-1- SUBSTRATE ALI GNMENT METHOD AND APPARATUS Field of the Invention 5 The
I nvention relates to a nmethod and apparatus for aligning a sem conductor
in particular, for aligning the substrate when undergoing a
such as-dwing placenment of solder balls
onto the substrate's contact pads. 10 Background and prior art Ball Gid
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Ball Grid Array ("BGA”) techniques are commonly used for producing high-
density integrated circuit (“IC”") components. A regular array of solder balls is
deposited onto the |IC component at contact pads where the electrical
contacts of the IC component are to be formed. Such balls forming the
electrical contacts of the |C component may then be mated with
corresponding connections on a printed circuit board in use.

During production using BGA techniques, droplets of flux and solder balls
must be transferred to a substrate where they are deposited in a
predetermined array. A common technique is to use a flux transfer head or
pin head to transfer flux to the substrate and a ball pick head to carry solder
balls in the same array configuration as is required on the substrate, and then
subsequently to deposit balls onto the substrate containing flux. It is usually
essential that all the electrical contact points of the IC component are covered
by solder balls to ensure that the component is not defective. Conventionally,
the ball pick head is formed with a plurality of locations for receiving solder
balls, these locations being disposed in the same array configuration as the
desired configuration of solder bails on the circuit board. The corresponding
pin head must also deposit flux droplets in the same array configuration on the

substrate.



A nunber of challenges are presented to the design of fast and efficient
apparatus for the placenent of flux droplets and sol der balls. The apparatus
nmust be designed so that the pin head and the ball pick head are brought in
turn to a precise position over the subsprate and since the dinensions of
the 5 array and in particular the spacing between sol der ball |ocations on
the array are small, accurate alignnent techniques nust be enpl oyed.
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design, such that the individual transfer means need to travel a relatively

| ong di18t arfe®strate&onpl ete one cycle, resulting in a longer alignment and
bal | placenment process. Another feature of the apparatus is 25 that the
caneras are rigidly integrated with the transfer neans, such that novenent
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pi ck hasdd issingkotamera hadng to travel between the fiducial markers. An example is
US Patent Number 6,070,783 in respect of a “Conductive Ball Attaching
Apparatus and Method”. An apparatus is described wherein two alignment
cameras are diagonally positioned from each other and integrated to a main
transfer means. The problem is that the main transfer means is involved in
20 many process work elements, such as ball pick-up, flux transfer, alignment
and ball placement on the substrate. Moreover, the apparatus has a large
transfer means design, such that the individual transfer means need to travel
a relatively long distance to complete one cycle, resulting in a longer
alignment and ball placement process. Another feature of the apparatus is
25 that the cameras are rigidly integrated with the transfer means, such that
movement of the cameras is dependent on movement of the transfer means.

This makes the system more cumbersome and complex.

Another example of an apparatus using two cameras to align a substrate is
30 US Patent Number 6,355,298 for a “Placement System Apparatus and
Method”. One alignment camera is mounted on a pin head and another
camera is mounted on a ball pick head. The ball pick head is involved in a
time-critical process and has a higher number of process work elements as

compared with the pin head. The result is an unequal distribution of work-



time-critical process and has a higher nunber of process work el enents as
conpared with the pin head. The result is an unequal distribution of work
-3- loading since the ball pick head takes a significantly longer tinme to
conplete its processes as conpared to the pin head. The ball pick head is
not able to performsinultaneously a ball pick-up process (which includes
ball preparation into a predeterm ned array for pick-up) and substrate
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According to a second aspect of the invention, there is provided a nethod
ftor aligning a substrate conprising the steps of: providing a ball pick
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substrate alignment.
15
According to a first aspect of the invention, there is provided an apparatus for
aligning a substrate comprising: a ball pick head for picking up a plurality of
solder balls in a ball pick-up process and depositing them onto the substrate;
a vision system adapted to view and obtain positional information of the
20 substrate; a carrier to which the vision system is mountable, such that
operation of the vision system is decoupled from movement of the ball pick
| head; and drivers responsive to said positional information viewed by the
vision system to align at least the substrate and the ball pick head for
depositing solder balls onto the substrate.
25
According to a second aspect of the invention, there is provided a method for
aligning a substrate comprising the steps of: providing a ball pick head for
picking up a plurality of solder balls in a ball pick-up process and depositing
them onto the substrate; viewing and obtaining positional information of the
30 substrate with a vision system mounted to a carrier, thereby decoupling
operation of the vision system from movement of the ball pick head; and
aligning at least the substrate and the ball pick head in response to said

