1 SUBSTRATE ALI GNMVENT METHOD AND APPARATUS Field of the Invention 5 The

I nvention relates to a nethod and apparatus for aligning a sem conductor

substrate, in particular, for aligning the substrate when undergoing a

sem conduct or assenbly process, such as during placenent of solder balls

onto the substrate's contact pads. 10 Background and prior art Ball Gid

Array ("BGA") techniques are commonly used for produci ng high- density

integrated circuit ("IC'} conmponents. A regular array of solder balls is 15

deposited onto the I C conponent at contact pads where the electrical
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el ectrical contacts of the 1C conponen

correspondi ng connections on-a printed circuit board in use. 20 During

pr oduct i onFisd @gt%\,@ﬁﬁgnl gues, droplets of flux and solder balls nust be

transferred T0 a s where they are deposited in a predeternned

array- 9 comon technique is to use a flux transfer head or pin head to
strate and a ball pick head to carry solder balls
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balls on the circuit board. The corresponding pin head nust al so deposit
flux droplBackaraundangaqriorart ay configuration on the

Ball Grid Array (“BGA") techniques are commonly used for producing high-
density integrated circuit (“IC") components. A regular array of solder balls is
15 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 IC component may then be mated with
corresponding connections on a printed circuit board in use.

20 During production uging 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

25 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

30  desired configuration of solder balls on the circuit board. The corresponding
pin head must also deposit flux droplets in the same array configuration on the
substrate.




substrate. -2 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 nust be designed so that the pin head and the bal
pi ck head are brought in turn to a precise position over the substrate and
since the dinensions of the 5 array and €n particul ar the spaci ng between
sol der ball locations on the array are small, accurate alignnent
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a large whet Féﬁnﬁe‘gﬁ’@'ﬁ&e@ﬁ gevesent is Maguired: to mghisveualigrimentsivith theans
need 49 trpelratéd rel atively long distance to conplete one cycle, resulting
in a longer alignnent and ball placenent process, Another feature of the

apparatus is 25 that the caneras are rigidly integrated with the transfer

means, sucgh that .novenment of the cameras is dependent on novenent of the
transfer aeed iy asp ragduetion mEoessst f@namtebuﬁgmr pisrheads and rysllepick

heads over the substrate in a high-speed and efficient manner has given rise
to the use of two cameras to reduce the movement that might be requirad by
16 a singie camera having 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 ather and integrated to a main
transfer means. The probiem is that the main transfer means is invoived 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 bali 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.

Anocther example of an apparatus using two cameras to align a substrate is
30 US Patent Number 8,355,298 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 invalved 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-




Anot her exanple of an apparatus using two caneras to align a substrate is
30 US Patent Nunber 6,355,298 for a "Placenent System Apparatus and

Met hod". One alignnment canmera is nounted on a pin head and another canera
i's mounted on a ball pick head. The ball pick head is involved in a
tinme-critical process and has a hi gher n@rber of process work el enents as
conpared with the pin head, The result is an unequal distribution of work 3
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a ba

plurality of solder balls I pi Ck-up process and depositing them
onto the substrate; a vision system adapted to view and obtain positional

I nfor ti0§ur91 4 o st.rate; a carrier to which the vision systemis
e A :

nount abl e, on of the vision systemis decoupled from

novenent of the ball pick head; and drivers responsive to said positional

i nformati on viewed by the vision systemto align at |east the substrate

and the bdtis gncebig pbthe invention to avoid some of the disadvantages of the

prior art in order to develop a retative more efficient method and apparatus for
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 bali 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 depaositing
them onto the substrate; viewing and obtaining positional information of the

30  substrate with a vision system mounted to a carmier, thereby decoupling
operation of the vision system from movement of the ball pick head; and
alig_ning at least the substrate and the ball pick head in response to said
positional information to deposit selder balls onto the substrate.




depositing solder balls onto the substrate. 25 According to a second aspect
of the invention, there is provided a nethod for aligning a substrate
conprising 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; view ng and obtainind'positional I nformation of the 30
substrate with a vision systemnounted to a carrier, thereby decoupling

operation VSR R: . venent. of , t he ball pick head; and
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descril 2tion of the Drawi ng Enbodi nents of a nethod and apparatus in
accordance with the invention WII 10 now be described with reference to

t he acconpBRkf 88sERFM i iGh: Fig. 1 is a plan view of a typical BGA
substrate w rec The I:ﬂa‘w{v"zls(ﬁt)f conductive solder pads; Fig. 2 is a
pl an view of the BGA substrate with its fiducial nmarks nore clearly 15

n view of a substrate alignnent and ball

illustrated;, Fig. 3.is a pla
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| ooking fromdirection A of Fig. 3;

Fig. 1 is a plan view of a typical BGA substrate with rectangular arrays of

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

accarding 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 BF illustrates 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
ilustrated. {llustrations of the solder pads 2 have been removed for clarity.




