DESCRI PTI ON
Title of Invention

BONDI NG APPARATUS AND BONDI NG METHCD

TECHNI CAL FI ELD
[ 0001]
The present i nventionrel ates to a bondi ng appar at us and

a bondi ng nethod for bonding a chip onto a substrate.

BACKGROUND ART
[ 0002]

Conventionally, a die bonding apparatus, a flip chip
bondi ng apparatus, and the | i ke have been known as exanpl es of
a bondi ng apparat us for bondi ng a chi p such as a sem conduct or
devi ce on asubstrate. Such a bondi ng appar at us hol ds and noves
achi pusi ngabondi ngtool suchasacollet, and perforns bondi ng
onto asubstrate. Here, inorder to performbondingwth ahigh
accuracy, it is necessary to determne, prior to bonding, a
position of a chip that is picked up by a bonding tool with
respect to a bondi ng tool, and a condi ti on of the chi p (whet her
or not there are cracks and contam nation). Therefore,
conventionally, adie bondi ng apparatus or thelikeis provided
wi th a bottomcanera taking an i nage of a bondi ng tool that has
pi cked up a chip is provided at a position i medi ately under

a transfer path of the bonding tool, and determ nes a position



of thechipw threspect tothe bondi ngtool and a confi gurati on
of the chip based on an inage taken by the bottom canera.
[ 0003]

Further, inorder toperformbondi ngw tha highaccuracy,
it is necessary to accurately detect a position on a substrate
for attaching a chip. Therefore, conventionally, it is
proposed that a position detection canera facing toward a
wor ki ng pl ane i s provi ded near the bonding tool, the position
detection canera takes an i mage of a chip attachnment portion
on a substrate, and a position of the chip attachnment portion
i s detected based on the obtained i mage. |In sone quarters, it
i s proposed that the position detection canera and the bondi ng
tool are provided for the bonding head separately from each
other with a prescribed offset anbunt. In such a bonding
appar atus, the offset amount between the bondi ng t ool and t he
position detection canera changes due to a change over tine
attributable to a tenperature change and abrasion. Such a
change i n the of fset amobunt results in an error of the bondi ng
posi tion.

[ 0004]

Thus, docunents such as PTLs 1 to 6 di scl ose techni ques
for detecting an of fset anount. For exanple, PTL 1 discl oses
a technique in which a bondi ng apparatus includes position
detection canera for detecting a position of a conponent to be

bonded and a tool for carrying out bonding that are di sposed



wi th an of fset, wherein the position detection canmerais noved
above a reference nenber to neasure a positional relation
bet ween t he r ef er ence menber and t he positi on detection canera,
the tool is noved above the reference nmenber according to a
previously recorded offset anpbunt to neasure a positiona
rel ati on between the reference nenber and the tool using a
bott omcanera, and an accurate of fset anount i s obtai ned based
on the nmeasurenent results.

[ 0005]

Further, PTL 2 discloses a technique in which a charge
coupling devicewithin acanerais used as a reference nenber.
Mor eover, PTLs 3 and 4 di scl ose techni ques i n whi ch a dedi cat ed
canmera i s provided separately froma position detecti on canera
and a bottomcanera in order to correct displacenent of an
i nter-camera di stance and an of f set anount. Furthernore, PTLs
5 and 6 di scl ose techni ques for correcting di splacenent of an
i nter-canmera di stance and an of f set anmobunt based on an i nage
obt ai ned by a position detection canera and a bottom caner a.
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SUMMVARY OF | NVENTI ON
Techni cal Probl ens
[ 0007]

However, the techniques according to PTLs 1 and 2 are
basi cal |l y i ntended f or applicationstoawre bondi ng appar at us
and not intended for applications in a bondi ng apparatus for
bondi ng a chip of a sem conductor device or the like onto a
substrate, such as a die bonding apparatus and a flip chip
bondi ng apparatus. Further, both of the techni ques accordi ng
to PTLs 1 and 2 assune provi si on of a dedi cat ed canera for of f set
det ecti on.

[ 0008]

The techni ques according to PTLs 3 and 4 are basically
i ntended for applications to a bondi ng apparatus for bondi ng
a chiponto a substrate. However, the techni ques accordingto
PTLs 3 and 4 require an additional dedicated canera for
measuri ng an of fset anmount or the like, separately froma
position detection camera for nmeasuring a chip attachnent
position and a bottom canera for neasuring a chip held by a
bondi ng tool. The configuration of the techniques according

to PTLs 5 and 6 does not require a dedicated canmera, but a



conpl i cated and ti me-consuni ng process has to be carried out
in order to nmeasure an offset amount or the |ike.
[ 0009]

Thus, an object of the present invention is to provide
a bondi ng apparat us for bondi ng a chip onto a substrate, which
bondi ng apparatus is capable of easily detecting an of fset
bet ween a bondi ng tool and a position detection canera w t hout
provi di ng a dedi cat ed canera for detectingthe offset, and such
a bondi ng net hod.
Sol ution to Probl ens
[ 0010]

A bondi ng apparatus according to the present invention
i s a bondi ng appar atus for bondi ng a chip onto a substrate, the
appar at us i ncl udi ng: a bondi ng head configured to nove a first
canmera facing toward a bondi ng surface and a bondi ng t ool
di sposed with an of fset fromthe first camera, whileintegrally
hol di ng the first camera and t he bondi ng tool ; a second canera
facing toward the bonding tool so as to detect a position of
the chip held by the bonding tool with respect to t he bondi ng
tool; areference mark di sposedw thinaviewfieldof thesecond
canera; and a control unit configured to control novenent of
t he bondi ng head, wherein the control unit noves the bondi ng
head based on a position of the reference mark recogni zed by

thefirst canera, andthen cal cul at es a val ue of t he of f set based



on a position of the bonding tool withrespect tothe reference
mar k recogni zed by the second caner a.
[ 0011]

