;N _"ae3e*' ,R-p6T }s , - 1 DESCRI PTI ON  ELECTRONI G- COVPONENT ALI GNVENT
METHOD AND APPARATUS THEREFOR 5 Technical Field The present i nvention
kelates to an electronic conponent alignment nethod for

electroni ¢ conponents with each other by using marking neans fommmmmmmmmmmm“
these el ectronic conponents and also to an apparatus 10 therefo

Background Art As shown in Figs. 14 and 15, a known bondi ng appar at sepodnr
aligning a chip nenber with a plate-like or sheet-like 15 board and then
assenbling therewith is formed by headinbvi ng means 5 for driving a
pressure head 4 disposed so as to be vertically novabl e al ong i

de
di sposed on a side surface of a supporting nmenber 2 disposed oﬂ”@ﬂﬂﬂﬁ”ﬂmmw
in a standing manner: a pressing peasaIprioxed to the head- nov
5, for applying a predeterm ned | oad on the pressure head 4; a stag®is¥
di sposed on the stand 1 so as to face the pressure head 4; and a

mar k- recogni tion apparatus 8 insertably di sposed between the pressure head
4 and t hergtageNICc-Z6MPORENTagR IGNMENTOVENHOD ANDhAPXARATUY OHEREFORNS and

5 Technical Field
Thé present invention relates to an electronic-
component alignment method for aligning two electronic
components with each other by using marking means formed in
these electronic components and aléo to an apparatus

10 therefor.

Background Art
As shown in Figs. 14 and 15, a known bonding apparatus
for aligning a chip member with a plate-like or sheet-like
15 ©board and then assembling therewith is formed by head-moving
means 5 for driving a pressure head 4 disposed so as to be
vertically movable along a guide 3 disposed on a side
surface of a supporting member 2 disposed on a stand 1 in a
standing manner; a pressing means 6 fixed to the head-moving
20 means 5, for applying a predetermined load on the pressure
head 4; a stage 7 disposed on the stand 1 so as to face the
pressure head 4; and a mark-recognition apparatus 8
insertably disposed between the pressure head 4 and the
stage 7.

25 The stage 7 is movable in the X and Y directions and



- 2 rotatable in the A direction by an X-axis driving source 12, a Y-axis
driving source 13, and a A-rotation driving source (not shown),
respectively, and the head-noving nmeans 5 is novable in the Z direction by
a.Z-axis driving source 14. 5 Also, as shown in Fig. 16, the

mar k-recogni ti on apparatus 8 has a structure in which a canera unit 8a has
two caneras 8b and 8c horizontally juxtaposed therein in a state in which
the optical axes of pickup | enses thgrgoj agree with each other, and a
doubl e-face reflective mrror 8d whose“both 10 surfaces are parallel to
each other and reflective is disposed at an angle of 45 degrees and between
the caneras 8b and 8c (see, for exanple, Patent Docunent 1 (Japanese
Unexam nedtBabbie Appltheadi dbrPublonabiyoanN&-aR080494232g( pagecd, 1Fj g.
2))). 15 When a chip nmenber 10 is aligned and assenbled with a plate-I|ike
or sheet al iYkexhsaddi®ibyg sherkeowd,bendi agbapphaticos Havihggt heurce
above-nentioned structure, in a state in which the head-noving neans 5 and
the presdocé lsbadnd,| resapectheelypenndsthpobetdonpvingsmeshe boasd 9 is
placed on a 20 placing portion 11 of the stage 7, and the chip nenber 10 is
hel d on mh¥abdgednsthtaéeddfrecieopr bysear d-B&ad drimgrg, sphece 14.

mar k-recogni tion apparatus 8 noves in the arrow A-direction indicated. in
Fig. 35 §~éohsaﬁn§gPW@d1Defﬂ€enlﬁhetbéaﬁér§ aﬁeognétéﬁnpaﬁ@ﬁﬁéFU§08 VVth
this 25 arrangenent, the mark-recognition apparatus 8 is ready
recogn|z§a§I@gﬁﬁéHFtHﬁﬁkénthﬂﬁg GngereyAny bbafa §a§nHWPh€a8@§PFy?Hg ch|p

b h Then h |
gflv?;g R tf%aEP§I&PP&PﬁEYSéﬁgéép%ﬁgpn%gﬁﬁgggogg gggggFSeh%swgﬁgkand is 5
t d t wh th t k of. th hi 10
Cl oarty PBESRCIE od FheokaP U aRogR EhBn RRS At H98C URGH EAC two
al i gnent, . parks ofy %h%o*a?ﬁ f%c%ngeﬁgc%g'vglgﬁ‘igggﬁs 84 @1 Ss%eﬁ%gﬂ' zed by the

narkrecognltlén apparatus cont rol "means own I'n Figs 10 and 15

”Dvgﬁ)th§u§%%%%53a9$ g hﬂ 1tRe Lani Sefekvihag §8Eﬁ8?t1§e Ee Y-axis

driving Source rotatlon riving source (not shown) so as to

bring th%l%ﬂ%s@BFQ@”%Btaﬂﬁﬁ%sogf4%h9e59éég 8nandethtetNitBemeaRERa%0 i N
agreenent with each other. When the two alignment nmarks of the board 9

and the gbi pnaegberste, alf@rbéﬁk'd ?t_l.el nbatagrteesenmentt h egepaakber as
ment i oned above, and allgnnent of the board 9 and the chip nmenber 10 with

each ot hBnexamiaepl Phedntt AppidrktieaofabilicatdppaNat ug080F94L280r acted in
the arrow B-direction indicated
(page 4, Fig. 2))).

15 . When a chip member 10 is aligned and assembled with a
plate-like or sheet-like board 9 by the known bonding
apparatus having the above-mentioned structure, in a state
in which the head-moving means 5 and the pressure head 4 lie
at the uppermost position, first the board 9 is placed on a

20 placing portion 11 of the stage 7, and the chip member 10 is
held on the lower surface of the pressure head 4.

Next, the mark-recognition apparatus 8 moves in the
arrow A-direction indicated in Fig. 15 and is inserted

between the board 9 and the chip member 10. With this

25 arrangement, the mark-recognition apparatus 8 is ready to



20 in‘Fig. 15, the pressing neans 6 is activated for extending a pressing
shaft 6a so as to press the pressure head 4 down, and the chip nenber 10 is
closely attached on, assenbled with, and bonded to the board 9. However, in
such a known bondi ng apparatus, since the 25 alignnment of the board 9 and
the chip nmenber 10 with each - 4 other is perforned by the

mar k- recogni tion apparatus 8 inserted therebetween, the mark-recognition
apparatus 8 requires a sufficient distance between the board 9 and the chip
menber 10 so as to be inserted therebetwéen. 5 As a result, as shown in
Figs. 17A and 17B, even when an alignnent mark 9a of the board 9 and an
alignment mark 10a of the chip nenber 10 are accurately aligned with each
ot her as rzhowniize BldgnidhAt afdrers tdfe tild anaeRlyihkhe bolird weaber the nust be
| onered a | ong distance in the arrow C 10 direction until comng into close
cont act wivtehrlyhiegbadrigp BheabexhdWn aitn thieg.salhéBtifki.s causes a noving error
due to unsatisfactorily accuracy of a nechanismfor |owering the chip
menber 10, an@heas thewhead-RBbying7Bgasentt isedovansdsby drsaingnbeat 8 of
15 the alignment marks 9a and 10a of the board 9 and the chip nmenber 10

W t h eacl-@xiiger drAgdavadiseginge ddndmni vbs hovieodedcgibed shetehiapdmésber 10
are not accurately aligned with each other. Also, as shown in Fig. 16, a

r ecoghi t iSG®PEedo@tOaaPesid 120 Where Bewedd onmentnagek efi $hedgbiro a
difference in inclinations of the optical axes of the two canmeras 8b and 8c
and to aTedRednilforl® CHic@kRYs FesPIHEcdold Ehrar@rkeresOgnd&ifirror 8d.
Accordin l%’ sonetinmes the board 9 and the chip nenber 10 are not
accurate%? ZdEd Bwi t WhERC 85 tyon &l 1IPReBtdBR kS Q&hitBgePRa&dr &t e

al i gnment ~mor .l ess by correcting all these
&%

%f for,. - 5 exanple, 1 ~I _ _
errors, &M aggﬁrgpéprngfflgﬁ-ﬁgghgﬁFgﬁpéﬁg Fi P8éd mechani sntontro
& S ocdedeHLIRY SRR Kbl iSRS RCTRTRS BTV, S
an e ¢t Lou §ECAIRALERYL AL ARTERt HIELHQY 1280 3] RPBRLA WS iving
source 12, the Y-axis driving source 13, and the O-rotation
driving source (not shown) so as to bring the two alignment
marks of the board 9 and the chip member 10 in agreement
with each other.
15 When the two alignment marks of the board 9 and the
chip member 10 are brought into agreement with each other as
mentioned above, and alignment of the board 9 and the chip
member 10 with each other is completed, the mark-recognition
apparatus 8 is retracted in the arrow B-direction indicated
20 in Fig. 15, the pressing means 6 is activated for extending
a pressing shaft 6a so as to press the pressure head 4 down,
and the chip member 10 is closely attached on, assembled
with, and bonded to the board 9.

However, in such a known bonding apparatus, since the

25 alignment of the board 9 and the chip member 10 with each



therefor with which the above problens can be solved and two 10 el ectronic
conponents can be accurately aligned with each other such that a

mar k- recogni ti on apparatus captures nutually correspondi ng ali gnnent

mar ki ng- means of the two conponents in the same fields of viewthereof and
measures the positions of the two conponents. 15 In order to achieve the
above object, an el ectronic conponent alignnent nmethod according to the
present invention includes the steps of: holding a first electronic
conponent with a receiving table, havifg-two alignnent hol es perforated at
predeterm ned positions thereof so as to be 20 spaced away from each ot her
by a predetermined interval, and holding a second el ectroni c conponent with
a positi eradiustd e ARGAFY PP Y inRe KW RlgndMIRAL JpRiks ther ged at .
predeterm ned positions thereon so as to have an interval therebetween in
agr eenmentingdit ddhathdreisarait dri)e thad nalrikgHare g23 thehesppaaptusi Rg t he

al i gnnment mar ks and the correspondi ng - 6 alignnent holes in the sane
fields ofragquewesf =a swFidrcdeognidiistanappdeatéen Rha Boatrd i9nawa ehet he
alignment marks of the second el ectronic conponent are introduced in the
cor r esporadiipg membgndrit sholass taf Hehd nfsiersfedet@etrebritzenconmponent and
nmeasuring the positions of the two conponents; and adjusting the position
of th2 secondAe&l ectreenilt,cempehenth wht Righe pod3i &éndniaBj ustéengwhexhani sm
such that the alignnment marks of the second el ectronic conponent lie at

pr edet er Amed {gpsiantomarkn dshe fc dheebpendi Bgaalkd gnmedt.gbfeht| mardf t he
first electronic conponent, whereby the two conponents are aligned with
each ot héapy fpdheoGhilpy mefbeahdPe agee pscuvipts Lyuah ignedniigbr @aicbn, t he
first electronic conponent having the two alignnent holes perforated at 15
predeterQQhﬁﬁ ﬁ&bFPP@ﬁSlPhéFébf12§'a§fF§rb§h§pééé6nﬂﬁﬁ§rfﬁgﬁ1éﬁéﬁ ot her by

det 1 ned . int is held wth the r I Vi t apl e, d al th
Cetond eMBIEREn0 EOiRo REn HBRory * RE"Bndl AEFORROAP FRFKEZFBRNED ot
1. it t her. . to h i nt t [
20" 508 crURE AR PRI InGPTREN (G aCRr GHREAETBEEE. FEhBEacH Ph the |

positioné%dkgghkngnn%q nibsm Thus, in a state in which the alignment narks
of the second electroni’c conmponent are introduced in the corresponding

al i gnment Dol #6167 chigeb! £ShoPlRGLPPLE 0OPOSSRsal N IBEKz{ BEOONI LT ON
pparatus 25 captures the alignnment marks and the alignment holes in the
accuracy of a mechanism for lowering the chip member 10, and,
as shown in Fig. 17B, sometimes causes a misalignment & of
15 the alignment marks 9a and 10a of the board 9 and the chip
member 10 with each other. Accordingly, sometimes the board
9 and the chip member 10 are not accurately aligned with
each other.
Also, as shown in Fig. 16, a recognition error A and so
20 forth between two images exist due to a difference in
inclinations of the optical axes of the two cameras 8b and
8c and to a non-uniform thickness of the double-face
reflective mirror 8d. Accordingly, sometimes the board 9

and the chip member 10 are not accurately aligned with each

25 other. 1In order to achieve accurate alignment of, for



sane fields of view thereof and measures the positions of the two
conponents, and the position-adjusting nmechani smadjusts the position of

t he second el ectronic conponent such that the alignment nmarks of the second
electronic conponent 5 |lie at predeterm ned positions in the alignnment

hol es of the first electronic conponent. Wth this arrangenent, the

mar k- recogni ti on apparatus does not |ie between the two el ectronic
conponents to be aligned with each other, a noving di stance of the second
10 el ectroni c conponent al ong which "'t8 position is adjusted is small, and
no recognition errors of the images and the |i ke occur since the

mar k- recogni tion apparatus captures i mges of the two el ectronic conponents
in the sag@nilelds ah virewekhergobozndcreaguses thespositbeas af the two
conponents, 15 whereby the two conponents are accurately aligned with each
ot her. Alkgeurkite CokrslcandnsaeendnglsachnaniaC coppnokanrts acenhakdmsuch that
the alignment holes and the alignnment nmarks, respectively, of the first and
second elcetttiroli areotfpededt,s t2@ by WatiBiingt Ae rfiekakhdeptheof | enses of the
mar k- recogni ti on appar atus, whereby the mark-recognition apparatus focuses
on both theaakitgsmeetomelse expenisdviel.r st el ectroni c conponent and the
correspondi ng alignment mark of the second el ectronic conponent so as to
pick up themat the sane tine. 25 In addition, the position-adjusting
mechani sm al | ows _ g _ the second el ectronic conponent to nove and rotate
in the XPisg¢lesdireeofi dnyeatdonn the 8 direction, respectively, on a

hori zontal plane, and also the entire position-adjusting mechanismis
novabl e in th&tZ18i aRcPPDHACENCA UbetPEaSePt afeveBt iper bpyPTdeiderae and
second elﬁctroniq conponents are aligned with each other and are al so
bonded t §1&85CROBLREFOMROPEREr RBLENTERE RELEROFe@BGNPEI BRPAJAEFEt s i s

i dwth_t i i nt | th bet i t with
Chat Dot KEERSERE MigPaMPaRNerTonGPBY 0P TPRISES FrfsbCereetPintaccENbonent |
mbepﬁpy t ec%osktiogs o% the two e ectronictCﬁnpoEents are measured at once
Wi t 0 s BOEE T8 ¢ Ro CPRBCBFTGAERT REI BSORRATALS. RS G0N ERF) GRFGned wi th

each Ot NByodl 38yt DRAEELKEER00RLLE0 BRACALLS o5 sCAYLRRET,W (0 @ 15

ices
canera | ateral novabl e "al ong ce as"t i'nterval between

the two ﬁhkﬂ@ﬁ@?tc89kg§ggkdﬁﬂﬁ %g&%bm%h%CEBQQEﬁgQBQBBQeBE1tﬁ%egﬁgy

achieving a sinple an onpact rk-recogni tion apparat us. ition, the

mar k- r ecegipbheAtapRar ahes shfieed4edBad 020 WiklhtheeebdeRhHCAbakERESS
di sposed so as to have an interval therebetween in agreenent with that

bet ween the pweislobgsenett thel ewooktombenthntst el ectronic conponent: and a

canera di sposed at the conmmon position on the optical paths of the two

| enslds, wher eby ondeechanashiéve théealdblvy obyeaty, an electronic-
component alignment method according to the present
invention includes the steps of: holding a first electronic
component with a receiving table, having two alignment holes
perforated at predetermined positions thereof so as to be

