30 March 2007 - 1 DESCRIPTION ELECTRONI C- COVPONENT ALIgﬁ%E zﬁiﬁOD AND
APPARATUS THEREFOR 5 Technical Field The present inventi @ig

el ectroni c- conponent alignnent nethod for aligning two electronic
conponents with each other by using marking nmeans formed in these

el ectroni c conponents and also to an apparatus 10 therefor. Background Art
As shown in Figs. 14 and 15, a known bondi ng apparatus for aligning a chip
menber with a plate-like or sheet-like 15 board and then assenbling
therewith is formed by head-noving neans 5 for. driving a pressure head 4

di sposed so as to be vertically novablie along a guide 3 di sposed on a side
surface of a supporting nenber 2 disposed on a stand 1 in a standing .
manner; a pressing nmeans 6 fixed to the head-noving 20 neans 5, for
applying a predeterm ned | oad on the pressure head 4; a stage 7 disposed
on the stand 1 so as to face the DS réOead 4; and a mark-recognition
apparatus 8 insertably disposed between the pressure head 4 and the stage
7. 25 The stage 7 is novable in the X and Y directions and 30 March 2007 2

rotat a_b | eELECTIRO?\IIC LSRR Bhr NMEN?EX'MSET%HDV'P&% ?%%'f’A%%TUS THEREFOR

5 Technical Field
The‘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 also 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 1l so as to faée 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




a Y-axis driving source 13, and a O-rotation driving source (not shown),
respectively, and the head-noving neans 5 is novable in ﬁﬁ@ﬂzchlpgétlon by
a Z-axis driving source 14. 5 Also, as shown in Fig. 16, the

mar k-recognition apparatus 8 has a structure in which a camera unit 8a has
two caneras 8b and 8c horizontally juxtaposed therein in a state in which
the optical axes of pickup |enses thereof 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

bet ween the caneras 8b and 8c (see, -f gr -exanpl e, Patent Docunent 1
‘(Japanese Unexam ned Patent Application Publication No. 2000-94232 (page
-4, Fig. 2))). 15 Wien a chip nenber 10 is aligned and assenbled with a
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has a structure in which a camera unit 8a has two cameras 8b
and 8c horizontally juxtaposed therein in a state in which
" the o?tical axes of pickup lenses thereof agree with each
other, and a double-face reflective mirrér 8d whose both
10 surfaces are parallel to each other and reflective is
disposed at an angle of 45 degrees and between the cameras
8b and Bc (see, for example, Patent Document 1 {Japanese

 Unexamined Patent Application Publication No. 2000-94232

~(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
Vapparatus having the above-mentioned structure, in a state
in which the head-moving means 5 and the pressure head 4 lie
at the uppermost positicn, 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 apparétus 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




overlying chip nmenber 10 at the same tine. Then, the head-mv means 5 is
Iomergd gy dr?ving the Z-axis driving source 14 in the aﬁﬁ3éwag§8?rbed o
state and is 5 stopped at a position where the alignnment nmark of the chip
menber 10 is clearly recognized by the mark-recognition apparatus B. \Wen
the two alignment marks of the board 9 and the chip nmenber 10 are _
recogni zed by the mark- recognition apparatus 8, control nmeans 15 shown in
Figs. 14 10 and 15 noves the stage 7 by driving the X-axis driving source
12, the Y-axis driving source 13, and the 6-rotation driving source (not
shown) so as to bring the two alignment3 +marks of the board 9 and the chip
menber 10 in agreenent wth each other. 15 When the two. alignnent marks

- of the board 9 and the chip nenber 10 are brought i nt o agr eenent mﬁth each

ﬁéﬂﬁreraioréﬁ%ﬁ%%ﬂ Fbfent %o STEG R iRl dmdl G =R bt us 8
i's retrae(g‘eéir ?ﬁ%%& té@rtﬂends'a%et ecd 20 in Fig. 15, the pressi ng

means 6 is ac a pressing Shaft 6a so as to press the

pressure headTﬁ'%p 2§gﬁfgﬁvqﬁgpg%§g§eg }%Ol%wgkgaeg¥ agtachedggn
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member 10 is clearly recognized by the mark-recognition
apparatus 8. When the two alignment marks of the board 2
and the chip member 10 are recognized by the mark-
recognition aéparatus 8, control means 15 shown in Figs. 14
10 and 15 moves the stage 7 by driving the X~axis driving
| source 12, the Y~axis driving source 13, and the O6-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 atteched on, assembled
with, and boﬁded 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




inserted therebetween, the mark-recognition apparatus 8 req&ires a
sufficient distance between the board 9 and the chip ment38Mawhdg80%hs to be

inserted therebetween. 5 As a result, as shown in Figs. 17A and 17B, even
when an alignment mark 9a of the board 9 and an alignnent mark 10a of the
chip nmenber 10 are accurately aligned with each other as shown in Fig.

17A, after the alignnent, the chip nenber 10 nust be |owered a | ong
distance in the arrow C 10 direction until comng into close contact with
the board 9 as shown in Fig. 17B. This causes a.noving error due to
unsatisfactorily accuracy of a mechanigmfor |owering the chip nenber 10,
and,, as shown in Fig. 17B, sonetines causes a msalignnent 8 of 15 the

al i gnnent marks 9a and 10a of the board 9 and the chip nenber 10 with each
ot her. Accordinﬁly, sonetines the board 9 and the chip nenber 10 are not

accur at el YPBFF ghR dPHF t ArMRRAdNY diite ma s cognidiamn appariegus1é, a

recogni tion eryor €ban so 20 forth be[yeen two i nages exist due to a
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all these errqrs, 30:39¢Urakeshoun in Figs. 174 and 17B, even when
an alignment mark 9a of the board 9 and an alignment mark
10a of the chip member 10 are accurately aligned with each
other as shown in Fig. 17A, after the alignment, the chip
member 10 must be lowered a long distance in the arrow C-
10 direction until coming into élose contact with the board 9
as shown in Fig. 17B.
This causes a moving error due to unsatisfactorily
accuracy of a mechanism for lowering the chip member 10, and,
~ as shown in Fig. 17B, sometimes causes a misalignment 8 of
15 the alignment marks 9a and 10a of the board 9 and the chip
member 10 with each other. Accordinély, sometimes the board
7 9 and the chip membgr 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




correction-mechani smand a conplicated nmechani smcontrol are needed

t hereby causing a risk that the apparatus becones expensi§@ﬁdeh§@Q%sure of
| nventi on Enbodi nents of the present invention provide an el ectronic-
conponent alignnment method and an apparatus therefor with which the above
probl ens can be solved and two el ectroni c conponents can be accurately
aligned with each other such that a mark-recognition apparatus captures
nmut ual Iy correspondi ng al i gnment marki ng-nmeans of the two conponents in
the sane fields of view thereof and neasures the positions of the two
conponents. According to a first aspectb of this invention, there is

provi ded an el ectroni c-conponent alignnment nethod conprising the steps of:
hol ding a first electronic conponent with a receiving table, having two

al i gnrepimdial e perberaled it BLedet LM Ned (1RQS! L0 T ey %ghﬁfﬁa@s to be
spaced away from each other by a predetermned interval, and holding a
SeC0ndbdﬁfﬁﬁﬁiﬁﬁ*mGQQHﬁﬂﬁﬁn&ndVﬂtébﬁ?ﬂlﬁﬁﬂédo&e@ﬂhﬂfémfﬁbﬂﬁ¥ﬁwﬂaﬁaﬂne@aéap9
two alignnment marks formed at predeterm ned positions thereon so as to
have dmeraehweassingeser bek weent i theagipparantis Wédondmtedpensten.t he two
aligning holes; capturing the alignment marks and the correspondi ng 30
March 2007 6 alignnment holes in the sane fields of view of a

mar k- recogni tion pparatus in a state in which the alignment nmarks of the
second 13838??5%i%? BheAP are introduced in the corresponding ali gnment

oL o B b e AR TR L o B R oL 1 075
component alignment method and an apparatus therefor with which the '
above problems can be solved and two electronic components can be
accurately aligned with each other such that a mark-recognition
apparatus captures mutually corresponding alignment marking-means
of the two components in the same fields of view thereof and

measures the positions of the two components.

According to a first aspect of this invention, there is
provided an electronic~component alignment method comprising 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 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 there between in agreement with that between the two

aligning holes; capturing the alignment marks and the corresponding




second el ectronic conponent with the position-adjusting mechani sm _such
that the alignnent marks of the second el ectronic conponeﬁphmFP 20047
predeterm ned positions in the corresponding alignnment 10 holes of the
first electronic conponent, wherein the two conponents are aligned with
each other by performng the above steps. Wth such a configuration, the
first electronic conponent having the two alignnment holes perforated at 15
predeterm ned positions thereof so as to be spaced away from each ot her by
a predetermned interval is held with the receiving table, and also the
second el ectroni c conmponent having thegwo alignnment marks fornmed at
predeterm ned positions thereon so as to have an interval there between in
20 agreenent with that between the two alignnent holes is held with the

ition-adi i hani Th i in which th i,
oo, L38O0, TGN SMhnl Wi dd & S0 Bl B ALEDC Dl gpe

mar ks e secon ctroni c

corregpoRdhAg ald gNRAkNeheanotn {he Jﬂiro%ﬁne%lt?ﬁgﬁ:ggi 8f0€%?%§c3§r% the

mar k-recogni ti on apparatus 25 captures the alignnent ma e
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measures the positions of the two conponents, and the position-adjusting
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"such that the alignment marks of the second electronic component
lie at predetermined positions in the corresponding alignment 10
holes of the first electronic component, wherein the two
components are aligned with each other by performing the above
steps.
With such a configuration, the first electronic component
having the two alignment holés perforated at 15 predetermined
poéitions 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
there between 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




does not lie between the two el ectronic conmponents to be aligned with each
other, a noving distance of the second 10 el ectronic conpdAe¥rchieNy whi ch
its position is adjusted is snmall, and no recognition errors of the inmages
and the |like occur since the mark-recognition apparatus captures inages

of the two electronic conponents in the same fields of view thereof and
measures the positions of the two conponents, 15 whereby the two conponents
are accurately aligned with each other. Also, the first and second

el ectroni c conponents are held such that the alignment holes and the
alignment marks, respectively, of the §irst and second el ectronic
conponents 20 lie within the focal depth of |enses of the mark-recognition
apparatus, whereby the nmark-recognition apparatus focuses on both the
alignment hole of the first electronic conponent and the corresponding

al i gnnent SABEkEIbeldRcolckbnd thererf crnd moaporentths pesiviqiskofip t hem at
the same tinme. 25 In addition, the position-adjusting mechanismallows 30
March 200%Pe-tgo EHEPeReBhE: ePRet Fiomi ROTbRhoREId ] Ut Iny aneghhic@mt e i n the
X and Y directions and in the 0 direction, respectively, on a horizontal
pl ane, andlANSS t Hee ohesH el pRsPt | it BTRRT Rl e FHelditit siamEenaiiuch n t he
Z directipon on tical plane, 5 ereby the first and second el ectronic

conponent §2&F etﬁ%?/"? %ﬁ“%“fﬁ“@%{l&% Hete SRFAIE AT BIHF FTPBEEH ot her .
Furt h_%r O Fe é[é]eprrreaéé(fégrgf ené tfjwoosnit%pcglasr %Enusthies ae‘L uginrlgrPe%cii: holes of the
first electronic component.

