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(57) Abstract

Automated component placement apparatus includes a tabie for holding a board having a placement site (22), a placement head (14)
for holding 2 component to be placed on the placement site, an alignment assembly, a first actuator and a second actuator, The alignment
assembly includes alignment optics for obtaining a first image of the component on the placement head and a second image of the placement
site. The alignment assembly further includes an image processor (48) for processing the first and second images to determine a relative
position error between the component and the placement site and for providing a control signal representative of the position error. The first
actuator causes relative movement between the placement head and the placement site, typically by movement of the placement head, in
response to the control signal se as to correct the position error. The second actuator then moves the placement head between the ahgnment
position and the placement position for placement of the component on the placement site.




conductive pads on the printed circuit board to accuracies wthin 0.001 to
0.002 inch. A 20 proposed integrated circuit package known as "flip chip"
uses a pattern of ball contacts on the back surface of the integrated
circuit packa ut/out put |eads. The ball contacts may
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one pair of diagonally-opposed 5 coners of the placement site and the IC
device fromthe same optical perspective. |nages
Background of the Invention

Advances in integrated circuit architecture and miniaturization have resulted in greater
numbers of functions being incorporated on single chips, necessitating the use of chips with
15 larger dimensions, increased lead density and/or reduced lead pitch. Fine pitch integrated circuit
devices may have lead pitches (center-to-center spacing between leads) of 0.006 to 0.010 inch.
For example, one package of the Pentium microprocessor has 322 leads. It is expected that
integrated circuits will soon have up to 1,000 leads. The device must be aligned with a pattern of
conductive pads on the printed circuit board to accuracies within 0.001 to 0.002 inch. A
20 proposed integrated circuit package known as “flip chip” uses a pattern of ball contacts on the
back surface of the integrated circuit package as input/output leads. The ball contacts may have
diameters of 0.004 inch and a pitch of 0.008 inch. The ball contacts may cover all or a major
portion of the rear surfacé of the integrated circuit package. Placement of the flip chip package
on a printed circuit board is particularly difficult, because the ball contacts cannot be seen when
25 the device is placed on the board.
Systems have been developed for automatic placement of integrated circuits on circuit
. boards. The trend in integrated circuit packaging to increased numbers of leads and decreased
lead pitches, as well as the development of new integratéd circuit packaging techniques, has
imposed increased demands on integrated circuit placement systems. The need for increased
30 accuracy has increased the cost of placement systems. Some prior art systems are unable to meet

the placement requirements for newer integrated circuit packages.



generated by the inmage acquisition system provi de feedback control to
regul ate the pl acenent process to attain and verify |ead-to-pad
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error. The fir plocaGkd/atdit ardPsiBPleadicdpdd dlignment. NOVENMENt between the
pl acenent head and the placenent site in response to the control signal

so as to correct the position error. The second actuator then noves the
pl acenent head between the alig Q3 lat 9 t he pl acenent
position for placenent of the conpon : a first enbodi nent,

t he aldi gnnemt opt LcAcmdiF_g toths p?smimbﬁ_idnpd_sommﬁlﬁitrﬂa&@néﬂlepﬁdrﬁﬁi anﬂﬁﬁbtﬁ&ls are
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the placenment site. In the first enmbodimen of the conponehts o0
al i gnment opt i glignmenhasserbly, Hustwetutariand 8 asoad actuptero The placersantih¢adds movable

retracted posi{jon . .ol N second di {..the ali nt .
optics conpri s%ést&ﬁ%nvaéioﬂhgngﬁ? iRos™ of AL éceggnﬁé@&g Bn 10 é"%’ﬂﬁ’gﬁ%&q}? SRR ey
and the retysachlgmnrasoptics forabthidihg®firsbividge of the Remponeatiornfé platenidhy head and a
include a highr esci)J ution video canera and a, zoom,| ens. Th?~ novabl e optics
may conprise asecond image of the placement site, and an optics position controller for moving at lgast a portion
of the alignment optics between an operating position and a retracted position. The alignment
assembly further comprises an image processor for processing the first and second images to
determine a relative position error between the component and the placement site and for
20 providing a control signal representative of the position error. The first actuator causes relative
movement between the placement head and the placement site in response to the control signal
so as to correct the position error. The second actuator then moves the placement head between
the alignment position and the placement position for placement of the component.
In a first embodiment, the alignment optics comprises a camera for obtaining the first and
25 second images, a beam splitter for permitting the camera to view the placement site and the
component, a first lighting unit for illuminating the component and a second lighting unit for
illuminating the placement site. In the first embodiment, each of the components of the
alignment optics is movable between the operating position and the retracted position.
In a second embodiment, the alignment optics comprises movable optics, movable
30 between the operating position and the retracted position and fixed optics. The fixed optics may

include a high resolution video camera and a zoom lens. The movable optics may comprise a
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beamsplitter, a first lighting unit for illum nating the conponent and a
second |ighti illumnating the placenent site. 11119

The first actu PW%rray I ncl ude nmeans for noving the pl acerrentl'(ﬂr In X and
Y directions parallel to a plane of the board and for rotating the
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bondi ng the co eRPR1tH the'placBmént’siié, enbodi ment, the bonding
devi ce i ncl udeﬂgilgﬂgﬂllg nggfr.ﬁlgle‘rngc?rll ng a heeat ed gass 15 toward the conmponent
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bond a single conponent. or may hond a rou‘? of, conponents
si mul t aneous| yunits may each comprise a light source for directing ahght beam at an acute angle with respect to

a surface of the component or the placement site.
The placement head may include a bonding device for bonding the component to the
board. In a first embodiment, the bonding device includes means for directing a heated gas
15 toward the component for bonding. In a second embodiment, the bonding device may include
means for generating infrared energy for bonding the component to the board. In a third
embodiment, the bonding device may include means for contact heating of the component for
bonding. The bonding device may bond a single component or may bond a group of components
simultaneously.
20 According to another aspect of the invention, a method is provided for accurately placing
a coxhponent on a board having a placement site for the component. The board is loaded onto a
table, and the component is held by a placement head that is movable between an alignment
position and a placement position. A first image ef the component on the placement head and a
second image of the placement site are obtained. The first and second images are processed to
25 determine a relative position error between the component and the placement site, and a control
signal representative of the position error is provided. The placement head or the board is moved
. in response to the control signal so as to correct the position error. The placement head.is then
moved between the alignment position and the placement position, and the component is
released from the placement head.
30



20 Accordi ng to another aspect of the invention, a nethod is
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Brief Description o etter under,standin
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is a block diagram of st enbodi nent an automat ed system

pl acement of 5 conplmhdriss bmkdcam&ﬂ:mmnd thehalignmentassentbliy, showing a first

FIG 2 is a si i £ ed. repr on of an integrated circuit package,
il lustrati ng rg&lb %lglentoﬁﬁeﬁ %}1

FIG. 4 is a block diagram of a second embodiment of an automated system for placement
of components in accordance with the present invention;
FIG. 5 is a block diagram showing a top view of a portion of the alignment assembly in
the automated component placement system of FIG. 4;
FIG. 6 is a block diagram of a portion of the alignment assembly, showing a second
15 embodiment of the lighting unit;
FIG. 7 is a simplified block diagram showing the placement head in an alignment
position and the movable optics in an operating position;
FIG. 8 is a simplified block diagram showing the placement head in a placement position
and the movable optics in a retracted position;
20 FIG. 9 is a flow diagram showing the operations performed by the automated component
placement system;
FIG. 10 is a flow diagram showing the operations for aligning a component prior to
placemeht; |
FIG. 11A illustrates an example of an automated component placement system in
25 accordance with the invention, with the movable optics in the retracted position;
FIG. 11B shows the automated component placement system of FIG. 11A with the
movable optics in the operating position;
FIG. 12A is an enlarged schematic view of the placement head positioned above the
printed circuit board; and
30 FIG. 12B is an enlarged schematic view of the placement head in the placement position

on the printed circuit board.
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enl ar ged ;chen‘é&qeép%%éﬂ/%?ﬁle?‘#ggﬁ‘%a@mmmIlng‘ad posi ti oned above the

printed cirguit boajtoardneadith and unloading Systehs B0 pRcarboardl 12rif @ gredeformnined positionun

of the placenent head in the placenent positign on the printed circuit
boar d. table 10 at the beginning of the pl_acemgnt operation and unloads the bog)rd 12 after the plagément

operation has been completed. Any suitable board loading and unloading system 30 can be
utilized. Examples include conveyors and manual systems. In the example shown in FIG. 1, the
table 10 is in a fixed position duﬁng the placement procedure.

15 A component loading system 34 provides components for placement on printed circuit
board 12 one at a time. The component loading system 34 may bring the component 16 to a
predetermined position. The placement head 14 is moved into alignment with the predetermined
position, and the component is lifted with a vacuum pickup device. A vacuum pickup control 36
connected to placement head 14 controls the activation and deactivation of the vacuum pickup

20 device. Any suitable component loading system 34 can be utilized. Examples include
component trim/form/excise systems, matrix tray systems and tape feed systems.

A head position control 40 controls the position of the placement head 14 with four
degrees of freedom. AnX,Y,Z éoordinate system is illustrated in FIG. 1. The X and Y axes are
parallel to the plane of printed circuit board 12, and the Z axis is perpendicular to the plane of

25 printed circuit board 12. The head position control 40 includes suitable motors or other actuators
for controllably moving the placement head 14 in the X, Y and Z directions. In addition, the
head position control 40 includes a motor or actuator for rotating the component 16 by an angle
0 about an axis parallel to the Z axis. More particularly, the movements of the placement head

- 14 are as follows. The placement head 14 is movable as required in the X, Y and Z directions for

30 pickup of component 16 from the component loading system 34. In addition, placement head 14
is movable in the X, Y and © directions for alignment of component 16 with placement site 22.
Finally, the placement head 14 is movable in the Z direction and, if necessary, in the X and Y
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Det ai | ed Description A bl ock diagramof ‘a first enbodi nrent of an
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pl acement head stitabie,for pes of Sawyerrotpreds desaribaddbelosact i vati on of the vacuum
pickup 20 devi ce. %%’? doitbifer 99 TBRARSL he O ts?# ﬁfe‘?[ﬂcétﬁerﬁ , including the
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utilized. Exanples in conmponent tri
tray systens anligoragms assemilys3(; therboard loading and unloading system 30, the component loading

system 34, the vacuum pickup control 36 and the head position control 40, to perform the

15 operations described below. The system controller 44 may be a general purpose computer or
microprocessor, or a special purpose controller.