Inadifferent preferred aspect, bondingis perforned by
f eedi ng back the val ue of the of fset cal cul ated by the control
unit to a subsequent bondi ng process. Inadifferent preferred
aspect, one of the first camera and t he second canera takes an
i mage of an inmaging target w thout stopping the bondi ng head
by causi ng el ectronic flash correspondingtothe caneratoemt
light at imaging ti mng at which the imging target passes
through a viewfield of the canera as t he bondi ng head noves,
and the control unit cal cul ates the val ue of the of fset based
on t he taken i mage obt ai ned wi t hout stoppi ng t he bondi ng head.
[0012]

Inadifferent preferredaspect, thecontrol unit detects
t he position of the chipw threspect tothe bondingtool based
on animagetaken byt he second canera for detectingtheposition
of the bonding tool with respect to the reference mark.
[0013]

Inadifferent preferred aspect, the second canera i s an
infraredcanmerafor takinganimgebyinfraredlight. Further,
inadifferent preferred aspect, thereference mark i s di sposed
on an end of a depth of field of the second canera. In a

different preferred aspect, the second canera includes a



mechani smfor partially changing a focal position within the
view field.
[ 0014]

A bondi ng net hod accor di ng anot her aspect of the present
i nventionis abondi ng net hod f or bondi ngachi pontoasubstrate
enpl oyi ng a bondi ng apparatus including: a bonding head
configured to nove a first canera facing toward a bondi ng
surface and a bondi ng t ool di sposedw thanoffset fromthefirst
canera, while integrally holding the first canmera and the
bondi ng t ool ; and a second canera faci ngtowardthe bondi ngt ool
so as to detect a position of the chip held by the bondi ng t ool
wi threspect tothe bondi ngtool, the nethodi ncl udi ngthe steps
of : recogni zing a position of areference mark using the first
canera, the reference mark bei ng di sposed withinaviewfield
of the second canera; recogni zi ng a posi ti on of the bondi ngt ool
withrespect tothereference mark usi ngthe second canera after
t he bondi ng head i s noved based ont he posi ti on of t herecogni zed
ref erence mark; and cal cul ati ng a val ue of the of fset based on
t he position of the bondi ngtool withrespect tothe recognized
reference mark.
Advant ageous Effect of Invention
[ 0015]

According to the present invention, it is possible to

easily detect an offset using a first canera facing toward a



bondi ng surface and a second canera f aci ng t owar d a bondi ng t ool

that are al so provi ded for the conventi onal bondi ng appar at us.

BRI EF DESCRI PTI ON OF DRAW NGS
[0016]

Fig. 1 is a diagramillustrating a configuration of a
bondi ng apparatus according to an enbodi nent of the present
i nventi on.

Fig. 2 is a diagramillustrating a configuration of a
portion around a bottom canera.

Fig. 3isadiagramillustrati ngone exanpl e of areference
menber .

Fig. 4isanillustrative di agramof aprincipl e of of fset
measur enment .

Fig. 5isanillustrative di agramof aprincipl e of of fset
measur enment .

Fig. 6isanillustrative di agramof aprincipl e of offset
measur enment .

Fig. 7isanillustrative di agramof a principl e of of fset
measur enment .

Fig. 8isaflowhart show ng a fl owof a bondi ng process.

Fig. 9isaflowhart showngaflowof adifferent bondi ng
process.

Fig. 10 is a diagramillustrating a configuration of a

di fferent bondi ng appar at us.



Fig. 11 is a diagramillustrating a configuration of a
portion around a different bottom canera.

Fig. 12 is a diagramillustrating a configuration of a
di fferent bottom camera.

Fig. 13 is a diagramillustrating a configuration of a
portion around a different bottom canera.

Fig. 14 is a perspective viewof an optical el enent used

for the different bottom canera.

DESCRI PTI ON OF EMBODI VENT
[0017]

Herei nafter, a bondi ng apparatus 10 according to an
enbodi nent of the present invention will be described with
reference to the drawings. Fig. 1 is a diagramillustrating
a configuration of the bondi ng apparatus 10 according to the
enbodi nent of the present invention. The bondi ng apparatus 10
is a die bonding apparatus that perforns positioning of a
sem conductor chip 100 (die) as an el ectroni c conponent to an
attachnment portion on a substrate 104, and perfornms bondi ng.
[ 0018]

The bondi ng apparatus 10 includes: a chip feeding unit
12, aninternedi ate stage 14 onwhichachipis placed, abondi ng
stage unit 16 for supporting the substrate 104, a bondi ng head
18, acollet 22 and atop canera 24 as afirst canera that are

attached to the bondi ng head 18 via a Z-axis drive nechani sm



23, a bottomcanera 28 as a second canera, a reference nenber
30 di sposed near t he bottomcanera 28, an XY tabl e 26 f or novi ng
t he bondi ng head 18, and a control unit 40 for controlling

driving of the bonding apparatus 10 as a whol e.

[0019]

On a stage 20 of the chip feedingunit 12, thereis placed
awafer 102 that i s dicedintosem conductor chips100inagrid
pattern applied to a filmon their back surfaces. The
sem conductor chips 100 are transferred to and pl aced on the
I nternedi ate stage 14 by a transfer head that is not
i I'lustrated.

[ 0020]

The bondi ng stage unit 16 is a stage for bonding the
sem conductor chip100toanattachnment porti onof the substrate
104. The bonding stage unit 16 is provided with a novenent
mechani sm 17 for noving the substrate 104 in a hori zontal
direction, aheater (not illustrated) for heatingthe substrate
104, and the like. Driving of all of these conponents is
controlled by the control unit 40.