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—:ecognitioh apparétus captures images

- 0f 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 focﬁses on
both the alignment hole of the first electronic 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




with two cameras havi ng an interval therebetween in agreenent with that
between the two alignment holes of the 10 first el ectroni Mushdd¥ht
whereby the positions of the two el ectronic conponents are neasured at once
with respect to the two alignment holes and are thus quickly aligned with
each other. Al so, the mark-recognition apparatus is equipped with a 15
canera laterally novable along the sane di stance as the interval between
the two alignnment holes of the first electronic conponent, thereby
achieving a sinple and conpact nark-recognition apparatus. In addition,
t he mark-recognition apparatus is equipped 20 with two identical |enses
di sposed so as to have an interval therebetween in agreenent with that
between the two alignnment holes of the first el ectronic conponent; and a
camera di sposed at the common position on the optical paths of the two
| enses, WhBEeBGCABAnRERGRIaM ¢ orOMpRRERT | o nyvaigaRd tdiatamner dhs ¥heeded,
resulting in a sinpler and nore 30 March 2007 - 9 conpact
mar k- r eco@Rft ¥ oAl Bppht ek fisandctdrehaf tdi resaunhd respeastt i weder e dns gr ovi ded
an el ectyroni c-congonent al i gnnment apparatus conprising;, a receiving table
hol di ng a'?PF+PneRecRidffc FFPORENLHAGHE B R EqyramHs tHales
perforated at &redeterniqﬁghgositions t hereof so as to be spaced away from
each ot heIPe%/a ST b PR 7 rthe VAl dize Hdan iGh-adjaudiicid FE@Rsni sm
“hol di .
ol d 99 QNhereby the first and second electronic components are
aligned with each other and are also bonded to each other.
Furthermore, the mark-recognition apparatus is equipped
with two cameras having an interval therebetween in
agreement with that between the two alignment holes of the
10 first electronic component, whereby the positions of the two
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




second el ectroni c conmponent which is disposed so as to face the receiving
tabl.e and which has two alignnent 10 marks forned at pred@tNarh de¢y
positions thereon so as to have an interval therebetween in agreenment with
that between the two aligning holes; a mark-recognition apparatus which is
di sposed rearward of the receiving table and which, in a state in which
the alignment marks of the second el ectronic conponent are introduced in
the alignnment holes of the first electronic conponent, captures the

al i gnnment marks and the corresponding alignnment holes in the sanme fields
of view thereof and neasures the positions-of the two conponents, whereby,
by using i nages whose positions are neasured by the mark-recognition
apparatus, the two conmponents are aligned with each other by adjusting the

position o 1 el - On| onponent with the position- adjusting
nechanisn1éa%ﬁg?€§§8¥ﬂé‘gﬁgé%ggéﬁ %%%E?ﬂg?‘the second el ectronic conponent
lie at preflet&Fdi et PQSistlens LBpkBe, L. r&l i ORyPRRL gl 6§ of the first

el ectronic conpoﬁgﬁt. SOSNhrch 2087 10 %@th such ad%?rﬁcture, t he

mar k- raeegitiohi e coppanah tisa 1 dpefentotapda@ ababweedmp hes f; &l ectronic
conponents to be aligned with each other, a noving distance of the second

el ect rewied viogpbakhe Rdiihovhd dhiristts eflesittrbonci somshrnusitethavdny $nmal |, and,
since inmages of the two el ectronic conponents are captured in the sane
fiel déver adilgfmentt hel aarmer fanasgi tdtopragsacanisednpos heipusi ti ons of the
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predetermined interval; a position-adjusting mechanism holding a

second electronic component which is disposed so as to 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 ﬁhich, in a state in which the

alignment marks of the second electronic 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 using images

whose positions are measured by the 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 éecond

electronic component lie at predetermined positions in the two

alignment holes of the first electronic component.




and the |ike occur, mhereby the two conponents are 10 accuratel al i gned
with each other. Also, the first and second el ectronic coAf ﬁgg 0%re held
such that the alignnment holes and the alignnent marks, respectively, of
the first and second el ectronic conponents lie within the focal depth of

| enses of the mark-recognition 15 apparatus, whereby the mark-recognition
apparatus focuses on both the alignnent hole of the first electronic
conponent and the corresponding alignnent mark of the second electronic
conponent as to pick up themat the sanme tine. Al so, the position-adjusting
mechani sm al l ows the 20 second el ectronic conponent to nove and rotate in
the X and Y directions and in the O-di®eetion, respectively, on a

hori zontal plane, and also the entire position-adjusting. nechanismis
novable in the Z direction on a vertical plane, whereby the first and

Socand eLestr Mk, SATORCRLs RG2S ehlosd i LRosAThehnehoRRdcate o oo
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apparatus is equipped with a camera laterally novable along the sane
di st apce s ltihe aH,i BiecealinBglewee® 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 alighment 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 oh
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 6 direction, respectively, on a
horizontal plane, and also the entire position-adjusting.
mechanism is movable in the 2 direction on a vertical plane,
whereby the first and second electronic components are

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




the two. alignnment holes of the first el ectronic conponent, thereb
achi eving a sinple and conpact mark- recognition apparatuéphﬂﬁg%go&me
mar k-recogni ti on apparatus is equipped with two identical |enses disposed
so as to have an interval 15 therebetween in agreenent with that between
the two alignment holes of the first electronic conponent; and a canera

di sposed at the comon position on the optical paths of the two |enses,
whereby no nechanismfor laterally noving the canera is needed, resulting
in a sinpler and nore 20 conpact mark-recognition apparatus. D sclosed
herein is an el ectroni c-conponent alignnent nethod including the steps of:
arranging a first electronic conponent and a second 25 el ectronic
conponent so as to face each other, the first 30 March 2007 - 1
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posi tions thereof 'so as to spaced rom "ea

predet efdid1@d hALeh¥ahn ANLANA 38C20H+HOBRODNEM A Q¥R RE POl ygonal
al i gnnment marks, each 5 fornmed by a plurality of alignnent markings having

di ff er endtwesinz eheandocaneemidn € ddNeArargedritet NBlesOr@sid @di@vacan,
interval therebetween in agreenent with that between the alignnent holes;

roughl wiedjelst ithg pheifiost a@ndlsedornd5 ekéettoontc commpunentts byecapt uri ng
the overall image of a 10 small alignment marking of each alignment mark in
the cHPSIFEERIRAGORFE gRhEMtreractsdoasheotwapadienmeret dvadesl land 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 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 the camera is

needed, resulting in a simpler and more 20 compact mark-recognition

apparatus.

Disclosed herein is an electronic-component alignment method

including the steps of: arranging a first electronic component and a

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




imge of a large alignnment marking of the alignment mark in_ the
correspondi ng al i gnment hole by using the small ali gnmenf0Adanch 2807
measuring an amount of position 15 correction for aligning the alignnent
mark with the center of the corresponding alignment hole by using the

| arge alignnent marking or the large and small alignnment markings; and
finely adjusting the first and second el ectronic conponents so as to be
‘aligned with each other by relatively 20 noving the second el ectronic
conponent by the ambunts of position correction. Wth such a nethod, of
the plurality of alignment markings concentrically arranged so as to form
each alignnent mark of the second eT ett roni c conponent di sposed 25 so as
to face the first electronic conponent, the overall 30 March 2007 13

i mage of the small alignment marking is captured in the corresponding

al i gnnentcdpenenft therifig st wliectoonild gramontRlles ddnidieati rst and second
el ectronic conponents are roughly aligned with each other by using the

smal | 5 gdegimtenrminmdipug ity tharcdfhecower ald Haragacetd bhay lFabge
alignment marking of the alignment mark is captured in the correspondi ng
al i gnnenteawdl ethar yuntprefdegresniinea iadereetli,omnidorthel sgnbnd t he
alignnment mark with the center of the corresponding alignnent hole is

measur ed dgyppgsiend sy g lrangel ot gedygongdr kilignoenthmakisgecand snal
alignment markings, and the first and second el ectronic conponents are
formed by a plurality of alignment markings having different

sizes and concentrically arranged, fbrmed 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
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 component 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 s0 as to face the first electronic component, the overall




finely adjusted so as to be aligned with each other by relatively noving
the second el ectronic conponent by the anpunts of p03|t|§ﬁhé@?h85Qion
Thus, lenient prelimnary 15 alignnment accuracy is allowed, and al so the
first and second electronic conponents are accurately aligned wi th each
other. Also, since the alignnent mark is a concentrically fornmed round,
edge noise of a digital inage picked up by the mark-recognition apparatus
is uniformregardless of the 20 orientation of the alignment mark, thereby
i nproving i mage- recognition accuracy. Al so, when the first electronic
conmponent is a nozzle nmenber of a print head of an inmage-formng
apparatus, and the second electronic nponent is a chip of the print
head, 25 the print head can be accurately aligned by aligning the 30 March
2007 14 alignnment marks fornmed on the chip with the correspondi ng

al i gnnentirgjees ff aheedman it heiganehe markens. 1Al septuhed thethbip is
fabricated by formng a circuit on a substrate, the alignnment marks are

f or mred owtsirgsponeibgr egignmehitt helehioff wher €itrhe electirbniie f or med.
Accordingly, the alignment marks can be accurately fornmed by using a

sem condgempengnécegsd Bheefibetcangt senocnfi ehecbramiagsodfokegtsl is a
schematic viewillustrating a nethod for aligning el ectronic conponents
“accor di ngreoraigbAvodl krenedovithheaghestheri hyensing. the small

5 alignment marking. Then, when the overall image of the
large alignment marking of the alignment mark is captured in
the corresponding alignment hole, an amount of position
correction for aligning the alignment mark with the center
of the corresponding alignment hole is measured by using the

10 large alignment marking or the large and small alignment
markings, and the first and second electronic components are
finely adjusted so as to be aligned with each other by
relatively moving the second electronic component by the

. amounts of position correction. Thus, lenient preliminary-

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




Figs. 2A and 2B are plan views illustrating states in which allgnnent
holes of a first electronic conponent and 15 alignnent nafRareht 2¢7second

el ectroni c conponent are fornmed. Fig. 3 is a sectional viewillustrating a
state in which, in a state in which the alignnment marks of the second

el ectroni c conponent are introduced in the corresponding alignment holes
of the first electronic conponent, a nmark 20 recognition apparatus captures
the alignment holes and the corresponding alignnent marks in the sane
fields of view thereof and neasures the positions of the two conponents.
Fig. 4 is an illustration of position-neasuring pictures of marking neans
captured by cameras of the mark- 25 reédgmition apparatus in the sane
fields of view thereof. 30 March 2007 - 15 Figs. 5A and 5B are
illustrations of states in which the position of the second electronic

conponent al $gRE¢hIStRErk HYEHEMEG SRerPOSER PNy IBRASEH r@oﬂ&é;&ﬁrﬁﬁ@apt ured by
the canmeras of the mark-recognition apparatus. 5 Fig. 6 is e view of

an el ectr abi gnepanelds BoIHOREN WP 2 ApGshdg to an enbodi ment of
the present enbodinent. Fig. 7 is a perspective viewillustrating the

speci fic strudisur,e whfena thes ichign-iadjfastiirg teec banifermihe B ¢ir8uis a
magni fied illustration of major parts of a receiving table for receiving
the firstoml®ciulestcaonporee rd] i grinen tTaiae i Gagni fd rare A ppassidss thand so
forth.
5> region of the chip where the circuit is formed. Accordingly,
the alignment marks can be accurately formed by using a

‘semiconductor process.

Brief Description of the Drawings
10 Fig. 1 is a schematic view illustrating a method for
aligning electronic components according to an embodiment of
the present invention.
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 compeonent 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 ﬁiew
thereof and measures the positions of the two components.
Fig. 4 is an illustration of position-measuring
pictures of marking means captured by-caméras of the mark-

25 recognition apparatus in the same fields of view thereof.




