-1- APPARATUS AND METHOD FOR ARRANG NG DEVI CES FOR PROCESSING 5 Field of
the Invention The invention relates to the processing of devices, and in
particular to arranging devices on a carrier and aligning themwth respect
to a processing systemfor processing. 10 Background and Prior Art
Sem conduct or devices such as Ball Gid Array ("BGA") packages are usually
small in size and are transported and/ or processed in batches so as to
i ncrease 15 operation efficiency. Thud,- they are often | oaded on a carrier
in array formfor transportation and processi ng. Exanples of processes
carried out on BGA packages arranged in array forminclude sol der paste
printing, solder balls attachlng and testlng Processing of several or al
sen conduct or devi ce k-0 N R 8641 S e 4 i n high
t hroughput, but that # et e .ﬁﬁ#ﬁﬁ§ of the devices on
the carrier prior to procesgmcﬂ@pompmmgs’sme the devices w ||
directly affect the yield of processes subsequent to alignnent. Alignnent
capability and accuracy becones even nore critical for fine pitch devices.
25 Var|0u§ gﬁgfﬁaqhﬁsthﬁve been inplemented in the prior art to align
en1céhd ' carriers. In a cavity approach, a guiding plate
wth a cavity opened for receiving a sem conductor device is used for
aligning it with respect to edges of the device. In US patent nunber
5, 688, 127Thkainvengan rel%itﬁa/mﬁw posessingar deyinesmandrin nesticuly tBaamanging Arr ay
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Background and Prior Art

Semiconductor devices such as Ball Grid Array (“BGA”) packages are usually
small in size and are transported and/or processed in batches 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 turn 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 Bali Grid Array (BGA) Devices on

30  Multiple 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



-2- alignment. The opening size of the cavity is reduced gradually fromthe
device entrance point to the inner portion of the cavity. The BGA package
is guided by the narrowi ng opening and is aligned with the interior walls
of the cavity at the inner portion. 5 A problemwth this approach is that
a clearance nust exi st between the BGA package and interior walls of the
cavity to avoid jamm ng of the device. Also, additional clearance should be
added to accommpdate any variation in-dzes of different BGA packages
resulting froma prior singulation process. The resultant 10 cl earance

bet ween the BGA package and cavity may result in poor aIi?nnent. i
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the initial misalignment is large.

15 Alternatively, in a pin approach, two or more pins are used to align
semiconductor devices with respect to a carrier, with apertures formed 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 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 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 to pick

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



sem conduct or devices, which reduces the area avail able for placing

| nput/output 30 connections. Also, the holes reduce the area avail able for
a suction cup to pick up the devices during pick-and-place operations using
vacuum suction. Another -3- shortcomng is that unless the pins and
apertures in both sem conductor devices and carriers have m ni nal

cl earance, precise alignnment cannot be achi eved. However, it becones very
difficult, if not inpossible, to align3&-plurality of seni conductor devices
with the carrier by automated neans if the pins and 5 apertures are of
simlar size so that they fit tightly. This may require manual alignnment
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the surface to be supported, there is an additional problem of providing adequate
support for the devices. If the fragile surface components are forcibly biased
against a supporting structure, they may be damaged. Due to this need to avoid

15 direct contact between the supporting structure and the surface components on
the supported surface, the use of means such as vacuum suction for holding the
semiconductor device would be problematic because there would be very little
surface area on which to apply the vacuum pressure. Thus, the vacuum suction
would be relatively weaker, which may result in unintended pick-up or

20 dislodgement when a process head such as sticky flux transfer pins contact the
surface of the device being processed.