[ 0021]

To t he bondi ng head 18, the coll et 22 and the top canera
24 are attached separately fromeach other by a prescribed
of fset distance. The collet 22 is a bonding tool for
suction-hol di ng the sem conductor chip 100 placed on the

i nternedi ate stage 14, transferring the sem conductor chip 100

10



tot he bondi ng stage unit 16, and bondi ng t he sem conduct or chip
100 to t he substrate 104 di sposed on t he bondi ng stage unit 16.
The collet 22 is in a cuboid shape or circul ar truncated cone
shape. Its central axis is disposed in a vertical direction
per pendi cul ar t o awor ki ng pl ane on whi chthe i nternedi at e st age
14 or the bonding stage unit 16 is provided. By novenent of
t he bondi ng head 18, the collet 22 is configured so as to be
abl eto nove froma positionimed atel y above t he i nternedi ate
stage 14 to a positionimedi ately above t he bondi ng st age unit
16. Further, the collet 22 is attached to t he bondi ng head 18
via the Z-axis drive nmechani sm23 for up-down novenent and a
B-axis drive mechanism (not illustrated) for rotary movement,
andi s abl et o make | i near novenent al ong a Z axi s and r ot ati onal
novenent about the Z axis wth respect to the bondi ng head 18.
[ 0022]

The top canera 24 is a canera for neasuring a position
of the attachnent portion of the substrate 104 supported by t he
bondi ng stage unit 16. The top canera 24 has an optical axis
inavertically downward direction, andis abletotake ani nmage
on a side of the working plane on which the substrate 104 or
thelikeisplaced. Thetopcanera24is alsousedfor nmeasuring
an of fset distanceasw || bel ater described. The bondi ng head
18 to which the collet 22 and the top canera 24 are attached
Is attached to the XY table 26, and is able to nove in an XY

di rection.
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[ 0023]

The bottom canera 28 is disposed i medi ately bel ow a
transfer path of the collet 22, that is, fixedly provided
bet ween the i nternedi ate stage 14 and t he bondi ng stage unit
16. The bottomcanera 28 has avertically upward optical axis.
I n ot her words, the bottomcanera 28 i s di sposed faci ng toward
thecollet 22 andthe top canera 24, andis ableto take an i nmage
of atip end surface (bottom surface) of the collet 22.

[ 0024]

Near the bottom canera 28, the reference nenber 30 is
fixedly provided. As will be |later described, the reference
menber 30 is a nenber providing a reference when an of f set
di stance betweenthe coll et 22 andt he top canera 24 i s neasur ed,
and is provided with areference mark 32 of an i dentical shape
at an identical position on two sides. The reference nenber
30 i s disposed at a position at which the reference nenber 30
may not hi nder imaging of the collet 22 by the bottomcanera
28, andthe reference mark 32 is positionedwithinaviewfield
of the bottom canera 28.

[ 0025]

More specifically, as illustrated in Fig. 2, the
reference nenber 30 is provided such that the reference mark
32 is positionedonalower endof adepthof fieldof the bottom
canera 28 (an end on a side of the bottomcanera 28). The

ref erence nmenber 30 i s provided at such a positionin order to
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avoid interference with the collet 22. Specifically, inthis
enbodi nent, an inmage of the collet 22 is taken by the bottom
camera 28 for neasurenent of a position and an of fset di stance
of the sem conductor chip 100 with respect to the collet 22.
At thistime, thecollet 22 noves down near a hei ght of the depth
of field of the bottomcanera 28. Inthis enbodi nent, in order
to allowthe bottomcanera 28 to recogni ze the reference mark
32whileavoidinginterferencewiththecollet 22, thereference
mark 32 is positioned on a | ower end of the depth of field of
the bottomcanera 28. Here, in general, as the bottomcanera
28 has a low magnification and a wide field depth, the
interference between the collet 22 and t he ref erence nenber 30
within the depth nay be avoi ded. Further, even when the
reference mark 32 i s provided at a position nore or | ess away
fromthe depthof field, it ispossibletoprevent deterioration
of accuracy i nnmeasurenent of an of fset di stance by regi stration
of an image of the reference mark 32 as areferenceinablurry
i mage that is out of focus.

[ 0026]

The shape of the reference mark 32 is not particularly
limted as long as its position and posture within the canmera
view field nay be recogni zed by the canera. Therefore, the
reference mark 32 may be a rectangular mark configured as a
rectangul ar blockasillustratedinFig. 3(a), or across-shaped

mar k configured as a cross-shaped t hrough hol e defined in the
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rectangul ar block asillustratedinFig. 3(b). Alternatively,
the reference mark 32 may be a mark configured such that a
cross-shaped pattern i s provided by coating gl ass by chrom um
or the like. Further, the reference mark 32 may be a mark
configured such that a cross-shaped pattern is provided by
coating a l ens of the bottomcanera itself by chrom umor the
like. It should be noted that in Fig. 3, a reference nunber
54 is a schematic view of an i nage obtai ned when an i mage of
the collet 22 is taken by the bottom canera 28 (hereinafter
referred to as the “second i mage 547).

[ 0027]

Moreover, for a favorable bonding process, it is
necessary that the reference nenber 30 may not disturb
recogni tion of the collet 22 by the bottomcanera 28, and t hat
the reference mark 32 is positioned within the viewfield of
the bottomcanera 28. Accordingly, it is desirable that the
reference mark 32 be positioned near an end of the viewfield
of the bottomcanera 28 as illustrated in Fig. 3.