20 spaced away from each other by a predetermined interval, and

holding a second electronic component with a position-
adjusting mechanism, having two alignment marks formed at
predetermined positions thereon so as to have an interval

therebetween in agreement with that between the two aligning

25 holes; capturing the alignment marks and the corresponding



25 the canera is needed, resulting in a sinpler and nore - 9 conpact

mar k- recogni tion apparatus. Al so, an el ectronic-conponent alignnent
apparatus according to the present invention is equipped with a receiving
table holding a first electronic conponent having 5 two alignment holes
perforated at predeterm ned positions thereof so as to be spaced away from
each other by a predeterm ned interval; a position-adjusting nechanism
hol di ng a second el ectroni c conmponent ich is disposed so as to face the
receiving table and which has two alTghnment 10 marks forned at
predeterm ned positions thereon so as to have an interval therebetween in
agreenent with that between the two aligning holes a mark-recognition

appar at ualwghebntshdieposadtheaswme df béldbeofreceewvi 6g dahbekand which, in a
state in which the alignment marks of the second el ectronic 15 conponent
are introedocgdithohhappbrghoeninhal esabé fhewhickt tbéeglignmentonponent,
captures the alignnment marks and the corresponding alignnent holes in the
sane fiehdskef ofi ehet hecenfl ahdcheasicesomhenpoti arensnbfodhectwbn
conponents, whereby, by using inmages whose positions are nmeasured by the 20
mar k- r ecbhfi choneappadantdsaligementd tohpdnent Shar éiaptgadachirenieach ot her
by a%%usting the position of the second el ectronic conponent with the

posi t3 oncawpasenhgandchappsrisdchhenhapsihecnsi ghnehe huPksoBPORABLSEcoNnd

el ectronic conponent lie at predeterm ned positions in the two 25 alignnment
hol es of 2pAeadijngtippethporPeitdbmponénthe secepd @leRLEARACa structure, the
mar k- recogni ti on apEaratus does not lie between the two el ectronjc

. {
conponenESMPENBRE AV fRelNGi PRSLEEANoE AN S L ANGPRRG2BT SPaRbER of PRhe second
| ect i t al whi it Lt i diusted i mal |, d,
o ectront ¢ corpgrent, o eng. wikchy L 3 paslt oncksoedtustag L gt oI, an
I|elds OLch?@BQEekﬂﬁngﬁréégﬁggghg'QH QanEgEﬂéssggdﬁﬁg Q??h%hgﬂﬁ of the
Wwo conponents aré neasured, no recognition errors of the ifmgés and the

| | ke peeips BNBECPKe! RErLE0LERBRPBRILScBRBonEnBF CHhBLELY BhbORRE Wi th each
components are aligned with each other by performing the
above steps.
With such a configuration, the first electronic

component having the two alignment holes perforated at

15 predetermined positions thereof so as to be spaced away from
each other by a predetermined interval is held with the
receiving table, and also the second electronic component
having the two alignment marks formed at predetermined
positions thereon so as to have an interval therebetween in

20 agreement with that between the two alignment holes is held
with the position-adjusting mechanism. Thus, in a state in
which the alignment marks of the second electronic component
are introduced in the corresponding alignment holes of the
first electronic component, the mark-recognition apparatus

25 captures the alignment marks -and the alignment holes in the



Al so, 'the first and second el ectronic conponents are held such that the

al i gnnent hol es and the alignnent marks, respectively, of the first and
second el ectronic conmponents lie within the focal depth of |enses of the
mar k-recogni ti on 15 apparatus, whereby the mark-recognition apparatus
focuses on both the alignment hole of the first electronic conponent and
the correspondi ng alignnent mark of the second el ectronic conponent as to
pick up themat the sane tine. Also, the position-adjusting nechanism
allows the 20 second el ectronic conpdhéhf‘to nove and rotate in the X and Y
directions and in the A direction, respectively, on a horizontal plane, and
al so the entire position-adjusting ,nmechanismis novable in the Z direction

on a vertsgad plengs yhevedy therddf dn@nesa0y ©lLPION Logonpenents are
25 aligned with each other and are al so bonded to each other. - 11 Al so,

t he mar k-tles ogi td e GPORE &) UsSnd St 18] Wb PPEIE W £ 41 e 4 SShidvdmg an

i nterval therebetween in agreenent with that between the two alignnent

hol es of adrpudts sthelpesiohve ©bnflonedd condhes Bdnt #diel Pasdripssnofsidde two 5
el ectroni c conponents are neasured at once with respect to the two

al i gnmenttinat eshamll bgmmemusnapkskd§ e gemebvd tdl eestodomitderompgdrsent t he

mar k-recogni tion apparatus is equi pped with a canera |laterally novabl e

al ong St hel kamt dixa TaEnehepdul § ang viel et vedaiprinken tt o d s geiiretrite hol es
of the first electronic conponent, thereby achieving a sinple and conpact
mar k- r ecolif ¥t ohl eppreeat @scomponent .

With this arrangement, the mark-recognition apparatus
does not lie between the two electronic components to be
aligned with each other, a moving distance of the second

10 electronic component along which its position is adjusted is
small, and no recognition errors of the images and the like
occur since the mark-recognition apparétus captures images
of the two electronic components in the same fields of view
thereof and measures the positions of the two components,

15 whereby the two components are accurately aligned with-each
other.

Also, the first and second electronic components are
held such that the alignment holes and the alignment marks,
respectively, of the first and second electronic components

20 lie within the focal depth of lenses of the mark-recognition
apparatus, whereby the mark-recognition apparatus focuses on
both the alignment hole of the first electrbnic component
and the corresponding alignment mark of the second
electronic component so as to pick up them at the same time.

25 In addition, the position-adjusting mechanism allows



Al so, 'the mark-recognition apparatus is equipped with two identical |enses
di sposed so as to have an interval 15 therebetween in agreenent with that
bet ween the two alignment holes of the first electronic conponent; and a
canera di sposed at the conmon position on the optical paths of the two

| enses, whereby no nmechanismfor laterally noving the canera i s needed,
resulting in a sinpler and nore 20 conpact mark-recognition apparatus.

Al so, in order to achieve an object of the present invention, an

el ectroni c-conponent al i gnnent nethod &cording to the present invention

i ncludes the steps of: arranging a first electronic conponent and a second
25 el ectronic conponent so as to face each other, the first - 12
conponenttt@vddigorad Rl dcttforitl d BEREndiY 6% v dml Ryedel endridigd ¥
positions thereof so as to be spaced away from each other by a

predet er dmedy iditwsoted onsanchd hier 320Md GeERANR, haWRE WY, 0Pl ygonal
alignnent marks, each 5 fornmed by a plurality of alignnment markings having

di f f er enthet izesn terid wlonmaentaridalllas aHargad,rd YoBd ivh-ax i tige an
interval therebetween in agreenent with that between the alignnent hol es;
roughl y amjabstriiegn tiwe fdwaitleanich seeord dEleeivion oreAM@ATId by 1GaR,ur i ng
the overall image of a 10 small alignnment marking of each alignnment mark in

the corredyumihng e | Hinrentartblseend s lter toaptivr ednpenerarsaldrd mage of a
| arge alignment marking of the alignment mark in the corresponding

al i gnment2 HEEhyWidl mpathetded lang | sordpcnidey, treasaoh g har .amount  of
position 15 correction for aligning the alignment mark with the center of
t he correspondMA§hermgEsent hRomarkyraspagithen| apgeratiignieneqrapkiedg ox
the large ,and small alignnent, markings; and fir“ﬂék adjusting the first and

second el"8ctY M COIRFGRMEYISY 88 dotisevali fhedeRetiesacinot her by

relatively 20 nmovin he second el ectronic conmponent by the anpunts of
posi tion azg(frereérkﬁqtor‘l&% t%ﬁ‘agu%}’?té’eﬁé‘t &§ toe e IprEnd inogest oFl itdenent

gg(r: lé%@gzlfgg:{éftg n%fl::eicc%?z):lr?%y ﬁi%{O?n?P%%%& g d%%etr%bfyortrlrrl]ee%%g i%liio rérr% : trlr‘l%r léw%f the
electronic components are measured at once with respect to
the two alignment holes and are thus quickly aligned with
each other.
Also, the mark-recognition apparatus is equipped with a
15 camera laterally movable along the same distance as the
interval between the two alignment holes of the first
electronic component, thereby achieving a simple and compact
mark-recognition apparatus.
In addition, the mark-recognition apparatus is equipped
20 with two identical lenses disposed so as to have an interval
therebetween in agreement with that between the two
alignment holes of the first electronic component; and a
camera disposed at the common position on the optical paths
of the two lenses, whereby no mechanism for laterally moving

25 the camera is needed, resulting in a simpler and more



25 so:as to face the first electronic conponent, the overall - 13 image
of the small alignnment marking is captured in the correspondi ng alignnent
hol e of the first el ectronic conponent, and the first and second el ectronic
conponents are roughly aligned with each other by using the small 5

al i gnment mar ki ng. Then, when the overall inage of the |arge alignnment

mar king of the alignment mark is captured in the correspondi ng alignnent
hol e, an amount of position correction for aligning the alignment mark with
the center of the corresponding alignm@nt hole is neasured by using the 10
| arge alignment marking or the large and small alignment markings, and the
first and second el ectronic conponents are finely adjusted so as to be

al i gned Wik aRaC hagikhale JByi0liaki el AIRYisNg the second el ectronic
conponent by the ampunts of position correction. Thus, lenient prelimnary

15 alignment Agedf agy b&eatkeﬂ@ercaﬂgoﬁéﬁe bheghhbat a8pgasgeqpd el ectronic
conponents are accurately aligned with each ot%er. Al so, since the

al i gnmentaceditking & oC ahee piresealt! ¥ nhentadn aundquegdgedneiise of a digita

i mge picked up by the mark-recognition apparatus is uniformregardl ess of
the 20 orieertiatingn tab liehéodldigymantt irank e lehereby ¢ @pm@vnedt having

i magerecognition accuracy. Al so, when the first electronic conponent is a
nozzl® mimoer ldfgnmepti o llesageaif caa tieninge- pbaenietg ragpadaes,itapest he second
el ectronic conponent is a chip of the print head, 25 the print head can be
accur at elthegieiodnsd ey &lo dpei spacked awayl4roal iegehent hear by for med on t he
chip with the correspondi ng alignnent holes forned in the nozzl e nenbers.
Al so, wh&Fede&eaniipeds indlerivedred bypstitrirnngddusitiogi mechaaisubstrate, the
alignment marks are fornmed outside the 5 region of the chip where the
circuit p§l§6p@E@_sg@@@ﬁdpﬁgpygonic component which is disposed so

as te face the receiving table and which has two alignment
10 marks formed at predetermined positions thereon so as to
have an interval therebetween in agreement with that between
the two aligning holes; a mark-recognition apparatus which
is disposed rearward of the receiving table and which, in a
state in which the alignment marks of the second electronic
15 component are introduced in the alignment holes of the first
electronic component, captures the alignment marks and the
corresponding alignment holes in the same fields of view
thereof and measures the positions of the two components,
whereby, by usihg images whose positions are measured by the
20 mark-recognition apparatus, the two components are aligned
with each other by adjusting the position of the second
electronic component with the position-adjusting mechanism
such that the alignment marks of the second electronic
component lie at predetermined positions in the two

25 alignment holes of the first electronic component.



t he alignnment marks can be accurately forned by using a sem conduct or
process. Brief Description of the Drawings 10 Fig. 1 is a schematic view
illustrating a nethod for aligning electronic conponents according to an
enbodi mrent of the present invention. Figs. 2A and 2B are plan views
illustrating states in which alignnment holes of a first electronic
conponent and 15 alignnent marks of a second el ectronic conponent are
formed. Fig. 3 is a sectional viewillustrating a state in which, in a
state in which the alignment marks of tthe second el ectronic conponent are

I ntroduced in the corresponding alignnment holes of the first electronic
conponent, a mark 20 recognition apparatus captures the alignnment holes and

the corresponging shtBnEEBt riBEkEe NthBens2rerbcebds tebnvieppathengof and

nmeasures the positions of the two components. Fig. 4 is an illustration of
posi ti ON-gRASWothq iRl HetiRerOft RN @ 1RANS rEaPIdongbridn tear®y @ of the
mark 25 recognition apparatus in the sane fields of viewthereof. - 15

aligned with each other, a moving distance of the second
electronic component along which its position is adjusted is

5 small, and, since images of the two electronic components
are captured in the same fields of view of the mark-
recognition apparatus and the positions of the two
components are measured, no recognition errors of the images
and the like occur, whereby the two components are

10 accurately aligned with each other.

Also, the first and second electronic components are
held such.that the alignment holes and the alignment marks,
respectively, of the first and second electronic components
lie within the focal depth of lenses of the mark-recognition

15 apparatﬁs, whereby the mark-recognition apparatus focuses on
both the alignment hole of the first electronic component
and the corresponding alignment mark of the second
electronic component as to pick up them at the same time.

Also, the position-adjusting mechanism allows the

20 second electronic component to move and rotate in the X and
Y directions and in the 0 direction, respectively, on a
horizontal plane, and also the entire position-adjusting
mechanism is movable in the Z direction on a vertical plane,
whereby the first and second electronic components are

25 aligned with each other and are also bonded to each other.




Figs. '5A and 5B are illustrations of states in which the position of the
second el ectroni c conponent is adjusted by using the position-neasuring

pi ctures captured by the caneras of the nmark-recognition apparatus. 5 Fig.
6.is a side view of an el ectroni c-conponent alignnment apparatus according
to an enbodi nent of the present enbodinent. Fig. 7 is a perspective view
illustrating the specific structure of a position-adjusting nechanism 10
Fig. 8is a magnified illustration of major parts of a receiving table for
receiving the first electronic conponeht -~ the mark-recognition apparatus,
and so forth. Fig. 9 is a magnified sectional view of a major part of a

mar k- recogni ti on apparatus according to another enbodinent. 15 Fig. 10 is a

plan view illnskbat kRg hhekshapsqghfiteaahapbh@niEBt 1BBEKU9bpEREWSERON

el ectroni c conponent according to another enbodinment. Fig. 11 is a
schemat i qwreWdri@ls HEWrQf ot GRitRrviall usidraibetdddie iP0idre@meatiter e each
alignment mark is 20 fornmed. Fig. 12 is a flowhart illustrating the

process afitd itGEItGdthea itmeno mrikginanth Hdle sc of eseordimng
electronic component, whereby the positions of the two
5 electronic components are measured at once with respect to
the two alignment holes aﬁd are thus quickly aligned with
each other.

Also, the mark-recognition apparatus is equipped with a
camera laterally movable along the same distance as the

10 interval between the two alignment holes of the first
electronic component, thereby achieving a simple and compact
mark-recognition apparatus.

Also, the mark-recognition apparatus is equipped with
two identical lenses disposed so as to have an interval

15 therebetween in agreement with that betweén the two
alignment holes of the first electronic component; and a
camera disposed at the common position on the optical paths
of the two lenses, whereby no mechanism for laterally moving
the camera is needed, resulting in a simpler and more

20 compact mark-recognition apparatus.