positional information to deposit solder balls onto the substrate.



30 substrate with a vision systemnounted to a carrier, thereby decoupling
operation of the vision systemfrom novenent of the ball pick head; and
aligning at |east the substrate and the ball pick head in response to said
positional information to deposit solder.4falls onto the substrate. -4- It
wi |l be convenient to hereinafter describe the invention in greater detail
by reference to the acconpanying drawi ngs which illustrate one enbodi nent
of the i nvldzmilldue cd’ﬂmer@mttﬁocln&miriaf&rmfesbﬁbe dhenwmvegtioand dreateralethit by
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t he acconpangt tegoeluadersieod ias supecsedlmrg the gensralitypbhthevbroadafientifiogtivnal BGA
substrate w r.ect anqul ar, arrays ., o conductive solder pads; Fig. 2 is a
pl an vi o‘?ft'Bﬁénﬁﬁ‘ F?@?ﬁ&)’#ﬁe PF’%’“?l ducial marks nore clearly 15
illustrated; Fig. 3 is a plan view of a substrate alignnent and ball

pl acenent device according to the preferred enbodi nent of the invention;
Fig. 4 is aBrief dgsa plof dheWrawingisal al i gnnment caneras nounted on a pin
head of the ball placing devi ce according to one preferred enbodi nent 20
| ooking fromdirection A of Fig. 3; Fig. 5is an elevational view of dual
al i gnment  CERGRIfMER GRSl nidihéd ﬁﬁﬂ'adﬁ"éﬁétﬁﬁn Beastdanee wiihntetifvertRinhel
preferred enbodinent; and Figs. 6A to 6F illustrates an operation sequence
i 11 ust rel i ngow b desdribed with tfergncededbe ascamphyingtdrayingse énwhioh: pi n head
and ball pick head according to 25 the preferred enbodi nent of the

i nvention. Detailed description of the preferred enbodinents Fig. 1 is a
pl an view ofjg £ )ﬁJ'aCQlanB@é\Aﬁdb%t fypical BOAtSUDSRGIERGH Adctand@de affays 3

conductive sol der pads 2. Flux and solder balls nust be accuratel y pl aced at
conductive solder pads;

Fig. 2 is a plan view of the BGA substrate with its fiducial marks more clearly
15 illustrated;
Fig. 3 is a plan view of a substrate alignment and ball placement device
according to the preferred embodiment of the invention;
Fig. 4 is an elevational view of dual alignment cameras mounted on a pin
head of the ball placing device according to one preferred embodiment
20 looking from direction A of Fig. 3,
Fig. 5 is an elevational view of dual alignment cameras mounted on a non-
€ process head according to another preferred embodiment; and
| Figs. 6A to 6F illusirates an operation sequence illustrating a distribution of
process work elements between the pin head and ball pick head according to
25 the preferred embodiment of the invention.

Detailed description of the preferred embodiments

Fig. 1 is a plan view of a typical BGA substrate 3 with rectangular arrays of
30 conductive solder pads 2. Flux and solder balls must be accurately placed at
the locations of the solder pads 2.