[ 0028]

Wth the bondi ng apparatus 10 of such a type, the
sem conduct or chip 100 placed on the internedi ate stage 14 is
suctioned and hel d by the col | et 22, and bonded t o an at t achnment
portion onthe substrate 104. At thistine, inorder to ensure
posi ti onal accuracy for attachnent, prior to bonding, a

position of the sem conductor chip 100 suctioned and held by
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the collet 22 corresponding to the collet 22 is recogni zed by
t he bottomcanera 28, and a position of the attachnment portion
on the substrate 104 i s recogni zed by the top canera 24. Then,
after noving and positioning the collet 22 and the substrate
104 based on the positions respectively recognized by the
correspondi ng caneras 24 and 28, the sem conductor chip 100is
bonded to the attachnment portion on the substrate 104.

[ 0029]

It shoul d be noted that conventional ly, such positioning
of the collet 22 and the substrate 104 is perfornmed on an
assunption that an offset di stance between the collet 22 and
the top canera 24 is always constant. However, in practice,
the offset distance changes delicately depending on a
t enper at ure change or a change over tine. In addition, if the
of fset di stance changes from a previously defined reference
of f set di stance D, anerror by ananount of t he changei s produced,
resulting in deterioration of the positional accuracy in
bondi ng.

[ 0030]

Thus, in sonme quarters, it is proposed to neasure the
of fset distance by providing a canera dedi cated for offset
nmeasurenent, or conplicated steps. However, such a
conventional techni que poses problens of an increase in cost

acconpani ed by addi tion of the dedi cated canera, and i ncreased
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processi ng ti me acconpani ed by addi ti on of the conplicated and
ti me-consum ng steps.
[ 0031]

Therefore, in this enbodi nent, the offset distance is
nmeasur ed based on i mages obt ai ned by t he top canera 24 and t he
bottom canera 28 that are al so provided for the conventi onal
bondi ng apparatus 10. Further, it is intended to prevent the
processing time fromincreasi ng by perform ng such neasur enent
of the of fset distanceinparallel withabondingstep. Before
expl ai ni ng the fl owof the neasurenent of the of fset distance,
princi ples of the neasurenent of the offset distance in this
enbodi nent will be described wth referenceto Fig. 4, Fig. 5,
and the like.

[ 0032]

First, in order to neasure the offset distance, the
control unit 40 previously records the reference offset
distance D, afirst reference position, and a second reference
position. The reference offset distance D is adesign or
current of fset di stance betweenthe coll et 22 andthetop canera
24. The offset distance should essentially be the reference
distance D, but in practice, a slight error Ao is produced due
to a tenperature change or a change over tine.

[ 0033]
The first reference positionis, asillustrated in Fig.

4(a), a position of the reference mark 32 within an i mage
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obtai ned by thetop canera 24 inastateinwichthetop canera
24 is positioned i medi ately above the bottomcanera 28, that
is, astate in which an optical axis of the top canera 24 and
an optical axis of the bottomcanera 28 coi nci de. Hereinafter,
an i mage obt ai ned when the top canera 24 takes an i nage on a
side of the bottomcanera 28 is referred to as a first imge
52. The first imge 52 may be taken based on a nethod of
reflective illum nation (such as coaxial illumnation) using
i1 lum nationof thetopcanera 24, or based on a backl i ght net hod
using coaxial illumnation of the bottom canera 28.
[ 0034]

The second reference positionis, asillustratedin Fig.
4(b), aposition of thecollet 22 with respect tothe reference
mar k 32 wi t hi n t he second i nage 54 obt ai ned by t he bott omcaner a
28 inastateinwhichthe collet 22 is positionedimed ately
above the bottomcanera 28, that is, astatein whichacentral
axis of the collet 22 and the optical axis of the bottomcanera
28 coi nci de. The second i nage 54 nay be t aken based on a net hod
of reflectiveillum nation(suchascoaxial illumnation) using
illum nation of the bottom canmera 28.
[ 0035]

Next, asillustratedinFig. 5 acaseinwhich an offset
distance between the collet 22 and the top camera 24 is D+Ao
Isassumed. Inthiscase, asillustratedinFig. 5(a), thetop

canmera 24 is noved i mredi ately above the bottomcanera 28 to
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obtain the first inmage 52. At this tine, if there is
displacement of an amount Aa between the optical axis of the
top canera 24 and the optical axis of the bottomcanera 28, the
reference mark 32 within the first inmage 52 i s di splaced from
the first reference position by Aa. The displacement amount
Aa of the reference mark 32 within the first image 52 may be
obt ai ned by analyzing the first imge 52.

[ 0036]

Next, asillustratedinFig. 5(b), it is assunedthat the
top canera 24 andthe col | et 22 are noved by t he ref erence of f set
di stance D fromthe above state. At this tinme, if the offset
di stance between the top canera 24 and the collet 22 is the
reference offset distance D (that is, if the error Ao is not
present), the position of the collet 22 with respect to the
reference mark 32 within the second i mage 54 i s al so di spl aced
by Aa with respect to the second reference position, and the
coll et 22 should be seen as represented by a rectangular 22_1
inabrokenlinewthinthe secondinage 54. However, if there
is the error amount Ao in the offset distance, the position of
the collet 22 with respect to the reference mark 32 within the
second image 54 is displaced by Ab=Ao-Aa with respect to the
second reference position. The displacement amount Ab of the
col | et 22 may be obt ai ned by anal yzi ngthe second i nage 54. Then,

by adding Aa and Ab obtained respectively from the first image
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52 and the second image 54, the error amount Ao in the offset
distance may be obtained (Ao=Aa+Ab).
[ 0037]

In the exanple shown in Fig. 5, as the bonding head 18
I s noved by the reference of fset di stance Dwi thout el im nating
the displacement amount Aa of the reference mark 32 within the
first image 52, the error amount Ao of the offset distance is
Ao=Aa+Ab. However, as illustrated in Fig. 6(b), the bonding
head 18 nay be noved by the reference of fset distance D after
the bonding head 18 is noved prior to the novenent by the
reference offset distance D so that the displacement amount Aa
of thereferencemark 32withinthe first i nage 52 becones zer o,
that is, the reference mark 32 within the first image 52 is
positioned at the first reference position. Inthis case, the
positional displacement amount Ab of the collet 22 with respect
tothereference mark 32 within the secondinage 54is directly
taken as the error amount Ao.