Also, in order to achieve an object of the present
invention, an electronic-component alignment method
according to the present invention includes the steps of:
arranging a first electronic component and a second

25 electronic component so as to face each other, the first



alignment holes. Figs. 13A to 13C are illustrations of inmages of each 25

al i gnnent hol e and the correspondi ng ali gnment mark - 16 recognized by
the mark-recognition apparatus in the process illustrated in Fig. 11. Fig.
14 is a side view of a known bondi ng apparatus. Fig. 15 is an el evati onal
view of Fig. 14. 5 Fig. 16 is an illustration of a mark-recognition

appar atus of the known bondi ng apparatus. Figs. 17A and 17B are
illustrations of exanple m salignnment between alignnent marks of a board
and a chip member of the known bondingZpparatus. 10 Best Mde for Carrying
Qut the Invention Enbodi ments of the present invention will be described
below with reference to the attached drawings. Fig. 1 is a schematic view

i||USFrakbﬁgoﬁeﬂ%tRQQiB%rai%a&&iQﬁi@Q&?h%@h&QBer%OEBQHQHt§taCCOfding to an
enbodi nent of the present invention. th this el ectronic-conmponent

al i gnmenp reglehednihwe basihienisC therReReRLS agaohBeagpuatickyagl ifgoRd Wi th
each other such that a markrecognition apparatus captures mutually

cor r espoedichg o2@e2! bgnaepiedetkirignegansatervane twd chepeeeshs in the same
fields of view thereof and neasures the positions of the two conponents. As
shown i ncempongntt haviephedunsl per bolygdnby adiggmentappaikat ueakhvi ng a
receiving table 21 of the one el ectronic conponent, a position-adjusting
mechahi sifio2edf b5 at bé uabhldr yelodc blagnneadnpemé&ing sahd vangadik ffeceghi ti on
- 17 apparatus 23. Meanwhile, the reference nuneral 24 denotes a bonding
t ool for sberdi Agdt kencen telicetlliynipe rengednedogmed sachsotieehave an
interval therebetween in agreement with that between the
alignment holes; roughly adjusting the first and second
electronic components by capturing the overall image of a
10 small alignment marking of each alignment mark in the
corresponding alignment hole so as to capture the overall
image of a large alignment marking of the alignment mark in
the corresponding alignment hole by using the small
alignment marking; measuring an amount of position
15 correction for aligning the alignment mark with the center
of the corresponding alignment hole by using the large
alignment marking or the large and small alignment markings;
and finely adjusting the first and second electronic
components so as to be aligned with each other by relatively
20 moving the second electronic componént by the amounts of
position correction.
With such a method, of the plurality of alignment
markings concentrically arranged so as to form each

alignment mark of the second electronic component disposed

25 so as to face the first electronic component, the overall



In Fig. 1, in the first step, a first electronic 5 conmponent 25 is held
with the receiving table 21, and al so a second el ectronic conponent 26 is
hel d with a positionadjusting nmechanism 22. The first el ectronic conmponent
25 is, for exanple, a board such as a printed circuit board or a gl ass
board, or a nozzle nmenber used for a print head of 10 an inmage-form ng
apparatus such as an inkjet printer, and, as shown in Fig. 2A 1is formed of
a sheet-1ike nmenber having two alignnent holes 27a and 27b perforated at
predet ermi ned positions thereof so aslBo~be spaced away from-each other by
a predetermned interval p. 15 Al so, the second el ectronic conponent 26 is,
for exanple, an individual bare chip cut out froma sem conductor wafer, an
| C (hereinagéesr ShaphMalef g1igAnéNtafacing UsedapOlir@dpihnthdead of an

i mge-form ng apparatus such as an inkjet printer, or the |like, and, as
shown incEkgeSQ@naBngtafiﬁhh@nhaﬁoléooﬂltg@nemtsﬂaékéceﬂanﬂ@d 28b forned at
predeterm ned positions thereof so as to have a predeterm ned interval g

t her ebet ge@pohsnagr eedethe Wt Ast hendinecunt plbet neeict bempvment s gnrent

hol es 27a and 27b. In Fig. 2A, each of the alignnment holes 27a and 27b is
25 fornedref raugblnpdabhbyredavitly aadhaoceher by abomdg HRetemd8DL - 18 ~.m
The reference nuneral 29 denotes nozzles, each having a dianeter of about
17 ~im pealbgaredtimarkbngexafipée, wheonzihe oeeabellsemagagofisthde first

el ectroni ¢ conponent 25, and the nozzles 29 are forned with an exanple

pi t ch of labgatalPonpent cmarkengi af Frlge 2Bigement oharkeial ¢ypenednir ks 28a
and 28b is formed of a round mark having a dianeter of about 20 Vim In
addi t i onthe hecFeeepPendtnguatt aPment depbe esahe@f@r’t @BcPOAbBLEOR20 ~min
square size, fornmed in a_printer-head_chip serving as the second el ectronic
conponentCBBECE PN ek@kph 190 6NGNnENE hal heafert @@rgr%1¥%rﬁ%% FF2ReR pitch of
an about %2 Vim the sane,as that of the fozzles 29. The first electronic
conponen?f 281¢ oF AEHS BPORALNALBY LHRAER bRl 8 hiBt PPF REF AR DR r 1P SNGdHRT ed t o,
for anple, a frame apnd is, held with air_suction through,an air suction 15
ol &% not® Sy AT TAZkRESr abere nbrrdh e d1one L RO 2 honn
in Fig. I on f e i ViRg (o Lr

ol cot rort 2 REhBE neap o hErEL EEE! thATR LS et PRl O bR ke

se_e-throyﬂﬂ@ebglgéﬁ;@eangoﬁp £6rpedat ghelnysonasatn SORELSPYNd to the two
alignment 20 holes 27a and 27b of the first electronic conponent 25. The

see-throgghabp+@§%3é@v§ﬁg B8O 3E80hQUETebOLESi baybmiSoRe it apRt €he Of , for
exanpl e, about 400 ~.mso as to see through the alignnment holes 27a and 27b

clearly.abentstbe peset VoNJcdbabéet 2dn hasThed) | Dgn M@RDSpLEDImsHOWH) such as
a 25 heater built therein so as to heat a portion of the first
15 alignment accuracy is allowed, and also the first and second
electronic components are accurately aligned with each other.
Also, since the alignment mark is a concentrically
formed round, edge noise of a digital image picked up by the
mark-recognition apparatus is uniform regardless of the
20 orientation of the alignment mark, thereby improving image-
recognition accuracy.
Also, when the first electronic component is a nozzle
member of a print head of an image-forming apparatus, and

the second electronic component is a chip of the print head,

25 the print head can be accurately aligned by aligning the



-.19 ‘electronic conponent 25 comng into contact with the receiving table
21. The second el ectronic conponent 26 is held with the position-adjusting
mechani sm 22 having the bonding tool 24 5 interposed therebetween. In this
case, as showmn in Fig. 3, it is held with air-suction through an air
suction hole (not shown) formed in the bonding tool 24. Thus, the bonding
tool 24 noves up and down in the Z direction together with the
position-adjusting mechanism 22 10 so as to forma chip-transfer gap r
bel ow t he | ower surface of the bondinglfool 24. The bonding tool 24 has
heati ng means (not shown) such as a heater built therein so as to heat the
second el ectronic conponent 26 comng into contact with the bondi ng tool

24. 15 AlS0igrifhts 96N of Bid P CaRansnty 26, held vihe ddwndangi ng t ool

24 has a dry-filmresist 32 forned bel ow the | ower surface 'thereof, serving

as an adhgsiigtnenthuso 1 01 id@nsd ofn tiee Hyz41d Mdmsdsd, 32 corresponding to
the two alignnment marks 28a and 28b of the second el ectronic 20 conponent

26 have two seadsihr abgh holeeshipa iand a3 dadrge byt Feraiihg As Shewati n Fig.
1, the position-adjusting nechanism 22 hol ding the secong el ectronic

conponentor?@ henbstgrdthe, b i a0l grogdn24ma 1t ©r 6s efb ined ehed sween tise desi gned
so as to 25 nove and rotate the second el ectronic conponent 26 in the X -
20 ahd Yahjirectibnshanchim vher8 theectironitr éspéeotinedl.y, Aenoadhagilzont a
pl ane, and in addition, to be novable as a whole in the Z direction on a
vertical tlearsd lignmardemakbarah the décwtatdlact famed donpoierns 25 and t he
second el ectronic 5 conponent 26 to each other. In this case, as shown in
Fig. 3, &fmlqgwhghoyapracgssdr exanpl e, about 70 to 130 ~mthick) for
aligning the two electronic conponents is set between the upper surface of
the receiving table 21 and the | ower surface of the second 10 el ectronic
conponent_ 26._1n such a stat nd in the subsequent step, in a state in
whi ch t hé31S RRsfT ThiQr ﬁé "g?ﬁj L3531 3919% he second el ectroni ¢ conponent 26
are 'Btroduce .in the correspondi.ng _ali ggﬁgt hol es 27a angpézg of the
firstlel ectrofi@ 15 ¢EmPofERE™eS 1S He SHark-18ddahitt% R A5 8123
captures the t. al4 gnnent. marks and .t he correspondi ng ali.gnpent holes in
t he sane af]'lr"Leq ncf\gpgofe lveig:encﬁ FHet SR Heasir e (ﬁ{gg pncoosi&fq'f oeﬁ%&oc‘{?"f%t t
conmponen 5§5ﬁ¥14 [10.~3, the mark-recognition apparatus 23 20 has

o H§KE§§E an fﬂ}%?éiO&; o n

two caneras aving an interval therebetween
Figs. 2A and 2B are plan views illustrating states in

which alignment holes of a first electronic component and
15 alignment marks of a second electronic component are formed.
Fig. 3 is a sectional view illustrating a state in
which, in a state in which the alignment marks of the second
electronic component are introduced in the corresponding
alignment holes of the first electronic component, a mark-
20 recognition apparatus captures the alignment holes and the
corresponding alignment marks in the same fields of view
thereof and measures the positions of the two components.
Fig. 4 is an illustration of position-measuring
pictures of marking means captured by cameras of the mark-

25 recognition apparatus in the same fields of view thereof.



in agreenment with that between the two alignnment holes 27a and 27b of the
first electronic conmponent 25. In other words, the caneras 23a and 23b are
respectively disposed so as to correspond to the positions of the two
see-through 25 holes 31a and 31b forned in the receiving table 21. Each of
- 21 these caneras 23a and 23b is forned by a | ens used for a coaxi al
incident-light illum nation and having a predeterm ned nmagnification (for
exanpl e, of about 9) and a video canmera or a CCD canera having a
predetermined pixel 5 density (for exahpl®e, of about 400, 000 pi xels per a
quarter inch) . The lenses of the caneras 23a and 23b have a predeterm ned
focal depth, and the first and second el ectronic conponents 25 and 26 are

held so that thgs10sal Lgpment shel €31242 rakd oAdbogndthiesCehr gRendi ng.
alignment marks™28a and 28b lie within the above focal depth. Wth this

arrangemiMe gdsidigaldr itheMiedbrid @ 1camas 2 Fomptthehdb i e dihaned cl oser

to the first electronic conponent 25 by adjusting their heights as shown by

the 15 amyowsiBg@rthdE pddia ialn-grmnir i) e8 Alareandtaptnrafd thie dhd st
el ectroni c conponent 25 and the alignnment marks 28a and 28b of the second
el ect r onicanmzEEorRENtt 26 neark {re quigekiad arp adpddatwsane tinme. As shown in Fig.
4, in this state, for exanple, an 20 inage lying in a state in which the
one abi gnnent Figrk628a a side view of an electronic-component

alignment apparatus according to an embodiment of the

present embodiment.

Fig. 7 is a perspective view illustrating the specific

structure of a position-adjusting mechanism.

10 Fig. 8 is a magnified illustration of major parts of a
receiving table for receiving the first electronic component,
the mark-recognition apparatus, and so forth.

Fig. 9 is a magnified sectional view of a major part of
a mark-recognition apparatus according to another embodiment.

15 Fig. 10 is a plan view illustrating the shape of each
alignment mark of the second electronic component according
to another embodiment.

Fig. 11 is a schematic sectional view of a chip,
illustrating the position where each alignment mark is

20 formed.

Fig. 12 is a flowchart illustrating the process of
aligning the alignment marks with the corresponding
alignment holes.

Figs. 13A to 13C are illustrations of images of each

25 alignment hole and the corresponding alignment mark



of the- second el ectronic conponent 26 is introduced in the one alignnent
hol e 27a of the first electronic conponent 25 is obtained in the field of
view of the left canera 23a so as to serve as a picture 34a picked up by
the left canmera 25 23a, and an inage lying in a state in which the other

- 22 alignnment mark 28b of the second el ectronic conponent 26 is
introduced in the other alignnment hole 27b of the first electronic
conponent 25 is obtained in the field of view of the right canmera 23b so as
to serve as a picture 34b picked 5 up b§ the right camera 23b. Wen such
pi ckup i mages are obtai ned, these inmages are subjected to i mage processing
by an i nmage-processi ng apparatus (not shown) or the |like, the center
position i s 27 7 sg_of .the alignnment 10
mar ks 28§eg;loc?trggbe%apgﬁ%éﬁét%l]€e e)%oragg?ggrﬂ%z%ﬁal%%attt%% f.‘zl\/r\l/ot|cl?|ectpﬁ:roecsﬁe 9a and
34b, and jhhe @enfiely dist@nce R bet ween the one alignnent hole 27a and
alignment mark 28a and the center distance Rbo between the other alignnent

hol e 27b and gkignment smarki48bvake BQ”HUkﬁgwangndﬁnélE?EEEQEGE,a 15
posi tion-neasuring state in which the center positions of the alignnent

hol es 27a andr24b a5eigigalgg@egtmbhaltbgegobfegggndh@g center positions of
the alignment nmarks 28a and 28b. In this state and in the foll ow ng step,

as shewn in 2@ifigledist ha posukteatadhusti AgmARRhaBEsgh2Ri84j usts the
position of the second el ectronic conponent 26 such that the alignnent
mar ks 28appada2dls off tthe Sewoond einelitgrippacermenent 26 lie at
predeterm ned positions in the two alignnent holes 27a and 27b of the first
el ectroni c 25Ftgapoh@At ag8. 17B- a28 ilhuethetiwosdsf ékempbdsition-adjusting
mechani sm 22 shown in Figs. 6 and 7 is activated so as to align the two
conponenfd sgiliignagel Seheecsy ahdwinmgnandardsaifng blerdeaond aelc@dir oni ¢
conponent 26 held with the position-adjusting 5 nechanism 22 having the
bondi ng BE8Pexs ofntaepbsernt honsiaonadparassectively, in the X and Y
direﬁ%ions and in the 8 direction in accordance with the center distances
Rb if necessary, and ideally by bringing the centers of the one

al i gnnment, hol 7a _and al ignment. mark 28a in
9 %es% ﬁo e for Carr Qng Out the Invention

Embodiments of the present invention will be described
below with reference to the attached drawings.
Fig. 1 is a schematic view illustrating a method for
15 aligning electronic components according to an embodiment of
the present invention. With this electronic-component
alignment method, two electronic components can be
accurately aligned with each other such that a mark-
recognition apparatus captures mutually corresponding
20 alignment marking-means of the two components in the same
fields of view thereof and measures the positions of the two
components. As shown in Fig. 1, the method is performed by
using an apparatus having a receiving table 21 of the one
electronic component, a position-adjusting mechanism 22 of

25 the other electronic component, and a mark-recognition



10 agreenment wth each other and also the centers of the other alignnent
hol e 27b and alignnent mark 28b in agreenment with each other. Although the
predeterm ned interval p between the two alignnment holes 27a and 27b of the
first electronic 15 conponent 25 and the predeterm ned interval g between

t he alignment marks 28a and 28b of the second el ectronic conponent 26 are
formed so as to equal to each other in Figs. 2A and 2B, dinensional errors
take place actually in these conponents due to nmachining errors,
tenperature conditions, 20 and so forth/ whereby the centers of the

mut ual Iy correspondi ng alignment holes and alignment marks are sonetines
not brought into agreenent with each other. In such a case, as shown in

Fig. 4, the nesidd oy of Mdgaecend tqiee%meqq&eor@%@g 1 2% Cc?emo%sa(y ust ed

such that the two 25 alignment nerks 28a and 28b are placed on center
line 35 pondihg GAHVIEGd M IME i MR LuRetarReR ddh d \&n@dwttdﬁol es 27a
and 27b so as to be symetrical with respect to each other. For exanple,

Fi g. 5A idddistagtaieas, t he case where the relationship p > q exists due to the
above-nentioned 5 dinensional errors. In this case, the two conponents can
be adjusted wrhhreachiot her thy Favishgsthe,sacdhdsel e¢eranbaieonponent 26 in
the Y direction, rotating it in the A direction, and also noving it in the
X di rect icompgmeast tab nek ehalickatitgnmin secand rdy [tabig @1,t edceritser d i ne 35
equal 10 to each other, respectively, between the centers of the alignnent
hol e 27a sawbriches Jaddtgroreint awengdorZ8et 140 titse heilat wdeeh34a goisdkednp by t he

| eft camera 23a and between the centers of the alignnment hole 27b and the
al i gnmentadiarsk ix8b nechane g5 A4 e Wb fginske d Lge typntilte qomgiemesdmer5a 23b,

and thus by 15 adjusting the p05|t|on of the second el ectroni c conponent 26
such t hatlrhd At *anRgrirert RRAIG 288 afd 28 iatedldasdido ba>§rtdo e

symetrical wth respect to each other. Meanwhile, Fig. 5B illustrates a
state i n aFl@Ps ReF atqofs ¥ 3 & “E’?“@ﬁrstusseﬂjueforro % f?é:%\]i’@aﬁjerﬂﬁ oned 20
d|ne?§|onal errors n this cas the WO conpanents can _he aligned with
each~ ot hé" t}y\a,ﬁﬁ,“ﬁ?dfqlﬁ@ SEEHF i it~ 284 e Yi recti on,
rotating it in. the 8 |re i on, ﬁP wﬁg3 thené dlrectlon SO0 as
to make M sa‘ﬁ}}oé"ﬁ}relﬁ} arfd 't J1sy dm}? r IJ1 (foaI

two alignment holes 27a and 27b perforated at predetermined
positions thereof so as to be spaced away from each other by
a predetermined interval p.

15 Also, the second electronic component 26 is, for
example, an individual bare chip cut out from a
semiconductor wafer, an IC (hereinafter, simply referred to
as chip) used for a print head of an image-forming apparatus
such as an inkjet printer, or the like, and, as shown in Fig.

20 2B, the chip has two alignment marks 28a and 28b formed at
predetermined positions thereof so as to have a
predetermined interval g therebetween in agreement with the
interval p between the two alignment holes 27a and 27b.

