- 1 - APPARATUS AND METHOD FOR ARRANG NG DEVI CES FOR PROCESSI NG 5
Field of the Invention The invention relates to the processing of
devices, and in particular to arrangi ng devices on a carrier and
aligning themwith respect to a processing systemfor processing. 10
Background and Prior Art Sem conductor devices such as Ball Gid
Array ("BQA') packages are usually small in size and are transported
and/ or processed in batches so as to ifiecrease 15 operation

ef ficiency. Thus, they are often | oaded on a carrier in array form
for transportation and processi ng. Exanpl es of processes carried out
on BGA packages arranged in array forminclude sol der paste printing,

sol der balls attachi nﬂPﬁﬁMﬂ?ﬁi}mb N@'ﬁf@ﬁqﬂdﬁ %Rﬁﬂmél or all

sem conductor devices T a carrter St s in high
t hroughput, but that in tur DEVIQES EORPROCESSING i gnnent of the
devices on the carrier prior to processing. Poor alignnment of the
devices will directly affect the yield of processes subsequent to
al i gnment . Fibld sfR& IHveBdRbi | ity and accuracy becones even nore
critical foor fine prich devices. 25 Various approaches have been
inplemented in the prior art to align sem conductor devices on
carriers. i fyeRdr 11805 A arcReGiihg bPSeRbAL Sl hihaRtdiiith rRRRE]
for receiving a sem conductor device Ts used for aligning it wt
respect todesiiggssoroh ¢amerdand eligning thésn peitherespacinioea pBo@B8ing 25ystem for
entitled processing.

10

Background and Prior Art

Semiconductor devices such as Ball Grid Aray (“BGA”) packages are usually
small in size and are transported and/or processed in baiches so as to increase

15  operation efficiency. Thus, they are often loaded on a carrier in array 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 tumn requires precise

20  alignment of the devices on the carrier prior to processing. 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.

25 Various approaches have been implemented in the prior art to align
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

30 Muitiple Handlers and Method Therefor”, a cavity approach is described wherein
a guide plate has a cavity that is adapted to receive a BGA package for



"Universal Contactor Systemfor Testing Ball Gid Array (BGA) Devices -
on 30 Multiple Handl ers and Method Therefor", a cavity approach is
descri bed wherein a guide plate has a cavity that is adapted to
recei ve a BOA package for - 2 - alignnent. The opening size of the
cavity is reduced gradually fromthe device entrance point to the

I nner portion of the cavity. The BGA package is guided by the
narrow ng opening and is aligned with-2ke interior walls of the
cavity at the inner portion. 5 A problemw th this approach is that a
cl earance nust exist between the BGA package and interior walls of

the cavit yaigamansi d heaeranig élfzetqféh%l@ewa@s fRﬂH@ﬁd geagiually fram thecdgvigece
shoul d be gaded t0,RG59 Doftidh aﬁﬁé%hy@{)i gﬁe BOE aaiag%l it iRty

BGA packages TSt ng froma prior singu roc

resul tant the wdreswing opehmpgvanehist MfgﬂBWﬂ'ﬁﬂM@&rmduajlamfttpemylty abthet
I n poor aljﬂnrre(g%.. Furthernore, the guiding interaction between the
interior WA Phe cavi ty and BGA packages nay cause potenti al
tilting or dislocation of packages especially if the initial

m salignment is |ar 15 Alternatively, in a pin approach, two or

Tore pins ArobleEWD (i aPreaH] Bolaliat dparance GRSt A beasar ihe BGA
carri er LR ABCI g YdlRChy MRl 10SIRYERRnIM thESGRE! | o,

for the pi pass roug for al I'n approac
sem conducadditiohal ictessange should pecadwd ta amaomrmdates adpsvanaﬂtmdm mz&ﬁof
patent nu Preci se. and
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Met hod of Testl ng gnnent Appar.atus and Seni conduct or Devi ce
Assenbl y" Wé'@%mrﬁgth?cgwmﬁg mtﬁra&bam babreen (s ipterip walls ob the Favtyand

formed in ?g@&ﬁ%ﬁa% %I tnlﬁ‘ﬁgﬁ Br {ﬂu@%c A bfpa é‘@sﬁéﬁajﬁq{m

pattern of apertu S at eac ng Si sem co uct

devi ces. Atmrmmalamsahgnmmtsatarg@nduct or devices and carrier are
pre-aligned, with pins passing through the apertures of both parts to
assi st alignnent. This approach has the shortcom ng that hol es have

to be f®r mapematiidlg % MacCpidusiprbadieV tweSor Wb fikslugrs Usee a6 ealign
avai | abl e for, placing. input/output 30 connections. Al so, the holes
reduce t heS%P@Q"M‘P'I devyiess with Jespratitern eafpier.ovign @rertures fom"ed in both

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 in
US patent number 6,338,297 entitled “Precise and Rapid Positioning Mechanism

20 for Stencil Printing” and US patent publication number 2003/042626A1 entitied
“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 semiconductor device, with the carrier
having the same pattern of apertures at each landing site for the semiconductor

25 devices. Apertures in the semiconductor devices and carrier are pre-aligned,
with pins passing through the apertures of both parts to assist alignment.