Fig. 2 is a plan view of the BGA substrate with its fiducial marks more clearly

illustrated. lilustrations of the solder pads 2 have been removed for clarity.



the | ocations of the solder pads 2. Fig. 2 is a plan view of the BGA
substrate with its fiducial marks nore clearly illustrated. Illustrations
of the sol der pads 2 have been renoved for clarity. -5- The substrate 3 has
a nunber of lines defining grids 4 corregponding to outlines of the arrays
of conductive solder pads 2. These grids 4 include a nunber of fiducial
marks 5. An enlarged view of a fiducial mark 5 of a predetermned design is
shown. | n Hile sBhstrate Gebagra olumber 6f tines alefimigk ghidS 4 copréspendiraptd ar
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z-nmotor 27 and a ball pick head z-notor 28 drive the pin head 18 and ball
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15  along the y-axis. Further, a pin head z-motor 27 and a ball pick head z-motor
28 drive the pin head 18 and ball pick head 21 respectively in the z-axis (i.e.
perpendicular to the x- and y-axes). The pin head motors 23, 27 and ball pick
head motors 24, 28 are mounted onto the support frame 1. There is also a
separate module that has a horizontal rail with a ball/flux mounting platform 34

20 and is used for flux and ball placement, and substrate transport in the x-axis.

( With respect to the pin head 18, it includes a pin head theta motor 25 that
drives angular rotation of the pin head 18. The pin head 18 also includes a
vision system, which may be in the form of a dual camera alignment module

25 29. Thus, the pin head 18 acts as a carrier to which the vision system is
mounted. The vision system or dual camera alignment module 29 is adapted
to view and obtain positional information of the substrate 3. In the preferred
embodiment, the vision system comprises a first camera 32 and a second
camera 33. Camera motors 30, 31 drive the first and second cameras 32, 33

30 respectively along linear guides 42 (see Fig. 4) in the x-axis in the dual

camera alignment module 28.

With respect to the ball pick head 21, it further comprises a ball pick head
theta motor 26 to drive angular rotation of the ball pick head 21. The ball pick



canmera 33. Canera notors 30, 31 drive the first and second caneras 32, 33 30
respectively along linear guides 42 (see Fig. 4) in the x-axis in the dual
canera alignnent nodule 29. Wth respect to the ball pick head 21, it
further conprises a ball pick head thetg-notor 26 to drive angular rotation
of the ball pick head 21. The ball pick -6- head 21 picks up a plurality of
solder balls in a ball pick-up process and deposits themonto a substrate 3
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obstruct each other durln% pattern recognition. By doing so, alignnment tine
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23-28, 30-31 act as drivers to control relative positions of the various
conponents of the 20 ball placenment device 22 to align at |east the

substrate HAtasrthidved biitle shatk thédredd aXlux @senslil 32ant ebalutshplateeh@dand pin
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The camgra awdhbe Mdyi stag in relatively fixed positions in the x-axis for viewing
successive substrates, provided that they do not physically obstruct each
other during pattern recognition. By doing so, alignment time can be
shortened. It should also be appreciated that the various motors 23-28, 30-31
act as drivers to control relative positions of the various components of the
20 ball placement device 22 to align at least the substrate 3 and the ball pick
head 21, as well as the substrate 3 and pin head 18 in the described
: embodiments, for depositing solder balls 48 onto the substrate 3.

Fig. 4 is an elevational view of the dual camera alignment module 29 mounted
25 on the pin head 18 of the ball placement device 22 according to one preferred
embodiment looking from direction A of Fig. 3. The camera module 29 is a
modular assembly on which the first and second cameras 32, 33 are
mounted. The pin head 18 is selected for mounting the camera module 29 as
it is a relatively non time-critical process head, i.e. it executes fewer process

30 work elements, as compared to the ball pick head 21.