Fig. 5 is an elevational view of dual alignment canmeras nounted on a non-
process head according to another preferred enbodi nent; and Figs. 6A to BF
illustrates an operation sequence illustrating a distribution of process
wor k el ements between the pin head and ball pick head according to 25 the
preferred enbodi nent of the invention.-Betailed description of the
preferred enbodinents Fig. 1 is a plan view of a typical BGA substrate 3
w th rectangul ar arrays of 30 conductive solder pads 2. Flux and sol der
bal | s nustThee sabstiatet 81 hapladaunbker of lives clgdininghgrids 4 meoreaspopdingatts 2.
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appr eci at efbs§ ari 4166 poglsiblegns are al so possible. Fig. 3 is a plan view of

a substrate-alignment and ball placenent device 22 according to the
preferred enbodi nent of the invention. The ball placenent 10 device 22
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motors 23’3u%%0?tn€ar?1%| !l dpr%v%ié the pin head 18 along a y-axis, whereas a ball pick

head y-motor 24 attached to the support frame 1 drives the ball pick head 21

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 balifflux mounting platform 34

20 and is used for fiux and ball placement, and substrate transpont 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 28. 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 29.

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




head notors 24, 28 are nounted onto the support frame 1. There is also a
separate nodule that has a horizontal rail with a ball/flux nmounting
platform 34 20 and is used for flux and ball placenent, and substrate
transport in the x-axis. Wth respect to the pin head 18, it includes a pin
head theta notor 25 that drives angul af rotation of the pin head 18. The
pin head 18 al so includes a vision system which may be in the formof a
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mar ks on %ﬁ}ﬁ’}ﬂ;gﬁgﬁ stl'}i’t g"lﬁf?t'? ét%”‘ﬁ’es%(t{’f’ga@haéﬁ’u@ Rall @ﬁ'@P'é‘ﬁdﬂ'ge"t here is
a flux regs Y@&ﬁecﬁeﬁ}nd 1B ddid Lsem ch@dd?ﬁat 3RnbEFW G \Edera! |5 Shoul d

be appreciated that although one ca
sufficient for lmpiemenhng the mventlon two cameras are generally preferred

15 as they may stay 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

embadiment locking from direction A of Fig. 3. The camera module 28 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 balf 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. A linear guide 42 serves as a conduit to allow horizontal movement of the




sufficient for inplenenting the invention, two caneras are generally
preferred 15 as they may stay in relatively fixed positions in the x-axis
for view ng successive substrates, provided that they do not physically
obstruct each other during pattern recogpition, By doing so, alignnent
time can be shortened. It should al so be appreciated that the various
nmotors 23-28, 30-31 act as drivers to control relative positions of the

various conpmieiss3®fzd : ment device 22 to align at |east the
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©n & non-process head 47 according to ancther preferred embodiment. The

15 non-process head 47 acts as a camier 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 positionat 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 movément 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 generaily looking from direction B of Fig. 3.




10 Also illustrated are flux transfer pins 43 on the underside of the pin

head 1'8 that are adapted to collect flux, then contact a substrate 3 to

apply flux toit. Fig. 5 is an elevational view of the dual canera

al i gnment nodul e 29 nounted on a non-process head 47 according to another

preferred embodi ment. The 15 non-proces$ head 47 acts as a carrier for the

vision systemin this enbodinent. The configuration is the sane as that of
process. head 47 is not involved in any
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an operation sequence illustrating a distribution o SS el enent s
bet ween t H& gren dipped 8 agprédetermimed kepthatht@ the duxorediengit B7 tthecaieef er r ed
enbod;tljgentCf %f the invention. The configuration is shown generally | ooking
fromdPre I[u on Bof Fig. 3. -8 Fig. 6A shows the ball placenent device 22
in a standby position. The substrate 3 is placed and accommobdat ed on t he

bal I /flux mounting platform34 of the horizontal rail. The pin head 18,
that has N9t B&ndhe PinheadstB is mised apdds rBeved owardscihedsubstiate 3 s
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solder balls 48 are introduced onto the ball temptate 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 comesponding positions on the
substrate 3. The ball pick head 21 is now positioned over the bail template

