanping plate to the carrier

13. Apparatus as clainmed in claim1l or claim 12, including flexible 25

st oppers couphed tﬂpﬂdﬁstuﬁmlianged)lirﬂbﬂyf@fe emﬂﬁgpmemhg di@ifs] eichaditg appl yi ng
the leveling force aratus_as clained in any one of clains 11 to 13,

wherein the HIEJMREERY @é@e@Bﬁ'ﬂP?‘EQ d&i"c?é‘H’s?“pPﬁB‘"QJP%IFﬁ@’eéH’@% thiunt ed on
the 30 cl arrphgﬁeglgfg(ﬁodm ﬁb's@;ﬂ‘h%dﬁcﬁ?ﬂb@@é’éjum or device in at least two
di rections. Appar at us as claimed in any one of the preceding clains,

i ncl udi ng grlppers 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 clained in any one of
the preceding clains, including 5 rigid pins coupled to the positioning
device for supporting the carrier when the holders are holding the

sem conduct or devi ces.