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.



aforesaid prior art. It is a related object of the invention to provide an
apparatus and nethod for effectively arranging and aligning sem conduct or
devi ces containing surface conponents such that a limted surface area is
avai l able for 30 contact by a structure supporting the devices. -4-
According to a first aspect of the invention, there is provided an apparatus
for arranging for processing a sem conductor device having surface
conponents on its surface, the apparatdus conprising: a device support
conprising a set of protrusions for contacting a surface of the

sem conductor device to support the 5 sem condugtor device on a %agg, t he
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gri ppi ng for yppingothe Semiendctor Hetvicel alohgrnpsetond laaisppémendieniaeaodhst or
devi ce against the reference clanp 20 along the second axis; and thereafter

movi i t hérstaxippwhereblydmorio ths semdicendugtocdevice, supperted op she plang. t he
sem conduct or device, whereby to securely align and hold onto the
sem conduct or device. According to a third aspect of the invention, there is

provi ded Accorgipg’ & assésdnd 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



25 arranging for processing a plurality of sem conductor devices having
surface conponents on their surfaces, the apparatus conprising: a plurality
of device supports, each device support conprising a set of protrusions for
contacting a surface of a sem conductor device to support the sem conduct or
device on a plane, the protrusions being arranged and positioned such that
they avoid 30 contact wth surface conponents on the surface; a plurality of
cl anpi ng devices, each having a first5set of clanps configured for gripping
a sem conductor device -5- along a first axis and a second set of clanps
configured for qgripping the sem conductor device along a second axis
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Brief Description of the Drawings

Examples of apparatus and methods for arranging devices for processing in
accordance 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 embodiment 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 biock for
clamping a device;

30



preferred enbodi nent of the invention; FIG 3 is an isonetric view of a
devi ce support including small protruding islands 25 for supporting a
sem conductor device; FIG 4 is an isonetric view illustrating an apparatus
according to a second preferred enbodi nent of the invention including a
nodi fied clanping block for clanping a device; 30 -6- FIGs. 5A and 5B are
cross-sectional views of the clanping block shown in FIG 4 in an opened
and a closed position respectively; FF@s. 6A and 6B are isonetric views of a
sem conductor device seated on the 5 device support before and after being
clamped by the clanping block respectively: FIG 7 is an isonetric view of
a carri erFl&sn5A and §Barplaipss-sestiosal a@wrta{tbg dagynping) blgek sown in Fibed
sem condugt Vi [ t rding to another 10 preferred
enbodi men 3?5{05???%0%@%%#%4%&2‘?%@@%%%?-@at ion view a sem conduct or
device that has been clanped by four clanps, each of which conprises a

ng arm and 15 FIG 9 illustrates a preferred cl ' sequence

singl e cl anpi | . 9 > i anpin
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sem conduglsBéc j-ce 10 that is densely populated with surface conponents 12

on the back surface. FIG 1A shows a BGA device 10 that is ready to undergo
subsequent processing such as sol der paste printing or sol der ball

pl acenent 1his orientation, the top surf | t o) pfocessed,
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( 10 preferred embodiment of the invention;

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

illustrated apparatus according to the invention.

Detailed Description of the Preferred Embodiment of the Invention

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



Referring now to FIG 1B show ng the back surface of the device 10 that is
used for support, the sem conductor device 10 is densely populated with
surface conponents 12 (such as SMI conponents) 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 -7- should not be allowed to apply any force on the
surface conponents 12 to avoid damagi-ifg-them this results in a very
limted area for access by an alignnment apparatus on the support surface of
the sem conductor device 10. It is thus difficult usingugrior art apparat us
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t he sides of the device 10 whereby to grip the same. A first set of clamps 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



sem conductor device 10 along the respective X and Y axes. One of the 25
reference clanps 16 is set in the X axis and the other of the reference
clanps 18 is set in the Y axis. They are provided with adjustabl e stoppers
24, 26 coupled to the reference clanps 16, 18 to control the stopping
position of the clanps at the end of their travel and to provide reference
gui di ng edges for device alignnment. Wth proper adjustnent of the stopping
position, these two sets of reference-8G clanps 16, 18 provide the X and Y
reference guiding edges for alignment of the sem conductor device 10 in the
X, Y and theta directions. Opposite to each -8- reference cla 16, 18 is a
gri ppi ng refesance alamm 18aJS e aigippg elgma. yhigh awxbe in theafgsm olopregisor They
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device 10 is seated substantially centrally on a device support 14 with the

four set Préeiser elapws14, 2epreferablydg,pphigosie $@PREMSo grip the devi ce 10.
The sem conductor device 10 will be aligned with the X and Y reference
cl anp§ 16, 18 as the actuation forces 27, 28, 29, 30 cause the four 10 sets

of cl anpsE4ch ekaficondRtbiddsviek 90 iRUsédted saubstamibligt oenteislly of a0dedibe
clanps 16, 18, 20, 22 are also configured to réB t he sem conduct or device
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with sufficient holding force to prevent dislodgement of the semiconductor device

10 during subsequent processing of the device.