This approach has the shortcoming that holes have to be formed in the
semiconductor devices, which reduces the area available for placing input/output
30 connections. Also, the holes reduce the area available for a suction cup fo pick

up the devices during pick-and-place operations using vacuum suction. Another



up the devices during pick-and-place operations using vacuum sucti on.
Another - 3 - shortcoming is that unless the pins and apertures in
bot h sem conduct or devices and carriers have m ni mal clearance,
preci se alignment cannot be achieved. However, it becones very
difficult, if not inpossible, to align a plurality of sem conduct or
devices with the carrier by automated neans if the pins and 5
apertures are of simlar size so that -Bhey fit tightly. This may
require manual alignnent that is not preferable for high vol une
production. Even if automated nmeans can be applied, the striking of
the pins ishatcomingisibatiunigsape pins @odApedress igrhwth semicongueier devices
devices m tial. tilt] i 1l of
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processed. Summary of the lInvention 25 is therefore an object of
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Summary of the Invention

25 It is therefore an object of the invention to provide an alignment apparatus and
method that seeks to overcome at least some of the disadvantages of the
aforesaid prior art. It is a related object of the invention to provide an apparatus
and method for effectively arranging and aligning semiconductor devices
containing surface components such that a limited surface area is available for

30  contact by a structure supporting the devices.



10 first axis, whereby to grip the sem conductor device supported on
the plane. According to a second aspect of the invention, there is
provi ded a nethod of arrangi ng a sem conductor device using the
apparatus as clainmed in claim1l, conprising the steps of: noving a
reference clanmp fromeach set of clanps to 15 provide a reference

gui de in each respective axis; nmoving a gripping clanp fromthe first
set of clanps to clanp the seni conductédr devi ce agai nst the reference
clanp along the first axis; moving the gripping clanp fromthe first

set of clanps to uncla the sem conduct or _devi ce; Vi n
clanp fromideedigdefl tasBWthfgt}?ﬁé"Y%‘t'@Pa e i P! : 8lﬂ1pgfat§¢qu)rce
agai nst t Ng.Jra C?rfés%mprazgerﬂl]cgﬂgu&tﬂﬁdéﬁeé’Hgviﬁg's%rfaéé‘@ofg?%&ﬂ%toﬁf

noving the grlpﬁng om t Irst set of cFanps to clanp the
sem condudtsosuidiand, cthe ammrem camprzing:eé ydevideg supprt mmprlsmgoatm of
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10 first axis, whereby to grip the semiconductor device supported on the plane.

According to a second aspect of the invention, there is provided a method of
arranging a semiconductor device using the apparatus as claimed in ciaim 1,
comprising the steps of: moving a reference clamp from each set of clamps to

15 provide a reference guide in each respective axis; moving a gripping clamp from
the first set of clamps to clamp the semiconductor device against the reference
clamp along the first axis; moving the gripping clamp from the first set of clamps
to unclamp the semiconductor device; moving a gripping clamp from the second
set of clamps to clamp the semiconductor device against the reference clamp

20 along the second axis; and thereafter moving the gripping clamp from the first set
of clamps to clamp the semiconductor device, whereby to securely align and hold
onto the semiconductor device.

According to a third aspect of the invention, there is provided an apparatus for
25 arranging for processing a plurality of semiconductor devices having surface
components on their surfaces, the apparatus comprising: a plurality of device
supports, each device support comprising a set of protrusions for contacting a
surface of a semiconductor device to support the semiconductor device on a
plane, the protrusions being arranged and positioned such that they avoid
30 contact with surface components on the surface; a plurality of clamping devices,
each having a first set of clamps configured for gripping a semiconductor device



- 5 - along a first axis and a second set of clanps configured for

gri pping the sem conductor device along a second axis perpendi cul ar
to the first axis whereby to grip the sem conductor device supported
on the plane; and a carrier for nounting said plurality of clanping
devi ces and devi ce supports. It will be convenient to hereinafter
describe the invention in greater detail by reference to the
acconpanyi ng drawi ngs. The particul ari%y of the draw ngs and the

rel ated description is not to be understood as superseding the
generality of the broad identification of the invention as defined by

the cl ai nlong idefirabe@ds iaNd @nsegonctheehohvfiaiges confighipsl &y gfipping the
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surfacg, 20 FIGs. 2A and 2B are isonetric views illustrating an

apparatus according to a first preferred enbodi nent of the invention;
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&5 & CRPIIPUOMN QI ANG) 4 anped by the cl anpi ng bl ock
respectively; FIG 7 is an isonetric view of a carrier conprising a
plurality of apparatus for aligning nultiple sem conductor devices

si mul t ane@@h;pl@moﬁrampagatMJ aadomiethodsOfop rasfangiren devibesl ifore ptocessing én

I nvent| OMaccordance with the invention will now be described with reference to the

15  accompanying drawings, in which:

FIGs. 1A and 1B show a top surface and a back surface respectively of a
semiconductor device that is densely populated with surface components on the
back surface;

20
FIGs. 2A and 2B are isometric views illustrating an apparatus according to a first
preferred embediment of the invention;

FIG. 3 is an isometric view of a device support including small protruding islands

25  for supporting a semiconductor device;

FIG. 4 is an isometric view illustrating an apparatus according to a second
preferred embodiment of the invention including a modified clamping block for
clamping a device;