In Fig. 2A, each of the alignment holes 27a and 27b is

25 formed of a round hole having a diameter of about 50 to 60



25 to-each other, respectively, between the centers of the - 25

alignnent hole 27a and the alignnent nmark 28a in the picture 34a picked up
by the |l eft canera 23a and between the centers of the alignnment hole 27b
and the alignnment mark 28,b in the picture 34b picked up by the right
canera 23b, and by 5 adjusting the position of the second el ectronic
conponent 26 such that the two alignnent marks 28a and 28b are placed so be
symmetrical with respect to each other. As described above, the two

el ectroni ¢ conponents 25 and 26 can bé8&l1igned with each other such that,
in a state 10 in which the alignnment marks 28a and 28b of the second

el ectroni c conponent 26 are introduced in the corresponding alignnment holes

27a and gb ofnkheckbiehcel athEe@RlC200ABAREBE 38721 BE, MEKhI BEOYAKT HON
apparatus 23 captures the two alignnment marks and the correspondi ng

al ignmenyibrkesri Brlapbhe sampmf pekdsratedi ew,t hereekanpleeasypeslehe
positions of the two conponents and al so such that the positionadjusting

mechani sfieRBesdsugtrsnghaspediet ifansef ellbetzeaandcempehendi 25¢coapdnene 26 so
as to place the alignnent marks 28a and 28b of the second el ectronic
conponenho2flat 20 predébemsdnedthosnt e@aspile phéchorfespontdi A§ phi gnnent
hol es 27a and 27b of the first electronic conponent 25. Wth this
arrarigendhsp, t he Fapk- 2Bgogaichi off &ppapatigsm2BtdmesknofBhi enbdefBbenst he two
el ectroni ¢ conponents 25 and 26 to be aligned wi.th each other, a noving

di st ancefotmeHeof5assound mhedt honiiogcengoamatez6odl shguih?8hiints Bositi on
i's - 26 adjusted is small, and no reco%nition errors of the imges and
the |i keaddétitosi nEbet Kefraerceepvgrirelodlappaprsegshestespr urashi mages of
the two el ectrgnic conponents 25 and 26 in the sanme fields of viewthereof
and neas@Peytt B8 Bmpdsi EABASSoFiERe EREMEENPBNBNPEINGRETEBPIt RRIPWO
conponents_are accuratel

al i gned %ﬁth,each ot her % r exanmpl e Tﬁthin an
accur acy SSFVARGI fiF FRSt RECRBANELAS LORdCpFRRBRT Sy Gt i GRT BXABPIRY m ted to
[ ti ' i_ch_th it f..th d | ect [ t
s 3 uSPBl 58° HArRRE Al S GTRERE THr s 235 At 88 hr e BT aciH 155 as to
b ' i th t i 35 ti
the o SEoaRns: RoFERR30E Hhs 30R-2eaCRsin i n Fgs. 5A and o8, and it i<

o Torcir Rk I DR EPEABLE Sk 2l sboiitoe the gnopanents are
pl aced aheppobhen BhedetermenedmP@si tisOBdhered to, for example, a
frame and is held with air suction through an air suction
15 hole (not shown) formed in the receiving table 21. In this
case, as shown in Fig. 3, portions of the receiving table 21
for placing the first electronic component 25 thereon and
holding it therewith have two see-through holes 3la and 31lb
formed therein so as to correspond to the two alignment
20 holes 27a and 27b of the first electronic component 25.
The see-through holes 3la and 31b are round holes
having a diameter of, for example, about 400 pum so as to see
through the alignment holes 27a and 27b clearly. Also, the

receiving table 21 has heating means (not shown) such as a

25 heater built therein so as to heat a portion of the first



Next, ran el ectroni c-conponent alignnent apparatus according to the present
invention related to the above20 descri bed el ectroni c-conponent alignnent
met hod will be described with reference to Figs. 6 to 8. Wth this

el ectroni c-conponent al i gnnment apparatus, the two el ectronic conponents can
be accurately aligned with each other such that the mark-recognition
apparatus captures nutually 25 correspondi ng al i gnnent mar ki ng- neans of the
two conponents - 27 in the sane fields of view thereof and neasures the
positions of the two conponents. As SHAWT in Fig. 6, the alignnent
apparatus is formed by the receiving table 21, the position-adjusting
mechani sm 22, the mark-recognition 5 apparatus 23, and a stand 40. The
referencg)pufebalic 25mpBHeA® nespembhyehtdensheatir stitandhsecond

el ectroni c conponents. The stand 40 sérves as a base for fixing and
supporti pgcaifher tBdlk ofi.the el ectronic-conponent alignnment apparatus 10
according to the present invention thereto and thereby and is forned by a
hori zontal stand sesbes 40acencnicvesmpeabnsupposisinglaenbel ¥Rb. The
vertical supporting nenber 40b has a gui de nenber 41 formed on one side
surface pbetedbnandjextand mgchantibe 2@r hegdhgdithecbioadingndobhe2dui de
menber 41 15 has two novi ng bl ocks 42a and 42b di sposed thereon so as to be
vertital iptewpabklkd. theechppeecemvi Ag bhack c48&,has showwnerihafidgiong3ar m 43
fixed thereto and protrudi ng horizontally. Al so, the |ower noving block 42b
has a cl atpipr beddbwndhngimeshatiiom 4hrpugbdanhaist suctdonbbrdendnble two
el ectronic 20 conponents to each other. As shown in Fig. 8, the horizontal
st and nefbernaoForasdt wh tdegirendingl te@ppértti ng beams 45 di sposed at both
| ateral sides of the mark-recognition apparatus 23 in a standjng manner; a
| ateral suppofiifg BE%n?QBdéPGeFEH%dZ6v£$v9% FRe2RgpSOBR tRetffio?

| ongi t udi hal sup ortin% beans e receivin 1

] 45: d .-.28 h bl
suppor t ed1ERERETUSPER Q@FfﬁééhthgRBOFéFéPEFaEQBﬁ&ﬁpﬁn&eﬁggbgfgeﬁgving an
i ti terial 47 i d th bet Th L Vi | 21
oo BB TR RE Thaty 7 ShIERIIERSRRE By or Bl ogn thes JEE S FREE 21 1

t t t hat _sh i Fi.g. 3. A .nal f ot | |
Suppor i1 86 boknPhsRlR ccBimed STreCBANAING) Ko 8900 Blas BRAINE 0 454 and

48b perf gkanad (Her Sho.alh RS ans HBaAQLCRRNl Whiheifose ol khe (o

see-t hroug ol'es a an 1b formed in the receiving table 21. 10 The

first el gebioRhe GRERARERN 22 rRRli¢ WolpohR®t 26 coming into contact
with the bonding tool 24.

15 Also, the second electronic component 26 held with the
bonding tool 24 has a dry-film resist 32 formed below the
lower surface thereof, serving as an adhesive. Thus,
portions of the dry-film resist 32 corresponding to the two
alignment marks 28a and 28b of the second electronic

20 component 26 have two see-~through holes 33a and 33b formed
therein.

As shown in Fig. 1, the position-adjusting mechanism 22
holding the second electronic component 26 having the
bonding tool 24 interposed therebetween is designed so as to

25 move and rotate the second electronic component 26 in the X



receiving table 21 is, for exanple, a board such as a printed circuit board
or a glass board, or a nozzle nenber used for a print head of an

i mge-form ng apparatus such as an inkjet printer and, as shown in Fig. 2A
is formed of a 15 sheet-1ike nenber having the two alignnent holes 27a and
27b perforated at predeterm ned positions thereof so as to be spaced away
fromeach other by the predeterm ned interval p. As showmn in Fig. 6, the
over hangi ng arm 43 di sposed on the one side of the vertical supporting
member 40b so as to 20 be vertically #Bvabl e, having the noving bl ock 42a

i nt erposed t herebetween, has the position-adjusting nmechani sm 22 supported
bel ow the | ower surface thereof. The position-adjusting nechanism22 is

| nt ended, g okl Lbes sHCOna el #OLAOM CatpOnanl 2bsik theppseshso as to

face 25 the receiving tab - 29 The second el ectronic conmponent 26

is, for gXampLera@npi BALYI HHAl 1RaEGAEHi BnSUEoOBE b 0HbBe SE81 gomRbTE Or Waf er
or an IC Used for a print head of an inmge-form ng apparatus such as an

inkjet prhntge, z28Y9re88i6A0¥A &NvELHicdB, pligeSighbpdéastd hisohdotiaéi gnment
mar ks 28a and 28b formed at predeterm ned positions thereof so as to have

t he predetesni sedctpbeivatogpbhenebetwerd theageeengneélatthobhe interval p
between the two alignnment holes 27a and 27b of the first conponent 25. 10
The posi tbmpondhustbngoneabhnoshe?? is designed so as to nove and rotate

t he second el ectronic conponent 26 in the X and Y directions and in the A
direction, rehpechisetysepras slovwzoin afigpl ahe,amml ignnatov@eP S Fig. 7,

has a structure in which a first plate 491, a second plate 492, and a third
15 pl at e (68 arempilredabesty76t her 1pPape sbiagk)t ohavéianingsthg| Fuer 501
movable in the X direction, a second slider 502 novable in_the Y_direction,
and a theldctkprer 50Bppoeatabie FAtthet®eanr 6hei BRPPRsEREEACENEf ebet ween,

t hereby all owi ng the nmechanismto be noyable in %he X gng Y direc&ions and
20 rot at ABPerPAEiNANG 8RPAEt Pon2RE HhGhoPESTAPUEIASPnRE FhE Secon
position-adjusting nechanisn1§% is supported bel ow the | ower surface of the
overtfhngPh§CEFATAS GPUPBEERYs6%s to be vertical ly movabl e on the one side

425 | nt er posel t NErRoRt GRERE 1141 & nEbacr B seraatt Mhgp BT T¥L RS 0
ol g BBy BB e sdengecon:
electronic component 26 are introduced in the corresponding
alignment holes 27a and 27b of the first electronic
15 component 25, the mark-recognition apparatus 23 captures the
two alignment marks and the corresponding alignment holes in
the same fields of view thereof and measures the positions
of the two components.
As shown in Fig. 3, the mark-recognition apparatus 23
20 has two cameras 23a and 23b having an interval therebetween
in agreement with that between the two alignment holes 27a
and 27b of the first electronic component 25. In other
words, the cameras 23a and 23b are respectively disposed so

as to correspond to the positions of the two see-through

25 holes 3la and 31b formed in the receiving table 21. Each of



In thi's case, as shown in Fig. 6, the position s adjusting nechani sm 22 has
a tool -parallelismadjusting mechanism 51 and the bonding tool 24 disposed
bel ow t he under surface thereof, and the second el ectronic conponent 26 is
held with air suction through an air suction hole (not shown) fornmed in the
bondi ng tool 24. 10 The receiving table 21 has the mark-recognition
apparatus 23 di sposed rearward thereof. In a state in which the alignnent
mar ks 28a and 28b of the second el ectronic conponent 26 are introduced in

t he corresponding alignment holes 27a @ahd-27b of the first electronic
conponent 25, this 15 mark-recognition apparatus 23 captures the two

al i gnment marks and the corresponding alignnent holes in the sane fields of
vi ew t her Easur t | t4 rmﬁ.&e own in Fig.
8, the t\/\%pécsaé?rer%as 23a z}ﬁad at2]§dblgéa)i3r%e lcf?sr%orggecf} lrokgi %\(/)v the ?ltes(%ec% %nr;@t able 21
and on t he, 20; horizondel: Stant Merhes 403 S0 At i gNe An interval

t herebetween in agreenent wih that between the two alignnent holes 27a and
27b of therdddisdrflRed M fi SRSt (25 ddbrPher J0rGHut B Gaeras 23a
and 23b are 25 respectively disposed so as to correspond to the positions

- 31 of ditked Warkees tdY Uit ALt 3l anth@ kb draydied nli ddte giggai vi ng
table 21. Each of these caneras 23a and 23b is forned by a | ens used for a
coaxi &l idexglent - {fghtesdnple ,naiff abarnd 400,00 ineddetymiaefiarter

magni fication (for 5 exanple, of about 9) and a video canera or a CCD
canera hawialy a predeterm ned pi xel density (for exanple, of about 400, 000
pi xel s). The | enses of the caneras 23a and 23b have a predeterm ned focal
dept h and t he Thier denarsd odcthe Tomelrest 28ai encoldpbnéatvs 25 and 26 are held
so that the alignnment holes 27a and 27b and the correspondi ng ali gnnent

mar ks 28@ranttmined \{iaddnh ddpthab@rd ftdwalfidksgh lmndnsegeantd s ar r angenent
in a state in which the canmeras 23a and 23b axe placed closer to the first
el ect r oni L KTFFTIHENCTP RIS Zff 79 7P 318 heHE df $had dhdwn by t he

arro Dand E, th [ nt hol 27a_and 27b of the first electronic
corrpgﬁentaalfﬁgrﬁ??d“tt ﬁé’%aqﬁg;onrseﬁerﬁn%%% ah Wi SHF TP e A8 1 oni ¢
conponent_ 26 ¢ be pi d .up at,.the ne tine. 20 I.n fhe nmeantine, as
shgpvvn i n "B gb“’f ﬁgp%gﬁﬁjz pealw%qms%eeh@ébrovfo 95 6%& ‘on- adj ust i ng

t abl di h i t ! 2 ted
her eon.  each et ot 22 2eadrehd ot TR T R aPiBn BfegsinEaeY' 5

Y- direct i Sdd3p%he B AL ARG 1 dR FIAY atteriiy the
position-adjusting tables are
component 25 by adjusting their heights as shown by the
15 arrows D and E, the alignment holes 27a and 27b of the first
electronic component 25 and the alignment marks 28a and 28b
of the second electronic component 26 can be picked up at
the same time.
As shown in Fig. 4, in this state, for example, an
20 image lying in a state in which the one alignment mark 28a
of the second electronic componeﬁt 26 is introduced in the
one alignment hole 27a of the first electronic component 25
is obtained in the field of view of the left camera 23a so

as to serve as a picture 34a picked up by the left camera

25 23a, and an image lying in a state in which the other



- 32 idintended to set the initial positions of the respective canmeras 23a
and 23b by noving themin the X, Y and Z directions so as to capture the
correspondi ng alignnment holes 27a and 27b of the first el ectronic conponent
25 5 within the fields of viewthereof. Once the initial positions of the
caneras 23a and 23b are set, the positions may be fixed thereafter. Al so,
as showmn in Fig. 8, the front surfaces of the two caneras 23a and 23b and
the |l ateral supporting beam 46 have 10 a predeterm ned gap forned

t her ebet ween and have an air duct 53 f4%ed in the gap and extending in the
hori zontal direction. The air duct 53 is '"intended to suck air around the
caneras 23a and 23b in order to prevent fluctuation of pickup i mages caused

by air convegiidft die K @orealr anRURG bad R LARMT %%?ﬂg%'ﬁ@n%3t26 fhe air

suction of the air duct 53 allows the caneras 23a and 23b to be cool ed at

the sane iitRquRRNWH [the WHIRIT GANIRNMANG MOURBLIRCRT aheurd rishe canmeras
23a and 23b, cold air nmay be blown fromthe air duct 53. Next, the way of
use and an e IORBfpdne t2Q seligctoiiereeoIpoReRt fallgnipenty iapparat us
havi ng the above described structure will be described. Basically the

el ect r onit¢reC anpOIe Mand i PBNts cApRAtal e rogeal es pirtite Sdhe pplekeess as
that of the el ectronic-conponent alignnent nmethod described with reference
to Figs. up ty She A5 JHtr stdmera R3E.gs. 1 and 6, the first electronic - 33
conponent 25 is held with the receiving table 21, and al so the second

el ectroni ¢ coiWpenesticR6piskhpl dmagek ahe pbshined, athesei hgageshanesm 22.

In this state, as shown in Fig. 3, it "is desirable that the axial |ines of
the two Budjiepheshttchdimege? Promes 2Ny &Y tahe iMagsrpalosessdmidc conponent 25
extend substantially in line with those of the two alignnment marks 28a and

28b of tREPSEEFWF elndt v ) c Sfpdhentl iXe, 4h¢ Cfeter eesdidongr kS 28a and
28b of the secaond el ectrani c _conponent 26 are_ i ntroduced égéthe 10
[ I

cor r esporrditn G HITFFEN P HE e L /87 &0%h & #7306k WSS iofst CEMe& conponent
25 sp_ as to . be seen Q? rethrough. Then, i.n a state in whi E t he al i gnment
ar kL0 2655HHF 285 G RO Edond SSPEGTSIY ASTSONGRE 26 k8S ¥Poduced i n
the corr t%si%g;%‘%eh”sq A GNP, N0les) 248 t%@bfgfstta*ﬁ[%ef 'Rasﬁoe%%e%'ne% fkoni ¢
conmponen , the “nmar K=-recogri t'10n -apparatus captures the two alignnment
marks and,| h%fi%{jﬁn%%&%%fég Al GNP NehRS | hali€ 2BAMBAlY €hdS b ulew
thereof and neasures the positions of the two conmponents. I'n this state,
the | enseg Hfarddie EABIBR A3 NN G230 RAVG e Rl B7ReEnd
alignment mark 28b are computed. Fig. 4 illustrates a
15 position-measuring state in which the center positions of
the alignment holes 27a and 27b are misaligned with the
corresponding center positions of the alignment marks 28a
and 28b.
In this state and in the following step, as shown in
20 Fig. 4, the position-adjusting mechanism 22 adjusts the
position of the second electronic component 26 such that the
alignment marks 28a and 28b of the second electronic
component 26 lie at predetermined positions in the two

alignment holes 27a and 27b of the first electronic

25 component 25.