Fig. 9is a magnified sectional view of a major part of a mark-recognition
apparatus according to another embodiment. 15 Fig. 10 i s 38 Magh200%ew
illustrating the shape of each alignnent mark of the second el ectronic
conponent according to another enmbodinent. Fig. 11 is a schematic

sectional view of a chip, illustrating the position where each alignnent
mark is 20 forned. Fig. 12 is a flowhart illustrating the process of
aligning the alignment narks with the corresponding alignnent holes. Figs.
13A to 13C are illustrations of images of each 25 alignnent hole and the
correspondi ng alignnent mark 30 March 2007 16 recogni zed by the

mar k-recogni ti on apparatus in the prﬁcéés‘ illustrated in Fig. 11. Fig. 14
is a side view of a known bondi ng apparatus. Fig. 15 is an el evational
view of Fig. 14. 5 Fig. 16 is an illustration of a mark-recognition

appar at us of tEigrskn®an Hendimnarappanastsatiions ok/AtandsliB aréch
illustrations of exanple msalignnent between alignnent marks of a board

and a chithe madieri@i d¢hethanavecdiand g apparatasnpdieriesis Madasted
Carrying Qut the Invention Enbodi ments of the present invention will be
descri bedy using the position-measuring pictures captured by the
cameras of the mark-recognition apparatus.
5 Fig. 6 is a side view of an electronic-component
alignment apparatus according to an embodiment of the
present embodiment.
Fig. 7 1s 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 fér 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
alignmment 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. 133 to 13C are iilustrations of images of each

25 alignment hole and the corresponding alignment mark




below with reference to the attached drawings. Fig. 1 is a schematic view
illustrating a method for 15 aligning el ectronic conmponend8Marelb2eihg to an
enbodi ment of the present invention. Wth this el ectronic-conponent ‘

al i gnment nethod, two el ectronic conmponents can be accurately aligned with
each other such that a mark- recognition apparatus captures nutually
correspondi ng 20 alignnent marki ng-neans of the two conponents in the sane
fields of view thereof and neasures the positions of the two conponents.
As shown in Fig. 1, the nethod is performed by using an apparatus having a
receiving table 21 of the one electronic conponent, a position-adjusting
mechani sm 22 of 25 the other el ectronitbconponent, and a nmark-recognition
30 March 2007 17 apparatus 23. Meanwhile, the reference nuneral 24
denotes a bonding tool for bonding the two el ectronic conponents to each

other. | nedddpnilsed by Nend infitk-SteRRgr thildrs ta gl BGHaNk %h‘éoﬁ}}%%@s 25 1s

held wth the receiving table 21, and al so a "second el ectrohi c conponent

26 is heﬂiﬂmgﬂkgtdaxﬁﬂigmg_qQLusting nmechani sm 22. The first electronic
conponent 25 is, for exanple, a board such as a printed circuit board or

a gl ass boardrigl a4n@zzhesiEEDOLeWSEE EOknawAl bBhdDEgtaadrd@s.
i mge-form ng apparatus such as an inkjet printer, and, ~‘as shown in Fig.
2A, is fornedFag.alshest ahi keetrtbonabavieg ofwpigl i pnmrent hol es 27a and
27b perforated at predeterm ned
5 Fig. 16 is an illustration of a mark-recognition
apparatus of the known bonding apparatus. |
Figs. 17A and 17B are illustrations of example
misalignment between alignment marks of a board and a chip
member of the known bonding apparatus. |
10
Best Mode for Carrying 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 ﬁethod, 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




positions thereof so as to be spaced away from each other b a
predeterm ned interval p. 15 Also, the second el ectronic éQﬁ%@ﬁ%ﬁ?UEG IS,
for exanple, an individual bare chip cut out froma sem conductor wafer
an I C (hereinafter, sinply referred to as chip) used for a print head of
an i mage-form ng apparatus such as an inkjet printer, or the like, and, as
shown in Fig. 2.0 2B, the chip has two alignnent marks 28a and 28b forned
at predeterm ned positions thereof so as to have a predeterm ned interval
g therebetween in agreement with the interval p between the two alignnent
hol es 27a and 27b. In Fig. 2A, each of_ihe alignnment holes 27a and 27b is
25 fornmed of a round hole having a dianeter of about 50 to 60 30 March 2007
- 18 pm The reference nuneral 29 denotes nozzles, each having a dianeter
of about 17 mperforated in, for exanple, a nozzle nenber serving as the
first el egpaortusdponedfdardihiland e refendes 29 1f Qunedneitktl an
exanpl e pitch of about 42 m 5 Also, in Fig. 2B, each of the alignnent

mar ks 28 rZBiasl faor nethdiing theurbonwrlledtavwinig @otipamehes @b about 20
pm In addition, the reference nuneral 30 denotes heaters, each about 20

min squ@ashsiotdierd.ormed in a printer-head chip serving as the second

el ectroni c conponent 26, for exanple, 10 and the heaters 30 are fornmed with
a pitch of anIab&dg-.-42,min the fametastepat aofirse abeetesnP®. The first

el ectroni c conponent 25 forned of the above-

5 component 25 is held with the receiving table 21, and also a
second electronic component 26 is held with a position-
adjusting mechanism 22. The first electronic component 25
is, for example, a board such as a printed circuit board or
a glass board, or a nozzle member used for a print head of

10  an image-forming apparatus such as an inkjet printer, and,
as shown in Fig. 2R, is formed of a sheet-like member having
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 havé a
predetermined interval q 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




menti oned sheet-1ike nmenber is adhered to, for exanple, a frane and is
held with air suction through an air suction 15 hol e (not 38Maeh 290 ned i n
the receiving table 21. In this case, as shown in Fig. 3, portions of the
receiving table 21 for placing the first electronic conponent 25 thereon
and holding it therewith have two see-through holes 31la and 31b forned
therein so as to correspond to the two alignnent 20 holes 27a and 27b of
the first electronic conponent 25. The see-through holes 3la and 31b are
round holes having a dianeter of, for exanple, about 400 pmso as to see
t hrough the alignnent holes 27a and'g7q%clearly. Also, the receiving table
21 has heating neans (not. shown) sich%s a 25 heater built therein so as
to heat a portion of the first 30 March 2007 19 el ectronic conponent 25
comng into contact with the receiving table 21. The second electronic
conponentum26 iThehekdewehhet hemepadi ROodeadiust hogzireshasasm B2vhayiag t he
bondi ng tool 24 5 interposed therebetween. In this case, as shown in Fig.
3, it isdiemdteirt bfapbosticili’lopmt beofighatadain, sfioki erample, (aochozshown)
formed in the bonding tool 24. Thus, the bonding tool 24 noves up and down
i n the Zmegbegcteoninggeshshewftihsthelposironbda- adipstény Abchandshh@2 10
so as to forma chip-transfer gap r below the | ower surface of the bonding
tool 24. nPrElBendPngreodprrgdnastheati agampdanpitabt oEhamyt sfichims a
heater built therein so as to
.5 Also, in Fig. 2B, each of the alignment marks 28a and 28b is
formed of a round mark having a diameter of about 20 ﬂm. In
addition, the reference numeral 30 denotes heaters, each
about 20 pm in square size, formed in a printer-head chip
serving as the second electronic component 26, for example,
10 and the heaters 30 are formed with a pitch of an about 42 um,
the same as that of the nozzles 29.
The first electronic component 25 formed of the above-
mentioned sheet-like member is adhered 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 31la and 31b
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




heat the second el ectronic conponent 26 comng into contact wth the
bondi ng tool 24. 15 Al so, the second el ectronic conponent 39dV#ehd0®i th t he
bondi ng tool 24 has a dry-filmresist 32 fornmed bel ow the |ower surface.
t hereof, serving as an adhesive. Thus, portions of the dry-filmresist 32
corresponding to the two alignnment marks 28a and 28b of the second

el ectronic 20 conponent 26 have two see-through hol es 33a and 33b forned
therein. As shown in Fig. 1, the position-adjusting nechanism 22 hol ding
t he second el ectronic conponent 26 having the bonding tool 24 interposed
t her ebetween is designed so as to 25 npve and rotate the second el ectronic
conponent 26 inthe X ----- ------- ~-180"March 2007 - 20 and Y

directions -and in the 0 direction, respectively, on a horizontal plane,
and in addition, to be novable as a whole in the Z direction on a verti cal

pl ane i n exeefrdroi dauhgdieent i 75 tcqtien] rHec eoReentit?b tard the second
el ectronic 5 conponent 26 to each other. In this case, as shown in Fig. 3,

an al i gnmexdeigame talfler Zxanpl e, about 70 to 130 mthick) for aligning the
two electronic conponents is set between the upper surface of the
‘receiving tabTae2keanddt béekctwenisucbmpenehtt Bé $ecbadd #Otkl eceéronic
conponent 26. In such a state and in the subsequent step, in a state
position-adjusting mechanism 22 having the bonding tool 24
5 interposed therebetween. In this case, as shown 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 moves up and down in the Z
direction together with the position~adjusting mechanism 22
10 so as to form a chip-transfer gap r below the lower surface
of the bonding tocl 24. The bonding tool 24 has heating
means (not shown} such as a heater built therein so as to
heat the second electronic component 26 coming into contact
. with the bonding tool 24.
i5 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 compbnent-26 in the X




in which the alignnent marks 28a and 28b of the second electronic
conmponent 26 are introduced in the corresponding alignnedf Myrk3007a and
27b of 'the first electronic 15 conponent 25, the mark-recognition apparatus
23 captures the two alignment marks and the correspondi ng alignment hol es
in the sanme fields of view thereof and neasures the positions of the two
conponents. As shown in Fig. 3, the mark-recognition apparatus 23 20 has
two caneras 23a and 23b having an interval therebetween in agreenent with
that between the two alignnent holes 27a and 27b of the first electronic
component 25. In other words, the cangras 23a and 23b are respectively

di sposed so as to correspond to thé'ﬁ%%riions of the two see-through 25
hol es 31a and 31b forned in the receiving table 21. Each of 30 March 2007
21 these caneras 23a and 23b is forned by a |l ens used for a coaxi al

i nci dent ahidght dikkeminaki andand haei @gdarept edef eraspect eghy f ieata on (for
exanpl e, of about 9) and a video canera or a CCD canera having a

pr edet er om@dopicuel phadensahy (honddiatphe, tof babnotadDe, #90a pikxels per a

- quarter inch). The |l enses of the caneras 23a and 23b have a predeterm ned
focal depnhhthand theetiist andasvewvhdcagl pténenin codponentlsod el 26 are
held so that the 10 alignnment holes 27a and 27b and the correspondi ng

al i gnnenfirgtr k$e28uoand 28bpbhenti 2hi andhthabseeohdcal eclepemic

5 component 26 to each other.

In this case, as shown in Fig. 3, an alignment gap s
(for example, about 70 to 130 pm thick} for aligning the two
electronic components is set between the upper surface of
the receiving table 21 and the lower surface of the second

‘10  electronic component 26.