30



FIG 8 is an elevation view a sem conductor device that has been

cl anped by four clanps, each of which conprises a single clanping
arm and 15 FIG 9 illustrates a preferred cl anpi ng sequence for
aligning a device using the illustrated apparatus according to the

i nvention. Detail ed Description of the Preferred Enbodi nent of the

I nvention 20 FIGs. 1A and 1B show a top surface and a back surface
respectively of a sem conductor deviceg10 that is densely popul ated
with surface conponents 12 on the back surface. FIG 1A shows a BGA

device 10 that is ready to undergo subsequent processing such
sol der pash s bARNIGEE sre eroparsectisuel vnpwa@é g elamping: blpek %'FQVéfhtfh'flﬁaﬁ

the top surf for exanpl e by 25

receivi ng%é(ﬂ%d%énpas gp%ﬁgg%f%c?ﬁmﬁg%%@é he top or processed
surface. Referring nowto FIG 1B shovm ng the back surface of the
device 10 at u for, support, sem con tor device 10 i
Gensery oAt BF a8 s SBTRoouR ShesamICo BN Lo A SEdpanb es)
on the§al<?ev$¢€fstrp%onﬂb%fchéc%n§0aﬁw [5G0 OlafipRROLYI Btk Sélétfnﬁﬁt% Ilodko
be contacted and supported by a supportihg structure durin

processi ngespeativelydlevi ce 10. Since the supporting structure - 7 -
shoul d not be allowed to apply any force on the surface conponents 12
to avoid damaging them this results in a very limted area for

access by EiG.at is;alfﬂsﬁmetnnanamw epoartriee comppising = widralite offappaeatus for
sem conduct or , devi giffi cul usi

|t t hu ro
appar at us ARATRG e Ssriieprdiishar, deas G napvgﬂ $eomingiah; another

usi ng fighi SprERRRY dmBedifmAeof the Wventiéh;and 2B are isometric views
illustrati ng an apparatus according to a first

FIG. 8 is an elevation view a semiconductor device that has been clamped by

four clamps, each of which comprises a single clamping arm; and

15 FIG. 9 illustrates a preferred clamping sequence for aligning a device using the
ilustrated apparatus according to the invention.

Detailed Description of the Preferred Embodiment of the [nvention

20 FIGs. 1A and 1B show a top surface and a back surface respectively of a
semiconductor device 10 that is densely populated with surface components 12
on the back surface. FIG. 1A shows a BGA device 10 that is ready to undergo
subsequent processing such as solder paste printing or solder ball placement. In
this orientation, the top surface is adapted to be processed, for example by

25 receiving solder paste or solder balls on the top or processed surface.

Referring now to FIG. 1B showing the back surface of the device 10 that is used
for support, the semiconductor device 10 is densely populated with surface
components 12 (such as SMT components) on the said surface. The back
30 surface or supporting surface is to be contacted and supported by a supporting

structure during processing of the device 10. Since the supporting structure



preferred enbodi nent of the invention. The apparatus generally
conprises a clanping device in the formof a clanping block 34 to
grip the sem conductor 10 device 10 and for arranging it for
processi ng. Four sets of clanps 16, 18, 20, 22 are nounted on four
sides of the clanping block 34 corresponding to the four sides of the
device 10 whereby to grip the sane. A first set of clanps 16, 20 is
configured for gripping the sem condue¥or device 10 along a first
axis (such as an X axis) and a second set of clanps is configured for
gripping the sem conductor 15 device 10 along a second axis (such as

a Y axi s) . sheuthnet berpliomsd knapply 28y deree on therseirface spmpgnantssl 4 o ayeid
& .o . Py ; | v
cl ampi ng. adtmaphl thaty® this SN o Se fffied areBich ShaHS KL AR AIRAReht

t he cl anpsafiigratli, or2Ghe 22pperd sarface tofi dhe rsetmicaratuctay| device 80 nkt rig thaursd
cl osi ng of

e .clanp. .The sem conductor devjce 10. | S, seated on.a 20
ev oo supfibn S RUphar SpRjeds andemetiads: ofolihier ik el iy the
cl anps.5 Eagéyigd usihg this sEppahsussaeond sets of clanps includes a
reference clanp 16, 18 that is adjustable to provide a reference

gui di ng edge for alignnment of the sem conductor device 10 along the

respective . . b Qi i n
the X axi o 0 2 anE R zre it Vs Hiuohihiflh SR HATR Secdtingtoptire

axi s. Theypmferrgn ewibddimentt of thejinedrdiohe The Eppasatas gepérally wwomdises a

the reference clanps 16, .18 to control the stopping position.of the
cl'anps. at - PREWIIRIOBYeS e forth Bf Scqiamplochiaer 38 ety i sSpirlrndr
edges f®r deviés ¢0AndIonBiREngiNy itlolsrepsdsimyl] PouMsNs oblaiipe 19, aBPROIPR2
position, these two sets of reference 30 clanps 16, 18 provide the X

and Y ref ePEnBeugledemfowdydes phihearlpgipthblask 4 eosesaosdinguieribe four
device 10 Ligel 3P thé aeticd' o Wtirénftd G tHSam&PRORst Sefl & G4HPs 16, 20 is

configured for gripping the semiconductor device 10 along a first axis (such as an

X axis) and a second set of clamps is configured for gripping the semiconductor
15 device 10 along a second axis (such as a Y axis). Each clamp may comprise

one or more clamping arms to grip the device 10. In this illustrative example,

each clamp comprises two clamping arms located at each side of the clamping

block 34. Each of the clamps 16, 18, 20, 22 has an actuator to control the

opening and closing of the clamp. The semiconductor device 10 is seated on a
20 device support 14 substantially at the center of the four sets of clamps.