As noted above, the placement head 14 may optionally include a device for bonding the
component 16 to the printed circuit board 12 at the placement site 22. More particularly, the
leads of the component 16 may be bonded to the respective pads on the printed circuit board by

20 soldering.' In one example, the bonding device includes a manifold for directing jets of hot gas at
the component leads for bonding. In another example, the bonding device uses infrared heating
of the component leads. In yet another example, the bonding device uses contact heating of the
corhponent leads. Combinations of these techniques may be ﬁsed. Any suitable bonding device
is included within the scope of the present invention. The bonding device may separately bond

25 each component to the printed circuit board 12 after it is placed on the board. Ixi another
approach, the system may first place a group of components on the board, one at a time, and then
the bonding device may bond the group of components to the board simultaneously. This
approach saves time and reduces thermal stress to the printed circuit board and the components.
In yet another approach, the placement head 14 may not be provided with a device for bonding

30 the component 16 to the printed circuit board 12. In this case, bbnding is performed as a separate
operation by other equipment.



A head position control 40 controls the position of the placenent head 14
with four degrees of freedom An X, Y, Z coordinate systemis
illustrated in FIG 1. The X and Y axes are parallel to the plane of

printed circui 12, and the Z axis is perpendicul ar toka of
25 “printed ci‘&ggf}?{.’ oard 12. The head position control 40 includes B

suitable notors or other actuators for controllably noving the
pl acement head 14 in the X, Y and Z directiohS” In addition, the head
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t
one enbodi nent, the head posttion control 40 utilizes lead screw drives for
nmovi ng t he placement site 22 on printed circuit board 12. As described below, the camera 50 obtains images

of the printed circuit board 12 and the component 16 in sequence. The camera 50 may be any
video camera of suitable size and resolution. In one example, a miniature CCD camera
~ manufactured by Toshiba is used.

15 The optics position control 47 controls the position of the alignment optics 46. In
particular, the alignment optics 46 is positioned for viewing placement site 22 on printed circuit
board 12 and for viewing component 16. The operating position of the alignment optics 46 is
shown in FIG. 1. The component 16 and the placement site 22 are located within the field of
view of the alignment optics 46 when the alignment optics 46 is in the operating position. After

20 the alignment procedure is complete, the alignment optics 46 is moved away from the board 12
and the placement head 14 to the retracted position, so that the component 16 may be placed on
the board. _

The alignment optics‘ 46 shown in FIG. 1 includes a single camera 50, beam splitter 54
and lighting units 60 and 62. Depending on the required accuracy and the resolution of the

25 camera 50, a single camera system may be utilized. Alternatively, the alignment optics may
include two or more cameras and associated optics for increased accuracy. Use of two or more
cameras permits selected areas of the component 16 and the placement site 22 to be viewed with
high resolution. In one configuration, two cameras and associated optics are utilized. Referring
to FIG. 2, an integrated circuit 70 having multiple leads 72 is shown. Alignment optics 46,

30 configured as shown in FIG. 1, is positioned for obtaining an image of a viewing region 74 at
one corner of integrated circuit 70. Alignment optics 76, having a configuration identical to

alignment optics 46, is positioned for obtaining an image of a viewing region 78 of integrated



pl acement head 14 in the X, Y and Z directions, and a rotation notor and a

bal |l reducer for rotating the placenent head 14. | n another

enbodi ment, |inear notors may be used for noving t he pl acenent head 14
in the X Y an (ﬁ%@ ctions. In yet another enbodi nent, Sawy. el 10
may be used fogv 218 t he pl acenent head in the X and Y di reggons.hi?
further enbodi nent suitable for use of Sawer notors is described
bel.ow. ' A systemcontroller 44 cont’rols the conmponents of the

| t system .ipcluding the . L { ly 20. fhe .board |
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15 operations described bel ow. The systemcontroller 44 may be a gerneral
pur pose conput eite 32 correspond tothgryigwing segionsyd agd 2§ er thelintegrated siscuitok rAdignment

As not ed above, t.he,pl .14 ' .| vice for
bondi ng the - PSRRI pB S il ik kieniBle o s b s TefbloE Foaicls 74
pl acenent si%e add 78 ingagh didcessut 48.! The dligfiment optidseiddiad 76, ih A sintid @AM} obidin

may be bonded to the respective pads on the printed circuit board by 20 .
sol dering. |n dmagesefths orrespopding YiFwing weippt# diagenallyappesitegpmess|of thegplacement site
directing jets p5f hot gas at t he conponent |eads for bonding. In

anot her exanpl e, the bondi ng device uses infrared heating of the
conponent | eads. | n Thetimagesblithe compogent]6 sk eotoparell bygthd émageprarssser 4bwith the

heat i f the, t | . Conbi nat i f th '
o used. any < umeerl SRRl g o OB A gt L e pOTapEHe HEeatRT. dh
the present jp nyaRicuRR the ithgl Pritesitr LIS YosiedrdiBkEdribrdBidfechThe Radon

conponent to the printed circuit board 12 after it is placed on the board.
| n anot her componend 46 and the corespending.pads pt placepienisite 32 in etms ofi X ewh¥onent s
on the board, 9 ' . L 6! . d the
group of-corrpondeasﬁ’gas%'fﬂgm%h‘Ee](ﬁle’ES’(t)aaiili'r3 gaéglﬁu@[ %ﬁé‘?&%ﬁ’{/&%ﬁ%s %&%‘%ng%’ saves
time and reducasprefentating oSX) ¥ and foffsétemprsitothethead pasition chriteol d0 Sordlispleeing and

P ovi dod wi th oUENE B8 HHGPRER R St e e RBBRGH 165 o bhBIL B with
circuit boan§ Ifacemntsitt 22CARRUIvVRIRIPIoF thelafighfiént RchMueddesdibed Adreii€ that fiducial
operation by other equipnent.
marks are not required on the printed circuit board 12 for alignment. Image processing
techniques for determining the displacement and rotation of corresponding elements in two
images, such as the leads on integrated circuit 70 and bonding pads at placement site 22, are
known to those skilled in the art. The image processor 48 typically includes a frame grabber and
20 acomputer. The computer may be the system controller 44 computer or may be a separate vision
Processor.

A block diagram of a portion of the alignment optics 46, illustrating a first embodiment
of the lighting unit 62, is shown in FIG. 3. A light séurce 80, such as a light emitting diode,
directs a beam 82 through a diffuser 84 to form a diffuse light beam that is incident on a beam

25 splitter 86. The beam splitter 86 directs the diffuse light beam along a path 90 to placement site
22 on printed circuit board 12 for illumination thereof. The light is reflected by placement site
22 along path 90 through beam splitter 86 to beam splitter 54. The beam splitter 54 directs the
reflected light to lens 52 and camera 50 for obtaining an image of placement site 22. Thus, the
lighting unit 62 provides diffuse, on-axis illumination of the placement site 22. The lighting unit

30 60 preferably has the same configuration as the lighting unit 62. The lighting unit illustrated in
FIG. 3, which utilizes perpendicular diffuse illumination, is advantageous for illumination of

printed-circuit boards that may have flux or other coatings that could cause a specular reflection
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The alignnment assenbly 20 includes alignnment optics 46, optics position
control 47 for ing alignnent optics 46 between an ope ,lgggf, [ tion
and a retract'e‘Hop%’g%;tBé/on, and an i mge processor 48 couplliei'icvill e \j\rgen t he
al i gnnent optics 46 and the head position con%rol 40. The al i gnnment
opti cs 46 includes at |east one inmagi ng devicé, such as a video canera 50,

including a 5 lens 52, directed at a beamsplitter . ~lLN_t.he. exanpl e of
F'G 1 Phe peand Birefgth SoihRe of imded T8 e 3% Qbitr figHiing cSuBairaripns can
mrror 58 is apd hseddithih thé Scopk bSihe ples¥itlidventicn. 'For bLdhply,8n Sthef @plcations bR ki3
canmera 50. The beam splitter 54 is positioned during the alignnent process

bet ween c ofipesh Bluminagion of the| psiatedhsireuit beazd zpl the compongntimayche deirabld. tinloverr d

12. The beam splitter 54 i i : ' G 0 Wi ew

t he conponent %Bbt%&r“%ﬁ}é&‘ﬁ Plglétesr?eurﬁg §§ h( leﬁgﬁ Elg’htﬁ’gé %@%@% a?icm:a &?ﬁ?’?"%%‘%”ffmd
A lighting éni it 680 nahdrheters aUes ofamampwband illkninAiod ntayl be@iesitable 10 féducibe effects of
i1l um nates | acenent site 22 on printed circujt board 12. As described

bel ow, the can®rbienidighbenthsoprrationef the aliggmentaptics.; ithia caserepticel flltsayate ysedsod
the component - ginifle RECHRIGE the {IfmfADh Barf) HEWeveS: bAIAN band ilMIGiHER0 Hhding bhite

sui t abl e size ution. In one exanple, a mniature CCD canera

manuf act ur ed blighEosanibe aitilized forillumirition withinTthe scope pfthe presént inventgmnt r ol 47
controls the position of .the ali.gonent optic 2 1N rticular. th

al i gnment optics 4 W?eﬁgg?ﬂm‘tfgg’%%%@&% ﬁé"%’?ﬁ%‘ﬁé‘?ﬂ"’ g‘?ﬁ’éch?ﬁdlﬁg F?ffed
circuit 100 OdlBading i3tni 30. PlacdienChead® 19 pitREHip ddimpohbift 16 FReédnitbnBRIbddir)

of the alignment optics 46 is shown in FIG 1. The conponent 16 and the
pl acenent sit esystemydde Thecopmpanent fiisretainsd op gheplepement hegd Moy activationsofithyassem

optics 46 when_/ ' | sbs6 dhd 7R SreR | . |odod tof;
28 the ali gnn%l%?&p%gg%ﬁe%ﬂg}gﬁ%f%? tel%ssﬁdﬁ@dgﬁi gnng‘?le?tbg%? P%gﬂi%doﬁgo Iﬁﬁ}e o
away fromthe &lignhknfl@ith placeraer sitd22 ori prirtedeeitcuitdbeard 12. The ligeingeinit 62 taesdciated

osition, soth t he conponent, 1 be pl age n__. .
P w?t{'n each camera 1s energize ,ann?%e camgra%B ogta?ns an image of the placement site 22.