In such a state and in the subsequent step, 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 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 holeé 27a
and 27b of the first electronic componenf 25. In other
words, the cameras 23a and 23b are respectively disposed so
as to correspbnd to the positions of the two see-through

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




Wth this arrangenent, in a state in which the caneras 23a_and 23b are

pl aced closer to the first electronic conponent 25 by adp@Marely2¢Hei r

hei ght s as shown by the 15 arrows D and E, the alignnment holes 27a and 27b
of the first electronic conponent 25 and the alignment nmarks 28a and 28b
of the second el ectroni c conponent 26 can be picked up at the sane tine.
As shown in Fig. 4, inthis state, for exanple, an 20 inage lying in a
state in which the one alignment mark 28a of the second el ectronic
conponent 26 is introduced in the one alignnment hole 27a of the first

el ectronic conponent 25 1is obtained in_the field of view of the left
canera 23a sO as to serve as a pictJr@134a pi cked up by the left canera
25 23a, and an inage lying in a state in which the other 30 March 2007 22
al ignment mark 28b of the second el ectronic conponent 26 is introduced in

t he ot herthebgnoemtras| 2327imaf23heidi foimed!IBEtd ONdrte QOO 25 is
obtained in the field of viewof the right canmera 23b so as to serve as a

pi cture 3dbapigkednchdemtbligive ilhinhicarbsm &3D.hatery stich pi ckup i mages
are obtained, these inmages are subjected to image processing by an
i mage- pr ceesde hgrmappdrmaasi { it shiowjooretdmpld keyf tdutertt)erarabsi ti ons
of the alignnment holes 27a and 27b and those of the alignment 10 marks 28a
and 28b arEd¢espeeiv ey & dddyrtamara hatiend wo pysdetteres n®4a pdret134b, and
t he center distance Ra between the
: o density (for example, of about 400,000 plxels per a quarter
inch).
The lenses of the cameras 23a and 23b have a
predetermined focal depth, and the first and second
electronic components 25 and 26 are held so that the.
10 alignment holes 27a and 27b and the corresponding alignment
marks 28a and 28b lie within the ébove focal depth.
With this arrangement, in a state in which the cameras
23a and 23b are placed closer to the first electronic
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 component 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




one alignment hole 27a and alignnent mark 28a and the center distance Rb
bet ween the other alignment hole 27b and alignment nark 288Maeh ¥put ed.
Fig. 4'illustrates a 15 position-neasuring state in which the center
positions of the alignnent holes 27a and 27b are misaligned with the
correspondi ng center positions of the alignnent marks 28a and 28b. In this
state and in the followng step, as showmn in 20 Fig. 4, the
posi tion-adjusting mechani sm 22 adjusts the position of the second
el ectroni c conponent 26. such that the alignnent marks 28a and 28b of the
second el ectronic conponent 26 lie at ?redeternined positions in the two
al i gnnent hol es 27a and 27b of the fir% el ectroni c 25 conponent 25. 30
March 2007 23 In other words, the position-adjusting nechanism 22 shown
in Figs. 6 and 7 is activated so as to align the two conponents with each
ot her by adhgmueerandnamdt &8ngfl tides ezanchd ellecttromiic component 26 held with
the position-adjusting 5 mechani sm 22 having the bonding tool 24 interposed
t her ebet viedigoduaaykcil ey otihert lad Dgrasahty haileei/bonds &hd farsthe 0
direction in accordance with the center distances Ra and Rb if necessary,
and i deal9hedir Bl glompanieatc @5t diss opftainied dine thki gamddt chovéer7afand
alignment mark 28a in 10 agreenent with each other and also the centers of
t he ot her-hea|4ightie fansalte 229 san@saltiog seeive aar R P8btPRcadfbeRrbfkedi t h
5 up by the right camera 23b.
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
10 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. 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.




each other. Although the predeterm ned interval p between the two
al i gnnment hol es 27a and 27b of the first electronic 15 coRfddask20®/ and t he

predeteérm ned interval q between the alignnment marks 28a and 28b of the
second el ectronic conponent 26 are fornmed so as to equal to each other in
Figs. 2A and 2B, dinensional errors take place actually in these
conponents due to machining errors, tenperature conditions, 20 and so
forth, whereby the centers of the nutually corresponding alignnent holes
and alignment nmarks are sonetimnmes not brought into agreenent with each
other. In such a case, as shown in Eig3 4, the position of the second
el ectroni c conponent 26 can be adjustefi*such that the two 25 alignnent
mar ks 28a and 28b are placed on a center line 35 30 March 2007 - 24
connecting the centers between the two alignnment holes 27a and 27b so as
to be synmet rilgalohlietrth woesise c tt hieo peadht ienradjusEdhgemanhbaishi g2 5A
illustrates the case where the relationship p > q exists due to the
above- rerghomedin Higendi aral erroractilvattdd socase ta d ilgao thenpenent s can
be adjusted with each other by noving the second el ectronic conponent 26
in the Y imriemis widgthtdaad iathar the i@ vidig ectd eoowtaaidgatbe second it in
the X direction so as to make misalignments ¢ and d Iying on the center
line 35 SHRATIONED caIPnGIRe2t hedsectithelthe poswsénnt-hdiventsgs of the
al i gnpent hole 27a and the alignnment mark 28a in the picture ‘
7 5 mechanism 22 having the bonding tool 24 interposed
therebetween, respectively, in the X and Y directions and in
the O direction in accordance with the center distances Ra
and Rb if necessary, and ideally by bringing the centers of
the one alignment hole 27a and alignment mark 28a in
10 agreement with each other and also the centers of the other
alignment hole 27b and alignment mark 28b in agreement with
each other.
Although the predetermined interval p between the two
alignment holes 27a and 27k of the first electronic
15 component 25 and the predetermined interval q 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 forth, 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




34a picked up by the left canmera 23a and between the centers of the

ali gnnment hole 27b and the alignment mark 28b in the pic80MargaB06s cked up
by the 'right canmera 23b, and thus by 15 adjusting the position of the
second el ectroni c conponent 26 such that the two alignnent marks 28a and
28b are placed so as to be symetrical with respect to each other.
Meanwhile, Fig. 5B illustrates a state in which the relationship p < g

exi sts due to the above-nenti oned 20 di nensional errors. In this case, the
two conponents can be aligned with each other by noving the second
electronic conponent 26 in the Y diregfion, rotating it in the O
direction, and also noving it in the direction so as to nake

m salignnments e and f lying on the center line 35 equal 25 to each other,
respectively, between the centers of the 30 March 2007 - 25 alignnent

hol e 27a eonhadieing idreeranterk 8wden tthe fiver ald angeatpholed dpaby t he

| eft camera 23a and between the centers of the alignment hole 27b and the
al i gnnentanhrdk/2 sty iaf thwe bepisstupat 34 lpivélkdd respegtt ke epght oEBREra 23b,
and by 5 adjusting the_position of the second e|ectronic conponent 26 such
that the two APtgRFemPlear K$9288Rakdlnebratespiheeca2sd whersybhetrical with
respect to each other. As described above, the two el ectronic conponents 25

and 26 caitifdiansdiéd Rvt B &5 ISt R §GckPenhabovermgnsLaPEd 10 in which
t he aéign ent marks 28a and 2%3_%%i%h%a%%c0@g ekectrogignggggogggtbgG are
i nt r oduc e FHE oA ESFSndi s the Ttwo compon
- adjusted with each other by moving the second electronic
component 26 in the Y direction, rotating it in the ©
direction, and also moving it in the X direction so as to
make misalignments ¢ and d lying on the center line 35 equal
10 to each other, respectively, between the centers of the
- alignment hole 27a and the alignment 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




alignment holes 27a and 27b of the first electronic conponent 25, the
mar k-recogni ti on apparatus 23 captures the two alignment SAMMash 2 t he
correspondi ng alignnent holes in 15 the sanme fields of view thereof and
neasures the positions of the two conponents and al so such that the
position- adjusting nmechani sm 22 adjusts the position of the second

el ectroni c conponent 26 so as to place the alignnment marks 28a and 28b of
the second el ectronic conponent 26 at 20 predeterm ned positions in the
correspondi ng alignment holes 27a and 27b of the first electronic
conponent 25. Wth this arrangenent,_t%g mark-recognition apparatus 23
does not lie between the two el ectronit” conponents 25 and 26 to be aligned
with each other, a noving distance of the 25 second el ectronic conponent 26
along which its position is 30 March 2007 - 26 adjusted is small, and no
recogni t iani gmeorts hafle 174 rmgeschearad itgnmenitk magdc BBasiimc éhehpicture

mar k- recogni ti on apparatus 23 captures inmages of the two electronic
“conponent3 2 piaRGp by tie saf: fdagladw @Baviamd bledwesh she penteres the 5
positions of the two conponents, whereby the two conponents are accurately
al i gned wif Fheach ignivent fhorlexaipland wihehigd igameadc meady 28k inntheén the
meantime, the present invention is not limted to a configuration in which
t he posi tHigitugle B pdeknd 1P AvedheoriiehtorpBgent 235,ad8pdsP¥d so that the

two alignment nmarks 28a and 28b are placed so_as to be symmetrical _wth
5 T adijusting the position of the second electronic component 26

such that the two alignment marks 28a and 28b are placed so
be symmetrical with respect to each other.
As described above, the two electronic components 25
and 26 can be aligned with each other such that, in a state
10 in which the alignment marks 28a and 28b of the second
électronic component 26 are introduced in the corresponding
alignment holes 27a and 27b of the first electronic
.component 25, the mark-recognition apparatus 23 captures the
two alignment marks and the corresponding alignment holes in
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 qomponent 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, é moving distance of the

25 second electronic component 26 along which itslposition is




respect to each other on the center line 35 connecting the two alignnment
hol es 27a and 27b as shown in Figs. 5A and 5B, and it is38Machi¥7 cabl e
to another configuration in which 15 the two conponents are aligned with
each other by adjusting the second conponent so as to be placed at another
predeterm ned position. Next, an el ectronic-conponent alignment apparatus
according to the present invention related to the above- 20 descri bed

el ectroni c-conponent alignment method will be described with reference to
Figs. 6 to 8. Wth this electronic-conponent alignnent apparatus, the two
el ectronic conponents can be accuraieég aligned with each other such that
the mark-recognition apparatus captures nutually 25 correspondi ng ali gnnent
mar ki ng- means of the two conponents 30 March 2007 27 in the sane fields
of view thereof and measures the positions of the two conmponents. As shown
in Fig. @Gdiustedligerentlappat astausdandgndrideh mradrs odc dibei Agagasl e 21,
the position-adjusting nmechanism 22, the mark-recognition 5 apparatus 23,
and a st amd 4the Thike eferwncelmmmets sark-@vtod tiespappayatiisdédot e fir st
and second el ectronic conponents. The stand 40 serves as _a base _for fixing
and suppo?aRiFesa iREIRS R tth tife ediesthosHi T SCHRPETERE 8P §RReAP
apparatus, 10 according to the present invention thereto and thereby and is

formed byl W isA diiskdh e theaeadd aad sasyges the

5 positions of the two components, whereby the two components
.are accurately aligned with each other, for example, within
an accuracy of 1 pm.

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 compbnent 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
compeonents can be accurately aligned with each other such
that the mark~recogniti§n apparatus captures mutually

25  corresponding alignment marking-means of the two components




supporting nmenber 40b. The vertical supporting nenber 40b__has a quide
menber 41 formed on one side surface thereof and extendiﬁ%h4%Ph%%WVertica
direction, and the guide nenber 41 15 has two novi ng bl ocks 42a and 42b

di sposed thereon so as to be vertically novable. The upper noving bl ock
42a has an overhanging arm 43 fixed thereto and protrudi ng horizontally.

Al so, the | ower noving block 42b has a clanp press-bondi ng nechani sm 44
fixed thereto, for bonding the two el ectronic 20 conponents to each ot her.
As shown in Fig. 8, the horizontal stand nenber 40a has two | ongitudi nal
supporting beans 45 di sposed at both lateral sides of the mark-recognition
apparatus 23 in a standing manner; a“l'ateral supporting beam 46 stretched
over 25 the tops of the two |ongitudinal supporting beans 45; and 30 March
2007 28 the receiving table 21 supported on the upper surface of the

| at eral $uppbet sagebfaelds hiViry abhénsof ashdgnergurdsalti®? i nt er posed

t herebetween. The receiving table 21 is.intended to hold the first

el ectronpestohpoaent £B¢ Hewieenporentse SAstsheturia &ia-hdty B®wn in Fig.
3. Accordingly, each of the lateral supporting beam 46 and the insulating
nat eri al 2ai¥onhestt APPAGHt Y| v LBaneddonsbhperdesiatiew tisdrld flat thsosi ti ons
in agreement with those of the two see-through holes 3la and 31b forned in
“the receP9fhEieRanRrEivIting My iyt 2% ectROMRT EFHRATHIEHTIIR held with the

receiving table 21 is, for exanple, a board such as a
5 gpparatus 23, and a stéﬁé 40. The reference numerals 25 and

26 respectively denote first and second electronic
components.