20 focal depth, and the first and second el ectronic conponents 25 and 26
are held so that the alignnent holes 27a arid 27b and the correspondi ng

al i gnnent marks 28a and 28b lie within the above focal depth. As shown in
Fig. 4, inthis state, for exanple, an 25 inmage in a state in which the one
alignment mark 28a of the - 34 second electronic conponent 26 is
introduced in the one alignnment hole 27a of the first el ectronic conponent
25 is obtained in the field of view of the left canmera 23a so as to serve
as the picture 34a picked up by the- &3t —canera 23a, 5 and an inmage in a
state in which the other alignment mark 28b of the second el ectronic
conponent 26 is introduced in the other alignnment hole 27b of the first

el ectronic ¢ qnan i $. 0 i i the fi - i ri ght
canera 23b sgﬂgs to %é??/%&dsb%}ﬂ%%%%%ﬁg%%j%%k@% I%{uép yrgftij{t e right

canera 23RowNhen BuGH. PECkHR T MBges Rl eaebhakneds wegfi'gﬁaeﬁé §

subjected to i mage processing by an inage-processi ng apparatus (not shown)

or the |bb@poh8gtSenteh 898ht bORSrObyt NEvahLIBABNLoPOL 88y 2¥Re 0844 and
those of the alignment 15 marks 28a and 28b are respectiVvely recognized in

the two pléeturenid48ompenddb, 26nHel BewLeRt ehedpsbaneenRagHetvery t he one
al i gnnent hole 27a and alignnent mark 28a and the center distance Rb

bet wéen méehahhsn 22| gaweng btk ebdrdtiingdtabl gpuenhtoBpks@8b are conput ed.

20 Fig. 4 illustrates the position-nmeasuring state in which the center

posi t i onshefebaewaén gnnespeboiesl@/aianth@7k ané wi datégoednwi dhdt he

correspondi ng center positions of the alignnent marks 28a and 28b. Then, as

shown i ntiFfe 0 diredipiposiniarcadiaste ngl2h ke haen sar 221 sidhnisés Rae

position of the second electronic - 35 conponent 26 such that the

al i gnmendn@eRksiDgaeapgs@sy, ofndhkdeatbndbyl bringhnge theapoerberg6ofie at

predeterm ned positions in the two alignment holes 27a and 27b of the first

el ect r onFee conporehInpent shohe of her an@dr asigpmenposetkod8adimst i ng mechani sm
ctivated so as to align the two conponents by

movidy EEPORaTE it Pheeddc o s '
g & gt Hhe® 38R oL 8T 217 oft 80 cERPORBMESDS Bkl BRI PRIehe
P! T EORLA T, SEE AL 2 Dot e DETALDD, ook 2 it o P
respectigg&y,oéﬂbr.
Although the predetermined interval p between the two
alignment holes 27a and 27b of the first electronic
15 éomponent 25 and the predetermined interval g between the
alignment marks 28a and 28b of the second electronic
component 26 are formed so as to equal to each other in Figs.
2A and 2B, dimensional errors take place actually in these -
components due to machining errors, temperature conditions,
20 and so férth, whereby the centers of the mutually
corresponding alignment holes and alignment marks are
sometimes not brought into agreement with each other. 1In
such a case, as shown in Fig. 4, the position of the second

electronic component 26 can be adjusted such that the two

25 alignment marks 28a and 28b are placed on a center line 35



accordance with the center distances Ra and Rb if necessary, and ideally by
bringing the centers of the one alignnent hole 27a and alignnment mark 28a
in agreenment with each other and al so the centers of the other alignnment
hol e 27b and 15 alignnent mark 28b in agreement with each other. The

remai ning part of the process is the sane as that of the foregoing

adj ustnent nethod and will be therefore omtted. In the above description,
al t hough the mark-recognition 20 apparatus 23 is equipped with the two
canmeras 23a and 23b as shown in Fig§.2f,‘3, and 8, the present invention is
not limted to this structure, and it may be equipped wth a canera

| ateral |y novabl e al ong the sane distance as the interval p between the two
al i gnmentohakesidgatandcéhibedt BBtivbenf thet tebeslignneéneonposene7as. - 36
Al so, as shown in Fig. 9, the mark-recognition apparatus 23 nmay have two

i denti cabnbenges sb4asand bébsgnhpesedatowasht eebpeetanol 8hehvather.

t herebetween in agreenment with that between the two alignnment holes 27a and
27b of the 5 ForséxaheTéy ohig. COAPONENS t 25t @ndtlee caan®s awlddreli siposed at t he
comon position on the optical paths of the two | enses 54a and 54b. The two
| enses 5%alandobdhipepve gsembpest due tentke &boveapentiogetihe two

al i gnnent holes 27a and 27b and the 10 two alignnment marks 28a and 28b (not
showd tHémenkiongh, ereopect i Vel $hiandaRavethhetwansonppnhngd fasubeas each
ot her. The canmera 55 has another |ens 56 serving as an i mageform ng | ens

di sposedafiighternwiEbneachepsber aMdmpMéngméh?eﬁ§§§ng4alaﬁgr9anand t he
other lens 56 are fixed inside a 15 hifurcated |ens barrel 57 having a
comon r 66FPPBENENESt 3B EBRsEsALTRELEPRst TPEASIBFalhnd Pt hBeclnera 55 have a
first halfmrror 58a, a total reflecgtion ghrror 59, and a second hal fm rror

58b dlspeééﬁcaﬁopheaBStP&SP PavAnExtEndin OXtHéFESEPﬁBeﬁO #RetSecond I ens

54b and thg canerg 55 have a thlrg Ealf nlrrgé g % sgﬁond

hal f - mi r P8resBE SECoRRDRT ugeango gtRY s e5&§n fid &B? sF948% on the
ti | th t th L h | the fi t

oot 5, BBt 80100 LOGERUSAVESD, BaRLUR WAL o galnofebygen the 1irs

second l%@ﬁgﬁﬁgnﬁnﬂo&@92§gngﬁa %ﬁe allgﬁ%ent mark 28a in the picture
34a picked up by the left camera 23a and between the centers
of the alignment hole 27b and the alignment mark 28b in the
picture 34b picked up by the right camera 23b, and thus by
15 adjusting the position of the second electronic component 26
such that the two alignment marks 28a and 28b are placed so
as to be symmetrical with respect to each other.
Meanwhile, Fig. 5B illustrates a state in which the
relationship p < q exists due to the above-mentioned
20 dimensional errors. In this case, the two components can be
aligned with each other by moving the second electronic
component 26 in the Y direction, rotating it in the 6
direction, and also moving it in the X direction so as to
make misalignments e and f lying on the center line 35 equal

25 to each other, respectively, between the centers of the



Meanwhi |l e, of the bifurcated |l ens barrel 57, a lens barrel 57a close to the
first lens 54a has a first illumnation |anp 60a di sposed at the bottom
thereof, and a |l ens barrel 57b close to the second | ens 54b has a second 5
illumnation | anp 60b di sposed at the bottomthereof. Thus, the two
alignment holes 27a and 27b as well as the two alignnment marks 28a and 28b
(not shown) can be illumnated by turning on the illum nation |anps 60a and
60b, respectively. 10 Wth this structure, the mark-recognition apparatus
23 having the above.structure may bé& @ed such that when either one of the
first and second illum nation | anps 60a and 60b is turned on by sw tching
over therebetween, only the first | ens 54a captures the one alignnent hole
27a and ahiignment 451880Ka28ad Rhkhe1sanmehiehdraf 28hewnt baeeplcsoras to
nmeasure the positions of these hole and mark, or only the second | ens 54b
capt ur es 3yhepatihen abi Bpment helfe 2aheaad23ki gndebetwaek 2Bb tanthessame
field of view so as to neasure the positions of these hole and mark. 20

Al ter nat igrekye the gfBeltr @eagnitiboanapparatils gmagnhemased28bchnt hhe the
first and second illum nation | anps 60a and 60b are turned on at the sane
ti me andpseehrihaub by ckedngpaby thge righwhicelmelref €3&ndandghy pi ct ures
respectively picked up through the first and second | enses 54a and 54b 25
over | aip widluseédely ahleepostilieon gift téwed skeebndpiedegtaonarce compoggntséfar at ed
fromeach other and are then subjected to image processing so as to neasure
t he posi tsiuchs thiatt tibet wocalkilgammen thaleeks2 28 aa g2 28baadet Ré2ERE &Pi gnnent
mar ks 28a and 28b. 5 Still alternatively, the mark-recognition apparatus
may be uded symoletiigelt Wdthi respesd $6cS/EN OtH®Tnati on | anps 60a and 60b
are turned on at the sane time, and |eft aTd right pictures _are.,pi cked up

whil e hal f thBsfpepasibedvpeavsr the FFPsELlERETSBLENEOTRREER %4%8and 54b
Bl cked UFTS CRuEE Froragnnd I it Rasehal: s TrghT dtd eft S§retur es are
o milsurd PRE Bod GHe BB etHo "R i St T 63 578 S50 05 and the fao
27 ond SAETANE F e oA aooae e bdr e R e ke

28a and 280 il ddie RACANG 2l GId AN JORRRNGNAL A6 disdewsiygensi onal [y T ound

in the abov scription as shown in 20 Figs. 2B and 4, it may have anot her

shape as d oG iahd %5 ,Pasid inly d-Sc R it iRASIPRtbaAiuh 1235 ce@ithefes sheasi |y
detected. In addition, the first electronic conponent 25 and the second

el ect.r onitG;« HNPYHHMEN 2 6nad ke eid |iHe teasdk dedporhiarg sdnidrmentt folasd itthey may
be ot her appropriate 25 el ectronic conponents.

15 the same fields of view thereof and measures the positions
of the two components and also such that the position-
adjusting mechanism 22 adjusts the position of the second
electronic component 26 so as to place the alignment marks
28a and 28b of the second electronic component 26 at

20 predetermined positions in the corresponding alignment holes
27a and 27b of the first electronic component 25.

With this arrangement, the mark-recognition apparatus
23 does not lie between the two electronic components 25 and

26 to be aligned with each other, a moving distance of the

25 second electronic component 26 along which its position is



-39 Fig. 10 is a plan viewillustrating the shape of each alignment mark
according to anot her enbodi nent. The sane parts as in the above-described
enbodi ment are denoted by the sane reference nunerals, and the description
thereof 5 will be omtted. As shown in Fig. 3, each of the alignnent marks
28a and 28b is forned such that two |arge and small circles are
concentrically arranged so as to provide an outside dianeter of about 30 ~m
and an inside dianmeter of about 15 ~.m_For 10 exanple, it is provided by
formng a small circle S by etching’azééﬁtral part of a large circle L
formed of an alumnumthin film In the nmeantime, of a plurality of

al i gnnment mar ki ngs having different sizes and concentrically arranged so as

to form ggpakyganak ahiaanyeahdmabkretbgniaige &orerscbé theepmegests a
| arge al i gnnent marking and the small circle S represents a snmall alignnment

mar ki ng. afi@ baenDigespeeifr ¢inee shewmark-Fegoghltivheappapewes 8durce
wWring pattern 76, a ground-wiring pattern 77, and a second-|ayer wring
pattern ehpauweki Agapalst @fnthd 28ocehrettrbngcach@Bodenter 26r andi 8bor 73 to
t he correspondi ng

in the same fields of view thereof and measures the

5 ©positions of the two components, whereby the two components
are accurately aligned with each other, for example, within
an accuracy of 1 um.
In the meantime, the present invention is not limited

to a configuration in which the position of the second

10 electronic component is adjusted so that the two alignment
marks 28a and 28b are placed so as to be symmetrical with
respect to each other on the center line 35 connecting the
two alignment holes 27a and 27b as shown in Figs. 5A and 5B,
and it is also applicable to another configuration in which

15 the two components are aligned with each other by adjusting
the second component so as to be placed at another
predetermined position.

Next, an electronic-component alignment apparatus
according to the present invention related to the above-

20 described electronic-component alignment method will be
described with reference to Figs. 6 to 8. With this
electronic-component alignment apparatus, the two electronic
components can be accurately aligned with each other such

that the mark-recognition apparatus captures mutually

25 corresponding alignment marking-means of the two components



heater 30 are formed on the surface |layer of a chip fornmed by sequentially
| am nating MOS (netal oxide sem conductor) transistors 72 and 73, a
first-layer wiring pattern 74, and the heaters 30, having an interl ayer
insulating film75 25 interposed thereanong, on a silicon substrate 71,
each of - 40 the alignnment marks 28a and 28b is formed at the sane tine
by etching an alumnumthin film outside the region of the chip where a
circuit of the transistors and the like is formed. 5 As descri bed above,
each of the alignnment marks 28a and™28h Ts fornmed so as to have a doubl e
circle having the large and small circles L and S because of the follow ng
reasons. A resolution of image processing generally has a positive

correl ationcvé tduhdef perdphef afidwengidr ©f £ aarid o ek ivmge. 10
Accordingly, the large circle L having a | arge peripheral |ength has an
advant agsos it ivgh @f | geretito acomp@tan t Howevershdvre drarijey. téhe dherge circle
L, the overall imges of the large circles L of the alignnent marks 28a and
28b ar e d Esgnnérkel appardensaps uf @dned bhetltorrespondiqgadligrifienttHeol es 15
27a and 27b at a prelimnary alignment stage where the first and second

el ect r opas Tohporadd s 2 @umte @6aml sn p2 2c ethatma Bepeetdarel §4 gy edet er mi ned
positions, thereby |eading to a disadvantage in requirenent of higher
accubacyapparaties P22 | andaz yswangrhent . Tion tekemnes mawkald tAori t he 20
small circle S having a small peripheral Iength | eads to | ow alignnment
accur acy2beresrechivealy clenesd| iiToh Jdi RN ProcReEIMECits small size

| eads to an advantage that the overall imges of the small circles S are
nore | i KEMPRREBES captured in the corresponding alignment holes 27a and 27b

25 th |.im ' . He \ .doubl ircl . - 41
ool oyed. | ol TSRS oS PP G Tartd S G RAPECEEAR S i nto
t._ To. b ifi f I wh h of th ' t hol
278 and 2R HER BEOF Snbt B oF 0L UM C Arate e S T TS or med
d 27 e ALNE
Ceatpr e Tt g e Faf s e T ohide e fAA P00 A el BERCEY

h of i i - b and
each o fé‘ef%%gr%f'étﬁé'fféox?@iifﬂfﬁ@%%b?fs‘% A &8 A Agh 27b and

t he correspo i gnnment mar SO,
supporting member 40b. The vertical supporting member 40b

has a guide member 41 formed on one side surface thereof and
extending in the vertical direction, and the guide member 41

15 has two moving blocks 42a and 42b disposed thereon so as to
be vertically movable. The upper moving block 42a has an
overhanging arm 43 fixed thereto and protruding horizontally.
Also, the lower moving block 42b has a clamp press-bonding
mechanism 44 fixed thereto, for bonding the two electronic

20 components to each other.