[ 0038]

Further, asillustratedin Fig. 7, an anount of novenent
of the bondi ng head 18 after the first i nage 52 i s obt ai ned may
be a distance considering the displacement amount Aa of the
reference mark 32 within the first image 52, that is, D-A,

i nstead of thereference of fset distance D. Al sointhis case,
after the movement by the distance D-Aa, the positional

displacement amount Ab of the collet 22 with respect to the
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reference mark 32 within the obtained second inage 54 is
directly taken as the error amount Ao.
[ 0039]

Her e, as can be seenclearly fromthe previ ous descri ption,
according to this enbodi nent, inthe neasurenent of the of fset
di stance, the bottom canera 28 al ways takes an i mage of the
collet 22 to obtain the second i mage 54. In this enbodi nent,
the second i nage 54 is obtained after the sem conductor chip
100 i s picked up by the col l et 22, and before t he sem conduct or
chip100i s bondedtothesubstrate 104, that is, whilethecoll et
22 i s suctioni ng and hol di ng t he sem conduct or chi p 100. Then,
a position of the sem conductor chip 100 with respect to the
collet 22, is nmeasured, in addition to the offset distance,
based on t he obt ai ned second i nage 54. In other words, inthis
enbodi nent, the nmeasurenent of the offset distance and the
nmeasur enent of the position of the sem conductor chip 100 are
performed at the sane tinme in a single imging process. Wth
this, it is possibletoreduce a nunber of special steps added
for the neasurenent of the offset distance, and to prevent the
processing tinme fromincreasing.

[ 0040]

Next, a fl owof bondi ng by t he bondi ng apparatus 10 wi | |
be described with reference to Fig. 8. Fig. 8is a flowhart
showi ng a f1 owof bondi ng by t he bondi ng appar at us 10 accor di ng

tothis enbodinent. Fig. 8 shows a fl ow of a bondi ng process
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when the offset distance is obtained using the principle
described with reference to Fig. 6.
[ 0041]

When the sem conductor chip 100 is bonded onto the
substrate 104, first, the control unit 40 noves t he bondi ng head
18 to positionthe collet 22 i medi atel y above the i nternedi ate
stage 14 (S10). The collet 22 is noved downward inthis state,
and t he sem conductor chi p 100i s sucti oned and hel d, and pi cked
upwthatipof thecollet 22 (S12). |f the sem conductor chip
100 i s successful ly suctioned and held, the collet 22 is noved
upward t o a prescri bed hei ght i norder to prevent interference.
[ 0042]

Next, the control unit 40 noves the bonding head 18 to
position the top canera 24 i medi at el y above t he bott omcanera
28, that i s, above the reference nenber 30 (S14). Then, inthis
state, thetop canera 24 takes an i nage ont he si de of the bottom
canera 28, and obtains the first i mage 52 (S16). The contr ol
unit 40 calculates the displacement amount Aa of the reference
mark 32 wwthin the first i mage 52 based on the first i nage 52.
Then, based on Aa thus obtained, the bonding head 18 is moved
so that the reference mark 32 within the first imge 52 is
positioned at the first reference position, that is, the state
illustrated in Fig. 7(b) is realized (S18).

[ 0043]
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Once the displacement amount Aa of the reference mark 32
withinthefirst i mage 52 becones zero, the control unit 40t hen
noves the bondi ng head 18 by the prescribed reference of fset
di stance D (S20). Wth this novenent, the collet 22 is
positioned substantially i medi ately above the bottomcanera
28. Once this state is realized, the bottomcanmera 28 takes
an i mge of the collet 22 to obtain the second i mage 54 (S22).
Here, when taking an inmage, the collet 22 is noved down to a
substantially central height inthe depthof fieldof the bottom
camera 28. The control unit 40 calculates the error amount Ao
of the offset di stance and t he positional displacenent anount
of the sem conductor chip 100w threspect tothecollet 22 based
on the second i mage 54 (S24). 1In this case, the error anount
Ao of the offset distance is the positional displacement amount
Ab of the collet 22 with respect to the reference mark 32 within
t he obt ai ned second i mage 54 as descri bed above with reference
to Fig. 7 (Ao=Ab). Further, similarly to the conventional
techni que, the control unit 40 perforns cal cul ation of the
posi ti onal displacenent anount of the sem conductor chip 100
with respect to the collet 22, pass/fail determ nation on of
t he sem conductor chip 10, and the |i ke based on t he obt ai ned
second image 54. As aresult of the image analysis, if it is
determ ned that the sem conductor chip 100 has a defect such
as cracks, the bondi ng process of the sem conductor chip 100

is stopped. |[|f the sem conductor chip 100 has no defect, the
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control unit 40 records the error amount Ao of the offset
di stance, the positional displacenment anount of the
sem conductor chip 100, and the |like that are obtai ned here.
[ 0044]