20  holder 38 to pick up the soider 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




ball tenplate hol der 38 and the substrate 3. In Fig. 6B, the pin head 18
with fluxed pins is lowered so that the transfer pins. 43 are dipped to a
predeterm ned depth 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
| ayer of flux 49 collected on the flux tBansfer pins 43. Concurrently,

sol der balls 48 are introduced onto the ball tenplate holder 38 during a

ball 15 pr Nyl S f th al | pick-up process. The ball tenplate
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the second ca ‘over fiducial mark 12 to obtain an

i mage of the fiducial mark 12 and the first canmera 32 is positioned over
fiduci al rTZrk 11 to obtain an inmage of the fiducial mark 11. A conbi nation
of the rel'hthe Bdyueial magkss 165 12,16, Sharsivwideiemoudh sushibatlthe thd cimews t he
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small, it may be necessary for the cameras 32, 33 to give way to each other
15  during pattermn recognition.

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 48 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. 8E, the pin head 18 has deposited a layer of flux 48 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, 26 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 bal! placement device 22. Another placement cycle is
started.




positi oned over the substrate 3. Conpensation in the x-axis nmay be provided
by nmovenent of the ball/flux nmounting platform 34 on the horizontal rail,
or in 5 another enbodi nent (not shown), novenent in the x-axis of the pin
head 18 and ball pick head 21, if the pin head 18 and bail pick head 21
are so designed to travel along the x-4Ri-s. |f the fiducial marks 11, 12,
35, 36 are wi de enough such that the two caneras 10 do not physically
obstruct each other during pattern recognition, a relativelé shorter
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raised after releasing the solder balls 48 and the substrate is renoved
fromthe ball placenent device 22. Another placenent cycle is started. -10

The invention described herein is susceptible to variations, modifications and/or
additions other than those specifically described and it is to be understood that
15 the invention includes all such variations, modifications and/or additions which

fail within the spirit and scope of the above description.




By shortening alignnent tinme, systemcycle tinme for solder ball placenent
may be shortened. As the caneras do not need to travel frequently or need
to travel relatively shorter distances, potential wear problens on
mechani cal parts can be mnimzed with the reduced novenent. There is
further a 5 possibility of the dual alfdhment cameras renaining in
relatively fixed positions in the x-axis if the distance between fiduci al
marks is qy[kk&%ently | arge. Wth the layout according to the described
enbodi nents, fme critical process head such as a ball pick head can
focus on its task and share alignnment information collected by a canera
nmounted to a less critical process head 10 such as a pin head or a

non- procesk heatPpe@tus fos aligningtzhsubmirate lcatrmmisirgy: | 0oad di stribution of the
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CLAIMS; 1 £ypR .us for aligning a substrate conprising: a ball pick head
for picking up a'plurality of solder balls in a ball pick-up 5 process and
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onto the SURRINg ok ratys according to claim1, wherein the vision
Syst emis sg%tﬁs On%o th%)gl?bsaﬁa'.{e. g

2. Apparatus according to claim 1, wherein the vision system is adapted
15 to obtain positional information of the substrate substantially simultaneously
with the ball pick head undergoing the ball pick-up process.

3. Apparatus according to claim 1 or claim 2, wherein the carmier
comprises a flux transfer head for colfecting and depositing flux onto the
20 substrate.

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

vision system comprises a camera that is movable along a linear guide for

positioning it with respect to the carrier to view positional indicia on the
25 surface of the substrate.

5. Apparatus according to claim 4, wherein the positional indicia are
selected from the group consisting of fiducial marks, conductive pads and
solder pads.

30

6. Apparatus according to claim 4 or claim 5, wherein the vision system
comprises a second camera movable along a linear guide substantially

'independentty of the said camera, such that the cameras cooperate to view
po;itional indicia at different positions on the surface of the substrate.