Each of the first and second sets of clamps includes a reference clamp 16, 18
that is adjustable to provide a reference guiding edge for alignment of the
semiconductor device 10 along the respective X and Y axes. One of the
25 reference clamps 16 is set in the X axis and the other of the reference clamps 18
is set in the Y axis. They are provided with adjustable stoppers 24, 26 coupled to
the reference clamps 16, 18 to control the stopping position of the clamps at the
end of their travel and to provide reference guiding edges for device alignment.
With proper adjustment of the stopping position, these two sets of reference
30 clamps 16, 18 provide the X and Y reference guiding edges for alignment of the

semiconductor device 10 in the X, Y and theta directions. Opposite to each



- 8 - reference clanp 16, 18 is a gripping clanp, which nmay be in the
formof precisor clanps 20, 22. They are operable to cooperate with
the reference clanps 16, 18 to clanp the sem conductor device 10

al ong the respective X and Y axes. The precisor clanps 20, 22
preferably do not require stoppers. 5 Each sem conductor device 10 is
seated substantially centrally on a device support 14 with the four
sets of clanps 16, 18, 20, 22 being ac8uable to grip the device 10.
The sem conductor device 10 will be aligned with the X and Y
reference clanps 16, 18 as the actuation forces 27, 28, 29, 30 cause
the four Tefesence dempl 8 isa gﬂp@m clamg; wégsha'naxg hew@;then@rm of précisor

cont 1 gur eq B AL ey ACorBiB3 thoodite B reRBnds SAmps 16, 18
hol di ng f doolamp the eemmndustbodgauerio albng thes EesnectmedmmrdrY cegs.cd he0
during subse uent rogessing .of the device. 3 is an isonetric
U ew of *a REORaL TP an: 24 Brefaeb i BoL PR, SPBRES. such ae il
protrudi ng islands 32, for supporting a sem conductor device 10

W t hout interfering with the surface cog)onents'u formed on the
support sUrdchceemiconductge deyise100 isheedted substaptialyr eepfallyepnin evice

of 't he- deviBEoRd STt BR% St Gatils 28, PGS 22085 aSUPRRI D i hace

conponent delite i tTﬁhs smmcomdlmtcﬁedie\n@e 10 w&hbbeahgnpﬂomﬂedher)(samc‘é
W t hout i nt rfer| t he fac onent
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ar r ang@neriets of dlehfﬁpsp r@tolaxd, n%és&!e@nﬁiﬁg% tIfé"@eH’&nd@Mtbﬁ AeHi¢BPAY, thdd
may be fabricated accordingly. 25 The device support 14 is provi 'ded

at subst arflaraps ﬂﬁt ﬁ& 8%2% areflsoneordigurast eganin dia semiconduster device dfe
sem Pondu%uﬁfe s w. t O %‘ch? mﬂw%ﬁg@g&eﬂ?a @ﬁ'e%”é‘m&&dmtcﬁ devieg

verti cal |nter r|n surface conponents

on the supﬁbaldﬁngwﬁneqm.prdutessmgrcﬁdmdewded to control the vertical
| evel of the sem conductor device 10 such that the clanmps 16, 18, 20,
22 grip the device 30 10 at a level lower than the top or processed

sur f acig ofFIGhe igawiiseméfic e b aaldvicedsuppbaUt4 ikeKidig profusibhs; lsieh asof
t he device 10 bel ow the processed surface, but
small protruding islands 32, for supporting a semiconductor device 10 without
interfering with the surface components 12 formed on the support surface of the
device 10. The islands 32 are preferably extruded, and arranged and positioned
at areas on the support surface of the device 10 such that they avoid contact with
20 surface components 12. In this way, the device 10 can be supported in space
without interfering with the surface components 12, Different arrangements of
the surface components 12 may thus require different arrangements of the

protruding islands 32, and the device support 14 may be fabricated accordingly.

25 The device suppori 14 is provided at substantially the center of the clamping
block 34. Therefore, the semiconductor device 10 can be supported and
positionable on a vertical Z-level without interfering with the surface components
12 on the supporting surface. It is recommended to control the vertical level of
the semiconductor device 10 such that the clamps 16, 18, 20, 22 grip the device

30 10 at a level lower than the top or processed surface of the device 10, preferably
by about 1/4 of the thickness of the device 10 below the processed surface, but



- 9 - still high enough to ensure secure clanping. This ensures the

| evel above the device top surface is free for access by other
process tooling, and at the sane tinme the clanping is high enough to
provi de a stable clanping condition to the device for secure
clanping. 5 FIG 4 is an isonetric viewillustrating an apparatus
according to a second preferred enbodi mrent of the invention including
a nodified clanping block 34 for clanp®rg a device 10. In this

enbodi ment, each of the clanps 16, 18, 20, 22 is supported by and

pi vot abl e about a pivot shaft 38 (see FIG 5A) during actuation 10 of
t he cl anpsstill Aghigneugh 3 engerg: seruse dlareping: IB'ﬁw esurasether lenpl albpvs ek

34 are op I S
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ot her mecHimmé $ives clamping #&ohigh ercedhtto provide @ stable clbmpptmg)ndlﬁomtn the
such as a |ne idin stemw th a pusher to push the clanp. 15
One set of e(vH:g gﬂ?%ﬁﬁ%&tﬁ‘%@ -anps 16 and one set of the Y direction
clanps 18 (reference clanps) nounted on the clanping block 34 are