The first camera 32 and second camera 33 are capable of independent
movement in the x-axis. There is an LED module 44, 45 for each camera 32,

33. Alinear guide 42 serves as a conduit to allow horizontal movement of the



nodul ar assenbly on which the first and second caneras 32, 33 are nounted.
The pin head 18 is selected for nounting the canera nodule 29 as it is a
relatively non tinme-critical process head, i.e. it executes fewer process
30 work el enments, as conpared to the ball7 pick head 21. The first camera 32
and second canera 33 are capabl e of independent novenent in the x-axis.
There is an LED nodul e 44, 45 for each canera 32, 33. A linear guide 42
serves as £amgrasid2. 133 and i positiondher withverpest tofthetain Headc it HievB2, 33
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of the1bal Ingr-ptocdesadh@ad #A tbts asase,cdrlier for the vision system in this
embodiment. The configuration is the same as that of Fig. 4, except that the
non-process head 47 is not involved in any time-critical process or any
function other than supporting and positioning the cameras 32, 33. The
essence of the first and second embodiments is that the vision system or dual
20 camera alignment module 29 is adapted to obtain positional information of the
substrate 3 substantially simultaneously with the ball pick head 21 undergoing
the ball pick-up process (the ball pick-up process includes ball preparation into
a predetermined array for pick-up). This can be done by decoupling operation
of the vision system from movement of the ball pick head 21. In this case, the
25 non-process head 47 may be positioned such that fiducial marks 11, 12, 35,
36 of the substrate 3 can be viewed without extensive movement by the non-
process head 47. The ability of the non-process head 47 to move in the y-

axis would be desirable.

30 Figs. 6A to 6F illustrates an operation sequence illustrating a distribution of
process work elements between the pin head 18 and ball pick head 21
according to the preferred embodiment of the invention. The configuration is

shown generally looking from direction B of Fig. 3.



25 non-process head 47 may be positioned such that fiducial marks 11, 12,
35, 36 of the substrate 3 can be viewed w thout extensive novenent by the
non- process head 47. The ability of the non-process head 47 to nove in the
y- axis would be desirable. 30 Figs. 6A-t8- 6F illustrates an operation
sequence illustrating a distribution of process work el ements between the
pin head 18 and ball pick head 21 according to the preferred enbodi nent of
t he i nventikig. 6Fhshowst thruballi placement ltemceg@Reinalal gtandbyi ptgsi’fimm)m Hheect i on
B of Fig. A sho t he ac evice 22 in ndby
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pins 43 arigaltiepisigte Koldeps8datiahaistbstrated.h into the flux reservoir 37 to

collect 10 flux. In Fig. 6C, the pin head 18 is raised and is noved towards
the substrate 3 with a layer of flux 49 collected on the flux transfer pins
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configuration as solder pads on the substrate 3. Therefore, the sol der

bal s 48 t HB4X.are arranged on the recesses are ready to be picked up and
pl aced onto correspondi ng positions on the substrate 3. The ball pick head
21 is now positioned over the ball tenplate 20 holder 38 to pick up the

sol der bal | | Figs 60ethpi psmhtmﬂ 18 |‘sSral$edeahd wwrigledt fowasdd the aubsflate 8h t he
caneras 32, 33 nmounted on | caneras 32, 33 will search for and then

be positi onwith & dayer rof fii éB Qﬁi'ﬁ‘k‘?dl?tn the fluxstransfeppins,d3subsnearently, As
ment i oned abgy&r LLIE 48 are introduced onto the ball template holder 38 during a ball

15 preparation stage of the ball pick-up process. The ball template holder 38 has

recesses that are arranged in the same configuration as solder pads on the

substrate 3. Therefore, the solder balls 48 that are arranged on the recesses

are ready to be picked up and placed onto corresponding positions on the

substrate 3. The ball pick head 21 is now positioned over the ball template
20 holder 38 to pick up the solder balls.