The stand 40 serves as a base for fixing and supporting
a major part of the electronic-component alignment apparatus

10 according to the present invention thereto and thereby and
is formed by a horizontal stand member 40a and a vertical
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 supportiﬁg 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




printed circuit board or a glass board, or a nozzle nenber used for a
print head of an inmage-form ng apparatus such as an inkj 80 MaphE&l7 and, as
shown i'n Fig. 2A is formed of a 15 sheet-1ike nenber having the two
al i gnment hol es 27a and 27b perforated at predeterm ned positions thereof
so as to be spaced away from each other by the predeterm ned interval p.
As shown in Fig. 6, the overhangi ng arm 43 di sposed on the one side of the
vertical supporting nmenber 40b so as to 20 be vertically novable, having
t he novi ng bl ock 42a interposed therebetween, has the position-adjusting
mechani sm 22 supported bel ow the | ower,gurface thereof. The
posi tion-adjusting nechanism 22 is inténded to hold the second electronic
conmponent 26 and di sposed so as to face 25 the receiving table 21. 30 March.
2007 - 29 The second el ectronic conponent 26 is, for exanple, an
i ndi vi duathdarecehving dtaldiet I snppedd ond ddbeouppefresugfacen ofCthsed f or
a print head of an inmmge-formng apparatus such as an inkjet printer, and,
as shown lateial LUBppartdr® dsam haw novenalingudesi ngames czdaladd 28b
fornmed at, predeterm ned positions thereof so as to_have the predeterm ned
~interval ittt vdarabetagesenehaninaceindngi hableallp isednEerdede t wo
alignnent haoles 27a and 27b of the first conponent 25. 10 The
posi ti on-ERIjRYT ridianddiati Shest i idesigReaess 43 haviavde thRdSABRate t he
second el ectronic co nent 26 in the
.g structure agn%%at shown Qn Fig. 3. Accordingly, each of the
lateral supporting beam 46 and the insulating material 47
has through-holes 48a and 48b perforated therein at
positions in agreement with those of the two see-through
holes 31a and 31b formed in the receiving table Z21.
10 The first electronic component 25 held with the
receiving table 21 is, for example, a board such as a
printed circuit board or a glass board, or a nozzle 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 wvertical supporting member 40b so as to
20 be vertically movable, having the movingrblock 42a
interposed therebetween, has the position-adijusting
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.




X and Y directions and in the O direction, respectively, on a horizontal

pl ane, and, as shown in Fig. 7, has a structure in which38Marelk200y ate
491, a‘'second plate 492, and a third 15 plate 493 are fixed every ot her
plate so as to have a first slider 501 novable in the X direction, a
second slider 502 novable in the Y direction, and a third slider 503
rotatable in the O direction inserted therebetween, thereby allow ng the
mechanismto be novable in the X and Y directions and 20 rotatable in the O
direction as a whole. Al so, since the position-adjusting nechanism 22 is
supported bel ow the | ower surface of tgg over hanging arm 43 di sposed so as
to be vertically novable on the one Si “surface of the vertica

supporting menber 40b having the 25 noving bl ock 42a

i nterposed. therebetween, it is novable as a 30 March 2007 - 30 whole in the

Z direction omha weidorehlelplcarenichepebynehandiengst héoti extmphel, sacond
el ectroni c conponents 25 and 26 to each other. In this case, as shown in
Fig. 6, tiedipasiddlorbaradihigt ing: redhdrama?zdrbsanductor wafer or
tool -paral |l el i smadjusting nechanism 51 and the bonding tool 24 disposed
bel ow t hean uitlerseslirface thwirdotheaghdft e deeged felredndonppacehpenent 26
is held with air suction through an air suction hole (not shown) forned in
the bondiswugh e a.inlg etheniedeirvi g albise shovwmag nt fd gnaiZR-r 886gni ti on
apparatus 23 disposed rearward thereof. In a state in which
5 chip has the two alignment marks 28a and 28b formed at
predetermined positions thereof so as to have the
predetermined interval g therebetween in agreement with the
interval p between the two alignment holes 27a and 27b of
the first component 25.
10 The position-adjusting mechanism 22 is designed so as
to move and rotate the second electronic component 26 in the
X and Y directions and in the O direction, respectively, on
a horizontal plane, and, as shown in Fig. 7, has a structure
in which a first plate 49;, a second plate 49;, and a third
15 plate 493 are fixed every other plate so as to have a first
slider 50; movable in the X direction, a second slider 50;
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 0 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




the alignment marks 28a and 28b of the second electronic _conponent 26 are
introduced in the corresponding alignment holes 27a and 29 Blaeh e 1 r st

el ectroni c conponent 25, this 15 mark-recognition apparatus 23 captures the
two alignnment marks and the correspondi ng alignnent holes in the sane
fields of view thereof and neasures the positions of the conponents. As
shown in Fig. 8, the two caneras 23a and 23b are disposed bel ow the
receiving table 21 and on the 20 horizontal stand nmenber 40a so as to have
an interval therebetween in agreenent with that between the two alignnent
hol es 27a and 27b of the first electrap ¢ conponent 25. In other words,
the cameras 23a and 23b are 25 respectively disposed so as to correspond to
the positions 30 March 2007 31 of the two see-through holes 31a and 31b
formed in the receiving table 21. Each of these_caneras 23a and 23b is
formed byhalleeds GibedZf dirgctdari an an¥pabacali ghene; | th@F9RY i on and havi ng
a predeterm ned magni fication (for 5 exanple, of about 9) and a ig 0
canera oboaddop &hgefirshadndgsSacpredet &f ﬁ@HCpFQEPo%Eﬁﬁﬁt%5(?Q#' éanple,
of about 400,000 pixels). The |l enses of the caneras 23a and 23b have a
predeterﬁpnééchoéégeéepth and the first and second 10 electronic

conponents 25 _and 26 are held so that the alig nt_hal.es 27a and 27b and
t he CorresponH?nEh%fiﬁﬂﬁ%ntas shown 1in g&g. é’rgg% position |

5 adjusting mechanism 22 has a tool-parallelism-adjusting
mechanism 51 and the bonding tool 24 disposed below the
under surface thereof, and the second electronic component
26 is held with air suction through an air suction hole (not
shown} formed in the bonding tool 24.

10 The receiving table 21 has the mark-recognition
apparatus 23 disposed rearward therecf. 1In a state in which
the alignment marks 28a and 28b of the second electronic
component 26 are infroduced in the corresponding alignment

_ 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 camefas 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




mar ks 28a and 28b lie within the above focal depth. Wth _this arrangenent,
in a state in which the caneras 23a and 23b are placed cP8MarchdP’he fjrst
el ectroni c conponent 25 15 by adjusting their heights as shown by the
arrows D and E, the alignnment holes 27a and 27b of the first electronic
conponent 25 and the alignnment marks 28a and 28b of the second electronic
conponent 26 can be picked up at the sane tine. 20 In the neantine, as
shown in Fig. 8, the horizontal stand nmenber 40a has position-adjusting
tabl es di sposed thereon for having the two caneras 23a and 23b nount ed

t hereon, each fornmed of a conbination ﬁ) an X-direction slider 521, a
Y-direction slider 522, and a Z-direction 25 slider 523. Thus, the
position-adjusting tables are 30 March 2007 32 intended to set the
initial positions of the respective caneras 23a and 23b by noving themin
the X, Y @andiz s esdd-ana aghhdlec&ltaurand Bd e doreegodi tifeal i gnment

hol es 27a and 27b of the first electronic conponent 25 5 within the fields
of view thsreiofingncabtehelini tHaath gfodihessnsanferase 28amapds283B8aiénd 23b are
set, the positions may be fixed thereafter. Also, as_shown in Fig. 8, the
front surfaoesd dfy tshelanmp ussahdioss R Fwaarie R 3mcddgntnéiphter al supporting
beam 46 have 10 a predeterm ned gap fornmed therebetween and h%¥e an air
duct 53 ¥iaminatidie ayab havd nex Be BFiesg terminehappadhtgption (for

5 example, of about 9) and a video camera or a CCD camera
having a predetermined pixel density (for example, of about
400,000 pixels).

The lenses of the cameras 23a and 23b have a
predetermined focal depth and the first and second

10 electronic components 25 and 26 are held so that the
alignment holes 27a and 27b and the correéponding alignment.
marks 28a and 28b lie within the above focal depth. With
this arrangement, in a state in which the cameras 23a and
'23b are placed closer to the first electronic component 25

15 by adjusting their heights as shown by the 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..

20 In the meantime, as shoﬁn in Fig. 8, the horizontal
stand member 40a has position-adjusting tables dispoéed
thereon for having the two cameras 23a and 23b mounted
thereon, each formed of a CombinationAof an X-direction
slider 52;, a Y-direction slider 52;, and a Z-direction

25 slider 523. Thus, the position-adjusting tables are




direction. ‘The air duct 53 is intended to suck air around_the caneras 23a
and 23b in order to prevent fluctuation of pickup i mages3@Maren2¥y ajr
convection due to heat around 15 the caneras 23a and 23b. The air suction
of the air duct 53 allows the caneras 23a and 23b to be cooled at the sane
time. Meanwhile, under certain circunstances around the caneras 23a and
23b, cold air may be blowmn fromthe air duct 53. Next, the way of use and
an operation of the 20 el ectronic-conponent alignnent apparatus having the
above- described structure will be described. Basically the
el ectroni c-conponent al i gnment appar at operates in the sane process as
that of the el ectronic-conponent alignffent nethod. described with '
reference to Figs. 1 to 5B. .25 Firstly, in Figs. 1 and 6, the first
el ectronic 30 March 2007 - 33 conponent 25 is held with the receiving
tabl e 21, irsrghddddsac gt sdeordidliedt poriit icaspeotfiehhe2fespehtlidew th t he
posi tion-adjusting nechanism?22. In this state, as shown in Fig. 3, it is.
desi r abl ecdnteatast RS aaxinal 23méy obviing thvens ial tgrnBat YhehdsZ27a and 27b of
the first electronic conponent 25 extend substantially in line with those
of the tdicestigmsesto @ Ko 28ptamd 28k cbrirhepsadind alagomentc conponent
26, and the alignment nmarks 28a and 28b of the second el ectroni c conponent
26 are imolegu@da iamd BEb10icsheespoadi rgeatirgnienconbPBENP74%and 27b of
the first electronic conponent 25 so as to be seen therethrough.

5 within the fields of view thereof. Once the initial

positions of the cameras 23a and 23b are set, the positions
may be fixed thereafter.
Also, as shown in Fig. 8, the front suffaces of the two
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 'tﬁe cameras 23a and 23b. The air suction of the air duct 33
allows the cameras 23a and 23b to be cooled at the same time.
Meanwhile, under certain circumstancés 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. Baéically the
electronic-component alignment apparatus operates in the
same process as that of thé electronic-component alignment
method described with reference to Figs. i to 5B.

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




Then, in a state in which the alignnment marks 28a and 28b of the second

el ectroni c component 26 are introduced in the correspondPRdlarh §¥ient

hol es 27a and 27b of the first 15 electronic conponent 25, the

mar k- recogni ti on apparatus 23 captures the two alignnment marks and the
corresponding alignment holes in the same fields of view thereof and
nmeasures the positions of the two conponents. In this state, the |enses of
t he caneras 23a and 23b have a predeterm ned 20 focal depth, and the first
and second el ectronic conponents 25 and 26 are held so that the alignnment
hol es 27a and 27b and the corresponding alignnment marks 28a and 28b lie
within the above focal depth. As showd’i A Fig. 4, inthis state, for
exanple, an 25 inage in a state in which the one alignnent mark 28a of the
30 March 2007 34 second electronic conponent 26 is introduced in the one

al i gnmentchpbenare 5 ihendlid siiwd et iceicdmorenle221i,s andbtaisned in the
field of view of the left canmera 23a so as to serve as the picture 34a

pi cked uptihy $deondfél carmomm @3mmpdneartd 2 jismgd d widhsttdke in which the
ot her alignment mark 28b of the second el ectronic conponent 26 is

i nt r oducesbs it idmeadiherirad ingrolertidwl2® .27 noft htilse sttiatst, eleshpwni ¢n
conponent 25 is obtained in the field of view of the right canera 23b so
as to serRdgyas3t hie pictdes 3l gitdiedd thye loyciall Lihesr odhtheawpra 23b. Wen
such pickup i mages are obtained, these inages are
5 alignment holes 27a and 27b of the first electronic

component 25 extend substantially in line with those of the

two alignment marks 28a and 28b of the seéond electronic

component 26, and the alignment marks 28a and 28b of the

second electronic component 26 are introduced in the

10 corresponding alignment holes 27a and 27b of the first
| electronic combonent 25 so as ﬁo be seen therethrough.