15 When the alignment system includes two cameras as discussed above in connection with FIG. 2,
alignment optics 46 and 76 may obtain images of diagonally opposite corners of the placement
site with high resolution. The image data for the placement site is forwarded to the image
processor 48, and the lighting unit 62 is deenergized. The lighting unit 60 associated with each
camera is energized, and an image of the component 16 is obtained by camera 50. When the

20 alignment system includes two cameras as described in connection with FIG. 2, alignment optics
46 and 76 provide images of regions 74 and 78 at diagonally opposite corners of the component
16. The image data is supplied to the image processor 48.

The image pfocessor 48 processes the image data representative of the piacement site 22
and the component 16 and determines X, Y and 6 offset errors. Signals representative of the

25 offset errors are supplied to the head position control unit 40 to displace and rotate the
component 16 into alignment with placement site 22. If desired, the alignment can be rechecked

. by obtaining new images of the placement site 22 and the component 16 and processing the
image data to determine any remaining offset errors.
After the desired alignment between the component 16 and the placement site 22 has
30 been achieved, the alignment optics 46 and 76 are moved by the optics position control 47 out of
the path between placement head 14 and printed circuit board 12. Then the placement head 14 is
moved along a known, repeatable path so-that the component 16 is positioned on the placement



t he board.: The alignment optics 46 shown in FIG 1 includes a
single canera 50, beamsplitter 54 and lighting units 60 and 62.
Dependi ng on the required accuracy and the resolution of the 25 canera 50,

a single caner SRiE My be utilized. Alternatively, the all;%m ibotics

may i nclu g two or nore caneras and associ ated optics for increased
accuracy. Use of two or nore caneras perjjts sel ected areas of the
conponent 16 and the placenent site 22 to be Viewed with hi gh

resolution. In_Qne, ¢ | qur.ati l,ated apiics e

i1 zed. et oPbr g e gt 1SR plalltend RS 3H Sveigeiatly sons o
mul tipl e | eads vérichlgpatiotie pliden@nngte 220 Hloweter/s nod abovepredestrifinedsX akDyn in
FIG 1, is positioned for gbtaining an i mage of _a view ng region 74 at

one coner of i Misplacements eanbeprrt of the nm"F@ﬁMﬂ}eﬂ@%m?’G?dg 94l Placement site 22.
configuratio n '\gﬁ&'ltthf @Aén | ent.16 is ?%%%@F%thggﬁz{cﬁﬁeﬁ git? %% all Bﬁﬁm%qug%cec}ure

obtai ning an i nage o ew ng I on egra :

97/ 02708 5 canbe initiated. For example, gas jets can be directed through a manifold to the leads of the
PCT/ US96/ 11119 L. } .. - 8- )
circuit 70. Thanggratsd pigeuitigibond the deads to thepads op thepsinted;cireyit brard 12 dhys cpmgleting

nunber of | eadgyeh efif and bondiflg Bfoctth@@onal | y opposite corners of the
integrated circuit 70. \2nevvi ng Tegi ons on the placenent site 22

correspond to the viTbnalignmentopics 4¢ andiffd anidthe pptidsepobitioncomiob4? may beimpunted to
'mmges of the ABRREN MR BRgesmertirad Bk Ol 55 colfiiruh B e BRSFor gy &/
al i gnnent  opd i @fovéSthe Allgrifient optick 45iafidl 76 witRebpedt to b pRkément headi AR BE6n Aferidfide
OO oS Shgerans S 2 o RS S5, o 7 e independen
pl acenent si t e conligurauon, the alignment op ptics p ep
of the placement head 14. This configuration uses a movable placement head and a separate,
independently movable alignment optics head. Sawyer motors may be particularly suitable for
moving the two heads in the X and Y directions in this configuration. An advantage of this
15 configuration is that the alignment optics may be positioned for obtaining an image of the
placement site at the same time that the placement head is picking up a component from the
component loading system, thus reducing the time for the alignment and placement operation.
A block diagram of a second embodiment of an automated system for placement of
components in accordance with the present invention is shown in FIG. 4. Like elements in
20 FIGS. 1 and 4 have the same reference numerals. The embodiment of FIG. 4 differs from the
embodiment of FIG. 1 primarily in the configuration of the alignment optics. Alignment optics
110 operates with image processor 48 and optics position control 47 in the system of FIG. 4.
The alignment optics 110 includes movable oj)tics 112 and fixed optics. The fixed optics
includes camera 120, a mirror 122, a zoom lens 124 and a mirror 114 (FIG.5). A partial top view
25 of the alignment assembly 110 is shown in FIG. 5 to illustrate the three dimensional optical path
utilized. Movable optics 112, which is movable relative to placement head 14, includes beam
splitter 54 and lighting units 60 and 62. Camera 120 views component 16 and placement site 22
(at different times) along an optical path 130 including a segment 130a that is parallel to the Z-
axis between camera 120 and mirror 122, a segment 130b that is parallel to the X-axis between
30 mirror 122 and zoom lens 124 and between zoom lens 124 and mirror 114, a segment 130c that
is parallel to the Y-axis between mirror 114 and beam splitter 54, and segnmients that are parallel
. to the Z-axis between beam splitter 54 and component 16 (segment 130d) or placement site 22



22. The i mages of the conponent 16 are conpared by the inage
processor 48 with the I mges of the placenent site 22 to obtain a
nmeasure of the position offset therebetween. In 10 particular, the inmge
processor 48 .Aes position offset errors between the I%q.ﬁ{
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di ffuse |i gfgt kgmafm@eﬁgth 90 to placenent site 22 on printed
circuit board 12 for illumnation thereof. The [ight is reflected b
pl acenent site Azeconfl smbodiment of» lighting gt fo& Hiamipation(of plaganeny s d

splitter 54. T %n@)g:?ﬁ? 1Bk Lﬁowm%(i%.rgﬁ&é pﬁls in FIGS. ?’fs jl %@t%vle%%x’lﬁ?ﬁ%ﬁf}&

52 and canera obtarning an 1 nage o acenent
l'ighting unit mingralsyiAllghtitighinitds0 ircbudex a fightl source hS2, such ash lighverpitthpadiode,

site 22. The lighting .unit 30 6 referahly has the me confj gyration as
the |ighting uﬁlgﬁa@gw‘%snmtpjﬁ fome whip glf?eateeame?% Bvicwpd b the Sappra o o
utilizes pejspensy, Crledighfiidutddsi®2idiredtSh g@ﬁﬂﬂéﬂm 1E$ aBSINRHANHRYS aof & acute aﬁgle with

i1lum nation of rinted-circuit boards that 'may have flux or other
coatings that respactitoghesufage ofplacement sitef22e Anj qptional light source 158 may be used to direct a

light beam 160 at placement site 22 from a different direction. The lighting unit 150 shown in
FIG. 6 is advantageous in illuminating a contoured surface, such as for example, the ball contacts
on the back surface of a flip-chip integrated circuit package. Such illumination produces better

20 contrast in the image obtained by the camera. A lighting unit of the type shown in FIG. 3 and
described above is preferred where the surface being imaged is relatively flat. A lighting unit 62
of the type shown in FIG. 3 ora iighting unit 150 of the type shown in FIG. 6 may be used for
implementation of the lighting units 60 and 62 shown in FIGS. 1 and 4.- Furthermore, diffuse
lighting and direct lighting may be combined in a single lighting unit, and either or both types of

25 illumination may be utilized in a particular application.

The automated component plécement system of the present invention, as shown in FIGS.

1-6 and described above, permits high accuracy placement of components without placing
excessive accuracy requirements on the elements of the system. In particular, the alignment
assembly obtains an image of the component and an image of the placement site sequentially,

30 using a single camera. (Although an embodiment utilizing two cameras is disclosed herein, each
camera obtains two images sequentially, including an image of a selected region of the

component and an image of a corresponding region of the placement site.) The image processor
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and interfere with obtaining an i mage of the placenent site 22. O her

lighting confi ,oNs can be used within the scope of t
i nventi on. For%g}#}ﬁg , in other applications off-axis, gﬁf’gg{‘ﬁiﬁg
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of the pl acenent site with high resolution, The jinage data for the
pl acenent sit e XY aus} Qumoyemmentythatare nepgspary, secondrimagessaf she oomponent angh the placement

lighting unit Gg, h%y%@%ﬁﬁfrﬂh??ﬂe reldtie ot dibr H&Weerﬁ@e oAt and éﬂ%&eﬁéﬁ&ite
canera i s energl zed; and an inage of e conponent 16 I's ©obtaine caner a
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15 As is apparent from FIGS. 1 and 4, the alignment optics of the automated component

-

placement system may have different configurations within the scope of the present invention.
In the embodiment of FIG. 1, the alignment optics 46 is mounted to placement head 14 and is
movable with placement head 14 under control of head position control 40. Alignment optics
46, including camera 50, lens 52, lighting units 60 and 62 and beam splitter 54, is movable
20 relative to placement head 14 under control of optics position control 47 between an operating
position as shown in FIG. 1 and a retracted positioh in which alignment optics 46 does not
interfere with downward movement of placement head 14 to placement site 22.
In the embodiment of FIG. 4, -the alignment optics 110 may be mounted to placement
head 14. However, alignment optics 110 includes movable optics 112 and fixed optics,
25 including camera 120, mirrors 114 and 122 and zoom lens 124. The alignment optics 110 is
movable with placement head 14 under control of head position control 40. The movable optics
112 is movable relative to placement head 14 under control of optics position control 47.
The positions of the system elements during alignment and placement are illustrated in
‘the simplified block diagrams of FIGS. 7 and 8. In FIG. 7, the placement head 14 is in the
30 alignment position, and the movable optics 112 is in an operating position between component
16 and placement site 22. In the positions shown in FIG. 7, the camera 120 obtains images of

component 16 and placement site 22 in sequence, and the images are processed by image



46 and 76 provide inmages of regions 74 and 78 at diagonally opposite
corners of the conponent 16. The inage data is supplied to the inage
processor 48. The i mage processor 48 processes the image data
represent ativevgg.@;\@apl acenment site 22 and the comonewsﬁggxg
detérm nes X, an of fset errors. Signals representative o e

offset errors are supplied to the head positi,gqn control unit 40 to displace
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site 22 with ! Bt pEtioH shBRMRIFIG. 1Ok pibirlent BoAGRIBBIvn BEPLG, blad B Afbnent

downwardly al ong a vertical path to'the placenent sit : wever, as
not ed above, pléeisqlavedionplaicomentgite/22. It is ngtedshat thegamern 12@nmireorp b4 andf122 jand zoom

Component 16 | EPR321 FBRLROI e PHARRRRTER 1271 oy ot PiRediit hown

procedure fp CRFIOR 1iiiiinila ©dhat Tustrets@ PFIGS. Qand 8,cixBept tat Alipntliehespitiesl46, including
through a manifold to the | eads of the, .. ..
camera 50, moves between the operating position and the retracted position.