As shown in Fig. 8, the horizontal stand member 40a has
two longitudinal supporting beams 45 disposed at both
lateral sides of the mark—recognition apparatus 23 in a
standing manner; a lateral supporting beam 46 stretched over

25 the tops of the two longitudinal supporting beams 45; and




10 expected that an image-processing accuracy in this case is proportional
to the square root of the peripheral |ength of each marking nmeans, thus it
is estimated that the ratio of imge-processing accuracies in the above
exanple case is 13.7 to 7.9. 15 On the other hand, when each of the

al i gnment marks 28a and 28b according to the present invention is forned so
as to have a concentric double circle with the large and snmall circles L
and S having dianeters of 30 E.imand 15 E,~m respectively, a
prelimnary-alignnment accuracy is Wit K820 t22.5 E.~mwith respect to each
of the center distances between the small circles S of the alignnent marks
28a and 28b and the corresponding alignnment holes 27a and 27b, thereby

| eadi ng tgpearBBEEviaBi eableequi ceppoktkar ohhenacappaeystibacenothenease
where each of the above-nentioned 25 alignnent marks is forned so as to
have a siggkeati 6Gbporting4Beahl 86, havting theinsagetpngceasendadcédracy is
determ ned by the ratio of the square root of the peripheral |ength of the
| arge ci iekerbostdeanhbrebetheecal i gihentenaiksng8aabhd 28bitoinhandefl each
of the alignnment holes 27a and 27b, the ratio 5 of the inmage-processing
accur aci €s hetdmehelIiZstoelécOrontier ebypbhensl 2§nnbaviagcthacpampet ween t he
al i gnnent holes 27a and 27b and the correspondi ng alignnment marks 28a and
28b i% cehsudenakl psi tprovedowAcdor iggl ¥, bHctordiinglivheecachgafeifenar ks
28a and 28b 10 so as to have a double circle, the overall inmages_of the
smal | ci lektesad stipphetanggheent 4fapRe 2B ARgulsbiagempitghigll filely to be
captured in the corresponding alignnent haoles 27a and 27b. Al so, when the
el ect r onh@schpeHeRr§035saA§225ndr 48PoBEREQTadPEsFEET By "uétng t he snal |
circles Ss

O a5 2HhR bk aER o8l 1Tkt SLrcLighghr e, captured
cLicl o8 holeg, SRURLandhy Gapkunedy Lie oLLanyenl Uaky 22 and 260 are
{he gove 20 Fhecki SLCcSoIpAReL s BpUaLO, shenkouomgh phes L o boin
Lo oo RaRadtl Shekhe 3 BpcLsapbascomeneth Bede
el ectroni,g; GRERORERLUEE BB rkee2dli §8dshY bbAedTBbE a no?3le member
used for a print head of an image-forming apparatus such as
an inkjet printer and, as shown in Fig. 2A, is formed of a
15 sheet-like member having the two alignment holes 27a and 27b
perforated at predetermined positions thereof so as to be
spaced away from each other by the predetermined interval p.
As shown in Fig. 6, the overhanging arm 43 disposed on
the one side of the vertical supporting member 40b so as to
20 be vertically movable, having the moving block 42a
interposed therebetween, has the position-adjusting
mechanism 22 supported below the lower surface thereof. The
position-adjusting mechanism 22 is intended to hold the

second electronic component 26 and disposed so as to face

25 the receiving table 21.



recognition apparatus 23 as described above, the alignnent holes 27a and
27b and the correspondi ng alignnent marks 28a and 28b are aligned with each
ot her in accordance with a processing procedure shown in Fig. 12. 5 First,
in Step S1, images of the alignment holes 27a and 27b and the alignnent

mar ks 28a and 28b are captured by the mark-recognition apparatus 23. Then,
in Step S2, the small circles S of the alignnment narks 28a and 28b are
searched in the correspondi ng alignnegt hol es 27a and 27b. 10 \Wen the
overall images of the small circles™S dré not found in the al i gnment hol es
27a and 27b due to insufficient fixing accuracy of the second el ectronic
conponent 26 with respect to the bonding tool 24, fractures of the

al i gnment  margse 28scamdl 2Bt Mnidecdhgenenthe priocestorendamgl ey arg 15
processing (in Step S3) and the alignnment stage ends. Then, the

posi tioniadiwstiiny peEbashsp 23t sbawvnfiomFagsedioonéscupr amafensoshown in
Fig. 3, forns the chip-transfer gap r below the | ower surface of the
bondi ng aaolc24ssd @srta pephacketieofegnnimaegecfooning cappanetits26 with a
new one. 20 In the neantine, in Step S2, instead of being automatically
sear chedsashdescehbédkabbverinhersmaht, cescbbews hayFbe. ndPuath§ sear ched
whi |l e the images thereof being visualli observed in the correspondi ng

al i grimenthhpl Bss2Theahuo2abigmanthmpekswhBa and d%er PFMeAages of the
smal| circles 25 S are recognized in Step S2 as shown in Fig. 13A, the -
44 procpsedateswingdspepitaonanghansahit §50oRSpbei RR¥A EBBrection of the
small circles S with respect to the center positions of the alignhnment holes
27a and P¥Bdatermdasdrés ByvééiHgtbﬁéepﬁﬁgéeﬁflPhég§ﬁﬁWFnEiwﬁF%st%? 5 Then,

the second el ectronic conBonent 26 ii,drive %o nnv§7in th %Eor Y
di rect i ohNEPEVELr Bt REEVPRNt RBeBTYPY 8 FEBWeBg RESBo4i i BR%at Bs? T ng
nechanisnhZZ shogn in Fig. 1,.s0 that the small circles S of the alignnent
mar ks 285"8nd1385 SPEPGPERN PR the arrow A-direction (see Fig. 13A) toward

the 4 cent erflg%c(é%(sjnt.gfor?l—.égﬂun?@imgpoljngéh %@”%g\”%-dé@l&%&‘u;ﬁ agg angerent,

t he rst and ectroni c components 6 are y adj usted

(see FigpolaBle MRX! pothe el Rrgeseibphiesibcelohie bhgBeAt mprkn 2fa and

28b are searched in ep en the overa i mges of 15 the large

circles L ang ROL;iheERIBNEEHnuN ihhicBeSbeRi réoti6XpMBLSpedhetel i biages of
the corresponding small circles S are recognized In Step S2 based on fal se

recogni t hoRoeH Zbarailgp1RaL, i 6hes, asheRoWhsahi gagent, bakveensthactenter
positions of the large and small circles L and S due to 20 formng errors

of the akihgwhesh earkss28plamnd 28b, causesoparpkaiod 4%e lardye dihdgldes L to
i e behind the alignnment holes 27a and 27b and to be invisible despite of
t he I awpigtepdiOat ana Dixetieeveany| other| ptaisei so reptSthavmce resest ant |y
the large circles L not to be recognized as circles, or when 25 system
noi se or stlhdelri k@1 cmovakle hin| thgeX cfiteetionnot $econd slider 50z

movable in the Y direction, and a third slider 503 rotatable

in the 6 direction inserted therebetween, thereby allowing

the mechanism to be movable in the X and Y directions and
20 rotatable in the O direction as a whole.

Also, since the position-adjusting mechanism 22 is
supported below the lower surface of the overhanging arm 43
disposed so as to be vertically movable on the one side
surface of the vertical supporting member 40b having the

25 moving block 42a interposed therebetween, it is movable as a



- 45 <be recogni zed as circles, the process ends up wong processing (in
Step S6), and the alignnent stage ends. Then, the position-adjusting
mechani sm 22 shown in Fig. 1 noves up and, as shown in Fig. 3, forns the
chip-transfer 5 gap r below the | ower surface of the bonding tool 24 so as
to replace the second el ectronic conponent 26 with a new one. Also, as
shown in Fig. 13B, when the overall inages of the large circles L of the
al i gnnent nmarks 28a and 28b are recognized in Step S5, the process noves to
Step S7, and it 10 is determ ned wh&t R8r ~or not each of the recogni zed
alignment marks 28a and 28b fornms a double circle. The criterion of

determ nati on about the double circle is based on whether or not the
centers ghoibe;harge angdiseatiogi el £svéredch S plansubdianbal |y in
agreenment with each other and 15 these circles substantially forma
concent rhgngif§! ehe WeAst tahs setenidn abectrod epc@ipemait each aid tdte
recogni zed al i gnment nmar ks does not forma double circle, in other words,
when thetgester posetions of the large and snall circles L and S are

m sal i gned with each other due to 20 formng errors of the alignment marks
28a and 28b apn desid i deesk Ak eshdvre ipr Flgss @nddaupasridi@r ocessing (in
Step S8), the alignnent stage ends, and the second el ectroni c conponent 26
i s repl agaduskihgamaehanhemi A2t has sankod hsha bal hel HeRradbest Previ ously. 25
On the other hand, when it is determined in Step S7 - 46 that each of
the recogackediahi Ghnend rhekboRgananBoBh2f of HEPASBOUBPECRi Fofe, the
process noves to Step S9, and the center distances between the aljgnnent

hol es 27andad sunfase theresfredponBnfgSarPEANBRECHRPREC 283 BRYC28h are
measured 5 so as_to conpute anmounts o osjtion_carrection, | e,
t he anouRfsisf hpédi vibh ébFréEFFbﬁnaFérgﬁg ufBd@oh fH%£b§§i§gg% ?ﬁggParge
circles L of the ali nnen% nagks 28a gnglng or are provided as the nean
val ues ofPP¥R e%PFW@ afBuiiP§ BPRESFPeEPPon“freasured on the basis of the

| argg, and 10 TAB LeShIoLEs Foand & olal Nenalionpenlcamukes o as amounts of

uting eratro of the size of the large circle

L to that of the suoall ..cirecl L9BLENG thear gspeet iMewpmBHNt S Of
correctiSRpﬁﬁagggor aﬁ%gbﬁ%Fﬁ ?ﬁgggggéu?§§ ratio. 15av%en t he amounts of

posi tion garregii r e neasypedaniihegsesendnel eetbani eleeaponeat 26 is
driven tgﬁnneggkhﬁgﬁg Xaor Y dirggtion or to rotate in the 8 direction by

t he posi LicaRoadihtsbisnd reeghdRicaicdd, in0thbatotrhesabhgimgnalignkeng8a and
28b are respectively drawn in the arrow B-direction
holes 27a and 27b of the first electronic component 25, this
15 mark-recognition apparatus 23 captures the two alignment
marks and the corresponding alignment holes in the same
fields of view thereof and measures the positions of the
components. As shown in Fig. 8, the two cameras 23a and 23b
are disposed below the receiving table 21 and on the
20 horizontal stand member 40a so as to have an interval
therebetween in agreement with that between the two
alignment holes 27a and 27b of the first electronic
component 25.

In other words, the cameras 23a and 23b are

25 respectively disposed so as to correspond to the positions



20 (see Fig. 13B) toward the centers O of the alignnent holes 27a and 27b.
Wth this arrangenent, the first and second el ectroni c conponents 25 and 26
are finely adjusted such that the center positions of the alignnent holes
27a and 27b and the 25 correspondi ng alignnent marks 28a and 28b are
aligned with - 47 each other (see Fig. 13C). Meanwhile, when the
intervals p and q, respectively, between the alignnment holes 27a and 27b
and between the alignnent marks 28a and 28b shown in Figs. 2A and 2B are
not equal to each other due to a forhfﬁb'érror 5 of each marki ng neans, a
difference in thermal expansion of the two el ectronic conponents, or the

li ke, the alignnent holes 27a and 27b and the correspondi ng alignnment marks

28a and 28b gre ali gned Wi lieandlekhen asanas 308 ersydmenr thal with
respect to each other on thecenter |ine connecting the 10 alignnment hol es

27a and 27h..;\hen il Adiust marh e talkisgnicagetrbe LBastndnd3bedend
el ectronic conporients 25 and 26 with each other is finished as descri bed

above, t g HRCESS SMESs kel 6 rSE0 coand ailt insidenérdigsd whet her or not

m sal i gnments of "the center 15 positions between the alignnment holes 27a
and 27b and e GaCrespRNdiavg ) iagpreate teemkis eP8 magnd figetioa WK n a
speci fied value. Wien the m salignnent between the alkg?nent hol e and t he
cor r espondigig I kofi abwuthia) tamel specidecedamenge ont re CA0 §AHEFE is fini shed
(in Step S11). 20 When, the m salignnment between the alignnent hole and the
al i gnmenthawmirdg iss puddefe trimesharidaledloraide;, (ier &%agRent Ats 3589For ned by
repeating Steps S1 to S10. When the alignnent is finished in accordance
with the ap\dUegsicrélmd processi ng procedure, the position-adjusting 25
mechani sm 22 shown in Fig. 1 noves down sl owy, d.the - 48 first and
second el ect r Ghiec leowssn@ft $1e5 CAHGTES 4P & eﬁggeaa%Ftﬁ each other. Then,

heating nmeans formed in_the receiving, table 21 and ing tool 24 are
heat ed s®zedqteBHRET HEPFd+ TRy asrg%otﬁ‘be e oanr}c%:%geoér%r)pq%ents 25 and 5 26

to each other, having the dry-filmresist i t bondi n
sur f &Be cﬁlqcl’?'er%ré’c‘bn‘go@%?r?%ﬁi%g cﬁ‘%g%én?s%ég%fﬁ?gﬁgcse t her ebet wegn. I'n
accordance with th ove-descrij e t i : i o et hod,
since eacht MG 3?‘?3@%%%?& 1%“%% Afg(g %}% 283 i si forlnrg% agl(r)hr%gﬂi o have a
doubl e cigol e w4 | 83 98ean ST Ly i T heSande LASAY elétmar vl gnrent

n

st age of BAELY second el ectronic conmponents 25 and 26, the overall

i mges of lr%l,,l, | es; S Of sthec alh omnEsth ¢ KSamSta araB28mare easily
captured ?%P h% %%*%ﬁ%ﬁn% hoI%s Z%a and 27b, respectively, thereby

| eadi ng tos) enjent) preki 1536y - ebi gnEent r o€ col @cyrormic craipagnt vwhien
anounts of position correction are neasured by using the small circles S
captymed by AdpugtigsnenéihohesgR7a andsbn byndtheeaareynn@mndefks 28a
and 28b are roughly | .
the alignment holes 27a and 27b of the first electronic
component 25 and the alignment marks 28a and 28b of the
second electronic component 26 can be picked up at the same
time.
20 In the meantime, as shown in Fig. 8, the horizontal
stand member 40a has position-adjusting tables disposed
thereon for having the two cameras 23a and 23b mounted
thereon, each formed of a combination of an X~direction

slider 52;, a Y-direction slider 52, and a Z-direction

25 slider 52s3. Thus, the position-adjusting tables are



20 adj,usted with respect to the correspondi ng alignnent holes 27a and 27D,
the overall images of the large circles L of the alignnment nmarks 28a and
28b can be easily drawn in the alignnent holes 27a and 27b, respectively.
Wth this arrangenent, when the anobunts of position correction for 25
aligning the alignnment marks 28a and 28b with the centers of - 49 the
al i gnnent holes 27a and 27b are neasured by using the large circles L or
both large and snmall circles L and S, and the alignnent marks 28a and 28b
are finely adjusted with respect to th&atignnent holes 27a and 27b, the
first and 5 second el ectroni c conponents 25 and 26 can be accurately
aligned with each other. Al so, since each of the alignnment marks 28a and

28b s fo.rrﬁ(rﬂrb%gdgn,soztésge@%e%aﬂqgﬁle e Rnen ten dsysigivear ti ol s

are fal set as € sna cles S, the 10 false recognition can.

be corrected as | t eSPeiikn angecd ngl es dndare not found
out si de t?ﬁp%Eﬁﬁég%%n f%dﬂgﬁgﬂ{ cirgﬁgs S, thereby inproving the

recogniti Vo Of s £ach &l hanwenthdredderddpdridi mpantigrenerdach of the
al i gnnentg%a%sl a saér)lolal 15 28b I?s not limted to a double circle, and it

may be foroeds 0574 hiee OTp NoF ecONELNdt | erddyranianmp@ieet €52 Al so, each
of the alignnent holes 27a and 27b and the alignnment marks 28a and 28b are

not |ign tegft o acKOUPLe BAAPSE Al | themgohaveOrce ethanyul tkakhape, a
triangul ar shape, or the 20 |like. Nevertheless, it is preferable, that each

mar ki ng neggst haye &frenadcahapes skdzeardge3norse ¥ta Eingyi PRI FHAYR pi cked
up by the mark-recognition apparatus 23 is uniformregardless of its

orientatigay BS fhdegtthakedppeicability - 50 The present invention is

applicable to, for exanple, a bonding apparatus for alignin d assenbl i ng
a chip menber amidd, sl stevhike Bigshbetthe kerepfargprtaces ot Ahe B

cameras 23a and 23b and the lateral supporting beam 46 have

10 a predetermined gap formed therebetween and have an air duct
53 fixed in the gap and extending in the horizontal
direction. The air duct 53 is intended to suck air around
the cameras 23a and 23b in order to prevent fluctuation of
pickup images caused by air convection due to heat around

15 the cameras 23a and 23b. The air suction of the air duct 53
allows the cameras 23a and 23b to be cooled at the same time.
Meanwhile, under certain circumstances around the_cameras
23a and 23b, cold air may be blown from the air duct 53.

Next, the way of use and an operation of the

20 electronic-component alignment apparatus having the above-
described structure will be described. Basically the
electronic-component alignment apparatus operates in the
same process as that of the electronic-component alignment
method described with reference to Figs. 1 to 5B.