15  FIG. 3 is an isometric view of a device support 14 including protrusions, such as
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 support 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



20 surface conponents 12. In this way, the device 10 can be supported in
space wthout interfering wwth the surface conponents 12. Different
arrangenents of the surface conponents 12 may thus require different
arrangenments of the protruding islands 32, and the device support 14 may be
fabricated accordingly. 25 The device support 14 is provided at
substantially the center of the clanping block 34. Therefore, the

senmi conduct or device 10 can be support&d and positionable on a verti cal
Z-1evel without interfering with the surface conmponents 12 on the

supporting surface. It is recommended to control the vertjcal |evel of the
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process tdfiGent@r sgpureglafmMinGame tinme the clamping is high enough to
provi de a stable clanping condition to the device for secure clanping. 5
FI G Is an isonetric view illustrating an apparatus according to a second
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for clanping a device 10. In this enbodi nent, each of the clanps 16, 18,
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)t her mechani sns can also be used to control the clanping notion, such as a

i nedP gufdhaFlampseiatiators 36 oeated atdhg hattonnef theislgmping block 34 are
operable to actuate the clamping motion by turning the clamps about the pivot
shafts 38. However, it should be understood that other mechanisms can also be
used to control the clamping motion, such as a linear guiding system with a
pusher to push the clamp.

15
One set of the X direction clamps 16 and one set of the Y direction clamps 18
(reference clamps) mounted on the clamping block 34 are equipped with
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 in an open 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.



One set of the X direction clanps 16 and one set of the Y direction cl anps
18 (reference clanps) nounted on the clanping block 34 are equi pped with
adj ust abl e stoppers 24, 26. As the actuator 36 pushes the bottom portion of
reference clanp 16, 18 agai nst the stopper 24, 26, the upper portion of the
20 reference clanp 16, 18 closes and stops at a position which can be

adj usted by the stopper 24, 26. Therefore it can provide the reference
gui di ng edges for sem conductor devicH alignnent in both the X and Y
directions. FIGs. 5A and 5B are cross-sectional views of the clanping bl ock
shown in FIG_4 25 in an open and a cl osed position respectively. The

cl anpi ng Hi002R showsstbe aincyinder 40 pusining the wierenseflampd Glor Rigs @9ast ¢l anps.
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to control the stopping position of the reference clanp 16. This wll

provi de the reference guiding edge for the sem conductor device 10. 5 The
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actuator 36 pushes the precisor clanp 20, the precisor cla 20 bi ases the

seni conduadjustabile/stoppes ane prgxides:totthe prgpiser clamps 8PeB2e Asddesaciiator enoves

edgos, T Plstem et Frebiiol cHATH or0a DB Db (HAME 20, BBRetT8er cnce
cl anps 16semiBohBuctbheedicd™D i abhipsk i oppbsitd referiret édiies hhe rémpveonduct or
device 10 is also gripped in position by the claggs 16, 18, 20, 22 to

wi t hshlancamnigitiall cleangneeincketwesn theapfarenes plamemde @ngudeviep edgesqliusit
processi nﬁlign%‘rihe semiconductor device 10 with the X and Y reference clamps 16, 18 in
the clamping block 34. At the same time, the semiconductor device 10 is also
gripped in position by the clamps 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 clamps in the
clamping block 34, the air cylinder 40 is preferred to drive the actuators 36 for the
clamps 16, 18, 20, 22. On the one hand, by using the air cylinder 40 as an
actuator, the clamp gripping motion can be readily controlled by controlling an air
20 flow rate to the air cylinder 40 to moderate the clamping speed. This can avoid
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 controlled 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 controlied by changing the supplied current, and it may
30 provide a similar effect to that of the air cylinder 40.