equi pped with adjustable stoppers 24, 26. As the actuator 36 pushes
the bot t orfiipord |F%r$nof50mﬂt@? aieve l'b-lsét'ﬁ\ﬁnQ@n 8ppa@Hisn gecariagstcogpepcondg,
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FIG 4025 dfiheRipme) Abfhators |365I©ébt99%it‘thé350ﬂ@ﬁnﬂ(iﬁé ¥Riping bﬁ;cﬁlaa:rmng
bl ock 34 uses an air cylinder 40 as a neans to actuate the clanp
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16, 18 to nal t 5B
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reference cl ﬁnF 16. TFlI slvm |1 provide the reference guiding edge for
the sem cdlE Plt?éi\} &P 5 The preci sor clanps 20, 22 are |ocated
on oppegsite sides of the device 10 fromthe reference clanps 16, 18.
Unli ke the reference clanps 16, preferably no adjustabl e stoppers are
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Gevi co 10 [G0RnER, dbpsprRELTE, Gh AP EormiA] Tolt" 343 8% e it
adjustable stoppers 24, 26. As the actuator 36 pushes the bottom portion of
reference clamp 16, 18 against the stopper 24, 26, the upper portion of the
20 reference clamp 16, 18 closes and stops at a position which can be adjusted by
the stopper 24, 26. Therefore it can provide the reference guiding edges for
semiconductor device alignment in both the X and Y directions.

FiGs. 5A and 5B are cross-sectional views of the clamping block shown in FIG. 4

25 inanopen and a closed position respectively. The clamping block 34 uses an air
cylinder 40 as a means to actuate the clamps. The adjustable stoppers 24, 26
are provided to the reference clamps 16, 18 to control the extent of movement of
the same.



10 any initial clearance in between the reference clanps 16 and

devi ce edges. This aligns the sem conductor device 10 with the X and
Y reference clanps 16, 18 in the clanping block 34. At the sane tine,
t he sem conductor device 10 is also gripped in position by the clanps
16, 18, 20, 22 to withstand the lifting force that may be experienced
during subsequent processing. 15 Though various types of actuators
can be used to actuate the clanps in-tlide cl anpi ng bl ock 34, the air
cylinder 40 is preferred to drive the actuators 36 for the clanps 16,
18, 20, 22. On_the one hand, by using the air cylinder 40 as art

act uat or, RigeOR Bhows e pibcyindedbd0 dusbing the referaticeyclamntPdp bias against
control li i f e ; i |4 t atg:

t he cIanpﬁﬁ%ggﬁggé?a$ﬂf%9®gLﬂ%%%%§mé§gﬁ%kﬁgn t§€?§%53|$ﬂ§%®83${cﬁﬁﬁps
to the semwiltprolids the rdferere duiding iedbe fenthe semicdndacidededes 100 j unp
out of the clanping block 34. On the other hand, the gripping force
of the clanps can also be easily controlled by controlling the air
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som conduat s e D 34 AT SERE RN S ot R RRSIRRS 1t i oy
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al i gned wi'M#Y 79 experispcg fuing SPR{IUSAt PoceYA¢e cl anps 16, 18 and is
al so g pped in position by the four side clanps 16, 18, 20,22 at the
sane tinme for subsequent processing. As the four sets of clanps 16,
18, 20, 22Thaugbevariougriypes 16 ashiatarsmflic berusgdvioc actiatesthgr elamas ipHae
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processes (eg. flux sticky force on BGA device In a ) .

sudden and strong impact of clamps to the semiconductor device 10 which may

cause the devices to jump out of the clamping block 34. On the other hand, the

gripping force of the clamps can also be easily controlied by controlling the air

supply pressure to the air cylinder 40. Independent control of clamping stroke

25 and gripping force of the individual clamps can highly facilitate the alignment

process, as will be shown below.

An electrical solenoid is another preferred actuator. The force and speed of this
type of actuator can be controlled by changing the supplied current, and it may
30 provide a similar effect to that of the air cylinder 40.



20 pin transfer process). This provides a nethod which is feasible to
align and hold a sem conductor device 10 at the sane tine even with
surface conponents 12 popul ated on the support side of a device 10.
The above alignnent nmethod is not Iimted to aligning a single

sem conductor 25 device. It can also be applied to align a plurality
of devices. FIG 7 is an isonmetric view of a carrier 44 conprising a
plurality of clanping blocks 34 for alfigning multiple sem conduct or
devi ces 10 sinultaneously according to another preferred enbodi nent
of the invention. Arrays of pockets are formed on a top surface 42 of
t he carri driGs46hiand GEhare isooRkic iewsaha davice d Omeatascen iGeoRUFpOrt

access of 14 8Pt Hid BhelBapS RAMRERDInd PRI EFBeR b4 8RR 3,
al i gn and @K shows the é@micondottopdevicé A0 steated én #He ddliee eupmﬂs 1afbefore
cl anpi ng BLOCKS ar rmunt eg?-l n a sh bl ock corresi)ondlng to
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5 subsequawmpmmmldegtcmh(lmdafeungidaa:iqmﬁﬁﬁ\.‘t&‘aé%%rl er 44. Though
a clanping block 34 with a pair of clanps at each of the four sides
of a device 10 is used as an illustration, it should be understood

that the nunbig. 68, ﬂieaﬁléarmee@étheéhdﬂeoéerﬁlcdﬂdﬂm gevichandedaapd 0
one to acconmodate sma 10 form factor sem conduct or dev; ces. FIG

8
is an el evsmoaﬁdvaﬁéuﬁg@aﬂﬁ 6rfdesads Thgesgnieonayiciqy deviegs! Oo'ééﬂ'gﬂﬁ‘éﬁ‘ﬁi@d
by foug Cltaman@mr&i.omﬁrb&g%magasa1alaﬂll.§a%baqffw ﬁpmrsmén by