25 Firstly, in Figs. 1 and 6, the first electronic



- 51 ,CLAIMS 1. An el ectronic-conponent alignnment nethod, conprising the
steps of: 5 holding a first electronic conponent with a receiving table,
having two alignment holes perforated at predeterm ned positions thereof so
as to be spaced away from each other by a predeterm ned interval, and
hol di ng a second el ectronic conmponent with a position-adjusting nechani sm
10 having two alignment nmarks forned at predeterm ned positions thereon so
as to have an interval therebetween in agreenment with that between the two
al i gni ng hol es capturing the alignnent3herks and the correspondi ng
alignment holes in the sane fields of view of a markl5 recognition
apparatus in a state in which the alignnent marks of the second el ectronic

conponent_ are [ nts %'Cieéjc}'iél& 6. 13O HRS pRR@1RA ngl itgiient2 Tholaes! eflsche fir st
el ectroniT é%nponent, and neasuring the positions of the two conponents and

20 ad] ustiyng 108, 0N 1d A @fi d hrgroent GEdly orild odrportért with the

position- usti ng nechani sm such that the alignnment marks of the second

el ect 1 oniygo LOTPONEMUdeird REattatiammaied Mos it ienss tiat &t h e & s pdndli ng
es of t%

al i gnnment™ ho e first electronic conmponent, 25 wherein the two
corrponentzﬁi%r e3 al ignes adirasioh widterthe -ax82l Byinser faff iy e above
steps. 2. e el ectroni c-conponent alignment nmethod according to Claim1,
wher eisn t4es dhmsht ansl secohal @@ tom T Yenpbineit SRE N F such that the
al ignment holes and the alignnent 5 marks, respectively, of the_first and
second el estponest coSpereend $uksvantial el ke deptth o3 e sttt the
mar kr ecogni ti on apparatus. 3. The electronic-conponeq%égLi nment net hod
accor di ngtwe &1 hgmmdnt wharks n28aeands? 8 ot e eisT§FP NF S hoves and 10
rotates the second el ectronic conponent in the X and g’fgrecfiggg and in
the B di rechpoment edpecengetlhe dhLGNHRRT S oFandd 428512

el ectroni c-conponent al i gnment net hod_ accordj ng_t i erein the
entire poSG@@@d-QH?QEFPﬂQCnﬁﬁﬁEﬂP§%¥i%gl%rﬁn%%%¥%8?%é$hgﬁ%t%¥?ection on a

vertical plane and bonds_the firs nd ond.ebect renic.coppgpents to each
ot herl.0 5.Cqﬁ§e§P669FBﬁiéiégﬂﬁﬁﬂénﬁog?Fg%ﬁ%n?g%e%ﬁ%dégcgg?d?ﬂg to Claim 1,

wherein the nark-recognition, apparat i t avi ng an
i nterval ?ﬁ%FEE@P%EeﬁgWHOQSPEeggn%8 43 €O"BE! s€&n! ¥Re PEERESEGH g

Then, in a state in which the alignment marks 28a and
28b of the second electronic component 26 are introduced in
the corresponding alignment holes 27a and 27b of the first

15 electronic component 25, the mark-recognition apparatus 23
captures the two alignment marks and the corresponding
alignment holes in the same fields of view thereof and
measures the positions of the two components. In this state,
the lenses of the cameras 23a and 23b have a predetermined

20 focal depth, and the first and second electronic components
25 and 26 are held so that the alignment holes 27a and 27b
and the corresponding alignment marks 28a and 28b lie within
the above focal depth.

As shown in Fig. 4, in this state, for example, an

25 image in a state in which the one alignment mark 28a of the



20 wit,h that between the two alignnent holes of the first electronic
conponent. 6. The el ectronic-conponent alignnent nethod according to Claim
1, wherein the mark-recognition apparatus conprises a canera laterally
movabl e al ong the sane distance as the 25 interval between the two

al i gnnent holes of the first - 53 electronic conponent. 7. The

el ectroni c-conponent alignnent nethod according to Claim1, wherein the

mar k- recogni ti on apparatus conprises two identical |enses disposed so as to
have an interval 5 therebetween in agrderent with that between the two
alignnment holes of the first electronic conponent: and a canera di sposed at
the comon position on the optical paths of the two | enses. 8. An

el ectroni c- conponent al i,gnment a r at.u LSi hg: r iving table
hol di ng 8PPt SeFE FPBﬁgcc88988§§§taEa@Fn%RF§§HgF%gnggnFﬁﬁo§g§ per f or at ed

at predet o nod PosLl gns LBCLRRM 39535ct BcbecspaCedngyints 051 egch of her

by a pre fehd a posSition-adjusting nechani sm hol ding a

second el ectr.oni ¢ .conpanent Igh s, di,gpegediserasaherbkaggat B8 Becei ving
tabl e an&ﬁ&ﬁﬁgﬁdhé§ E&g gﬁ?&ﬁgggtv%gyk? formed at predeterm ned positions

(her 20N 90, 3% 2 NAVGAN JOLAIA!3 N URDNREN B G5 RPNl caéu (134,

bet ween the tWo aligni ng ol es: a mark-recognition apparatus which is

di spoged jear ri‘i’(P . Lhe f e¢airy 1 tAklce ane whihel, alaganenat mairk which the
al i gnfrent farks of the second el ectronic conponent are introduced in the

al i gnment, 0l 85 9fe the Jid Bl RHeehieNicorgnennpateits, icapoduesct He
al i gnnent narks and the - 54 corresponding alignnent holes in the sane

fields ofend eWrdieraofgrahtnersey ey e pos thioss efledteonis conponent s,
wherein, by using i mages whose positions are neasured by the

mar k- 1 ecQgiliddrdh A mmria uhtdited vWn diwpdienics ofr ¢ iBwalafyitée widhteach

ot her by adjusting the position of the second el ectronic _conponent with the
posi t i on-chierst i28p nec henitsmssuste taratt e @ IAGUFMSHe RS DR BY second

el ectroni c conponent |lie at predeterm ned positions in the two alignnent

hol ed0of thwe fighst edmata ghike- conponent .

When such pickup images are obtained, these images are
subjected to image processing by an image-processing
apparatus (not shown) or the like, the center positions of
the alignment holes 27a and 27b and those of the alignment

15 marks 28a and 28b are respectively recognized in the two

pictures 34a and 34b, and the center distance Ra between the
one alignment hole 27a and alignment mark 28a and the center
distance Rb between the other alignment hole 27b and
alignment mark 28b are computed.

20 Fig. 4 illustrates the position-measuring state in
which the center positions of the alignment holes 27a and
27b are misaligned with the corresponding center positions
of the alignment marks 28a and 28b.

Then, as shown in Fig. 4, the position-adjusting

25 mechanism 22 adjusts the position of the second electronic



10 9. The el ectroni c-conponent alignment apparatus according to Cl aim 8§,
wherein the first and second el ectronic conponents are held such that the
al i gnnent hol es and the alignment nmarks, respectively, of the first and
second el ectronic conponents lie within the focal depth of |enses 15 of the
mar k-recogni ti on apparatus. 10. The el ectroni c-conponent alignnment
apparatus according to Caim8, wherein the position-adjusting nechani sm
noves and rotates the second el ectronic conponent in the X and Y directions
and in the 8 direction, 20 respectivel38 on a horizontal plane. 11. The

el ectroni c-conponent alignnment apparatus according to Caim 10, wherein the
entire position-adjusting nechanismis novable in the Z direction on a
vertical plane and nds_.t fir SR 1Rl ned anedipseft s to each
25 ot her .Cpompo-n ij@.s%%&aeecttﬁ%en%{}g onponegfargil%i gnnent appar at us

according.to Claim8,, fur I C [,Sd AN &% drd iared nterva
S S s PR N T e

t her ebet TH e etween the two alignnent holes of the
first electronic co t 4835 gritn te Rt e P T cotp @Tanto altilgnnent
appar at usp%%Jc%i’%rilsng{?o % a?wn%?& Wherein the mark-recognition apparatus

conpri ses f¥§@qgi€%{§5§i@Jégmﬁgwgg&EQQJong the sane distance as the

i nterval Dbetween e two alignnent holes of the first electronic conponent.
10 14 The el AN E GRIRANEMheAld grirERrn -appjarsating accdediieg 2¢ C ai m 8,
wherein the mark-recognition apparatus conprises two identical |enses

di sposed ﬁﬁoﬁﬁ 19 hays.ap hndevves aderebecdesn an byrakkEntthE tH'? hat
between the two alignnment holes of the first el ectronic,_  conponent; and a 15
canera di spageHentstiPg noming podi robat bng tHee opererd PEERS YF1Ehe two

| enses. 15. An el ectronic-conponent alignment nethod, conprisin %ge st eps
of : arrangbmgohbnst 2andesdcenthetbet positieonpénesitsne oy hapl ¢ ce each
other, the first conponent having a pair of alignnment holes for Q gt
predeternhaedngosheibnsdﬁhgrégblsa4asniérB@S§%a€%ﬁrggﬁgw??8n%%agﬁ ot her by
a predetermned interval, and the secgnd,co pnent havingirgfgd oL

pol ygdnal aaHi §noenectéeks, aedchnf SPfe %&r%g€¥%?al¥?§p%? al T ghhent 25

markings ggibggaﬂtzfaﬁiﬂtti%zgin%gg 89g%gﬂgégcﬁglXnérﬁﬁngfdnecessary,

and ideally by bringing the centers of the one alignment
hole 27a and alignment mark 28a in agreement with each other
and also the centers of the other alignment hole 27b and

15 alignment mark 28b in agreement with each other.

The remaining part of the process is the same as that
of the foregoing adjustment method and will be therefore
omitted.

In the above description, although the mark-recognition

20 apparatus 23 is equipped with the two cameras 23a and 23b as
shown in Figs. 1, 3, and 8, the present invention is not
limited to this structure, and it may be equipped with a
camera laterally movable along the same distance as the
interval p between the two alignment holes 27a and 27b of

25 the first electronic component 25.



- 56 formed so as to have an interv i
_ ‘ ( al therebetween in agreenent with
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5 first electronic component 25 and a camera 55 disposed at
the common position on the optical paths of the two lenses
54a and 54b.
The two lenses 54a and 54b serve as objective lenses
for capturing the two alignment holes 27a and 27b and the
10 two alignment marks 28a and 28b (not shown) therethrough,
respectively, and have the same depth of focus as each other.
The camera 55 has another lens 56 serving as an image-
forming lens disposed right in front thereof, and the two
lenses 54a and 54b and the other lens 56 are fixed inside a

15 Dbifurcated lens barrel 57 having a common root for the two

lenses.

The first lens 54a and the camera 55 have a first half-
mirror 58a, a total reflection mirror 59, and a second half-
mirror 58b disposed on the optical path extending

20 +herebetween, the second lens 54b and the camera 55 have a
third half—mirror 58c and the second half-mirror 58b
(commonly used for both lenses 54a and 54b) disposed on the
optical path extending therebetween, and the optical path
petween the first lens 54a and the camera 55 has the same

25 length as that between the second lens 54b and the camera 55.



25 to.Claim 15, wherein the first electronic conmponent is a
_ J - o7
nmenber of a print head of an image-formng appa?gtus, and the secondnOZZIe
g:ectron!c component is a chip of the print head. 19. The

| ectroni c-conponent alignment nethod according 5 to Caim18, wh [
grsgnhgetchlpkls ;abLicaLed by formng a circuit on a substraie SLgln’

nt marks of the chip are f d i i : i

allgnment marks of the p ornmed outside the region of the chip where
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2L2322§kqﬁﬂg;%rft%fn ﬁaéf ﬁOa disposed at the bottom thereof, and a
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is turned on by switching over therebetween, only the first
lens 54a captures the one alignment hole 27a and alignment
15 mark 28a in the same field of view thereof so as to measure
the positions of these hole and mark, or only the second
lens 54b captures the other alignment hole 27b and alignment
mark 28b in the same field of view so as to measure the
positions of these hole and mark.
20 Alternatively, the mark-recognition apparatus may be
used such that the first and second illumination lamps 60a
and 60b are turned on at the same time and such that, by
using an imagé in which left and right pictures respectively

picked up_through the first and second lenses 54a and 54b

25 overlap with each other, the right and left pictures are
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right pictures are picked up while half the fields of view
of the first and second lenses 54a and 54b are masked and

10 such that, by using an image in which the left and right
picked-up pictures overlap with each other, the right and
left pictures are separated from each other and are then
subjected to image processing so as to measure the positions
of the two alignment holes 27a and 27b and the two alignment

15 marks 28a and 28b.

Although each of the two alignment holes 27a and 27b of
the first electronic component 25 and the alignment marks
28a and 28b of the second electronic component 26 is two-
dimensionally round in the above description as shown in

20 Figs. 2B and 4, it may have another shape as long as its
position is easily measured and its center is easily
detected. In addition, the first electronic component 25
and the second electronic cbmponent 26 are not limited to a
board and a chip, and they may be other appropriate

25 electronic components.



10T 10T 10T8#10%& ()-"

1 Z[ 9~ =$! yO9$10%&' ()-s' #10%@& ()-!ys' #109%& ()-9$10%@& ()-!~9$10%°P& ()-! ~9%
1098 ()-1""""" #e# $~\:$!! @$10%& ()-! @$10%b& ()-! @ $10%b& ()-310%& () -
10@ 10@ 10@09%$10%@& () -

SMB: 986 &MRT' z[ 9~\: $! IMB10%Db&' () - IMBLO%E& () -! OMBL0YD0&' () -! OIMBLOY& () -! OMB
1098 ()- @ $10%& ()-T' """ ' (/))~\:$!!S9$10%@& () - $!

S9$109&' () - $! S9$10%&' () - $10%@& ()- 10U 10U 10ULIMBLOY%I ()-) _*a++,,,,, WXVBY
10@ 10@ 10@ 1L$10%@& ()-! - 39 - B

1L$10900&' () - ! DS9$10%@e® () - $!, S9$10%@& () - $! S9$10%&' ()-$, - % - . . #/ ~\ =MB7
10#109F°& () -z! #109& () -z| SH109T& ()-! | SH10%PP& () - | SH100G

U& ()‘10%T&:§§1§/OB@ l%1X2§3£B<$ze%OIMRQS#iQ%QH& the! shape of each

1- #109%& () - W& ()-!":310%& ()-L&$L10YTE& ()-2z! L&SL10YK' () -22222~3344gH7
10Tm Mb1QA@cfsr{rrtMrduhh0 %k dord¥in@ 1Y @& thier! le@bbaiRied t(.) - THEY@AmE) - 10Tm
parts as in the above-described embodiment are denoted by
the same reference numerals, and the description thereof

5 will be omitted.

Bs shown in Fig. 3, each of the alignment marks 28a and
28b is formed such that two large and small circles are
concentrically arranged so as to provide an outside diameter
of about 30 pum and an inside diameter of about 15 um. For

10 example, it is provided by forming a small circle S by
etching a central part of a large circle L formed of an
aluminum thin film. In the meantime, of a plurality of
alignment markings having different sizes and concentrically
arranged so as to form a polygonal alignment mark, the large

15 circle L represents a large alignment marking and the small
circle S represents a small alignment marking.

To be more specific, as shown in Fig. 11, when a power-
source wiring pattern 76, a ground-wiring pattern 77, and a
second-layer wiring pattern of a wiring pattern 78

20 connecting a MOS driver-transistor 73 to the corresponding
heater 30 are formed on the surface layer of a chip formed
by sequentially laminating MOS (metal oxide semiconductor)
transistors 72 and 73, a first-layer wiring pattern 74, and
the heaters 30, having an interlayer insulating film 75

25 interposed thereamong, on a silicon substrate 71, each of
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formed.

5 As described above, each of the alignment marks 28a and
28p is formed so as to have a double circle having the large
and small circles L and S because of the following reasons.

A resolution of image processing generally has a positive
correlation with the peripheral length of a recognized image.

10 Accordingly, the large circle L having a large peripheral
length has an advantage in high alignment accuracy. However,
the larger the large circle L, the overall images of the
large circles L of the alignment marks 28a and 28b are less
likely to be captured in the corresponding alignment holgs

15 27a and 27b at a preliminary alignment stage where the first
and second electronic components 25 and 26 are placed at
respectively predetermined positions, thereby leading to a
disadvantage in requirement of higher accuracy for the
preliminary alignment. On the other hand, although the

20 small circle S having a small peripheral length leads to low
alignment accuracy because of a low resolution of image
processing, its small size leads to an advantage that the
overall images of the small circles S are more likely to be

captured in the corresponding alignment holes 27a and 27b at

25 the preliminary alignment stage. Hence, the double circle
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alignment holes 27a and 27b has a diameter of 60 um, and

5 each alignment mark is formed so as to have a single circle
having a diameter of 20 um, an accuracy required for the
preliminary alignment is within %20 pm with respect to each
of the center distances between the alignment holes 27a and
27b and the corresponding alignment marks. Also, it is

10 expected that an image-processing accuracy in this case is
proportional to the square root of the peripheral length of
each marking means, thus it is estimated that the ratio of
image-processing accuracies in the above example case is
13.7 to 7.9.