Though various types of actuators can be used to actuate the clanps in the
clanping block 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 an actuator, the clanp gripping notion can be readily
controlled by controlling an air 20 flowrate to the air cylinder 40 to
noderate the clanpi ng speed. This can avoid sudden and strong inpact of
clanps to the sem conductor device 10 Which may cause the devices to junp
out of the clamping block 34. On the other hand, the gripping force of the
clamps can also be easily controlled by controlling the air supply pressure
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10 seat edsdriicbRdudS d&fics YORMd folif sl @ampst1ee 18] aopgp 16, 18, 20, 22 close.
The sem conductor device 10 is not yet aligned 5 wth the reference cl anps

16, 18 as clearances exist in between the sem conductor device 10 and four
i de cl , ~d8,,20,. 22 In EIG 6B, the.cl bet h .
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As the four sets of clamps 16, 18, 20, 22 close to grip the semiconductor device
10 seated at the center of the device support 14, the précisor clamps 20, 22 push
15 the semiconductor device 10 in against the reference clamps 16, 18 in both X
and Y directions, and thus the semiconductor device 10 is aligned with the two
reference ctamps 16, 18. At the same time, the clamps 20, 22 provide a gripping
force to hold 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



15 the sem conductor device 10 in against the reference clanps 16, 18 in
both X and Y directions, and thus the sem conductor device 10 is aligned
with the two reference clanps 16, 18. At the sane tine, the clanps 20, 22
provide a gripping force to hold the sem conductor 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 nethod
which is feasible to align and hold -al&eni conductor device 10 at the sane
time even with surface conponents 12 popul ated on the support side of a
devi ce 10. The above alignment method is not limted to aligning a single
seni condsemigondstaredeviee 10t thanaury® obslaamping Hipaks areigauated inrapysly of
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Arrays of pockets are formed on a top surface 42 o e carrier 44 with
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device 10. The arrays of clanping bl ocks are nmounted in a push bl ock

corresponding to each tray pocket position. By aligning the stopping
posi t i onsThelughha claraping \bloek 34 avithea aimphsclampsaatteantagipthegfopr siglessf aisi ng an
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cl anpi ng dMApY atbathtdidd dtal Hedite Y P raduGRttb BhetBadcrimsdatessmall a
device 10 is used as an illustration, it should be understood that the
nunbéP offorrsifactps samicawchictordievidesa k& i&is amelayvatior yige @ semisapducior
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clanps, awtdle lambingarfPIBT 18220822’ on each side of a device 10. This is suitable
for use with small form factor semiconductor devices 10 due to limited space for
access to the four sides of the device 10.
15
FIG. 9 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 alignment 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
precisor 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



single clanping arm16', 18, 20" 22' on each side of a device 10. This is
suitable for use with small formfactor sem conductor devices 10 due to
limted space for access to the four sides of the device 10. 15 FIG 9
illustrates a preferred clanping sequence for aligning a sem conductor
device 10 using the illustrated apparatus according to the invention for
achieving alignnent of the device 10. 20 Instead of closing all of the
clanps in the clanping block 34 at thdd3sanme tinme to align and hold the
device 10, the follow ng clanping sequence is proposed to facilitate the
al i gnment process of semnm conductor device 10. Firstly, the X and Y
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closely aligned with the X reference clanp 16 with only a very m_ni nal
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preci sor nocd#iage &9its elddhicd kenfponehig of the Y preC| sor clamp 22, since it
wi Il introduce “scratches to the edges of sem conductor device 10 due to

sliding between sem conductor device 10 and the X direction clanps 16, 20

der fri.gtian. fie h d
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('cl ear ance between sem conductor device 10 and X reference clanp
10  remaining from the previous clamping sequence.

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 exerted 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.