18", 20' 22" on each sid evice 10. This Is su use
with smal Ithe gaunsidectlamps di t&rR0u2Rat ttmasame@rrmoua@saquenmme@smce
for access to the four sides of the device 10. 15 HG 9 illustrates a
preferred cl anmpi ng sequence for aligning a sem conductor device 10
usi ng the Ad 1he§bna‘sﬂd ol Rl U6, H5; Q0| AP fpsedtotdrip the\seaticantuctor dev;ce

achieving gli nt  of the 10. 20 | stead of closing. all

the clanps atihgReNHy ogﬁ&fiew SHPRORE ‘safh%pqu%@rp@r%nsg@\ rﬂi‘Sh
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facilitate nnment process of sem conduct or ice 10. Firstly,

the X and andr‘éfr:bre@ , é@ndripus 183 sawicondeeior deyice iDde aligned mith the two

reference ﬂ-:gg]? '|§"§ §??%.C§]?ﬂ§ﬁ§eﬁh%ﬂ%v 4 % d8mps20°99 pYovidd'§ ofipping

proci sor c
force to hoid the semiconductor device against lifting forces that may be

experienced in subsequent processes (eg. flux sticky force on BGA device in a
20  pin transfer process). This provides a method which is feasible to align and hold
a semiconductor device 10 at the same time even with surface components 12

populated on the support side of a device 10,

The above alignment method is not limited to aligning a single semiconductor
25 device. It can also be applied to align a plurality of devices. FIG. 7 is an
isometric view of a carrier 44 comprising a plurality of clamping blocks 34 for
aligning multiple semiconductor devices 10 simultaneously according to another
preferred embodiment of the invention. Arrays of pockets are formed on a top
surface 42 of the carrier 44 with each pocket accommodating one semiconductor
30 device 10. Each pocket has openings at four sides of the device for access of its
four edges by the clamps of the clamping blocks 34 to align and grip a



25 sem conductor device 10 against the X reference clanmp 16. Thirdly,
the X precisor clanmp 20 is opened, and | eaves the sem conduct or
device 10 closely aligned with the X reference clanp 16 with only a
very mnimal clearance. Fourthly, the Y prCcisor clanp 22 closes to
align the sem conductor device against the Y reference danp 18. - 13
- It is preferred that the sem conductor device is not gripped by X
direction precisor clanps 20 during tH@-cl osing of the Y precisor
clanp 22, since it will introduce scratches to the edges of

sem conductor device 10 due to sliding between sem conductor device
10 and t h&emiepnduistarsieviseatdsThearrays ohelamping RlecksareTRpyntsd 41 adawsh

0 . : . 9 toglsrareTRPUN'Sd 4t g
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cl ose t ge psitioas icf dhe (i(oanqb Wfbfem]pceruarﬂps lhee&rdmt:la?igmg bh)ph_rhyws*%nu_; epen
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bet wees s aiboaEpRiceASI oA boihimbBl 6FGHE BafioRM. 16, L he X

precisor clanp 20 can theh align tthe sem conductor device 10 agai nst
the X reference clanp 16 w thout introducing scratch damage 15 to the

device 10.| 0 I, ahe | |
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applicable to sem conducto evices 10 jch are 20 hi ul at
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whi ch pr ovordgse witk ahedll farm dactorysemiconductor devices 10 due to limited space for
access to the four sides of the device 10.
15
FiG. ¢ illustrates a preferred clamping sequence for aligning a semiconductor
device 10 using the illustrated apparatus according to the invention for achieving

alignment of the device 10.

20 Instead of closing all of the clamps in the clamping block 34 at the same time to
align and hold the device 10, the following clamping sequence is proposed to
facilitate the atignment process of semiconductor device 10. Firstly, the X and Y
reference clamps 16, 18 close to provide guiding reference edges to the
semiconductor device 10. Secondly, the X précisor clamp 20 closes to align the

25 semiconductor device 10 against the X reference clamp 16. Thirdly, the X
précisor clamp 20 is opened, and leaves the semiconductor device 10 closely
aligned with the X reference clamp 16 with only a very minimal clearance.
Fourthly, the Y précisor clamp 22 closes to align the semiconductor device
against the Y reference clamp 18.

30



The invention described herein is susceptible to variations,

nodi fications and/or additions other than those specifically
described and it is to be understood that the invention includes al
such variations, nodifications and/or additions which fall 30 within
the spirit and scope of the above description. -14- CLAIMS: 1. An
apparatus for arranging a sem conductor device for processing, the
sem conduct or devi ce having surface edgponents on its surface and
havi ng 5si des, the apparatus conprising: a devi ce support
conprising a set of protrusions configured and positioned to contact
t he surf adids pfeferied hatitbe aemmoﬂuctevde\&ca\ﬁtnmugnpneﬁnbné& dirgption @recisor

surface C%{Qjﬁu%eggzcu@gg ntgs Ccic?%rpl'lfgg&e iy y 0&&:@8&1 ﬁﬁc@ﬁ‘“gﬁﬁntr&dﬁ%e

set of pr ure 'Sern con
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configured for p| ng. the sides of the se ctor ce algng a
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cl a”pssco%fffegtgrtﬁé cb8fnetlE! 'aEEI aian E@%f ﬁéjﬁénfafan&ﬁlﬁorséi‘évnfé)ﬁ‘@lé%ﬁﬁf 16N ise

al ong a seco axi s perpe ar tot first axis; each

first and r@edamagesteutscﬁlectrueaiwgm@npntsm ng a reference clanp 15 haV| ng
a reference guiding edge and a predeterm ned end position for

cl anpi ng the sem conductor device, the reference guiding edge being

novabl e i Mhe fisl $epdist &y klosedthenX pcmsdrooslampdzm»etbn@mw ald Emiﬁmﬁal
al i gnnment ch t he sem conduct or &(’aw ce. al on a res ve axi g, ?6
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With the minimal initial clearance between semiconductor device 10 and X

reference clamp 16, the X précisor clamp 20 can then align the semiconductor

device 10 against the X reference clamp 16 without introducing scratch damage
15 to the device 10.