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




subj ected to i mage processing by an inmage-processing apparatus éoot shown)
or the like, the center positions of the alignment hol es39Marghd00¥7h and

those of the alignnment 15 marks 28a and 28b are respectively recognized in
the two pictures 34a and 34b, and the center distance Ra between the one
al i gnment hole 27a and alignment nmark 28a and the center distance Rb

bet ween the other alignnment hole 27b and alignnent mark 28b are conput ed.
20 Fig. 4 illustrates the position-nmeasuring state in which the center
positions of the alignment holes 27a and 27b are misaligned with the
correspondi ng center positions of the alignnment marks 28a and 28b. Then,
as shown in Fig. 4, the position-adjust4 my 25 nmechani sm 22 adjusts .the
position of the second el ectronic 30 March 2007 35 conponent 26 such that
the alignment marks 28a and 28b of the second el ectronic conmponent 26 lie

at predetﬁdﬁd&?%ld&&'oh‘&”%o&n@oh@%ttWB a3kl gRIBBLuBELeSn2fReaBHe 27D OF the
first electronic conmponent 25. 5 In other words, the position-adjusting

- mechani sm12gnrehaWhole Bi7as of6 tard £{rks é@ébﬂ@éﬁgcseoﬁﬁoﬁénﬁlEinéhe two
conponents by noving and rotating the second el ectronic conponent 26 held

‘W th t he ghasiiniean-iadjcust fig1Aeoianism 32 thaviagtt bembpadppg §60hs 24

i nterposed therebetween in the X 10 and Y directions and in the O

di recti oo sespectisvehy, pirtuaeccddapdekesid hpt by etrt aefd slaarges 2Ra,and Rb
i f necessary,

5 and an image in a state in which the other alignment mark
28b of the second electronlc component 26 is introduced in
the cher alignment hole 27b of the first electronic
component 25 is obtained in the field of view of the right
camera 23b so as to serve as the picture 34b picked up by

10 the right camera 23b.

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- adjustlng

25 _ mechanlsm 22 adjusts the position of the second electronic




and ideally by bringing the centers of the one alignnment hole 27a and
alignnment mark 28a in agreement with each other and al so30Margei®rs of
the other alignnent hole 27b and 15 alignnent mark 28b in agreenent with
each other. The remaining part of the process is the sane as that of the
foregoi ng adjustnment nmethod and will be therefore omtted. In the above
description, although the mark-recognition 20 apparatus 23 is equi pped
with the two caneras 23a and 23b as shown in Figs. 1, 3, and 8, the
present invention is not limted to this structure, and it nay be equi pped
with a camera laterally novable along the sanme distance as the interval p
bet ween the two alignment holes 27a and>27b of 25 the first electronic

conponent 25. 30 March 2007 - 36 Also, as shown in Fig. 9, the
mar k-recognition apparatus 23 may have two identical |enses 54a and 54b

di sposed Sgndshdit MY &t (1AL Wil LHALEARLWCRAIL BGLCERRNDgHEN T hat

bet ween t i gnnent a an t he first electronic

conponenty 25 adhi AR B cipi i it 26 N8 eCQ RRYielh@ReaN the
optical paths of the two | enses 4a and 54b. The two | enses 54a and 54b

serve as ;o ROl IeRIRS tyPralGapiidhitNGiciRe by ahlgnenbshehes 27a and
27b and the 10 two alignnent marks 28a and 28b (not shown) therethrough,
respecti velyst anddawildhespiedeptls . of focus as each other.

5 In other words, the position-adjusting mechanism 22
shown in Figs. 6 and 7 is activated so as to align the two
components by moving and rotating the second electronic
component 26 held with the position-adjusting mechanism 22
having the bonding tool 24 interposed therebetween in the X

10 and Y directions and in the 0 direction, respectively, in
accordance with the center distances Ra and Rb if necessary,
and ideally by bringing the centers of the one alignment
hole 27a and alignment mark 28a in agréement 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, aithoﬁgh 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.




The canera 55 has another |lens 56 serving as an inmage- formng |ens

di sposed right in front thereof, and the two |enses 54a dAM&2L2UNd t he
other tens 56 are fixed inside a 15 bifurcated | ens barrel 57 having a
common root for the two |enses. The first |lens 54a and the canera 55 have
a first half- mrror 58a, a total reflection mrror 59, and a second half-
mrror 58b di sposed on the optical path extending 20 therebetween, the
second | ens 54b and the canera 55 have a third half-mrror 58c and the
second half-mrror 58b (comonly used for both | enses 54a and 54b)

di sposed on the optical path extendj@% t_her ebet ween, and the optical path
between the first I ens 54a and the canera 55 has the sane 25 | ength as that
bet ween the second | ens 54b and the canmera 55. 30 March 2007 - 37
Meanwhi |l e, of the bifurcated lens barrel 57, a lens barrel 57a close to
the first |enBl8da aasshovirén Figl udi nelre onetknpesoanii spbsed at the
bottomthereof, and.a |lens barrel 57b close to the second |l ens 54b has a
second 5 appleaaitist 28nmeanpagebtapspesetiaalt henbest 8ARt ARAedfl Thus, the
two alignment holes 27a and 27b as well as the two alignnment nmarks 28a and
28b (not dispRREdcER BE itll haVRaBBAinbyrvatnthgreRetHeen| Funf PaREB T anps

60a and 60b respectively. 10 Wth_this structure, _the anﬁﬁ%re qgﬂition
appar at u¥1i58 thati R§tHRENabBGetYPr ALl gRRERRyNBLC TGRSR t© © ei t her

5 first electronic component 25 and a camera 55 dispbsed at
the common position on the optical paths of the two lenses
54a and 54b.

The two lenses 54a and 54b serve as obﬁective 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 therebetween, 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
between the first lens 54a and the camera 55 has the same

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




one of the first and second illum nation |anps 60a and 60b is turned on by
swi tchi ng over therebetween, only the first |ens 54a cap8lMachR@0%ne

al i gnnent hole 27a and alignnment 15 nmark 28a in the sane field of view

t hereof so as to neasure the positions of these hole and mark, or only the
second |ens 54b captures the other alignnent hole 27b and alignnment mark
28b in the sane field of view so as to neasure the positions of these hole
and mark. 20 Alternatively, the mark-recognition apparatus may be used
such that the first and second illum nation |anps 60a and 60b are turned
~on at the sanme tinme and such that, by 3?slng an image in which left and
right pictures respectively picked up’through the first and second | enses
54a and 54b 25 overlap with each other, the, right and |l eft pictures are 30
March 2007 38 separated from each other and are then subjected to inmage
processi ng soMssnwhideasorifethkebpdsrtatrs dknshbatrwel &V} gankatshol es 27a
and 27b and the two alignnment marks 28a and 28b. 5 Still alternatively,

t he mar k-rastoghni § 2o e lappartat dhendyi retie lesed Sdachatshat filmetfirst and second
illumnation | anps 60a and 60b are turned on at the same tine, and |eft
and ri ghitl pmginatdeonadany Gbed ddgpaisielde atalthet botfiosl dseokodi eandof t he
first and second | enses 54a and 54b are masked and 10 such that, by using
an i mage lisnswhagiralhé Trefcdogrd toi §he sgiceked lepspidbuhas averFapdwi th each

other, the right and )
5 illumination lamp 60b disposed at the bottom thereof. Thus,

the two alignment holes 27a and 27b as well as the two
alignment marks 28a and 28b (not shown) can be illuminated
by turning on the illumination lamps 60a and 60b,
respectively.

10 With this structure, the mark-recognition apparatus 23
having the above structure may be used such that when either
one of thé first and second illumination lamps 60a and 60b
“is turned on by switching over thefebetween, 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 pesitions 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




| eft pictures are separated fromeach other and are then subjected to

i mage processing so as to neasure the positions of the tweMarlyA¥Ent hol es
27a and 27b and the two alignnent 15 narks 28a and 28b. Al though each of
the two alignnment holes 27a and 27b of the first electronic conponent 25
and the alignnment marks 28a and 28b of the second el ectronic conmponent 26
is two- dinensionally round in the above description as shown in 20 Figs.
2B and 4, it may have anot her shape as long as its position is easily
measured and its center is easily detected. In addition, the first

el ectroni c conponent 25 and the seconggelectroni c conponent 26 are not
limted to a board and a chip, and they nmay be other appropriate 25

el ectroni c conponents. 30 March 2007 - 39 Fig. 10 is a plan view
illustrating the shape of each alignment mark accordi ng to another

enbodi nertePapRE &b orh Sach hier el ayey dhgaserbnegtefbsai ABAdSar e
denoted by the same reference nunerals, and the description thereof 5
will be GHAIETEINE SShéin tonTMER§UTS thsc RSt tirasaPfghhentWRar ks 28a and
28b is formed such that two |arge_and small circles are concent5§cally

ar r anged 3&o-BYY HdFESde 'an 286G <i'8e aficardEef oo L A8BUENS0MATKAd4EA i nsi de
di anet er of ut 15 m For 10 exanple, it is provided by formng a snal
circle S ching a central part of a large circle L formed of an

5 Still 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 left and
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 component 26 are not limited to a
board and a chip, and they may be other appropriate

25 electronic components.




alumnumthin film In the neantime, of a plurality of alignnment nmarkings
having different sizes and concentrically arranged so as 3P Man HQQY‘

pol ygonal alignment nmark, the large 15 circle L represents a |arge
alignment marking and the small circle S represents a snall alignnent
mar ki ng. To be nore specific, as shown in Fig. 11, when a power- source
Wring 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 forned on the surface layer of a chip
formed by sequentially |am nating N@Eé netal oxi de sem conduct or)
transistors 72 and 73, a first-layer witing pattern 74, and the heaters
30, having an interlayer insulating film75 25 interposed thereanong, on a
silicon substrate 71, each of 30 March 2007 40 the alignnent marks 28a
and 28b is forfigd 30 tilse aspdant vikew By lesthahdgngnthbushape ofii @a¢h| m
outside the region of the chip where a circuit of the transistors and the
like is dbrgmeEnts nay kaswansddicaliovanoddey emboddmghnitgnnmdhe garRs 28a and
28b is forned so as to have a double circle having the large and snal
circles IP3HE Spdeadde doavies dasiqrdfiesy erbasdment Areeggngtiednddf i mage
processi ng generally has a positive correlation with the peripheral |ength
of a rec&%ﬁ?i%%?qrﬁ%ﬁ?rQHF%NHHQQ£aﬁ§hy?n@héhﬁaﬂﬁécéPP&PQnLtE§€Fﬁ§ a large

eri pher al | engt h .has an advantage in high alignnment accuracy. However,
P pE will %eg omitted. 9 9 9 y :

As 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 pm and an inside diameter of about 15 pm. For

10 example, it is provided by forming a small circle S by
. etching a central bart 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 £ilm 75