A flow diagram that illustrates the operation of the automated component placement
system of the invention is shown in FIG. 9. The operation is described with reference to the
embodiment of FIG. 4. It will be understood that the operation of the embodiment of FIG. 1 is

15 very similar, with appropriate changes to accommodate the different configuration of the
alignment optics. In step 200, printed circuit board 12 is loaded onto table 10 by board loading
and unloading system 30. It will be understood that the board 12 may be part of a panel
containing several printed boards. In step 202, the placement head 14 picks up component 16
from the component loading system 34 and forms the component leads, if required by system

20 operation. It will be understood that the automated component placement system may include a
lead forming assembly, which forms the component leads into a desired shape. In step 204, the
component is aligned for placement on placement site 22. The alignment operation is described
in defail below. In step 206, the accurately aligned component i6 is placed on placement site 22,
and the component may be bonded to printed circuit board 12 in step 208. As indicated above.

25 the component bonding operation may be performed in one of several ways. Thus, the bonding
of an individual component in step 208 is optional. In step 210, a determination is made whether
all of the required components have been placed on the printed circuit board 12. If additional
components must be placed on the board, the process returns to step 202, and another component
is picked up from the component loading system 34. Steps 202, 204, 206 and optional step 208

30 are repeated for each component. When all required components have been placed on printed
circuit board 12, a group of components may be bonded to board 12 in optional step 212. Then,

%



integrated circuit to bond the leads to the pads on the printed circuit
board 12, thus conpleting t he pl acenent and bondi ng procedure.
- The alignnment optics 46 and 76, and the optics position control 47 may be
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in 20 FIGS 1 a ave the sane reference numeral s. e enbodi ment of
FIG 4 differsl20aeadinged as necessary &t olain thef desired impgesrof eemponent 16 andeplacement site

fi ti h | t ti . ti 110 \f
W th Drmge probboketExaapiy e Bt ant 32 i tfhRiER bna 3Bl 4658 1ons 120 a RO
FI tG 4. s Thi@g& §p?¢iﬂemgidmif!ﬂm:|oh§6némclnmlsggmﬁmag¢ omide?ggﬂs&eandnbﬁmd
optics. e fixed_ qptics i nc .caner . @ mrror : zoom
I gns 124 and acimu,itrh%p.rdllilzis ehﬁae%)wi&/i?%&f‘s P%EF& g}grg;;eg\;anégght&g ‘PH&OQF?W
assenbly 110 i ?he;:ggﬂ"iwblni;% gfh&npoieh@ldik bbﬁfn&@hﬂhﬂ‘@ﬁiﬂg’lﬁﬁﬁo%&?%& anfighang Lfitb2

pat h —utilirz e optics 112, which i s novable relative to
pl acement headddenergized! Thieimage data for the tyu imagesris Supplieditolimgge processon 48 s ThOinaged

62. Ca 120 vi 1 d pl ' 22 i ff
i iresy al ong aOBEeT A AR spetfiseiBpioRt FREC Binghet fmddsysoch s o load, 4 o
to the Z- 5 spesified ppiesMhepladiitntsie, QicH adipdds for rdodRingthé SyedHiel cdmPéhehtieids,

is parallel to the X-axis between 30 mrror 122 and zoom |l ens 124 and
bet ween zoom | ankdetermings @ relptiveqrosition errer bebysep §pmpengat 16and placementsity 2.4 e |

to the Y-axis 3 ' i . )
p@sﬂﬁ@gé?{oﬁieﬂci ks k%gg%ﬁwgﬁgn fftriold 40 eﬁ%mna@g.ﬁ.ge.gonp x 34NAE jmage

are parall el -axl s eam splitter 54 ent 16
(segment 130d) processdrAScupplies 40 head Ddsition control 40 control signals which represent X and Y

displacements and rotation to eliminate the position error. The head position control 40

20 displaoes and rotates placement head 14 and component 16 in accordance with the control
signals. Now the component 16 is properly aligned for placement on printed circuit board 12. In
steps 236 and 240, an optional verification procedure may be performed. Second images of the
component 16 and the placemént site 22 are obtained in step 236, and any residual positidn €rToIS
are determined by the image processor 48. In step 240, a determination is made whether the

25 position error is within prescribed limits. If the position error is still unacceptable, steps 232 and
234 may be repeated. The verification may be repeated as necessary to obtain the desired
position accuracy. As indicated above, the verification procedure of steps 236 and 240 may
optionally be omitted. Following step 240 or step 234, the movable optics 112 is moved from
the operating position (FIGS. 4 and 7) to the retracted position (FIG. 8) in step 242. Then the

30 component 16 is placed on the placement site 22 in step 244 by moving placement head 14 to the

placement position shown in FIG. 8 and releasing the component from the placement head 14.
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PCT/ US96/ 11119 (segnent 130e). This configuration provides a
relatively conpact construction, while accomodating the relatively

| ong opti cal uired for operation of the zoomlens 12
optical path %Méﬁ&t he canmera 120 and conponent 16 and pl ai’gﬁéﬁ&"gﬂge 22
I's shrouded to prevent interference by apbient light. In a preferred

enbodi ment, the canmera 120 has high 5 resofution and may be a type 1.4 |
or 4.01 manufactured by East man Kodak and the zoom | ens 124 may be

manuf act ured by UniThe BHAEC PRRFSERORISe t°ﬁ?‘§’ﬁm|z%§?§1 amog! °E§}?§P_§‘PB%?‘W‘E on the
vi ewi ng of 1acah€m%ﬁe.' fge@@émwga{ermyti&oamgh Rl Eordaiips felwéma&@%em&
wthre o] FI G ao

resol uti on. Thus, erence 2, the entire are
i nt egrat ed ci rcomponenOwith ghemappropriale gontpctsorpade pr the/bearde Jbesgifeatures arh eecognized by

zoom [ ens 124 n _be operated to obtain inage f di.fferent size cC nent s
or sel ected vi"EHREOI00T PEGCBIY Y%S%%mgbsc%ssg'g tgchmq%es, Sug aggg%’n%%&’ ’
enmbodj ment ©f nadrrhalizBd bateelativntor blob abhlysisi Maiddition & medsaefiERB rerfdeied by Zheze d
conponent 16 is shown in FIG 6. Like elements in FIGS. 1, 3 and have t he
sanme r ef er encdechniques infermatien about thecompanan px placsment fite, sueh aglead ophumpgepmetry,

152, such as I -em 1 {i ' O S T 90
al ong whi ch p?g%cg%d%% ;ed%el g{S/&?%\l/\.ie %yﬂ;tk%‘eﬁ aég@n&lgw’ ggﬁ%@% ?L%%?H%@e

| i ght source >&wbility efths neasurethént oany giveh fasturelon group of features. 22the measurementssdo
angle with r ecf to the surface of plac t.site 22. An I onal

N ght sour ce PQBS@&’B@ ‘H%ngeﬁtaﬂf"?seﬁ{e"&’ay e e qﬁ%atfrogté)ﬁ]aﬁ%xgngg “%E"Q!tt&?ént
site 22 freggn 6J\lﬁéli-ﬁafti@él?,rt’jlaé?::ifrfeﬁf:ét?tlié‘cqrﬂiil)‘iiellltirﬁkﬁ'tBe'”étiitdmkﬂtiti&al ofiéiPifhel rReasurements of

FIG 6 is advantageouS in illumnnating a contoured surface, such as for
exanpl e, the Hhe ¢omponentor the placemgnt sith do belcufiiniently aeeebexpactatiang- chi p

| ntegrat .ed circuit IR &st5h %'wh%lrjectﬂe lelahslf MS‘; 6r%d§) Ea?nq&cb%ﬁ‘elpa%w (%cemed, reference

features with a known relationship to the leads, bumps or pads can be used. The position of the
component relative to the placement site in the field of view is calculated, and appropriate

15 correction is applied, including machine offset.

An example of an implementation of an automated component placement system

corresponding to the system of FIG. 4 is shown in FIGS. 11A and 11B. Like elements in FIGS.
4, 5, 11A and 11B have the same reference numerals. The major components of the system are
mounted on a suitable cabinet 300, The movable optics 112 is shown in the operating position in

20 FIG. 11B and is shown in the retracted position in FIG. 11A. The placement head 14 includes a
bonding device 302. The head position control 40 includes an X axis actuator 310, a Y axis
actuator 312, a Z axis actuator 314, and a rotary actuator 316 for rotating component 16 about a

| vertical axis. The X axis actuator 310, the Y axis actuatof 312, and the rotary actuator 316 are

used for correcting position errors of component 16 relative to placement site 22. The Z axis

25 actuator 314 is used for moving placement head 14 between the alignment position and the
placement position. The system may further include a computer terminal 320 coupled to system
controller 44 (FIG. 4) to permit operator control of the system.

An enlarged schematic view of the placement head 14 is shown in FIGS. 12A and 12B.