Subsequently, the control unit 40 noves the top canera
24 above the attachnent portion on the substrate 104 (S26).
Then, an accurate position of the attachnment portion is
cal cul at ed based on the i mage obtai ned by the top canera 24.
Thereafter, the control unit 40 noves the bonding head 18 to
nove the collet 22 to a position i medi ately above the
attachnment portion (S28). 1In controlling the novenent,
correction is performed so that the collet 22 conmes to the
positionimedi atel y above t he attachnment portion, consi dering
the error amount Ao of the offset distance and the positional
di spl acenent anount of the sem conductor chip 100 that are
obtained in Step S24. Then, finally, the collet 22 is noved
down near the substrate 104 to bond t he sem conduct or chi p 100
onto the attachnent portion on the substrate 104 (S30). Upon
conpl eti on of bondi ng of a single sem conductor chip 100, the
process returns to Step S10 to perform bondi ng of a next
sem conduct or chip 100. It should be noted that in the next
bonding process, D+Ao obtained by adding the error amount Ao
toatrue of fset di stance obt ai ned by t he neasurenent, that is,
the prescribed of fset distance D, is fed back as a new of f set

distance (D=D+A0).
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[ 0045]

As can be seen clearly fromthe previ ous description, in
this embodiment, the error amount Ao of the offset distance is
cal cul at ed based on i mages taken by the top canera 24 and t he
bottom canera 28 that are conventionally provided for the
bondi ng apparatus 10. Therefore, it is not necessary to
addi tional |l y provi de adedi cat ed canera f or of f set neasur enent,
and thus to effectively prevent an increase in cost of the
bondi ng apparatus 10. Further, inthis enbodi nent, theinmaging
step for taking an i mage of the collet 22 by the bottomcanera
28, essential tothe cal cul ati on of the positional di spl acenent
of the sem conductor chip 100 wth respect tothe collet 22 and
the like, is directly enployed as the i nagi ng step for taking
an i mge of the collet 22 by the bottomcanera 28, essenti al
to the calculation of the error amount Ao of the offset distance.
In other words, as the measurement of the error amount Ao of
the offset distance is perforned enploying the step that is
originallyessential, itispossibletoeffectively prevent the
processing tinme fromincreasing.

[ 0046]

Next, a flow of a different bonding process will be
described with reference to Fig. 9. Fig. 9 is a flowhart
showi ng a fl ow of a bondi ng process when the of fset distance
I s obtai nedusingtheprincipledescribedwithreferencetoFig.

7.
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[ 0047]

In this bonding process, after the first imge 52 is
obt ai ned by the top canera 24 (S16), the bondi ng head i s noved
by D-Aa immediately after calculation of (S34) the displacement
amount Aa of the reference mark 32 within the first image 52
(S32), without performng a fine adjustnment step for
positioning the top canera 24 at the first reference position
(S18) . Then, the positional displacement amount Ab of the
collet 22withrespect tothereferencemark 32w thinthesecond
i mage 54 obtai ned thereafter is cal cul ated as the error anount
Ao of the offset.

[ 0048]

Wth such a configuration, it is possible to elimnate
the step for fine adjustnent of the position of the top canera
(S18), and thus to further reduce the processing tine. 1In
particul ar, according to the configuration that does not
require the step for fine adjustnent of the position of thetop
camer a 24, pi cki ngup of the sem conduct or chi p 100 by t he col | et
22 (S12) and obtaining of the first image 52 by the top canera
24 (S16) may be perfornedin parallel. Specifically, whenthe
first i mage 52 i s obt ai ned, t he bondi ng head 18 shoul d natural ly
stand still. Having the bonding head 18 stand still just for
obtainingthefirst inage52inthis manner resultsinincreased
processingtine. Ontheother hand, whenthe sem conduct or chip

i s pi cked up, the bondi ng head 18 shoul dinevitably standstill.
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If the first image 52 by the top canera 24 i s obtai ned during
t he pi ckup peri odinwhichthe bondi ng head 18 i nevi t abl y st ands
still, the processingtinme may not be unnecessarily spent, and
it is possibletoeffectively prevent the processingtine from
I ncreasi ng. Thus, picking up of the sem conductor chip 100 and
obtai ning of the first image 52 nay be perfornmed in parallel,
by setting the positions of the top canera 24 and the bottom
canmera 28 sothat t he bottomcanera 28is positionedimedi ately
bel ow the top canera 24 when the collet 22 is positioned

I mredi atel y above the internedi ate stage 14. In such a
configuration, the bondi ng head 18 operates i nthe sane manner
as i n the conventi onal bondi ng process, maki ng processing ti ne
only for offset neasurenent unnecessary.

[ 0049]

Here, in the above description, only the bonding
apparatus 10 that enploys an internedi ate stage 14 nethod in
whi ch t he sem conduct or chip 100 fed fromthe chi p feedi ng unit
12 is tenporarily placed on the internedi ate stage 14 i s taken
as an exanple. However, the techni que of this enbodi nent may
be applied to the bondi ng apparatus 10 that enploys a direct
pi ck-up nethod in which the sem conductor chip 100 picked up
fromthe wafer 102 is directly bonded to the substrate 104.
Further, in the above description, a die bondi ng apparatus is
taken as an exanpl e. However, the techni que of this enbodi nent

may be applied to a bondi ng apparatus of different types, such
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as a flip chip bonding apparatus, as |ong as the apparatus

handl es chi p-type conponents. The technique of this

enbodi nment may al so be appliedtosimlar processes for nounting
a conponent piece such as a MEMS devi ce, a biol ogi cal device,
or a sem conductor package, in addition to the sem conduct or
chi p.