( As the pin head 18 is moved towards the substrate 3 with the cameras 32, 33
| mounted on it, the cameras 32, 33 will search for and then be positioned over
fiducial marks 11, 12, 35, 36 of the substrate 3. As mentioned above, the

25 fiducial marks are read in pairs. Thus, taking diagonally-located fiducial marks

11 and 12 as an example (see Fig. 3), the second camera 33 is positioned

over fiducial mark 12 to obtain an image of the fiducial mark 12 and the first

camera 32 is positioned over fiducial mark 11 to obtain an image of the

fiducial mark 11. A combination of the relative positions of the two fiducial

30 marks 11, 12 allows the ball placement device 22 to determine the extent to

which the flux transfer pins 43 of the pin head 18 and the pick head template

46 of the ball pick head 21 are out of alignment with the orientation of the

substrate 3. The pin head motors 23, 25 and ball pick head motors 24, 26 of

the pin head 18 and ball pick head 21 respectively are then capable of



25 fiducial marks are read in pairs. Thus, taking diagonally-I|ocated
fiducial marks 11 and 12 as an exanple (see Fig. 3), the second canera 33
is positioned over fiducial mark 12 to obtain an inmage of the fiducial mark
12 and the first canera 32 is positioneg over fiducial mark 11 to obtain an
I mmge of the fiducial mark 11. A conbination of the relative positions of
the two fiducial 30 marks 11, 12 allows the ball placenent device 22 to
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two caneras 10 do not physically obstruct each other duri ng pattern

recogni ti onif tike fighdkal Marks 1M 38! 36ldré WiB&enblgR sush HIEHERE A cahidta§ aner as
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In Fig. 6D, the flux transfer pins 43 have been aligned with the solder pads of

the substrate 3 and are lowered to transfer flux onto the substrate 3. At the

same time, the pick head template 46 is lowered to pick up solder balls 48 in
20 the next stage of the ball pick-up process, usually by vacuum suction means,

( In Fig. 6E, the pin head 18 has deposited a layer of flux 49 onto the substrate
‘- 3 and is moved back to its standby position. The ball pick head 21 has been
raised, and its y and theta motors 24, 28 bring it into alignment with the

25 orientation of the substrate 3.

In Fig. 6F, the solder balls 48 are placed onto the substrate 3 on which has
been deposited a layer of flux 49. The flux 49 helps the solder balls 48 to
adhere onto the substrate 3. At this time, the pin head 18 is lowered into the

30 flux reservoir 37 again to collect another layer of flux 49. Thereafter, the ball
pick head 21 is raised after releasing the solder balls 48 and the substrate 3 is
removed from the ball placement device 22. Another placement cycle is
started.



3 and is noved back to its standby position. The ball pick head 21 has been
raised, and its y and theta notors 24, 26 bring it into alignment with the
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pl aced onto the substrate 3 on which has10been deposited a |ayer of flux 49.
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15 the invention includes all such variations, modifications and/or additions which

fall within the spirit and scope of the above description.



5 process and depositing themonto the substrate; a vision system adapted to
view the substrate and to obtain positional information in accordance with
a position of the substrate; a carrier including a flux transfer head for
coll ecting and depositing flux onto t substrate, the vision system being
mounted to the carrier such that 10 operation of the vision systemis
decoupl ed from novenent of the ball pick head; and drivers responsive to
sai d posi t.(lzﬂﬂ\lg {nformation obtained by the vision systemto align at |east
t he substr ﬁd the ball pick head for depositing the solder balls onto
the substrate; 15 wherein the vision systemconprises a first camera that is
novabl e along a linear guide for positioning the first camera with respect
to the cartier @Qﬁr@ﬂ@\ﬁobégg'ﬂ‘ﬂgr@éuhﬁﬁ@%P@WHS@QSurface of the substrate and

Substanti al Ty i ERARER o PRl BprnTLrafadr bafieRs 84 8RR, ang

second 5cammbasss ang eepositing tiverawritd ¢the g@bgfmetl onal indicia at different
positions on the surface of the substrate. 2. Farat us according to claim
1, wherein the ¥V§ighsysteMeadarteddaptiew th@o%tmra ap@ do sbdaip; pasdional

i nformati gﬁgﬁ%bﬁ% bgég)%aagggj.lghigpgggﬁw o‘f"'tﬁ@sﬁ%ﬂréf@" |  pick head undergoi ng

t he ball roces atus according to claim1 or claim 2,

wher ei n the posa capfarlindlodingiaflux trahsfie Headifor solfsitiagt A ﬂem:tﬁﬂrgeﬂ@f oup
consisting of fiducial marks, conductive, 6 pads and sol der pads.