It shouid be appreciated that the aforesaid alignment method does not require
accessing a significant portion of the support surfaces of the semiconductor
devices 10. Therefore, it is applicable to semiconductor devices 10 which are
20 highly populated with surface components 12 on the support surface. Besides
aligning the semiconductor device 10, it also provides a gripping force to the
semiconductor device 10 at the same time to withstand pick up forces exeried on
the semiconductor device 10 that may be experienced in subsequent processes.
The proposed clamping sequence can therefore result in scratch free alignment
25  with virtually no clearance, which provides greater accuracy.

The invention described herein is susceptible to variations, modifications and/or

additions other than those specifically described and it is to be understood that the

invention includes all such variations, modifications and/or additions which fall
30  within the spirit and scope of the above description.



20and the |l ower portion, the reference clanp being pivotable around

t he pivot shaft; each of the first and second set of clanps
further conprising a gripping clanmp located opposite to the reference
clanp of the sanme set, the gripping clanp having an end position
which is defined by an edge of the sem conductor device being clanmped
and being operable to provide a gripphag force onto the 25

sem conduct or device to clanp the sem conductor device agai nst the
ref erence gui ding edge of the reference clanp along the respective
axi s; CLAIMS&d] ust abl e st opper coupled to the reference clanp, the
adj ust abl e stopper defining the predeterm ned end position of the
reference danp, the adjustable stopper having a hei ght extending

al ong a subst amtri apparangt for afrrdnging38 deaiedsndaotol idenicef fot rpeocreeéregemee
clanp, the sto r beiqg erable to control an enp gogrtron t he

| oner por t FBRHC fefies g‘ﬁ&'ggc?'ﬁf?ﬁ igponenigson 1S acé?naﬁgt &
oper abl® tgded itNeaphtRalu@w@ippigingt on of the reference clanp into the
end position in mhlch the | ower portion_is fi évfecured bet wee

the actuator arfidq4iEe SYRNEHSOMRTiSRd A 38 &f BFOT%’éPﬁ@ iqgyhedang Pﬂs‘r'?’i@d
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defined by the height of the 5 stop An apparatus as cl ai ned

inclaim 100W@9@i310'ﬂ Rige @Pﬁﬁ%oﬁﬂ'@ rwrpw&ucwrﬁﬂvger the 3 Jrrrpirysiens
sides of t ng e r@%@@ta@géﬁ%éeemrcbhd@ﬁﬁd&rce% fpldeng force to
odgement o

prevent dis sem conduct or device durin rocessi ng.
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t he
the semiconductor device, the reference guiding edge being movable into the

predetermined end position and being operable for alignment of the
semiconductor device along a respective axis, the reference clamp further having
a lower portion and a pivot shaft positioned between the reference guiding edge
20 and the lower portion, the reference clamp being pivotable around the pivot shaft;
each of the first and second set of clamps further comprising a gripping
clamp located opposite to the reference clamp of the same set, the gripping
clamp having an end position which is defined by an edge of the semiconductor
device being clamped and being operable to provide a gripping force onto the
25 semiconductor device to clamp the semiconductor device against the reference
guiding edge of the reference clamp along the respective axis;
an adjustable stopper coupled to the reference clamp, the adjustable
stopper..defining the .predetermined .end position of the. reference clamp, the.
adjustable stopper having a height extending along a substantial length of the
30 lower portion of the reference clamp, the stopper being operable to control an
end position of the lower portion of the reference clamp; and



20actuator conprises an air cylinder. 6. An apparatus as clained in
any one of the preceding clains, wherein the actuator conprises an
el ectrical solenoid. 25 7. An apparatus as clained in any one of the
preceding clains, including a carrier configured for nounting a
plurality of clanping devices so as to arrange a plurality of

sem conductor devices on the carrier, 4gach cl anping device being
operable to align and grip sides of one of the sem conductor devices.
-16- 8. An apparatus as clainmed in claim7, wherein the plurality of
cl anpi ng devi Ca@n acteatop operableetd drimclaalhé pveandripni gf tise cidsreate alampt ino
sem conducf or vi ces sjnultangou . 5 9. An atus as.,clainmed in
any one of! h@”‘grpé)ég’(‘]’f'n@ W#’E’Tﬂnﬁ"? Ear‘f‘éeﬂ' e??fa%d%%@ga[rﬁps%bj ibgbgeeﬂ,vﬂ'ne
cl anpi ng asdtBator and Qhe AfoppERahaladtiads Wdisy ERghddwilinyheosieppér $Uvd that

precedi ng clai ns, wherein the devjce support i ocat ed substantially
central |y e adigater aﬁrﬁpﬁaorer&/%fg?'vmﬂhiaf.p S%P%ﬁﬁéﬂe& ﬂ?% el&ﬁ’f aﬁ{ﬁ%g
a pluradi té’to?ﬁer?em conductor devices for processing, each

sem conduct or devi ce having surface conponents on its surface and
havi ng si des, the apparatus conprising: a plurality of device

supports, gach Adevife SUPRQAT Bl it i 3, $fler@h the ABMRS UskOfsther
configured and positioned to contact the surface of one of the
seni conducewifigdead teegripithensides ©b e cemisgndusiendevies Wb rigificiens mojding

surface of fotrgbgtloﬁﬂ‘évmt diﬁ@dg%ﬁ'ﬁ@tn‘f BPfeRlicHRVbRe evi%:é‘tﬁﬁﬁr?g} pi8kessing.

pr ot rusi ons g configured to support the one o e sem conduct or
devi ce$0on a pl ane;

3. An apparatus as claimed in claim 1 or claim 2, wherein the clamps are
configured to grip the sides of the semiconductor device at a level located lower

than a processed surface of the semiconductor device.