[ 0050]

Fig. 10 is a schematic configurational diagram
illustrating a die bondi ng apparatus 10 enpl oyi ng the direct
pi ck-up nethod, to which the technique of this enbodinent is
applied. The die bonding apparatus 10 is different fromthe
bondi ng apparatus 10 in Fig. 1 in that the internedi ate stage
l4iselimnated. The wafer 102 is providedw th adicingtape
or thelike, andaplunge-upunit 60is provi dedon aback surface
of the dicing tape. The collet 22 suctions and hol ds the
sem conductor chi p 100 t hat i s pl unged up by t he pl unge-up unit
60, and transfers the sem conductor chip 100 onto the substrate
104. The bottomcanera 28 and the reference nenber 30 may be
provided in the m ddl e of a path of the novenent fromthe wafer
102 to the substrate 104.

[ 0051]

Furt her, the above descriptiontakesthe exanpl ein which
thecoll et 22 andthetop canera 24 are st opped i nmedi at el y above
the bottomcanmera 28 in order to obtainthe first i nage and t he

second i mage. However, the first image and the second i mage
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may be obt ai ned wi t hout stoppingthecollet 22 andthetopcanera
24 by causing illum nation of the top canera 24 and t he bottom
camera 28 to emt light by electronic flash.

[ 0052]

For exanple, the illumnation in the top canera 24 is
caused to emt light by electronic flash and the first imge
I s obtainedbythetopcanera?24at timngat whichthetopcanera
24 passes imedi ately above the bottom canera 28 (that is,
imaging timng at which the reference nenber 30 as an i nagi ng
target passes through a view field of the top canera 24).
Further, theillumnationinthe bottomcanera 28 is caused to
emt |ight by electronic flash and t he second i mage i s obt ai ned
by t he bott omcanera 28 at ti m ng at which the coll et 22 passes
I mredi at el y above t he bottomcanera 28 (that is, i magingti m ng
at which the collet 22 as an i magi ng target passes through t he
view field of the bottomcanmera 28). At this tinme, it is
desirable that electronic-flash light-emitting time tl be 1 us
or shorter, and LED illum nation be used as the illum nation
of the caneras 24 and 28 in order to carry out such short-tine
light em ssion. Moreover, by maki ng exposure tinme t2 of the
caneras 24 and 28 to be longer than the el ectronic-flash
light-emtting time t1, exposure is perforned substantially
onlyduringtinetlinwhichlightisemttedbyelectronicflash.

In other words, it is possible to adjust timng for obtaining
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the first i nage and the second i mage only by adjusting tim ng
of electronic-flash |ight em ssion.
[ 0053]

Further, as atrigger for causingtheillumnationinthe
topcanera24 andthebottomcanera28toemt |ight by el ectronic
flash when the first i mage and t he second i nage are obt ai ned,
thecontrol unit 40 obtainsthetimngat whicheachof thecoll et
22 and the top canera 24 passes i mredi ately above the bottom
canera 28 by detecting the position of the collet 22 of the
bondi ng head 18 froman encoder attached to an XY table. Wth
this, it is possibletoobtainandcorrect achangeinthe offset
amount between the collet 22 and the top canera 24 w t hout
i nfluencing takt time in a normal bondi ng sequence of the
appar at us.

[ 0054]

Her e, when novi ng speed of thet op canera 24 and t he col | et
22 isvand aratio of the top canera 24 and the bottomcanera
28 is B, a wavering amount Aa of the image in the charge coupling
devices of the cameras 24 and 28 is Aa=Bxvxtl. By adjusting
t he novi ng speed v andtheelectronic-flashlight-emttingtine
tl so that the wavering amount Aa is smaller than 1 pixel, it
I s possi bl e to obtainimges equival ent to those obtai ned when
the coll et 22 and t he top canera 24 are stopped. Further, even
when the wavering amount Aa is 1 pixel or more, it is easily

possible to correct the wavering to obtain a true val ue by
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averaging the wavering amount Aa of the various parameters (f3,
v, t1) if values of the paraneters are known. As aresult, as
the first image and t he second i mage may be obt ai ned w t hout
stopping the collet 22 and the top canera 24, it is possible
to further reduce the processing tine of the apparatus.

[ 0055]

Furt her, the above descriptiontakesthe exanpl ein which
the of fset neasurenent is performed in the bondi ng process of
each of the sem conductor chips 100. However, the offset
nmeasurenent is not required to performevery tine, and nay be
performed only at specific timng. For exanple, the offset
nmeasur enent may be perforned only when prescribed tinme period
has passed, when bondi ng of a prescribed nunber of chips is
conpl et ed, when t he bondi ng apparatus isstarted, or when the
waf er 102 is repl aced.

[ 0056]

Mor eover, the above description takes the exanple in
whi ch t he sem conductor chip 100is smal |l er than the coll et 22.
However, there is a case in which the sem conductor chip 100
islarger thanthe bottomsurfaceof thecollet 22, andthe bottom
surface of the collet 22 is entirely covered by the
sem conductor chip 100. In such a case, it is not possibleto
det ect the positional displacenent anount of the sem conduct or
chip 100 with respect to the collet 22 or the positiona

displacement amount Ab of the collet 22 with respect to the
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reference mark 32. Therefore, inorder toavoi dsuch a probl em
the bottom canera 28 may be configured as an infrared canera
(inparticular, anear-infrared canera), and the coll et 22 may
be recogni zed by an infrared |i ght source. The near-infrared
light is transmssive to silicon that is a material of the

sem conductor chip 100. Therefore, the shape of the coll et 22
cover ed by t he sem conduct or chi p 100 may be r ecogni zed by usi ng
aninfrared canera. |In addition, by using aninfrared canera,
It ispossibletodetect cracks onasurface of the sem conductor
chip 100, as well as cracks inside the chip.