10 remaining fromthe previous clanping sequence. Wth the mnimal initial
cl earance between sem conductor device 10 and X reference clanp 16, the X
preci sor clanp 20 can then align the sem conductor device 10 against the X
reference clanmp 16 without introducing scratch danage 15 to the device 10.
It should be appreciated that the aforesaid alignment nethod does not
require accessing a significant portion of the support surfaces of the

sem conductor devi ces 10. Therefore,-T%-is applicable to seniconductor
devices 10 which are 20 highly popul ated with surface conponents 12 on the
support surface. Besides aligning the sem conductor device 10, it also
providesgL&mﬁ$ping force to the sem conductor device 10 at the sane tine
to withstand pick up forces exerted on the sem conductor device 10 that may
be experienced in subsequent processes. The proposed cl anpi ng sequence can

thereford.reswld abpa@mamrarfarr@mggfdrqnmangé sérhiconduttondeyicehavirgpr ance,
whi ch provi des greater accuracy. The invention described herein is
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apparatus for arranging fo&eﬁ)rocessi ng a sem conduct or devi ce havin
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surface dsaiFasiens belg arranged aadositippedpiiahaihad theyrpyeid; Gaptad withythe ce
suppor t rJ.Sl t i.ons for contacting a surface of the
sem cond&@?@?éﬁg%gﬁeﬁgs %'ﬁél.bé;ﬁ)&#féza g‘m conductor device on a plane, the
protrusions bej saningdeside dinpal firsosstofstiampshasnfighesd forqirippiraptiRct with

the surface conmponents on the surface; and a clanpi ngf device having a first
set &P clsemisonduatorgdedce riangyaifipt ayistand a second set of clamps configured

for gripping the semiconductor device along a second axis perpendicular to the

first axis, whereby to grip the semiconductor device supported on the plane.

2. An apparatus as claimed in claim 1, wherein each set of clamps includes a
15 reference clamp that is adjustable to provide a reference guiding edge for

alignment of the semiconductor device along the respective axes.

3. An apparatus as claimed in claim 2, including a stopper coupled to each
reference clamp that is adjustabie for controlling an end position of the reference

20 clamp whereby to adjust the reference guiding edge.

4, An apparatus as claimed in claim 2 or claim 3, including a gripping clamp
opposite each reference clamp that is operable to cooperate with the reference
clamp to clamp the semiconductor device along the respective axes.

25
5. An apparatus as claimed in any one of the preceding claims, wherein the
clamps are further configured to grip the semiconductor device with sufficient
holding force to prevent dislodgement of the semiconductor device during
processing.

30



{ 10 sem conductor device along a first axis and a second set of clanps
configured for gripping the sem conductor device along a second axis
perpendicular to the first axis, whereby to grip the sem conductor device
supported on the plane. 2. An apparatus as clained in claim1l, wherein each
set of clanps includes a 15 reference clanp that is adjustable to provide a
reference guiding edge for alignnent of the sem conductor device along the
respective axes. 3. An apparatus as elt@i+ed in claim2, including a stopper
coupled to each reference clanp that is adjustable for controlling an end
position of the reference 20 clanp whereby to adjust the reference guiding
edge. 4. 6An apyaapparatussag claimed mranm @ﬂem%thﬁr pt’ﬂ@ﬁlﬁ%dalrﬁ%l ke thegri ppi ng

cl anp 05|te each.ref erence t.hat o) th the
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axes. 25 procd¥iedRRAAREWT RS sémddifcidl dilleeone of the preceding cl ains,
wherein the clanps are further configured to grip the sem conduct or devi ce

with sufficient holdi ng force to prevent di sl odgenent of the sem conductor

devi cg during roces ar at,us a ai med dn one of
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sem conductor device. 5 7. An apparatus as clained’in claim®6, wherein the
cl anps artleeeen‘ﬂacglduetbrtctewcgrb@jowﬁhemmemdmﬁacedew ce at a level of
approximately 1/4 of the thickness of the sem conductor device bel ow the
processed surface. 8. An apparatus as clainmed in any one of the preceding

tclhgit ”fhe'%‘fglé%ﬁ"gppé%tﬂé VRt cialiaéd Sn hyBhé ot the SleRBRMgRERIMSPRRRidRTy such
( 10 pivot shafts on which the clamps are supported such that the clamps are

pivotable about the pivot shafts during actuation of the clamps.

9. An apparatus as claimed in claim 8, including actuators that are
controllable for driving the clamps to pivot about the pivot shafts so as to grip the

15 semiconductor device.