In FIG. 12A the placement head 14 is positioned above printed circuit board 12. In FIG. 12B the

30 placement head 14 is in the placement position on printed circuit board 12. Component 16 is
held on placement head 14 by a vacuum pickup device until the placement head 14 reaches the

placement site 22 and the component 16 is released. The component 16 includes die 16a*and



20 contrast in the inmge obtained by the canera. A lighting unit of the
type shown in FIG 3 and descri bed above is preferred where the
surface being imaged is relatively flat. Alighting unit 62 of the
type shown in r alighting unit 150 of the type sho ' 6 may
be used for @IOC;F mentation of the lighting units 60 an\é\%%{ ¥n
FIGS. 1 and 4. Furthernore, diffuse lighting and direct lighting may
be conbined in a single lighting unit, and &ilfner or both types of 25

i |l uminati b i]ized.i ti,cul | i ion., . The .
Lut ot ed conpiNaR 1A ASD I the gy e dsivopnibos, AR hirgi4 ineipdes ot 38 Favine
FI GS. 1- 6mBéHanidarstops 350 whkib\ektend G5 Winbardlyi fibin BeG1¢348 ¥t RvaaFyoRts arfind

conmponents w thout placin excessi ve accuracy requirenments on the

el enent s o; tﬂ@mﬁ@tn%-l e!ﬁggthmfgne&ha}niqah&tomﬁgriw&qtverﬁcald_i@g%mfpmylleimtlbrﬂs
30 ' Ustng a si Rgne Eamenae BRI oG e LA BIRR R e R o o

di scl osed her ejpdet@raitied distance an® fozmedleads6bislightlyfivged: A denaalidofipbind 352 may be
i ncluding an i mage of a sel ected region of the onponent @nd an i mage

of a corr esponBlasrd onglacemensite g2 beneathcomponent { G tojbopd die; 16a fabosrd) 12 5 5 o

WO 97/ 02708 The optional bonding device in the placement head 14 heats the board 12 in the region of
PCT/ US96/ 11119 - 12 -

det ermi nes a rformed leadsplidifor soidee reflow dydonmaeing ofwecondngtive epoxya ldie heas also cures the

pl acement site, rather th n absol ut i tion,error

Bomponent T el SR EgPHERRsd; s te e e RRouR it H BRS, 1 2K put 128
rel ative pogi t islie@hstR hedt and!preSsurd t0¥b coilpondt: 36 BB plabeadit sife 23 TIhe pRSraRd
rotated as necessary to elimnate the position error to the extent
possi bl e. The n',estthequl bydheweiative dimensipasefdhe mechanical stops 350 and the formed leads 16b.

The pressure is applied to the component 16 as the component is bonded to board 12. The
mechanical stops 350 establish a controlled height of die 16a above board 12. It will be
understood that the mechanical stops 350 may have different dimensions for different package

—
ot

L€

15 types and for different applications. Thus, the component 16 is placed on board 12 with high
accuracy and is bonded to board 12 in a highly controlled and repeatable manner.

It will be understood that numerous variations of the automated component placement
system are included within the scope of the present invention. For example, the relative position
error between the component and the placement site may be corrected by movement of the table

20 10 or by a combination of movement of placement head 14 and table 10. More particularly, the
relative position error may be corrected displacing the board 12 in X and Y directions parallel to
the plane of the board and by rotating the board 12 about an axis perpendicular to the plane of the
board. The alignment optics may be mounted independently of the placement head 01; may be
mounted to the placement head. A variety of different light sources may be utilized for

25 illumination of component 16 and placement site 22.

The automated component placement system of the invention may be utilized for
placement of any component, but has primary utility for placing integrated circuit devices with
high lead density and small lead pitch. Examples of integrated circuit packages that may be
placed withy the automated component placement system of the present invention include leaded

30 packages such as tape automated bonding (TAB) packages, quad flat pack (QFP) packages and

leaded ceramic carrier (LCC) packages, and area array packages such as flip chip packages, area



5 conmponent on the placenent site with high accuracy. The path of the

pl acenment head between the alignnment position and the pl acenent
position nust be repeatable. Furthernore, the optical path of the
al i gnnment Optiﬁgs‘ﬂdﬁwbe stable relative to the Z-axis of thepsy 119
However, absol ute position accuracy relative to the table 1's no
required. A further feature of th aut omat ed conponent

pl acement systemis the ability to verify 10"'position adjustnment. Thus,

after the position error of, . the. c nt . has en. corr by any ., X,
Y and 0 movendeY R et fenting S ABL BrokAE: MBS e CRGAL BHsBHS miciACA
the placenent packageﬁicbﬁnﬂiagﬁma?chemgﬂhkag&%a Strainic BGAPatKagN error

bet ween t he conponent and the g acenent site, is determned a second
time to verify the \bie thexsrhave becashownand deserihed avhal gre aigqwessntpopsiderpd the preferred

conponent can i . L O . b fdls e .

ho s appar ont LSRR &g present fveflicn ot bOBRS G P Aited 1 el i vafous
conponent 5  chahges and piodificatiensntayybenaade tisbréih evithoit deparfihgifrom heosesperdfithe n

t he scope of the present_invention. .In the enbodi nent of FIG 1, the
al i gnment opt i iBventign ag defined by the ppendsd el4iy head 14 and is nmovabl e
w'th placenent head 14 under control of head position control 40. Alignnent
optics 46, including canera 50, lens 52, lighting units 60 and 62 and
beamsplitter 54, is novable 20 relative to placenment head 14 under
control of optics position control 47 between an operating position as
shown in FIG 1 and a retracted position in which alignnent optics 46 does
not interfere with dowmward novenent of placenment head 14 to pl acenent
site 22. In the enbodi nent of FIG 4, the alignnment optics 110
may be nounted to placenent head 14. However, alignnent optics 110

i ncl udes novabl e optics 112 and fixed opties, 25 including canera 120,
mrrors ‘114 and 122 and zoom | ens 124. The alignnent optics 110 is

novabl e with placenment head 14 under control of head position control 40.

The novabl e optics 112 is novable relative to placenent head 14 under
control of optics position control 47. The positions of the
system el enents during alignment and placenment are illustrated in t he

sinmplified block diagrams of FIGS. 7 and 8. In FIG 7, the placenent head
14 is in the 30 alignnent position, and the novable optics 112 is in an
operating position between conponent 16 and pl acenent site 22. In the
positions shown in FIG 7, the canera 120 obtai ns i nages of conmponent
16 and placenent site 22 in sequence, and the imges are processed by inmge
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processor 48 (FIG 4) to H“\‘“é“mlb ‘gm ative position error. Then, the
position error_is corrected by displacing conponent 16 a$crRidsks in X
and Y directi TKQI4PI% ot ati ng conponent 16 by an angl e Oiggout lg?\“lgaxi s
that is parallel to the Z-axis. Referring nowto FIG 8, the novabl e

optics 112 is retracted fromthe operating [‘)6§|‘tion shown in FIG 7 to a
retracted 5 position. In the retracted position, placenment head 14 is
free to nove downwardly to pl ace conponent 16 on placenent site 22.
The pl acenent head 14 is noved downwardl y ¢LaAIMShe al i gnnent position
shown in FIG 7 to a placenment position shown in FIG 8, and the conponent
16 is placed oh pl dCenpomentgilacempmt apparatug COMPILSENE hat t he camera 120, mirrors

114 and 122 and zoom | ens 124 . N0t .| ative to pl acenent head
14. The operation cﬁm?lﬁéoré’r?gcﬁ?ﬁﬁé?ﬁré‘é?} a;ilg&\{nﬁeﬁt G 1is sinlar to that
il lustratedsin Fl G, pliceiat Foad @rdRiing éSmpbnergorberplacedion said placernent sine] isaid

canmera 50, noves between the operating position and the retracted pgsition.
A f1ow di agr anplatement head deing moyablp betyigen a glighmsht H°ﬁ'é‘°’éﬁ‘!‘{ﬁm . BBt

pl acenent syst eaﬁ'?g, Btk &ﬁ%" ﬁ,ﬁﬁ}mn{agegﬂsﬁdo% St B Sfidplabitnent
described with refe?&gll%m%%l e\ﬁ 8e odi ment of FIG .4?1plt Wil | b.fé

under st ood t haheatland 8 peond imageof sdid placenent! sitep for prfcessing, said first and second images to
simlar, with apprqpria}ae changes to,accompgdate th Q%I%ff.

A { .
confi gurati on @fteryge a relative posy r Befpegn sai Wnﬁot‘-}f}ﬁ sal rl??ﬁ’begt site 2nd for
board 12 i sl 0&%@@@@{&& aMiﬁxamHMem@fmﬁésnﬂmemn and unl oadi ng system
ers

30. It will 'be un oocf that the board 12 may be part of a panel .
contai ni ng several gpfiishactehtdrdor caysing relative moyementbpivegn saidplaspmenbhsgd and paid i s

up component 1glacement site in response to said control signal so as to correct said position error; and

| a second actuator for moving said placement head between said alignment position and

said placement position.
15 _

2. Component placement apparatus as defined in claim 1 wherein said alignment assembly
comprises alignment optics for obtaining said first and second images, an optics position
controller for moving at least a portion of said alignment optics between an operating position
and a retracted position, and an image processor for processing said first and second images and

20 determining said position error.

3. Componént placement apparatus as defined in claim 2 wherein said alignment optics
comprisés a camera for obtaining said first and second images, a beam splitter for permitting said
camera to view said placement site and said component, a first lighting unit for illuminating said

25 component and a second lighting unit for illuminating said placement site.