Appar at us ¥¥edhgi ﬁ#ﬁ’qr@t%ﬁped‘i‘ﬁoﬁfsyﬂ?én feing monted S fae C@ﬁé‘?réwht Wé‘t second
camergg s @érﬁ Qﬁ%fsttlg%%ﬁ' f?gld%%‘éﬂgleﬁofr&tﬁem@uéﬁ{en?ﬁqﬁé ba1|1;ﬁck >.
ccor e o he pr i rst

Appar at'us din 0 an cedin I"ar s

and secondheadmangs are mai ntai ned at fi xed positions relative to each other
for view ng consecutive substrates. rE)far at ys accaordin ho any one of
the precedi ng cIHY&TE respRISEQ G gald posmonall ormation obtained bgt e vision

system to align at least the substrate and the ball pick head for depositing the
solder balls onto the substrate;

15 wherein the vision system comprises a first camera that is movable
along a linear guide for positioning the first camera with respect to the carrier
to view positional indicia on a surface of the substrate and further comprising
a second camera movable along a linear guide substantially independently of
the first camera, such that the first and second cameras cooperate to view the

20 positional indicia at different positions on the surface of the substrate.

2. Apparatus according to claim 1, wherein the vision system is adapted
to obtain the positional information substantially simultaneously with the ball

pick head undergoing the ball pick-up process.

25
3. Apparatus according to claim 1 or claim 2, wherein the positional indicia
include indicia selected from the group consisting of fiducial marks, conductive
pads and solder pads.

30 4. Apparatus according to any one of the preceding claims, wherein the

second camera is arranged substantially adjacent to the first camera.



drivers are operative to nove the ball pick head along a first axis towards
and away fromthe position of the substrate, and to nove the ball pick head
into angular alignment with the substrate. 10 7. Apparatus according to
claim6, wherein the substrate lies ing? pl ane, and the drivers are
operative to nove the substrate along & second axis parallel to the plane

I n which the substrate |lies and perpendicular to the first axis. 15 8.

AP at Us SCOT Abitalk SANEILE B o) Ul Je i BIEEI D BaBHbS hald 1hes 10 2

pl ane, and 't he IVers are a 0 nove and carrier
al ong a sefirehdnédxsecopdr @rhefast ard heiplaiesl ah findd Qositivpsstehstiveatoeehtles and
perpendicular to the first axis. 20 9. Method for aligning a substrate
conpri si nPRBIIRYENGCONSRENYYE FHPSIARS-| pi ck head for picking up a
plurality of solder balls in a ball pick-up process and depositing the

sol der balls onto the substrate; view ng the substrate and obtai ni ng

posi ti @gnal 6. nf oAppardatus aocardingy ttarng oniet 6f theppiceding oirhdewhohgt itlaé e usi ng
a vision systemnounted, to 25 a carrier including a flux transfer head for
col | ecti nggrws @D OPEfativg temIQve theball pickdinnd alahg a st AxisHawasedd i on of

the visio ' I r eéw ' ,and

al i gni ng 2?‘5?"23@?}' ':tlﬁ%%g)% 'gprgﬁggaﬁgk{[%gé/’ba bpﬁiqg)e%gﬁ@%l!}p%gﬁ&a{ggﬁ?o t he
posi t i onal angnflar atigrincenttvaithdtheosubisttae sol der balls onto the substrate; 30
wherein the vision systemconprises a first canera that is novable along a

| i near guide for positioning the first camera wth respect to the carrier

to viey popiti Oﬂgb%;"a'ﬂ?é ‘éb@or@ih&;ahqst'l%irﬁc@ WherbltftreHBabdtalte 1%@‘#{1%‘@]4}\%(
conprises a second canera novabl e alorfg a |'i near gui de substantially
i ndependenahg thé drivirs tdre dperstive doemmyesihehsulsttate haohgr s tseandd sadsnd

canmeras cooperate Lo view. positional indicia at different sitigns on the
surface of PRRUEL L, HaBe in Vg tRe GubsEatedish,ans Rerasn Guiabiming At ne