15 to obtain positional information of the substrate substantially

sinmul taneously w th the ball pick head undergoing the ball pick-up process
3. Apparatus according to claiml or claim2, wherein the carrier

conprises a flux transfer head for collecting and depositing flux onto the
20 substrate. 4. Apparatus according tolény one of the preceding clains,
wherein the vision systemconprises a canera that is novable along a

| i near qui.de fo itioning it wth respect to the carrier to view
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group consisting of fi mar Ks, conductive. pads and sol der pads. 30
6. Apparatus according to claim4 or claimb5, wherein the vision system

conpri ses second caer a vab lo a linegr ubstantlal |y
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-12 7. Apparatus according to alm 6, wherein the second”canera 1I's
arranged substraiesi al |y adjacent to the said camera. 8. Appar at us accordi ng
toclaim6 or claim7, wherein the caneras are 5 nmaintained at fixed
positions relative to each other for view ng consecutive substrates. 9.
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angular alignment with the substrate.

10.  Apparatus according to claim 9, whergin the drivers are operative to
move the substrate along ancther axis parailel to the plane of the substrate
16  and perpendicular to said axis.

11.  Apparatus according to claim 9 or claim 10, wherein the drivers are
adapted to move the ball pick head and carrier along another axis parallel to
the plane of the substrate and perpendicular to said axis.
20
12. 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 substrate with a
25  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 13. Method according to claim 12, wherein the vision system obtains
positional information of the substrate substantially simultaneously with the

bal! pick head undergoing the ball pick-up process.




nove the substrate al ong another axis parallel to the plane of the
substrate 15 and perpendicular to said axis. 11. Apparatus according to
claim9 or claim110, wherein the drivers are adapted to nove the ball pick
head and carrier along another axis paral]lel to the plane of the substrate
and perpendicular to said axis. 20 12. M hod for ali gning a substrate
conprising the steps of: providing a ball pick head for picking up a
plurality of4 solpethoBaldesal ; i%-u rocess and depositing them
onto the substrate; vi ev?néﬁgd?g dtoggcltlérrﬁi ?fgs‘fl%l“vbni’?r whegeifa theyncastier he
substrate WPMPTEes28 s itanséyrshesad oL WofiEchiny andahbbsdis ehy, decoupl i ng
operation gh é@é vision systemfrom m)vemenr?tb of tﬁ%ﬁ‘ﬁ%}'ﬁld Bﬁ:‘kgﬁ@a&e and
aligning a P l‘te'the substrate and the ball pick head in response to said

positional information to deposit solder balls onto the substrate. 30 13.
Met hod accor di nR to claim 12, wherein the vision systemobtains positional
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conpri ses 8uagmobthersubstmterovabl e al ong a |inear guide for positioning it

wWith respect to the carrier to view positional indicia on the surface of
the substrate. 10 16. Method according to claim 15, wherein the positional

i ndi ci1@ ar 8. sejyrehed ,;édy;@ﬁ.,ge r CANS|, 5L fiducial .marks,
conduct | ve. pads Saed Ao a(tjrg(%'iﬂ'l SLHI SR He postional indicia 'are
selected from the group consisting of fiducial marks, conductive pads and

solder pads.

17. Method according to claim 15 or ciaim 16, wherein the vision systemn
15 comprises a second camera movable along a linear guide substantially

independently of the said camera, such that the cameras cooperate {o view

positional indicia at different posttions on the surface of the substrate.

18.  Method according to claim 17, inciuding arranging the second camera
20  substantially adjacent to the said camera.

19.  Method according to claim 17 or claim 18, including maintaining the
cameras at fixed positions relative to each other for viewing consecutive

substrates.

25
20.  Method according to any one of claims 12 to 18, including moving the
ball pick head along an axis towards and away from a position of the
substrate, and moving the ball pick head into angular alignment with the
substrate during alignment.

30

21.  Method according to claim 20, including moving the substrate along

another axis parallel to the plane of the substrate and perpendicular to said
axis. |




17. Method according to claim15 or claim 16, wherein the vision system 15
conpri ses a second canera novable along a linear guide substantially

i ndependently of the said canera, such that the canmeras cooperate to view
positional indicia at different positions on the surface of the substrate.
18. Method according to claim 17, inclu#ng arranging the second canmera 20
substantially adjacent to the said canera. 19. Method according to claim 17
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an axis towards and away froma position of t substrate, and noving the

"bal | pi ck Respendigular imgaidaaxial i gnnent with the substrate during alignnment.
30 21. Method according to claim 20, including, noving the substrate al ong
another axis parallel to the plane of the substrate and perpendicular to
said axis. -14 22. Method according to claim20 or claim2l, including
noving the ball pick head al ong another axis parallel to the plane of the
substrate and perpendicular to said axis.