15 On the other hand, when each of the alignment marks 28a
and 28b according to the present invention is formed so as
to have a concentric double circle with the large and small
circles L and S having diameters of 30 pm and 15 pm,
respectively, a preliminary-alignment accuracy is within

20 +22.5 pm with respect to each of the center distances
between the small circles S of the alignment marks 28a and
28b and the corresponding alignment holes 27a and 27b,
thereby leading to a more lenient requirement for the
accuracy than in the case where each of the above-mentioned

25 alignment marks is formed so as to have a single circle.
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the ratio of the square root of the peripheral length of the
large circle L of each of the alignment marks 28a and 28b to
that of each of the alignment holes 27a and 27b, the ratio

5 of the image-processing accuracies becomes 13.7 to 11.9,
whereby the alignment accuracy between the alignment holes
27a and 27b and the corresponding alignment marks 28a and
28b is considerably improved.

Accordingly, by forming the alignment marks 28a and 28b

10 so as to have a double circle, the overall images of the
small circles S of the alignment marks 28a and 28b are
highly likely to be captured in the corresponding alignment
holes 27a and 27b. Also, when the electronic components 25
and 25 are roughly adjusted by using the small circles S sO

15 that the overall images of the large circles L are captured
in the alignment holes 27a and 27b, and the overall images
of the large circles L are resultantly captured, the
alignment marks 28a and 28b are accurately aligned with the
alignment holes 27a and 27b by finely adjusting the above

20 electronic components by using the large circles L or both
large and small circles L and S.

When both images of bne of the alignment holes 27a and

27b of the first electronic component 25 and the

corresponding one of the alignment marks 28a and 28b of the

25 second electronic component 26 are recognized by the mark-
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and 28b are aligned with each other in accordance with a

processing procedure shown in Fig. 12.

5 _ First, in Step Sl,.images of the alignment holes 27a
and 27b and the alignment marks 28a and 28b are captured by
the mark-recognition apparatus 23. Then, in Step S2, the
small circles S of the alignment marks 28a and 28b are
searched in the corresponding alignment holes 27a and 27b.

10 When the overall images of the small circles S are not found
in the alignment holes 27a and 27b due to insufficient
fixing accuracy of the second electronic component 26 with
respect to the bonding tool 24, fractures of the alignment
marks 28a and 28b, or the like, the process ends up wrong

15 ©processing (in Step S3) and the alignment stage ends.

Then, the position-adjusting mechanism 22 shown in Fig.
1 moves up and, as shown in Fig. 3, forms the chip-transfer
gap r below the lower surface of the bonding tool 24 so as
to replace the second electronic component 26 with a new one.

20 In the meantime, in Step S2, instead of being automatically
searched as described above, the small circles S may be
manually searched while the images thereof being visually

observed in the corresponding alignment holes 27a and 27b.
Meanwhile, when the overall images of the small circles

25 S are recognized in Step S2 as shown in Fig. 13A, the



I MB1O%E*& ()- ! MB10% ) & ()- ! MB10%e& () -
>1109@& ()-J{{d[[||||# ~ =y! ! Y@10%=& ()-yML0% u& ()- 10zs 10zs
10zsF1#10%s& ()-! F1#109& ()-' $109%& ()-#}}}~~~}~2~ =yl 11191 10% u& () - &$10%
ig&;\l(zééllggs}lﬁge/i/f I()-2%18% u& ()- Y@10% u& ()-y! Y@10%=& ()-yli QR [ <1=

- 6 N& ()-1~29$10% . & ()-d 110% u& ()-%9$10% u& ()-Z 19 & () -
| x99$10%Iu& ()-Z RST] Hao= 0 ous ()-98910% s () ORLOME ) -2

10-N L' $109008 () - T! @100 () - ~@10%G0K () - | ~@1L0%0K () -1+ 10000 ()~ 10-
10- Nz[ PE: 10-N 10 10 0 H--@ ()-!:10%008 ()- 10-N

UR ()-1!" 0 - ' :
1 1S ) IR ;SR 0,1 U gk - stove
& () - MLOPBE-EhsFnboBEPZRAY¥L epOSUs MaAYYEMOINt s of position correction
of the small circles S with respect to the center positions
of the alignment holes 27a and 27b are measured by using the
image of the small circles S.

5 Then, the second electronic component 26 is driven to
move in the X or Y direction or to rotate in the 0 direction
by the position-adjusting mechanism 22 shown in Fig. 1, so
that the small circles S of the alignment marks 28a and 28b
are drawn in the arrow A-direction (see Fig. 13A) toward the

10 centers O of the alignment holes 27a and 27b. With this
arrangement, the first and second electronic components 25
and 26 are roughly adjusted (see Fig. 13B).

Next, the large circles L of the alignment marks 28a
and 28b are searched in Step S5. When the overall images of

15 the large circles L are not recognized in this step, for
example, when the images of the corresponding small circles
S are recognized in Step S2 based on false recognition of
foreign particles, when misalignment between the center
positions of the large and small circles L and S due to

20 forming errors of the alignment marks 28a and 28b causes
parts of the large circles L to lie behind the alignment
holes 27a and 27b and to be invisible despite of the drawing
operation of the small circles S in Step S4, and .resultantly
the large circles L not to be recognized as circles, or when

25 system noise or the like causes the large circles L not to
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be recognized as circles, the process ends up wrong
processing (in Step S6), and the alignment stage ends.
Then, the position-adjusting mechanism 22 shown in Fig.
1 moves up and, as shown in Fig. 3, forms the chip-transfer
5 gap r below the lower surface of the bonding tool 24 so as
to replace the second electronic component 26 with a new one.
Also, as shown in Fig. 13B, when the overall images of
the large circles L of the alignment marks 28a and 28b are
recognized in Step S5, the process moves to Step S7, and it
10 is determined whether or not each of the recognized
alignment marks 28a and 28b forms a double circle. The
criterion of determination about the double circle is based
on whether or not the centers of the large and small circles
L and S lie substantially in agreement with each other and
15 these circles substantially form a concentric circle. When
it is determined in Step S7 that each of the recognized
alignmeht marks does not form a double circle, in other
words, when the center positions of the large and small
circles L and S are misaligned with each other due to
20 forming errors of the_alignment marks 28a and 28b as
described above, the process ends up wrong processing (in
Step S8), the alignment stage ends, and the second
electronic component 26 is replaced with a new one in the
same fashion as described previously.

25 On the other hand, when it is determined in Step S7
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that each of the recognized alignment marks 28a and 28b
forms a double circle, the process moves to Step S9, and the
center distances between the alignment holes 27a and 27b and
the corresponding alignment marks 28a and 28b are measured

5 so as to compute amounts of position correction. For
example, the amounts of position correction aﬁe measured on
the basis of the large circles L of the alignment marks 28a
and 28b ot are provided as the mean values of respective
amounts of correction measured on the basis of the large and

10 small circles L and S of the alignment marks or as amounts
of correction obtained by computing the ratio of the size of
the large circle L to that of the small circle S and by
weighting the respective amounts of correction in accordance
with the computed ratio.

15 When the amounts of position correction are measured,
the second electronic component 26 is driven to move in the
X or Y direction or to rotate in the 0 direction by the
position-adjusting mechanism 22, so that the alignment marks
28a and 28b are respectively drawn in the arrow B-direction

20 (see Fig. 13B) toward the centers O of the alignment holes
27a and 27b.

With this arrangement, the first and second electronic

components 25 and 26 are finely adjusted such that the
center positions of the alignment holes 27a and 27b and the

25 corresponding alignment marks 28a and 28b are aligned with
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and between the alignment marks 28a and 28b shown in Figs.
2A and 2B are not equal to each other due to a forming error
5 of each marking means, a difference in thermal expansion of
the two electronic components, or the like, the alignment
holes 27a and 27b and the corresponding alignment marks 28a
and 28b are aligned with each other so as to be symmetrical
with respect to each other on the center line connecting the
10 alignment holes 27a and 27b.

When fine adjustment for aligning the first and second
electronic components 25 and 26 with each other is finished
as described above, the process moves to Step S10, and it is
determined whether or not misalignments of the center

15 positions between the alignment holes 27a and 27b and the
corresponding alignment marks 28a and 28b are within a
specified value. When the misalignment between the
alignment hole and the corresponding mark is within the
specified value, the alignment is finished (in Step S11).

20. When, the misalignment between the alignment hole and the
alignment mark is out of the specified value, the alignment
is performed by repeating Steps S1 to SI10.

When the alignment is finished in accordance with the
above-described processing procedure, the position-adjusting

25 mechanism 22 shown in Fig. 1 moves down slowly, and the
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first and second electronic components 25 and 26 are
assembled with each other. Then, heating means formed in
the receiving table 21 and the bonding tool 24 are heated so
as to bond the first and second electronic components 25 and
26 to each other, having the dry-film resist 32 disposed on
the bonding surface of the second electronic component 26
interposed therebetween.

In accordance with the above-described electronic-
component alignment method, since each of the alignment
marks 28a and 28b is formed so as to have a double circle
with large and small circles, at the preliminary alignment
stage of the first and second electronic components 25 and
26, the overall images of the small circles S of the
alignment marks 28a and 28b are easily captured in the
alignment holes 27a and 27b, respectively, thereby leading
to lenient preliminary-alignment éccuracy. Accordihgly,
when amounts of position correction are measured by using
the small circles S captured in the alignment holes 27a and
27b, and the alignment marks 28a and 28b are roughly
adjusted with respect to the corresponding alignment holes
27a and 27b, the overall images of the large circles L of
the alignment marks 28a and 28b can be easily drawn in the
alignment holes 27a and 27b, respectively. With this
arrangement, when the amounts of position correction for

aligning the alignment marks 28a and 28b with the centers of
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the alignment holes 27a and 27b are measured by using the
large circles L or both large and small circles L and S, and
the alignment marks 28a and 28b are finely adjusted with
respect to the alignment holes 27a and 27b, the first and
second electronic components 25 and 26 can be accurately
aligned with each other.

Also, since each of the alignment marks 28a and 28b is
formed so as to have a double circle, even when foreign
particles are falsely recognized as the small circles S, the
false recognition can be corrected as long as the
corresponding large circles L are not foﬁnd outside the
corresponding small circles S, thereby improving the
recognition accuracy of each alignment mark.

In the meantime, each of the alignment marks 28a and
28b is not limited to a double circle, and it may be formed
of three or more concentrically arranged circles. Also,
each of the alignment holes 27a and 27b and the alignment
marks 28a and 28b are not limited to a round shape, and it
may have a rectangular shape, a triangular shape, or the
like. Nevertheless, it is preferable that each marking
means have a round shape since edge noise of a digital image
picked up by the mark-recognition apparatus 23 is uniform

regardless of its orientation.

Industrial Applicability
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The present invention is applicable to, for example, a

bonding apparatus for aligning and assembling a chip member

with a plate-like or sheet-like board.
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1. An electronic-component alignment method, comprising
the steps of:

5 holding a first electronic component with a receiving
table, having two alignment holes perforated at
predetermined positions thereof so as to be spaced away from
each other by a predetermined interval, and holding a second
electronic component with a position-adjusting mechanism,

10 having two alignment marks formed at predetermined positions
thereon so as to have an interval therebetween in agreement
with that between the two aligning holes;

" capturing the alignment marks and the corresponding
alignment holes in the same fields of view of a mark-

15 recognition apparatus in a state in which the alignment
marks of the second electronic component are introduced in
the corresponding alignment holes of the first electronic
component, and measuring the positions of the two
components; and

20 adjusting the position of the second electronic
component with the position-adjusting mechanism such that
the alignment marks of the second electronic component lie
at predetermined positions in the corresponding alignment
holes of the first electronic component,

25 wherein the two components are aligned with each other
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by performing the above steps.
2. The electronic-component alignment method according to
Claim 1, wherein the first and second electronic components
are held such that the alignment holes and the alignment
5 marks, respectively, of the first and second electronic
components lie within the focal depth of lenses of the mark-
recognition apparatus.
3. The electronic-component alignment method according to
Claim 1, wherein the position-adjusting mechanism moves and
10 rotates the second electronic component in the X and Y
directions and in the O direction, respectively, on a
horizontal plane.
4. The electronic-component alignment method according to
Claim 3, wherein the entire position-adjusting mechanism is
15 movable in the Z direction on a vertical plane and bonds the
first and second electronic components to each other.
5. The electronic-component alignment method according to
Claim 1, wherein the mark-recognition apparatus comprises
two cameras having an interval therebetween in agreement
20 with that between the two alignment holes of the first
electronic component.
6. The electronic-component alignment method according to
Claim 1, wherein the mark-recognition apparatus comprises a
camera laterally movable along the same distance as the

25 interval between the two alignment holes of the first
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electronic component.

7. The electronic-component alignment method according to
Claim 1, wherein the mark-recognition apparatus comprises
two identical lenses disposed so as to have an interval

5 therebetween in agreement with that between the two
alignment holes of the first electronic component; and a
camera disposed at the common position on the optical paths
of the two lenses.

8. An electronic-component alignment apparatus,

10 comprising:

a receiving table holding a first electronic component
having two alignment holes perforated at predetermined
positions thereof so as to be spaced away from each other by
a predetermined interval;

15 a position-adjusting mechanism holding a second
electronic component which is disposed so as to face the
receiving table and which has two alignment marks formed at
predetermined positions thereon so as to have an interval
therebetween in agreement with that between the two aligning

20 holes;

a mark-recognition apparatus which is disposed rearward
of the receiving table and wﬁich, in a state in which the
alignment marks of the second electronic component are
introduced in the alignment holes of the first electronic

25 component, captures the alignment marks and the
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corresponding alignment holes in the same fields of view
thereof and measures the positions of the two components,
wherein, by using images whose positions are measured

by the mark-recognition apparatus, the two components are

5 aligned with each other by adjusting the position of the
second electronic component with the position-adjusting
mechanism such that the alignment marks of the second
electronic component lie at predetermined positions in the
two alignment holes of the first electronic component.

10 9. The electronic-component alignment apparatus according
to Claim 8, wherein the first and second electronic
componehts are held such that the alignment holes and the
alignment marks, respectively, of the first and second
electronic components lie within the focal depth of lenses

15 of the mark-recognition apparatus.

10. The electronic-component alignment apparatus
according to Claim 8, wherein the position-adjusting
mechanism moves and rotates the second eleétronic component
in the X and Y directions and in the 0 direction,

20 respectively, on a horizontal plane.

11. The electronic-component alignment apparatus
according to Claim 10, wherein the entire position-adjusting
mechanism is movable in the Z direction on a vertical plane
and bonds the first and second electronic components to each

25 other.
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5 13. The electronic-component alignment apparatus

according to Claim 8, wherein the mark-recognition apparatus

'comprises a camera laterally movable along the same distance
as the interval between the two alignment holes of the first
electronic component.

10 14. The electronic-component alignment apparatus
according to Claim 8, wherein the mark-recognition apparatus
comprises two identical lenses disposed so as to have an
interval therebetween in agreement with that between the two
alignment holes of the first electronic component; and a

15 camera disposed at the common position on the optical paths
of the two lenses.

15. An electronic-component alignment method, comprising
the steps of:
arranging first and second electronic components so as

20 to face each other, the first component having a pair of
alignment holes formed at predetermined positions thereof so
as to be spaced away from each other by a predetermined
interval, and the second component having round or polygonal
alignment marks, each formed by a plurality of alignment

25 markings having different sizes and concentrically arranged,



| #$YR () *+, - ./ 0123456789: ; <=>? @GABCDEFGHI JKLMNOPQRSTUWIKYZ[ \ |

- 56 -

formed so as to have an interval therebetween in agreement
with that between the alignment holes;
roughly adjusting the first and second electronic

components by capturing the overall image of a small

5 alignment marking of each alignment mark in the
corresponding alignment hole so as to capture the overall
image of a large alignment marking of the alignment mark in
the corresponding alignment hole by using the small
alignment marking;

10 measuring an amount of position correction for aligning
the alignment mark with the center of the corresponding
alignment hole by using the large alignment marking or the
large and small alignment markings; and

finely adjusting the first and second electronic

15 components so as to be aligned with each other by relatively
moving the second electronic component by the amounts of
position correction.

16. The electronic-component alignment method according
to Claim 15, wherein each alignment mark is formed by

20 concentrically arranging a plurality of circles having
different sizes.

17. The electronic-component alignment method according
to Claim 16, wherein each alignment mark is a double circle.
18. The electronic-component alignment method according

25 to Claim 15, wherein the first electronic component is a
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nozzle member of a print head of an image-forming apparatus,
and the second electronic component is a chip of the print
head.

19. The electronic-component alignment method according
to Claim 18, wherein, when the chip is fabricated by forming
a circuit on a substrate, the alignment marks of the chip
are formed outside the region of the chip where the circuit

is formed.