Vi si on syséﬁg] obtains the 5 positional information substantially

si mul taneously with the ball pick head

15 8. Apparatus according to claim 6 or claim 7, wherein the substrate lies in
a plane, and the drivers are adapted to move the ball pick head and carrier
along a second axis parallel to the plane in which the substrate lies and

perpendicular to the first axis.

20 9. Method for aligning a substrate comprising the steps of:
providing a ball pick head for picking up a plurality of solder balls in a
bali pick-up process and depositing the solder balls onto the substrate;
viewing the substrate and obtaining positional information in
accordance with a position of the substrate using a vision system mounted to
25 a carrier including a flux transfer head for collecting and depositing flux onto
the substrate, such that operation of the vision system is decoupled from
movement of the ball pick head; and
aligning at least the substrate and the ball pick head in response to the
positional information to deposit the solder balls onto the substrate;
30 wherein the vision system comprises a first camera that is movable
along a linear guide for positioning the first camera with respect to the carrier
to view positional indicia on a surface of the substrate and further comprises a

second camera movable along a linear guide substantially independently of



undergoi ng the ball pick-up process. 11. Method according to claim9 or

claim 10, wherein the positional indicia include indicia selected fromthe
group consisting of fiducial marks, conductive 10 pads and sol der pads. 12.
Met hod according to any one of clains i to 11, further conprising arranging
t he second canera substantially adjace ?'to the first canmera. 15 13. Met hod
according to any one of clains 9 to 12, further conprising nmaintaining the

first and gec C a ' i 1] e Lve. 1o _each t her for

Ui ewi ng cofttonti ¢EGanauEh bt e, AR SEcd Bl BamiTat SoBRSMndbORew of m o
to 13, furpbsiticRgMdick agdifféntpekitions ba thelslrface bf firasuisdtens, a first axis
towards and away fromthe position of the substrate, and noving the ball

pi ck head into angular alignment wth the substrate during the aligning

step. 15. t ho r.di : | & , el r at ies, in a

pl ane, the%ZS ﬂrflee?ﬁcg@ %ﬁgﬁ{éﬁg t§oﬁ%ﬁ ;g|4 n‘ﬁﬁ\%%\[ﬂ Irqge P%iori%&%{eﬁtog)télpgnt ®a second
axi s pag al bekitiohal Inferpatedte subbtantialyi siinultasecushs iwith ehei Bal ek head
perpendicular to the first axis. 16. Method according to claim14 or claim
15, wher ei Hhea@oinhthe alkpicktp pracess.pl ane, the nethod further conprising
noving the ball pick head along a 30 second axis parallel to the plane
within which the substrate |lies and perpendicular to the first axis.

11.  Method according to claim 9 or claim 10, wherein the positional indicia
include indicia selected from the group consisting of fiducial marks, conductive

10 pads and solder pads.

12. Method according to any one of claims 9 to 11, further comprising

arranging the second camera substantially adjacent to the first camera.

15 13. Method according to any one of claims 9 to 12, further comprising
maintaining the first and second cameras at fixed positions relative to each
other for viewing consecutive substrates.

14. Method according to any one of claims 9 to 13, further comprising
20 moving the ball pick head along a first axis towards and away from the
position of the substrate, and moving the ball pick head into angular alignment

with the substrate during the aligning step.

15.  Method according to claim 14, wherein the substrate lies in a plane, the
25 method further comprising moving the substrate along a second axis paralle!

to the plane within which the substrate lies and perpendicular to the first axis.

16. Method according to claim 14 or claim 15, wherein the substrate lies in
a plane, the method further comprising moving the ball pick head along a
30 second axis parallel to the plane within which the substrate lies and

perpendicutar to the first axis.