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




the larger the large circle L, the overall images of the large circles L
of the alignnent marks 28a and 28b are less likely to be38afrché®0% n the
correspondi ng alignnent holes 15 27a and 27b at a prelimnary alignnent
stage where the first and second el ectronic conponents 25 and 26 are

pl aced at respectively predeterm ned positions, thereby leading to a

di sadvantage in requi renent of higher accuracy for the prelimnary
alignnent. On the other hand, although the 20 small circle S having a snall
peripheral length |eads to |ow alignnment accuracy because of a | ow
resolution of image processing, its spall size |leads to an advantage that
the overall inmages of the small circl S are nmore likely to be captured
in the corresponding alignment holes 27a and 27b at 25 the prelimnary

al i gnnment stage. Hence, the double circle 30 March 2007 - 41 is enpl oyed,
t aki ng t heheaddlaingragas: ofarikie d8ar gadak@is e [fortiecClags theasdm® thte account.
To be nore specific, for exanple, when each of the alignnment holes 27a and
27b has ayiasndgtierg afin G0 uminand thieadilal,i guteditdemthle regfionned sbeas to
have a single circle having a dianmeter of 20 m an accuracy required for
the preldmimathers isgmismuiits ofi tthien t2@ngrmswiotds respébe fokeath of the
center distances between the alignnent holes 27a and 27b and the

corr esporfdinmgdal i gnnent marks. Also, it is 10 expected that an
i mage- processi ng accuracy in this case is proportional to the square root
of thé periphBpafepengbadopbove, each of the alignment marks 28a and

28b 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 :esolutibn 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




each marking nmeans, thus it is estimated that the ratio of

i mage- processi ng accuracies in the above exanple case is 39Mackg007 9. 15
On the ot her hand, when each of the alignnment marks 28a and 28b according
to the present invention is formed so as to have a concentric double
circle wwth the large and small circles L and S having dianeters of 30 gm
and 15 pm respectively, a prelimnary-alignnment accuracy is within 20
22.5 pmwith respect to each of the center distances between the small
circles S of the alignnment marks 28a and 28b and the correspondi ng

al i gnnment hol es 27a and 27b, - thereby | eading to a nore | enient requirenent
for the accuracy than in the case whérle each of the above-nentioned 25
alignment marks is formed so as to have a single circle. 30 March 2007 42
Al so, since the inmage-processing accuracy is determned by the ratio of

the squaie empllogtdiheapeénypbReakdvanghbesf ofhenel @égﬁecéﬁ@@mélﬂ each of
the alignnment marks 28a and 28b to that of each of the alignnent holes 27a

and 27b, ctimeleat LoahdoB theoi aageuptocessi ng accuraci es becones 13.7 to
11.9, whereby the alignment accuracy between the alignnment holes 27a and

27b and the cbo rizspomdd ngpexti fae nformeskanZBa, artten 28irhH cans derably
i nproved. Accordingly, by formng the alignnent marks 28a and 28b 10 so as

to have aldeobeetchetes, 2Thcande? @bl hasngediahetde o€n60 |ungi raxids S of the
alignment marks 28a and 28b are
5 each alignment mark is formed so as to have a single circle

having a diameter of 20 pm, 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.

i5 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 um,
respectively, a preliminary-alignment accuracy is within

20 ' 422.5 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 héles 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.




highly likely to be captured in the corresponding alignment holes 27a and
27b. Al so, when the el ectronic conponents 25 and 25 are PBMAFR2UH] ust ed
by using the small circles S so 15 that the overall inages of the |arge
circles L are captured in the alignnent holes 27a and 27b, and the overal
images of the large circles L are resultantly captured, the alignnent
mar ks 28a and 28b are accurately aligned with the alignnment holes 27a and
27b by finely adjusting the above 20 el ectroni c conponents by using the

|l arge circles L or both large and small circles L and S. When both i mages
of one of the alignnent holes 27a and 4§Zp of the first electronic
conponent 25 and the corresponding one of the alignnent marks 28a and 28b
of the 25 second el ectronic conponent 26 are recogni zed by the mark 30
March 2007 43 recognition apparatus 23 as descri bed above, the alignnent

hol es 27&1med Zlrcandhehd regerpyooedisigoakbicgnmenty dar Ket28amineddb?8b are
aligned with each other in accordance with a processing procedure shown in
Fig. 12. therinadtio jof Shep squaremaged of the aerdgnhenalhéeasth7af dhe 27b
and the alignnent nmarks 28a and 28b _are _captured by the mark-recognition
appar at us-axge th&glei b sfegash ofhéhemalligampatenasksf 28hecanfli ghleR® nmarks
28a and 28b are s searched in the corresponding alignnent hol es 27a and
27b. 10 Whéh checd¢br afl thraged gpmephehehsiF| 2¢frends<&rar BhoratdRind in

the alignnent hqgles 27a and 27b due to insufficient
%& go¥ethe gmage-process%ng 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 alignmenf marké 2Ba 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 one of the alignment hcecles 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-




fixing accuracy of the second el ectronic conponent 26 with respect to the
bondi ng tool 24, fractures of the alignment narks 28a andY28ychgp0t ne
| i ke, the process ends up wong 15 processing (in Step S3) and the
al i gnnent stage ends. Then, the position-adjusting nechanism 22 shown in
"Fig. 1 noves up and, as shown in Fig. 3, forns the chip-transfer gap r
_bel ow the | ower surface of the bonding tool 24 so as to replace the second
el ectroni c conponent 26 with a newone. 20 In the neantinme, in Step 82,
i nstead of being automatically searched as descri bed above, the snal
circles S may be manually searched ghige_the i mges thereof being visually
observed in the correspondi ng alignnené hol es 27a and 27b. Meanwhil e, when
the overall images of the small circles 25 S are recognized in Step S2 as
shown in Fig. 13A, the 30 March 2007 - 44 process noves to Step $4, and
anount s ofepogiiiiorn cappaciton 2dfas hiesmmidedialedwes, She tdliespeet to the
center positions of the alignnment holes 27a and 27b are neasured by using
the inageobds thia sandd (280 ranastls o rfteaporntdieis eddrphredrac maarkisc 28anponent
26 is driven to nove in the X or Y direction or to rotate in the O
di r ect i orAndyZ8hagssliareddiush isnrhedfiear sm 2Zzsholanden wEity. al, so that
the small circles S of the alignment marks 28a and 28b are drawn in the
arrow A: FT¥QS TR L gudrel 3owrovdy diche 120 centers 0 of the al i gnnent

hol es_27a and_27b. Wth this _arrangenent, the first and second el ectronic
conpoﬁents ogFirst, in Step S1, 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 82, 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
V-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 82, 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




and 26 are roughly adjusted (see Fig. 13B). Next, the large circles L of
the alignment nmarks 28a and 28b are searched in Step S5. \Adarch B0 Tover al

i mges' of 15 the large circles L are not recognized in this step, for
exanpl e, when the imges of the corresponding snmall circles S are

recogni zed in Step S2 based on false recognition of foreign particles,
when m sal i gnnment between the center positions of the |large and snal
circles L and S due to 20 formng errors of the alignment nmarks 28a and 28b
causes parts of the large circles L to lie behind the alignnent holes 27a
and 27b and to be invisible despite of 4he drawing operation of the small
circles Sin Step $4, and resultantl"y4 he large circles L not to be
recogni zed as circles, or when 25 systemnoise or the |like causes the |arge
circles L not to 30 March 2007 45 be recognized as circles, the process
ends up wropgsspmoeessicngStep Stepabf) amandtshefapoghtktnh sbagecehors.

Then, the position-adjusting nechani sm 22 shown in Fig. 1 noves up and, as
shown i noEi ghe3pmhdinsirhéeshBpwithnstepech gapthebetwinet heosdmeonsurf ace
of the bonding tool 24 so as to replace the second el ectroni c conponent 26
with a neWw the. alApspenasheheanZiia Eng. 21BBarehmaashecdviey ab$ingmges of

the large circles L of the alignnment marks 28a and 28b are recognized in
Step 55, impgeppbcebs ABRés ebrSlep $7, and it 10 is deternined whether or

not each of the recognized alignnent narks 28a and 28b forms a double
circle. The 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 secohd 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 55. 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 circies 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 és circlés, or when

25 system noise or the like causes the large circles L not to




criterion of determ nation about the double circle is based_ _on whether or
not the centers of the large and small circles L and S Iﬁ@h@ﬂﬁgg@mﬁiajly
in agreenment with each other and 15 these circles substantially forma
concentric circle. Wien it is determned in Step 57 that each of the
recogni zed alignnment marks does not forma double circle, in other words,
when the center positions of the large and small circles L and S are

m saligned with each other due to 20 form ng errors of the alignnent marks
28a and 28b as described above, the process ends up wong processing (in
Step S8), the alignnent stage ends, and_the second electronic conponent 26
is replaced with a new one in the sa Sfashi on as descri bed previously. 25
On the other hand, when it is determned in Step S7 30 March 2007 46 that
each of the recognized alignment marks 28a and 28b forns a double circle,

the proceass ranmmitedstap Shclad (it maidars dinssangesrbeigwveen the
al i gnnent holes 27a and 27b and the correspondi ng alignnent marks 28a and

28b are neastsedrhy s rasStep EHpuUtandmhiemtA ignmeati sitagec @ndect i on.  For
exanpl e, the amounts of position correction are neasured on the basis of

the large cirdhes,Ltbe pbeialibgradijustanksm28hanasy 28bsbowar &npFbyi ded as
the nmean val ues of respective anpbunts of correction neasured on the basis
of the | argwwasd W0 aqydhl lascishowes in dHd .S 3of folrmsakthgnebap-irEeksfer as

anounts of correction obtained by conputing the ratio of the size of
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
alignment 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 alignmeﬁt stage ends, and the second
electronic component 26 is replaced with a new one ih the
same fashion as described previously.

25  On the other hand} when it is determined in Step S7




the large circle L to that of the small circle S and by wei hting t he
respective ampunts of correction in accordance with the é@ﬁ%@pba %tio. 15
When the anobunts of position correction are neasured, the second

el ectroni c conponent 26 is driven to nove in the X or Y direction or to
rotate in the O direction by the position-adjusting nechanism 22, so that
the alignnment marks 28a and 28b are respectively drawn in the arrow
B-direction 20 (see Fig. 13B) toward the centers 0 of the alignnment hol es
27a and 27b. Wth this arrangenent, the first and second electronic
conponents 25 and 26 are finely .adjusted such that the center positions of
the alignment holes 27a and 27b and th8%25 correspondi ng ali gnment marks
28a and 28b are aligned with 30 March 2007 47 each other (see Fig. 13C).
Meanwhi | e, when the intervals p and q, respectively, between the alignnment

hol es 27atied @4bh @ndthet weesghheedld ntTBRdGSK 2 88 AN L Bppshown i n

Figs. 2A and 2B are not equal to each other due to a formng error 5 of

each mar kigwgnsreansoull €i ¢{eEBOCELHA gRRIGEE RN OB1dp d91€ JeP the
el ectroni c conponents, or the like, the alignnent holes 27a and 27b and

the corr esqorelt ndf st 4 geeeive tweddes 288 alarthrddh aElal igrednd threagl ot her
so as to be symmetrical wth respect to each other on the center |ine

connect i righe heor s abndjinme rd 1 hplresnt2 fe rdoad 288b andhesl iare adjadsteent for
aligning the first and second -

5 80 as to compute amounts of position correction. For
example, the amounts of position correction are measured on
the basis of the large circles L of the alignment marks 28a
and 28b of 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 fhe 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 6 direction by the
position-adjusting mechanism 22, so that the alignment marks
28a and 28b are respectively drawn iﬁ 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




el ectroni c conponents 25 and 26 with each other is finished_ as described
above, the process noves to Step 510, and it is det er mi néf Mwek B&47 or not
m sal i gnments of the center 15 positions between the alignnment holes 27a
and 27b and the corresponding alignnent marks 28a and 28b are within a
speci fied val ue. When the m salignnent between the alignnment hole and the
corresponding mark is wwthin the specified value, the alignnent is
finished (in Step Sil). 20 Wen, the m salignnent between the alignnent
hole and the alignnent mark is out of the specified value, the alignnment
is perforned by repeating Steps Si to S10. When the alignnment is finished
in accordance with the above-describeﬂ7processing procedure, the
position-adjusting 25 nechanism 22 shown in Fig. 1 noves down slowy, and
the 30 March 2007 48 first and second el ectronic conponents 25 and 26 are

assenbl eceadt hottash péderrigihersciheatidihwrans, (e i nktlhevaaselyi ng
table 21 and the bonding tool 24 are heated so as to bond the first and

second elaet rpnire qosponesls, Hetareknd 24 20 Rpekdt heneshaviangniihe7dry-film
resi st 32 disposed on the bonding surface of the second el ectronic

conponentar2b betnemrposesd dlhigmeetwarrksl 12 8ac corddaBee sholh therigs.
above-descri bed el ectroni c- conponent alignnent nethod, since each of the
al i gnmentZ2A Hhdr@ka28acne@@l it kachedtierasiueo tbave farfonbl erebrcl e
with large and small circles, at the prelimnary alignnment
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 eaéh other is finished
as describeéd 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 aliénment
is performed by repeating Steps S1 to S10.