10.  An apparatus as claimed in claim 9, wherein the actuators comprise air

cylinders.

20 11. An apparatus as claimed in claim 9 or claim 10, wherein the actuators

comprise electrical solenoids.

12.  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
25 plurality of semiconductor devices on the carrier, each clamping device being

operative to align and grip a semiconductor device.

13.  An apparatus as claimed in claim 12, wherein the plurality of clamping
devices are configured to arrange and grip all the semiconductor devices

30 simultaneously.



pi vot abl e about the pivot shafts during actuation of the clanps. 9. An
apparatus as clained in claim@8, including actuators that are controll able
for driving the clanps to pivot about the pivot shafts so as to grip the 15
sem conductor device. 10. An apparatus as clainmed in claim9, wherein the
actuators conprise air cylinders. 20 11. An apparatus as clained in claim?9
or claim10, wherein the actuators conprise electrical solenoids. 12. An
apparatus as claimed in any one of thel6receding clains, including a

carrier configured for nounting a plurality of clanping devices so as to
arrange a 25 plurality of sem conductor devices on the carrier, each

cl anpi ng devi d¥ appargtusopeclaimed in anyongof dnel peraeging sleims oMaereineacleyi ce.

13. An ap tus. as cl.ai lL.nhclaim12, wherein the plurality of clanping
devi ces ﬁ%ﬁ&ﬁﬁ@ﬁ?@ﬁ??&?bg\g d grip all the sem conductor devices 30
si mul t aneously. -16- 14. An apparatus as clainmed in any one of the preceding

clainms, wherein each clanp conprises two clanping arns. 15. An apparatus as
cl ai med i1$.anyArapparatushas plaimedi ingary enerdf theh eregedingelaims awhewin heport i s
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t he appa_@,?ggrtﬂ% the! stifBanduttenyeg@e of the preceding clains, conprising the

st eps of noving a reference clanp fromeach set of clanps to provide a
reference guide in each respective axis; noving a gripping clanp fromthe

first setedl of Aok oothaMahlCs SRTLSSRANSH Bovids it W08 itfarkil 46 er ence
claimed in any one of the preceding claims, comprising the steps of:
10 moving a reference clamp from each set of clamps to 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
15  semiconductor device;
moving a gripping clamp from the second set of clamps to clamp the
semiconductor device against the reference clamp along the second axis; and
thereafter
moving the gripping clamp from the first set of clamps to clamp the
20 semiconductor device, whereby to securely align and hold onto the

semiconductor device.

17.  An apparatus for arranging for processing a plurality of semiconductor
devices having surface components on their surfaces, the apparatus comprising:
25 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 contact with surface components on the surface;
a plurality of clamping devices, each having a first set of clamps
30 configured for gripping a semiconductor device along a first axis and a second

set of clamps configured for gripping the semiconductor device along a second



nmoving the gripping clanp fromthe first set of clanps to unclanp the 15
sem conduct or device; noving a gripping clanp fromthe second set of clanps
to clanp the sem conductor device against the reference clanp along the
second axis; and thereafter noving the gripping clanp fromthe first set of
clanps to clanp the 20 sem conductor device, whereby to securely align and
hold onto the sem conductor device. 17. An apparatus for arranging for
processing a plurality of semiconduct-ot?-devices having surface conponents
on their surfaces, the apparatus conprising: 25 a plurality of device
supports, each device support conprising a set of protrusions for contacting
a surface®d$ perpendiedandettbe first iaxis wheselpp o toriththe semieonducterodedesi ce on

a pl ane, ratrusi o eing arranged and positioned such that they avoid
cont act ﬁ%ﬁf%@eﬂﬁﬁ%n s on the surface; a plurality of clanping

devi ces, each RayirAgr dof imelntiRy safd PlGams &%Iﬁ%ﬁﬁd@t&@ﬁtefso%nar HewLeg a

sem conduct or device along a first axis and a secon set of clanps

conf i gur esUppertsgri ppi ng t he sem conduct or device along a second -17- axis
perpendi cular to the first axis whereby to grip the sem conductor device

supported on the plane; and a carrier for nmounting said plurality of
cl anpi ng devi ces and device supports.