4. Component placement apparatus as defined in claim 3 wherein said first and second

lighting units each comprise a light source for generating a light beam, a diffuser for diffusing

said light beam, and a beam splitter for directing the diffused light beam along a camera viewing
30 path. '
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conponent pl acenent system ncl ude & | ead form ng assenbly, which
forms the co eads into a desired shape. In step 204,

conponent isngyﬁggﬂézai'% or placenent on. placenent site 22. The@ﬁfmp
operation is described in detail below. _In step 206, the accurately

al igned conponent 16 is placed on pl acement “8te 22, and the conponent
may be bonded to printed citcuit board 12 jn siep, 208. As .indicated above.
25 the conporent &S’Hﬂl"ﬁﬂ’ﬁ?{?@?’ﬁ?‘}téwwT?éiegﬁ‘?‘i’BFmﬁWeEFﬁ%s%‘ﬁﬁEséM%Fm@
ways. Thus, thghbanehiiGach 8 Night Whntk Q¥RDBeahd st Sh 8Pt Qbid i
optional. In srtagep 10, ?dﬁ%@{%na?ﬁon S madrg et ik%glr © alﬁo%%gmh
requi red conpaespattdo hsurfack ofsaigrompoentror skid piacémentditesi rcuit board 12, | f
addi ti onal conponents nmust be placed on the board, the process returns
to step 202, and another conponent i s picked up fromthe conponent

| oadi.ng syss e, 34. c%hﬁﬁﬁeﬁ%exﬁ&ﬁapﬁfa@ﬁumeﬁﬂéd ifileBlim 3 tvititrelf) Said Blacéidht head
repeated for each conponent. \Wen al]l required conponents have been placed
on printed  furtharinglydes abamdan&%m&fgrrmgmsﬁalésﬁmmm saighpoprd. bonded t o
board 12 in optional step 212. Then, WO 97/ 02708

PCT/ US96/ 11119 . - 14-

the printed ci7 cui iConpanéeht placermentappeatasiasidefined inelainy Stvelierdily sdid boullingodedicag
and unl oadi ng ,system 0 in ste 14. ) A flow di agram of the
Component. al + dRatee msptios dieacing 3 hotiad g4 eyt seid oprmpaneBl T PRRAinE © £ Gy 10
In step 23¢9 the novable portion of the alignment optics is noved into
position

fromthe conponent | oadi ilﬂ”ﬂﬂﬁ"lﬁﬂl,mmr ornms the conponent |eads, if
requi red by system 20 opd mﬁ. A be understood that the automated
y

8. Component placement apparatus as defined in claim 6 wherein said bonding device

includes means for generating infrared energy for bonding said component to said board.

9. Component placement apparatus as defined in claim 6 wherein said bonding device

15 includes means for contact heating of said component.

10.  Component placement apparatus as defined in claim 6 wherein said bonding device

includes means for bonding a group of components simultaneously.

20 11, Component placement apparatus as defined in claim 6 wherein said bonding device

includes means for bonding a single component.

12. Component placement apparatus as defined in claim 1 wherein said first actuator includes
means for moving said placement head in X and Y directions parallel to a plane of said board and
25 for rotating said placement head about an axis perpendicular to the plane of said board for

alignment of said component with said placement site.

13.  Component placement apparatus as defined in claim 1 wherein said first actuator includes
means for moving said board in X and Y directions parallel to a plane of said board and for
30 rotating said board about an axis perpendicular to the plane of said board for alignment of said

component with said placement site.



5 between placenent head ““M““I“MW‘LSI te 22 and is adjusted as
necessary. In the errtt 4, novable optics 112 is noved
into position. In the enmbodi mént‘of" FI'G "1, al i gnnent optics 46 is
noved into po%' The novabl e optics 112, zoomlens 124 anT L fio
120 are adj ust S 'hecessary to obtain the desired i mages of “conponent 16

and pl acenent site 22. For exanpl e, the2 ighting unit 62 is energized,
and the zoomlens 124 may be adjusted to 10"“View a specific region of the

conponent. In step 232, an | e of place { site.22 .0 rinted
circuit board %2 | °8?Pﬁ?ﬁ@!f°%tﬁpﬁ%§?ﬁﬁsﬁggﬂeﬁis?°§?iw WIS 3 OGPy
unit 60 deenernegddiCassembly forleddingesaid cor@onet intosaidplactinehthdad. obt ai ned with

lighting unit 60 energized and lighting unit 62 deenergi zed. The i nmge
data for the two inmages is supplied to i mage processor 48. The i nmage

processor 48 al y 1§ g:fﬁm&‘ f . Rk ' - .
specified | ea s%; aﬁ%%zi’%@ﬁséﬁggﬁt? reg#gﬁﬁ%@lﬁggﬁgllace%%s@fgﬁuc o%%mg
pads for reseiand nglobdifig agsemblyiferioadingsaid-bdard emolsaid table forplacethehvof¥hidebmPonent
relative positign error. between conponent. 16 and pl acenent site 22. The

posi tion erroﬂ“ﬂﬁ@lm@n&sﬂﬁmwmg’ﬂ@ﬂgﬂé{fw gaid companemon errors.
In step 234, the i mge processor 48 supplies to head position control

40 control signals which represent X and Y _ displacenents and rotation
to eliminate tlée p&vmpooentplacement Bppardtesas dofinddin glains drwherslin shill placemgnthadces

and rotates pl.acepent head .14 and. onent In accordance with the
control é‘i‘@ﬁ%ﬁeé.va‘f\‘m ?’%g"pccgewgg%ﬁ?ﬂ%@ ﬁaia%’fnc?ﬁ@ﬂiy aligned for

pl acenent @& printed circuit board 12. In steps 236 and 240, an
optional verification procedure nmay be perfornmed. Second images of the

conponent 16 ddd t Heomppaneniplagement apparatus ppdefipedinflaim; 2, whareip smd placement head is
resi dual positj r : gegge P Q%HQ%E % L2k . I n
step 240, a d?tograﬂq&{?aat%?gensﬁldsplﬁa ena#gt%ﬁg%l@t e {&ggigﬁﬁggﬂvﬂe”gsrﬁi%%g%ﬁ f ti n
prescribed | i ropties is pbsititredbetveen said placement beadtand kaiditahlede sdid bperatingtpppitio.32
and 234 may be repeated. The verification may be repeated as necessary
to obtain the desired position accuracy. As indicated above, the

verificati @n p8oceddafpofént plbibent afpadias B4URANRYIN claim 2 WHeledid MightheR bptiked-
Fol l owi ng step 240 or step 234, the nmovable optics 112 is noved from

the operat i ng spBprisssacameradior obfaiging saifl firg andsecond imageseazens lons B vering a fipld of
Step 244 by moERG Bt Aebh ARRAE bR iSRG Sl Sphl 1PV S HacShlel s Card
in FIG 8 and saidicompbmet,tafirstdightiog umit fof ilbimibdting shid cemportentemech séebnd lighting unit
for illuminating said placement site. '
20
19.  Component placement apparatus as defined in claim 18 wherein said beam splitter and
said first and second lighting units constitute movable optics movable between said operating

position and said retracted position.

25 20. Component placement apparatus as defined in claim 2 wherein said alignment optics and

said optics position controller are mounted to and movable with said placement head.

21.  Component placement apparatus as defined in claim 2 wherein said alignment optics
comprises a single video camera for obtaining said first and second images in sequence.

30
22. Component placement apparatus as defined in claim 1 wherein said alignment assembly

comprises first alignment optics for obtaining said first image of a first viewing region of said
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'Flzﬁll }Jﬁgglelérltl)?:essor S usIer,lItIJm!!.,eu!,stUU!uey features on the conp;)néﬁt-and

on the pl ite. The objective generally is to ali%,ﬂgfsgg
bunmps (el ectri%gélg?'ﬁ%ﬁacts) on the conponent with the appropri a?léﬂ{

contacts or pads on the board. These featureg are recogni zed by

utilizing one or nmore commonly used i nmage pr3EESsing t echni ques, such as
edge detection, 5 norngplized correlatiqn or bJob analysis. In addition_to
measur ement s COFPERGY and for gifajgung said; IPGBRE0L 2 GOFTBTPRE 1%?1‘%15’6&'!“&%@"“ of said
conmponent or | I R I ion ofSERAGHRY and
approxi mate e [l)%%?gﬁﬁ? tg’csia%?to?rﬁ:dﬁp?sﬁgmfc?gﬁ?}ﬁgf&w ewl?ge‘gg!r?h baépollj%oendo to Hirs

det er mi ne t he alignmemtloptits Yetwsenah opéretingeposition abd & resfactad posifiong secondiglignment optics

group of featyes. .If th asurenents do. . not sufficientl et.

expect at i ons, IPHOARIRE SHE TS MARRR) SAPOPCVIRYIg TEBIOR oA peid SorHpAnayt ] S2id gepond

Al ternati vely, imab@6fd @ifesitinding SedoBdRIAGRE reﬁﬁbi ob Sai@plaCaiitint Sitd] & YecBRDSPtRE pbdition
e p

t he measurenments of t'he conponent or tf | acement site do not .

suf ficiently rroatolietfergnoiingtdeast a portion of said sepond plignirent optigsdetveen an pperating

bunps or pads cannot be reli . di . '

known rel ati oPSR “P%‘P? Fleen%f tjgggé%fu%xﬂ%&p&;ﬁr{}ﬁgﬁgéx? %ﬁﬁrﬁ%egﬁﬂf q’%gﬁﬁgg%%cgﬁéof

t he conporig@aesprbvidédsy dach bhwidfivcadasiondialignment bjtics bind Hetertdining eaid ipSsition

cal cul ated, and appropriate 15 <correction is applied, including machine

of f set. emor.  An exanple of an inplenentation of an autonated

conponent pjacenent system corresponding to the systemof FIG 4 is

shown in FIGS. 111A and 111B. Like elenents in FIGS. 4, 5 11A and 11B

have the sane 23ef eQomyonentiplacainent appasatns psodefivedhinelaimi2swherein aid imageqmocessor

mount e on . Hpithd tciudel Bl P Wiry D S SRR PPl Fetfoe Y0 Sl plaferhdi e
following correction of said position error by obtaining additional images of said component and

said placement site and determining from said additional images the position error between said

15 component and said placement site.