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




stage of the first and second el ectronic conponents 25 and 26, the overal

i mages of the small circles S of the alignment marks 28a38MardsBiy e
easily captured in the 15 alignment holes 27a and 27b, respectively,
thereby leading to lenient prelimnary-alignment accuracy. Accordingly,
when anobunts of position correction are neasured by using the smal

circles S captured in the alignnent holes 27a and 27b, and the alignnent
mar ks 28a and 28b are roughly .20 adjusted with respect to the correspondi ng
al i gnment holes 27a and 27b, the overall inages of the large circles L of |
the alignnment marks 28a and 28b can be fasily drawn in the alignnent holes
27a and 27b, respectively. Wth this” %.féngenent, when t he anmounts of
position correction for 25 aligning the alignnent marks 28a and 28b with
the centers of 30 March 2007 49 the alignnent holes 27a and 27b are
measur ed fHiyraisiangl tseeondarjeotiroelies componeatls Rar gadand smel | circles L
and S, and the alignnment marks 28a and 28b are finely adjusted with
respect taEadndlald gnimbnealcbl esh2za afftie27bhethéntii metnandobmsedcbnd

el ectroni c conponents 25 and 26 can be accurately aligned with each other.
Al so, sinde ggcelofinghsablegRieandrahkesb28dingdt28b P4 aferhedtsd ms to
have a double circle, even when foreign particles are falsely recognized
as the sl [Focppadeshe fipetientlasseondcegdartronicanobponenteceded | ong

as tﬁg %%rkgsggggigghggrggagggcles L are not found outside the
p g the dry-film resist 32 disposed on
the bonding surface of the second electronic component 26
interposed therebetween.
In accordahce with the above-described electronic-~

component alignment method, since each of the alignment

10 marks 28a and 28b is formed so as to have a double circle
with large and small circles, af 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

15 alignment holes 27a and 27b, respectively, thereby leading

to lenient preliminary-alignment éccuracy. Accordingly,
~when amdunts 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

20 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

25 aligning the alignment marks 28a and 28b with the centers of




corresponding small circles S, thereby inproving the recognition accuracy
of each alignment mark. In the neantime, each of the alig#g chdbdis 28a
and 15 28b is not limted to a double circle, and it nay be formed of
three or nore concentrically arranged circles. Al so, each of the alignnent
hol es- 27a and 27b and the alignment marks 28a and 28b are not |imted to a
round shape, and it nay have a rectangul ar shape, a triangular shape, or
the 20 like. Nevertheless, it is preferable that each narking neans have a

round shape since edge noise of a digital imge picked up by the

mar k- recogni tion apparatus 23 is uniform regardless of its orientation. 25
I ndustrial Applicability 30 March 200749--50 The present invention is
applicable to, for exanple, a bonding apparatus for aligning and
assenbling a chip menber with a plate-like or sheet-like board. 30 March

2007 51 +Hd AlNBnmbn tAh Al I RNIsGr(C opoRewRt n@a@%’i’é@!"@aﬁb@ﬁg, tR@MPri si ng

the steps of: holding a first electronic conponent with a re€eiving table,
havi ng twardd girenleshal &y pRithonated ahd Riedat iFcned Roshli Snsakder eof

so as to be spaced away from each other by a predeterm ned interval, and
hol di ng ahseeQAdnment marks 28a and 28b are finely adjusted with
respect to the alignment holes 27a and 27b, the first and
5 '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

10 false recognition can be corrected as long as the
corresponding large circles L are not found cutside the
corresponding small circles S, thereby improving the
recoghition accuracy of each alignment mark.

In the meantime, each of the alignment marks 28a and

15 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 triaﬁgular Shape, or the

20 like. Nevertheless, it is preferable that each marking
means have a round shape since edge noise of a digitai image

picked up by the mark-recognition apparatus 23 is uniform

| regardless of its orientation.

25 Industrial Applicability




el ectroni c conponent with a position-adjusting nechani sm having t wo

ali gnment nmarks formed at predeternined positions thereoR0Margk20QY have an
interval therebetween in agreenent wth that between the two aligning

hol es; capturing the alignnment marks and the corresponding alignnent holes
in the sane fields of view of a mark- recognition apparatus in a state in
whi ch the alignnent nmarks of the second el ectronic conponent are
introduced in the corresponding alignnent holes of the first electronic
conponent, and neasuring the positions of the two conponents; and
adjusting the position of the second el ectronic conponent with the

posi tion-adj usting nechani sm such ttat30 the alignment narks of the second
el ectronic conponent lie at predeterm ned positions in the correspondi ng
alignment holes of the first electronic conponent, wherein the two
conponents arnal gesénﬂn1ﬁv@@@bo@th§ra§91b@aﬁhe39Q7féiieiamgmﬁjcgn1ng the
above steps. 2. e el ectronic-conponent alignnent nmethod according to

C ai m 1, pehareign apparbicost rardasegandgebadt h8BERLLOAPONEOhSp @eRbdel d such
that the alignnment holes and the alignnment marks, respectively, of the
first angis@canglakectiusi 6r shaperenks boarwithin the focal depth of

| enses of the mark- recognition apparatus. 3. The el ectronic-conponent

al i gnnment net hod according to '




Claim1, wherein the position-adjusting nechanismnoves and rotates the
second el ectronic conponent in the X and Y directions and3PMarge2¢07
direction, respectively, on a horizontal plane. 4. The

el ectroni c-conponent alignnment method according to Caim3, wherein the
entire position-adjusting nmechanismis novable in the Z direction on a
vertical plane and bonds the first and second el ectroni c conponents to
each other. ‘5. The el ectronic-conponent alignnent nmethod according to
Claim 1, wherein the mark-recognition apparatus conprises two caneras
having an interval therebetween in agreenent wth that between the two
alignnent holes of the first electroenil €onponent. 6. The

el ectroni c-conponent alignment method according to Caim1l, wherein the
mar k-recogni ti on apparatus conprises a canera |laterally novable al ong the
sane di stance as the interval betvwgﬂhf two alignnent holes of the first
30 March 2007 53 el ectronic conponent. The el ectroni c- conponent

al i gnnent net hod according to Claim1, wherein the mark-recognition
apparatus conprises two identical |enses disposed so as to have an
interval Hher%BEEW@%@rbHiégﬁéﬁﬁﬁﬁbn%ﬂBﬁiﬁﬂﬁénPQ&$€ﬁ8dEh&oﬁﬁ?isﬁﬁ gnment
hol es of the first electronic conponent; and a canera disposed at the
comon pesiet is@ap@nokhe optical paths of the two | enses. '

holding a first electronic component with a receiving
table, héving 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,

*  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-

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 twb
components; and |

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, |

‘wherein the two components are aligned with each other




8. An el ectronic-conponent alignment apparatus, conprisin rece|V|ng

table holding a first electronic conponent having two alﬁéﬁﬁﬁ
perforated at predeterm ned positions thereof so as to be spaced amay from
each other by a predetermined interval; a position-adjusting nmechani sm
hol di ng a second el ectronic conponent mhich is disposed so as to face the
recei ving table and which has two alignnent marks fornmed at predeterm ned
positions thereon so as to have an interval therebetween in agreenment with
that between the two aligning holes; a mark-recognition apparatus which is
di sposed rearward of the receiving table and which, in a state in which
the alignment marks of the second elFeéfronic conponent are introduced in

. the alignment holes of the first electronic conponent, captures the

al i gnment marks and the 30 March 2007 54 corresponding alignnent holes in

the sane hjehdsrOfm¥hEWMhLheroPL &ful dreasures the positions of the two
conponents wher ei n, “by using | mages whose positions are neasured by the

mar k- recogng t i orh@p@péétyémér@oxﬁ;y&mpﬂmr&e@% qneﬂ{dcgf&%w&ﬁge%h ot her
by adjusting the position of the second electronic conmponent w th t

posi ti on-@ri irstd Norhemehantisen suedt thad ddhrarat Iegmswoxfi%r ke%n@fontelﬂ@ssecond
el ectronic conponent lie at predeterm ned positions in
are held such that the alignment holes and the allgnment
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
rotates the second electronic component in the X and Y
directions and in the 6 direction, respectively, on a
horizontal plane.

4. The electronic-component alignment method according to
Claim 3, 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 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
with that between the two alignment holes of the first
electronic component.

6. The electronic-component alignment method according to
Claim 1, wherein thé mark-recognition apparatus comprises a
camera laterally movable along the same distance as the

interval between the two alignment holes of the first




two alignment holes of the first electronic conponent. 9. Bﬁﬁ 12007
el ectroni c-conponent alignment apparatus according to Clél ge % ein the
first and second el ectronic conponents are held such that the alignment

hol es and the alignnent marks, respectively, of the first and second
el ectronic conponents lie wthin the focal depth of |lenses of the
mar k- recogni tion apparatus. 10. The el ectroni c-conponent ali gnnent
apparatus according to Claim8, wherein the position-adjusting nechanism
noves and rotates the second el ectronic conponent in the X and Y
directions and in the O direction, respectively, on a horizontal plane.
11. The el ectroni c-conponent alignneﬁt5§pﬁaratus according to d aim 10,
wherein the entire position-adjusting nechanismis novable in the Z
direction on a vertical plane and bonds the first and second el ectronic
conponentsleoteanhc obvhponedd. March 2007 55 12. The el ectroni c- conponent
al i gnnent apparatus according to Claim@8, further conprising two caneras
having an 7nt efhal eldet ehet vemponagt eeTEMnam i hndthaly helseen iheo t wo
alignment holes of the first electronic conponent. 13. The
el ect r oni €l &Bhpbnentend iy rirhenmeagiparatatsn i BEOOrPPag dt@ sClodim@rd sesher ei n t he
mar k-recognition apparatus conprises a canera |aterally novable along the
same di st'diteldert1¢rl i Innmamidisglosssh shed wo alavgnaentnkeres1of the first
-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,
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;
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
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 component are

introduced in the alignment holes of the first electronic

component, captures the alignment marks and the




el ectroni c conponent. 14. The el ectronic-conponent allgnnent apgaratus
according to Claim8, wherein the mark-recognition apparag ﬂﬂﬂlses t wo
i dentical |enses disposed so as to have an interval therebetween in

agreenent with that between the two alignnent holes of the first
el ectroni c conponent; and a canera disposed at the common position on the

optical paths of the two | enses.
....54_

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
aligned ﬁith 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.,

9. The electronic-component alignment apparatus according
to Claim 8, wherein 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 apparatus.

10. The electronic-component alignment apparatus
according to Claim 8, wherein the position—-adjusting
mechanism moves and rotates the second electronic component
in the X and Y directions and in the © direction,
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 % direction on a vertical plane

and bonds the first and second electronic compbnents to each

other.
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12. The electronic-component alignment apparatus
according to Claim 8, further comprising two cameras having
an interval therebetween in agreement with that between the
two alignment holes of the first electronic component.

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.

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
camera disposed at the common position on the optical paths

of the two lenses.