15 4. An apparatus as claimed in claim 3, wherein the clamps are configured to
grip the sides of the semiconductor device at the level located approximately 1/4
of the thickness of the semiconductor device below the processed surface.

5, An apparatus as claimed in any one of the preceding claims, wherein the

20  actuator comprises an air cylinder.

8. An apparatus as claimed in any one of the preceding claims, wherein the

actuator compyrises an electrical solenoid.

25 7. An apparatus as claimed in any one of the preceding claims, including a
carrier configured for mounting a plurality of clamping devices so as to arrange a
plurality of semiconductor devices on the carrier, each clamping device being

...operable to align and grip sides of one of the semiconductor devices.



a plurality of clanping devices, each clanping device having a first
set of 20 clanps configured for gripping the sides of the one of the
sem conduct or devices along a first axis and each cl anpi ng device
further having a second set of clanps configured for gripping the
sides of the one of the sem conductor devices along a second axis
perpendicular to the first axis; eachqgf. the first and second set of
clanps conprising a reference clanp 25 having a reference guiding
edge and a predeterm ned end position for clanping the sem conductor
devi ce, th8. refn eapperajué (disnagjaierehgleirbeflamg Thoviadreia thet plutdlity of clamping
predet er m ned end si.tion, an per e for alipagnnment .of ithe .
e conducheedoarLeoneyity & FeBiatdPuE sih of RS R fbete pavges
further hamhngaaemﬁmﬁr portion and a pivot shaft positioned between
the reference guiding edge and the | ower 30portion, the reference

cl anp being pivotable around the pivot shaft; - 17 - each of
the first end sgsapgaratis a@‘cm:freams aﬁybhéefti@Qﬁ@éeoﬁngﬁ@amgnuhemumgach
cl anp Iocated 0 posgte to %H‘ reference clanp of the same set, the
gri ppi ng cFamp 5§s 4 IR N which is defined by an edge of
t he sem conduct or devi ce being clanped and bei ng operable to provide
a grlpplng force onto the 5 sem conductor device to clanp the

seni conducfi®r ddViepBaragHE aselaimrd ineargr @i ef @mww'r&j@amﬁ wheeein the

reference eé@@s%mﬂusﬁ%técﬁaﬂﬁ%mﬁé@y &ltdly of the cl@nphy 'aab]béy of

adj ust abl e stoppers, each adj ustabl e stopper being coupled to one of
the ref@rence cl anps, each adjustabl e stopper defining the

predet er m ‘?Tg eﬂﬁo;g:gfdréthgnfo?faﬁ%l@‘é"'pﬁﬂaﬁt f&r ggﬁﬁoﬁhﬁ’&& o%@i%@s for

adj ust abl e aving a extehdi ng along a stanti al
| engt h of ptesessiogr epol t $asnicotductns devips dibvingt stdace asmpgpentsndneié&h
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posi ti oned sepgdrt kyona dfhlnms@m&pammtmiedevmed cbya plbee;hei ght of the
coupl ed st opper ; mount

cl anpi ng devi ced P iﬁamﬂé\?c%ér{pgrlﬂﬁié%‘;'oés each ¢ %,ﬁghge\ﬂcé‘ 3ling % s set of

20 clamps configured for gripping the sides of the one of the semiconducior devices
along a first axis and each clamping device further having a second set of clamps
configured for gripping the sides of the one of the semiconductor devices along a
second axis perpendicular to the first axis;

each of the first and second set of clamps comprising a reference clamp

25 having a reference guiding edge and a predetermined end position for clamping
the semiconductor device, the reference guiding edge being movable into the
predetermined end position and eperable for alignment of the semiconductor

...device along a respective axis, the reference clamp further having a lower portion .
and a pivot shaft positioned between the reference guiding edge and the lower

30 portion, the reference clamp being pivotable around the pivot shaft;



10

15

20

-17 -

each of the first and second set of clamps further comprising a gripping
clamp located opposite to the reference clamp of the same set, the gripping
clamp having an end position which is defined by an edge of the semiconductor
device being clamped and being operable to provide a gripping force onto the
semiconductor device to clamp the semiconductor device against the reference
guiding edge of the reference clamp along the respective axis;

a plurality of adjustable stoppers, each adjustable stopper being coupled
to one of the reference clamps, each adjustable stopper defining the
predetermined end position of the coupled reference clamp, each adjustable
stopper having a height extending along a substantial length of the lower portion
of the coupled reference clamp, and each stopper being operable to control an
end position of the lower portion of the associated reference clamp; and

a plurality of actuators, each actuator being associated with one of the
reference clamps and each actuator being operable to drive the lower portion of
the associated reference clamp into the end position in which the lower portion is
fixedly secured between the actuator and the stopper, each actuator being
aligned with an adjustable stopper coupled to the associated reference clamp
such that each actuator is positioned entirely within a space defined by the height
of the coupled stopper; and

a carrier for mounting the plurality of clamping devices and device

supports.