24. A method for accurately placing a component on a board having a placement site for the
component, comprising the steps of:
loading the board onto a table;
20 holding the component with a placement head that is movable between an alignment
position and a placement position;
obtaining a first image of said component on said placement head;
obtaining a second image of said placement site; |
processing said first and second images to determine a relative position error between
25 said component and said placement site;
providing a control signal representative of said position error;
causing relative movement between said placement head and said placement site in
response to said control signal so as to correct said position error;
moving said placement head between said alignment position and said placement
30 position; and

releasing said component from said placement head.
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20 FIG 11B and is shoms‘m\“l*“ﬂ\mmg\l“m position in FIG 11A The

pl acenent head 14 includedik 'eig devi ce 302. The head position
control 40 includes an X axis actuator 310, a Y axis actuator 312, a Z
axi s actuator a rotary actuator 316 for rotating co

about a ve%ﬁygg?ﬁgxi s. The X axis. actuator 310, the Y ax%&é@%
312, and the rotary actuator 316 are useg for correcting position
errors of conponent 16 relative to placenment 2rte 22. The Z axis 25
actuator 314 i,s used fqr noyi | gce t head 14 between the alignngnt
position and _ti?e A"ﬁﬁﬁééﬁé?ﬁ}%s&awﬁfwﬁﬂ?“g?&wﬁﬁﬁ%mﬁ@ﬁegﬁwa
conmput er t er N dypipoRed irchidel RRniifkting $4i@ GdmponetOWit #fitselight 4outrbd 4ad oblairtifg the first
permt operator control of the system An enl arged schematic

vi ew of the plimeenefraidromponentvgthaddge qamers, ad whepsin thesteppBobtaining 4 s¢cqnddmage
12A the pl : kS DOSiL : ' Ul |
FLG 198 the 30 S bREmett sk ik ABARGLAL BAF pRETnPthe UlEcbodt P s anf

circuit boasd dbtaining &P Gnspeiof $4id placement sitewith seid pideceuierd. head 14 by a
vacuum pi ckup device until the placenent head 14 reaches the pl acement
site 22 and the conponent 16 is rel eased. The conponent 16 includes die 16a

gfc‘g . Usos/ 111125 VO 2 #efind 38 defined in claim 24 wherein the step of processing said first and second

formed | eads lififages contpnisegprodessingthe dndt aud second imapescabtaimed byesaid videoicamtnacddth an
nozzl e 348 havi%:gr . .. nechani cal stops 350 which extend downwardly from
nozzl e 348 at LEVRPIEIMARS PIPEESSATy nd conponent 16. The | ength of

mechani cal jgtops 350 in the vertical direction (parallel to the Z

axis) is selected to position conponent 16 with die 16a_spaced above board
12 by a 27. A method as defined in claim 24 wherein the step of causing relative movement includes

displacing said placement head in a plane parallel to a plane of said board and rotating said
placement head about an axis perpendicular to the plane of said board.

15 28. A method as defined in claim 24 further including the step of bonding said component to

said placement site.

29. A method as defined in claim 28 wherein the step of bonding said component comprises

bonding a group of components to said board simultaneously.

20
30. A method as defined in claim 28 wherein the step of bonding said component includes
bonding a single component to said placement site.
31.  Component placement apparatus comprising:
25 a table for holding a board having a placement site;
a placement head for holding a component to be placed on said placement site, said
placement head being movable between an alignment position and a placement position;
alignment optics for obtaining a first image of said component on said placement head
and a second image of said placement site;
30 an optics position controller for moving at least a portion of said alignment optics

between an operating position and a retracted position;



5 predeterm ned distance I gL6b slightly flexed. A thernal
conpound 352 nay be amuﬂmﬂmnﬂllmmmﬁt site 22 beneath conponent 16
to bond die 16a to board 12 ¢ t M s *The optional bonding device in the
pl acement hea s the board 12 in the region of f 16b
for “sol der reﬁvé\%’or or curing of a conductive epoxy. The hg%%%@ﬁg%res

t he thermal conpound 352. Thus, the plagenent head structure shown in
FIGS. 12A and 12B 10 applies both heat and'égéssure to the conponent 16 at
the placenent site 22. The pressure is, ., esta Iishﬁd by the . rel atjve .
di mensi ons of the RAREHE PIAPessYT Spfpraesssing, spid ﬁ‘é‘ S anﬁ?tmng?ﬁﬂa“"e
pressure is a BpeTelsts ORY aleiER pﬁ)&ﬂ&i

12. The %giﬁ%ﬂieggllﬂségﬁops 3503@5?%%?ﬁid(gﬁcontrgﬁﬁggdﬁgi ght g agl&le&?%ggal
above_ board 12representative ofgaid positiomresior;st ood t hat the nechani cal stops 350

h di ff t di ' for .dif t 15 . f .
0Tt orent apphi cat iAlie: aeiisRd ToneabeifiielsLE RovaRet BOXSiedr sid MASTehPhead b peg
hi gh . a§ C Uslaserhert Wite i réapoiide tb dail domtrbXhignal $0asdo boredet said poxitionl endf aaad

repeat abl e manner. It will be understood that nunmerous
variations of the Reennsiacmatosfgseneuing ssidplacement head betwpen said aligamenipogitien and
within the sco ; “gﬁ nt invention. For exanple, the relative
position sgfdrr(g)ir e bﬁ%ﬁ&ﬁhe conponent and the placenent site may be
corrected by novenent of the table 20 10 or by a conbination of novenent

of placenent head 14 and tahle 10. Mre partjcylarly, . the . relative |
position err or3%my (E%“R,‘E‘F?‘é&‘éﬂ'eﬂﬁ APpRraus gb‘sﬁd’fﬁy B’cfé‘?‘é %%ﬁﬁe‘%sﬁﬂﬂi‘@m"m optics

di rections jparglglsgld dpfics positioR LotrAee areimdulRd IO plaskrienthddd sh@hidvk Bathishia phRaheht
12 about an axis perpendicular to the plane of the board. The ali gnnent

optics may be headnted i ndependently of the placenent head or may be
nmounted to the placenent head. A variety of different |ight sources may be

utilized for 25 illum nation of conponent 16 and pl acenent site 22.
The aut omat ed 33 nNpaCigonehtisiaement pparamsaodefinsd in claitr 31 wiieréih ¥aild émagdel processbr
for pl acement of any conponent, but_ has primary utility for placi

n
i ntegrated ci risther comprisesamegns for verifymeghe alignmentofspidycompendnprelative @a@icbﬁmnem
Exanpl es of5i nkLAhd! &erebliddf shidRRsiKade50t hat may be pl aced withy the

aut omat ed conponent placenent sg’gtem of the present invention include

| eaded 30 packages such as tape automated bondi ng (TAB) packages, quad fl at

Dok (T D e PSR 0 g e s

further includes a bonding device for bonding said component to said board.

20 35. Component placement apparatus as defined in claim 34 wherein said bonding device

includes means for bonding a group of components to said board simultaneously.

36. Component placement apparatus as defined in claim 31 wherein said first actuator
includes means for moving said placement head in X and Y directions parallel to a plane of said
25 board and for rotating said placement head about an axis perpendicular to the plane of said board

for alignment of said component with said placement site.

37.  Component placement apparatus as defined in claim 31 wherein said first actuator
includes means for moving said board in X and Y directions parallel to 2 plane of said board and
30 for rotating said board about an axis perpendicular to the plane of said board for alignment of

said component with said placement site.



UG || | []] R

array tape automated bond+ nge packages, ball grid array (BGA)

packages, m craﬁ,%.m packages, colum grid array (CGA) paclﬁ%ﬁ?ﬁm
ceram ¢ BGA packages. Wil e-there have been shown an escrll%ed
what are at present considered the preferred enbodi nents of the present

invention, it will be obvious to those skil T%‘ﬁ'i n the art that various 5
changes and | fi r arting from

scope of themé% i n\%%ﬁ'. %Rémgiiéﬁ {?mqgga?%tw%%h%ppen%ﬁﬁ% Q’??E‘ altFbormipOfenh Htudes
- 18 - - adie and formed leads and wherein said placement head includes position control means for

placing said component with said die spaced from said board by a predetermined distance.

5 39. Component placement apparatus as defined in claim 38 wherein said placement head
includes a nozzle for holding said component and wherein said position control means comprises

one or more mechanical stops extending from said nozzle toward said board.



CLAI M5 1. Conmponent pl acenent apparatus conpri si ng: a
table for holding a board having a placenent site; 5 a pl acenent
head for hol ding a conponent to be placed on said placenent site, said

pl acenent headwesmgrnsovabl e between an al i gnment position angepuskamseent
posi‘tion;- an alignnment assenbly for obtaining a first inmage of
sai d conponent on said placenent head and a second i mage of said

pl acement site, for processing said first and second i nmages to

determne a relative position error betweefp/flaid conponent and said

pl acenent site and for 10 providing a control signal representative of
said position error; a first actuator for causing relative
novenent between said placenent head and said pl acenent site in
response to said control signal so as to correct said position error; and
a second actuator for noving said placenent head between said alig

position and sai d placenent} pogiftion. 15 2. ent &

pl acenent apparatus as defined i 3 m3gai d gly enbly
conprises alignment optics for ob%?% ning said firstg and i s, an
optics position controller HHRg—at JL’§ a pd Sai d

al i gnnment optics between an tlgc position o Q| and

position, and an image processorlioriprocgs SI nggz_ﬁd firn grcond

i mages and 20 determ nigg said §| tion 3. Conmponent

pl acenent apparatus as @fined claim2_ ereF*_ aid alignment optics
conprises a canera for Q@tainin spi d ﬂlrst and dedond i nages, a beam
splitter for permtting&aid O rpaneria to viewYsajd placemént site an®

said conponent, a first [lighting upit flor illumjlnatjng said 25 conpone
and a second lighting unit for ifllum nating saiq @l jpcement silte,a\ .
Conponent pl acenment appgatus a deflned in cbar 3] wher ei n élai Cf‘irst [T alo)
second , i b ! b :
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lighting units each conprise a |light source for generating a |ight beam a
di ffuser for diffusing said |ight beam and a beamsplitter for
directing the diffused |ight beamal ong a canera view ng 30 path.

WO 97/ 02708 WO 97/02708 pc-rms,ls/gnng

PCT/"US96/ 11119
5. Conponent pl acenent apparatus as defined in claim3 wherein said

first and second lighting units each conprise a |light source for
directing a |ight beamat an acute angle wpIfy respect to a surface of
sai d conmponent or said placenent site. 5 6. Conponent pl acenent
apparatus as defined in claim1 wherein said placenent head further

i ncl udes a bonding device for bonding said conponent to said board.

7. .Conponent pl acement apparatus as defined in.claim6 wherein said
bondlng devi ce i ncludes neans for directing a heated gas toward said
conponent for bonding. 10 8. Conponent pl acenent apparatus as
defined in claim®6 wherein said bonding device i ncl udes neans for
generating infrared energy for bonding said conponent to said board.
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9. Component pl acenment apparatus as defined in claim®6 wherein said
bondi ng device 15 includes neans for contact heating of said conponent.

10. Conmponent pl acenment apparatus as defined in claim®6 wherein said
bondi ng devi cewgo7mvggC! udes neans for bonding a group of conpefigsdsiztie

si mul t aneousl y. 20 11. Conponent . pl acenent apparatus.as defined in
claim6 wherein said bondi ng device i ncl udes neans for bonding a single
conponent . 12. Conmponent pl acenent apparatus as defined in claim!]l
wherein said first actuator includes n?pﬂs for noving-said placenent
head in X and Y directions parallel to a plane of said board and 25 for
rotating said placenent head about an axis perpendicular to the plane of

said board for al i gnnment of said conmponent with said placenent site.
13. _Conponent placenent apparatus as defined in claim| wherein said
first actuator includes means for noving said board in X and Y

directions parallel to a plane of said board and for 30 rotating said board
about . an axis perpendicular to the plane of said board for alignnent of
sai d conponent with said placenent site.
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WD 97/ 02708
PCT/ US96/ 11119
14.
conprising a CeFyeinRtds
into said placenent head.
defined in claim|l

15.

-20 -

Conmponent pl acenment apparatus as defined in claim1 further
| oadi ng assenbly for

| oadi ng sai dpCOUBSNANIG

Conponent pl acenent apparatus as
further conprising a board loading 5 and unl oadi ng

assenbly for |oading said board onto said table for placenent of said

conponent

of said conponent. 16.

claim1 wherein said placenent head

for holding said conmponent. 10

defined in claim2 wherein said placenment head is

and for unloading said boar4g/firom said table after placenent

Conmponent pl acenment apparatus as defined in

17.

i ncl udes a vacuum pi ckup devi ce
Conponent pl acenent apparatus as

posi ti oned above

said placenent site in said alignnment position and wherein said alignnent

optics is positioned between sai

ead and said table in said

d
operating position. 15 18. Cﬂ ofeft YIicenent apparatus as defined in
claim2 wherein said alignnment o -‘gfnprises a canera for obtaining
said first and second i mages, a pooanll ensgﬁmrsaryi ng a field of Vi ew
of said canera, a beamsplitter f ﬁpern‘ig %lg said canera to view sai
pl acenent site and sai d gonap nt, a st lighting unit for .
iI'lumnating said conponent aWd ass@dond | gghting unit —  for 9
illumnating said placenent sitel & 8 2]
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20 19. Conmponent pl acenent apparatus as defined in claim18 wherein
said beamsplitter and said first and second lighting units constitute
novabl e optics novabl e bet ween sai d operating position and said
retracted posiywp®mezns 25 20. Conponent pl acenent appar at upcafgsg@isaiped I n
clarm 2 wherein said alignnment optics and said optics position
controller are nounted to and novable with said placenent head. 21.
Conponent pl acenent apparatus as defined in claim2 wherein said alignnent
optics conprises a single video cane%gxgor obtaining said first and
second i mages in sequence. 30 onent placenent apparatus as
defined in claiml wherein said allgnnent assenbl y conprises first
alignnent optics for obtaining said first inmage of a first view ng region
of said WD 97/ 02708

PCT/ US96/ 11119 -21 -
conponent and for ‘obtaining said sefon Xnage of a corresponding first
vi ewi hg regi on of said pl acenepnt site, a fi24st optics pofR2ion
controller for noving at |east a povtion of qaiﬁfoanaob Z
Y
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al i gnnment optics between an operating position and a retracted position,
second al i gnnment optics for obtaining said first inage of a second
viewi ng region of said conmponent and said second 5 image of a

correspondi Nng wo9ashey'| €W ng regi on of said placenent site, aopcIrPUSISIthIEPti CS
posktion controller for noving at |east a portion of said second

al i gnnent optics between an operating position and a retracted
position, and an inage processor for processing the first and second

i mages provided by each of said first and gmgond al i gnment optics and
determ ning said position error. 10 23. Conponent pl acenent
apparatus as defined in claim?2 wherein said i mage processor further

i ncl udes neans for verifying alignment of said conponent relative to said
pl acement site foll owi ng correction of said position error by
obt ai hi ng additional images of said conmponent and said placenent site
and determ ning fromsaid additional inages the position error between said
15 conponent and said placenent site. 24. A nmet hod for accurately
pl aci ng a conmponent on a board having a placement site for the

conponent, conprising the stgds | oadi ng the _board onto a

tabl e; 20 hol di ng th (Rb%ﬁMﬁNT igh a pl acement head t hat
novabl e between an al i gnnent HEABsi tfon and a pl acenent rﬁkMEn;"zo
obtaining a first imge of saido—cpnmpoment on said pl acenment{ head,;

obt ai ning a second i nage of said_plhcenent site; pfocessi ng
said first and second inages 4% m neﬁéa rel ati Vg position error between

~ 25 said conmponent and said placeneht sitsg€; \, Providigg a control
signal representative of said cusT rel ative
novenent between sai d pl acenment MQVABLE A CEDDME L gi t 9

response to said control signdl QB'l'lﬁS; tlo correct| s&ENS ppsi tj
novi ng sai d pl acenent head bet o ali gnnent—pwgr'f"' on '
pl acenent 30 positiap; and \
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rel easing said conponent from said pl acenent head. WO 97/ 02708

PCT/ US96/ 11119 -22 -
25. A nmethod as defined in claim24 wherein the step of obtaining a first
i mage of said woemegmgponent includes illum nating said conposeytsoéiitie a
first light source and obtaining the first i mge of said conponent
with a video canera, and wherein the step of obtaining a second inmage
of said placenment site includes illumnating said placenent site with a
second |ight source and 5 obtaining an impge of said placement site with
sai d video canera. 26. A nmethod as defined in claim24 wherein the
step of processing saitd first and second i mages conprises processing
the first and second i mages obtai ned by said video canmera with an
el ectronic i mage processor. 10 - 27. A nethod as defined in claim 24
wherein the step of causing rel atipgoRpvemeam ncl gides di spl acing said
pl acenment head in a plane parallel to I@mgpf s@i d board and rotating
said . pl acement head about an axis lperp cular to the plane of said
board. : g
PICK UP
202\ COMPONENT
.AND FORM IF
REQUIRED

Y

204~|  AucN
COMPONENT

A

206~ | PLACE
COMPONENT

ON BOARD

208 BOND
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212 COMPONENTS
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15 28. A nmethod as defined in claim?24 further including the step of
bondi ng said conponent to sai d placenent site. 29. A net hod
as defined in claim28 wherein the step of bonding said conponent conprises
bondi ng a grouggfesegronents to said board sinultaneously. 2fermsestefle A
met hod as defined in claim28 wherein.the step of bonding said conponent

i ncl udes bondi ng a single conponent to said placenent site. 31.
Conmponent pl acenent apparatus conprising: 25 a table for holding a
board having a pl acenent site; g1p! acement head for holding a
conponent to be placed on said placenent site, said pl acenent head
bei ng novabl e between an alignnment position and a placenent position;
alignnent optics for obtaining a first inmage of said conmponent on said

pl acenent head and a second i nage of said placenent site; 30 an
optics position controller for noving 3 kon of said alignnment
optics bet ween an operating positijdAO¥hAND ADJUBRE¢t ed position;

WD 97/ 02708 230~ | OPTICS; ZOOM AND

PCT/ US96/ 11119 ADJUST CAMERA

y

OBTAIN IMAGE OF
232\ BOARD; OBTAIN IMAGE
OF COMPONENT

DETERMINE POSITION
234\ ERROR AND ADJUST
XY+0

............... 3

OBTAIN IMAGES AND
DETERMINE POSITION| \ 236
ERROR

244~ | PLACE
COMPONENT
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-23 - an i mage processor for processing said first and second

I mges and determning a rel ative position error between said conponent
and said placenent site and for providing a control signal

representative JYOSH2#8position error; a first acty égﬂﬁ?ﬁﬁiw
cau5|ng rel ati ve novenent between sald pl acenent head and said acenent

site in response to said control signal so as to correct said position

error; and a second actuator for noving said placenent head
bet ween said alignnent position and saig} Placenent posi tion. 32.
Component pl acenent apparatus as defined in claim31l wherein said alignnent

optics 10 and said optics position controller are nounted to pl acenent

head and nove with said placenent head. 33. nponent pl acenent
apparatus as defined in claim31 wherein said inmage pr sor f urther
conprises neans for verifying the alignnment of saj Lyve 10
said placenment 15 site after correction of said fasition error __34.
Conporient pl acenent appar at us defined in clai : Facerrant-
head further includes a di ng device for Qo ai d
sai d board. 20 35. Conmpomemt pl acenent appariafu | I |
34 wherein said bonding device . I ncl udes qg r bondin Q]
conponents to said board S|nuICEheoust ;/2}
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36. Component pl acenent apparatus as defined in claim31 wherein said
first actuator I ncl udes neans for noving said placenent head in X and
Y directions parallel to a plane of said 25 board and for rotating said
pl acenment head WEOMMO2WB axis perpendicular to the plane of sai ﬁ_.@g@‘ﬂm,
for allgnnent of said conponent with said placenent site.

Conponent pl acenent apparatus as defined in claim31 wherein said first

act uat or i ncl udes neans for noving sald board in X and Y directions
parallel to a plane of said board and 30 rotating sai d board about an
axi s perpendicular to the plane of said boar for al i gnnment of sai d
conponent with said placenent site. WO 97/ 02708

PCT/ US96/ 11119 - 24- 38.
Component pl acenment apparatus as defined in claim3l ei n sai ;ficonponent
I ncl udes a die and forned | eads and wherein sg d pl ace®ent h '
position control neans for pl aci ng sai d conpo W th sai shaced
fromsaid board by a predet er gned di stance. 5 one | acemnent
apparatus as defined in clai wherein said pl ic

nozzl e for holding said conpoﬂEﬁt and mherelng§a
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one or nore nechanical stops extending fromsaid nozzle toward sai d board.

. WO 97/02708 PCT/US96/11119
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