[ 0057]

Further, in this enbodinent, in order to prevent
interference betweenthe collet 22 and t he ref erence nenber 30,
the reference mark 32 is provided at the end of the depth of
field of the bottomcanera 28. However, dependi ng on the type
of the canera, there is a case in which a sufficient depth of
field may not be obtained, and a sufficient distance between
the reference nenber 30 and the coll et 22 may not be ensured.
I n order to avoi d such a problem the bottomcanera 28 may have
a doubl e focus configurationw th two working di stances (focal
positions). |Inorder to provi de a doubl e focus configuration,
for exanpl e, anoptical el enent for varyi ngthe worki ng di stance
(focal position) is partially disposed or renoved between t he
char ge coupling device of the bottomcanera 28 and an i nagi ng

obj ect.
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[ 0058]

For exanple, asillustratedin Fig. 11, a portion of the
cover glass 55 facing the reference nark 32 nay be renoved by
providing a hole or a cutout for a part of a cover gl ass 55 of
the bottom canera 28. Here, the working distance (foca
posi tion) beconmes | onger when ext endi ng beyond t he cover gl ass
55, as conpared to a case extendi ng beyond t he cover gl ass 55.
Therefore, when the configurationasillustratedinFig. 11is
enpl oyed, a nmajor part of the viewfield of the bottomcanera
28 where t he cover gl ass 551 s provi ded may have a focal position
nore distant fromthe bottomcanera 28 than the portion where
the cover glass 55 is not provided (the portion facing the
reference mark 32). Specifically, where a thickness of the
cover glass 55 is d and a refractive i ndex of the cover gl ass
55 is n, an extension anount a of the working distance (foca
position) is a~d (1-1/n). Accordingly, for exanple, if the
t hi ckness of the cover gl ass 55d=1. 5mmandtherefracti vei ndex
of the cover glass 55 n=1.52, the working distance (foca
position) increases by ax0.5mMm | n ot her words, even when t he
reference mark 32 that i s not i nfluenced by t he cover gl ass 55,
and the collet 22 that is influenced by the cover gl ass 55 are
di sposed at the working di stance (focal position), these two
are positioned away fromeach other by the distance a. As a

result, it is possible to focus on both of the reference mark
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32andthecollet 22whil e preventinginterference betweenthese
two components.
[ 0059]

Further, as adifferent configuration, asillustratedin
Fig. 12, the cover glass 55is provided soastoentirely cover
afront sideof acharge couplingdevice56. Thissubstantially
means that a di stance S* froma mai n surface on a back si de of
the lens to the charge coupling device (inage surface) is
reduced by b~d (1-1/n). In this case, an anount of change a
of a position of an object surface when a ratio is B is a*b/Bz.
Therefore, for exanple, a~0.69 is established when the ratio
B=0.7, the thickness of the cover glass d=1 mm, and the
refractive index n=1.52. Thus, also in this case, even when
the reference mark 32 that i s not i nfluenced by t he cover gl ass
55, and the collet 22 that is influenced by the cover gl ass 55
are di sposed at the working di stance (focal position), these
two are positioned away fromeach ot her by the di stance a, and
thereforeit is possibleto prevent interference between these
two components.

[ 0060]

Mor eover, i nstead of changi ngthe wor ki ng di stance (f ocal
position), an optical elenment for inflecting an optical path
tothereference mark 32 may be provi ded as t he ref erence nenber
30. Fig. 13 is aconfigurational diagramof the bottomcanera

28 inthis case, and Fig. 14 is a perspective viewof an opti cal
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el enent 58 provided for the bottom canera 28. The optica

el ement 58 inthis exanpleincludes aprismor mrror 58a having
areflecting surface of 45 degrees with respect to the optical
axi s of the bottomcanera 28, and a gl ass bl ock 58b havi ng t he
reference mark 32 therein. Wthin the glass block 58b, a
plurality of point marks that function as the reference mark
32 are arranged at regular intervals in avertical direction.
The poi nt mar ks may be provi ded wi t hi nt he gl ass bl ock 58b usi ng
an ul trashort pul sed-1aser such as a fentosecond | aser. The
optical elenent 58 thus configured is di sposed on the end of
the viewfield of the bottomcanera 28, the optical path from
the charge couplingdevicetothereferencemark 32isinflected.
Wththis, thereference nenber 30 nay be provi ded at a position
di spl aced fromt he ori gi nal worki ng di stance (focal position),
and it is possible to prevent interference between the coll et
22 andthereference menber 30. Further, asillustratedinFig.
14, by arranging the point marks as the reference mark 32 in
avertical direction, it is possibletofocus onany of the point
mar ks even when t he f ocus position of thetop canera 24 changes.
[ 0061]

Mor eover, inorder toprevent interference, thereference
nmenber 30 may be configured as a novabl e type. In this case,
the reference nenber 30 is first retracted to a retracted
position, andthecollet 22i s noved downtotheworkingdistance

(focal position) of the bottomcanmera 28 to take an inmage in
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this state. Then the reference nmenber 30 is noved to the
reference position before the retraction to take an image in
astateinwhichthe collet 22 is noved upward. Subsequently,
t he obt ai ned two i mages are conbi ned, and t hus t he position of
the collet 22 with respect to the reference mark 32 of the
ref erence nmenber 30 nay be specifi ed.
[ 0062]

I nany case, accordingtothis enbodinent, it is possible
to obtain a change in the of fset anount between the collet 22
and the top canera 24 without additionally providing a novel
canmera, and without additionally providing a conplicated and

ti me-consum ng step

REFERENCE SI GNS LI ST

[ 0063]
10: Bondi ng appar at us
12: Chip feeding unit
14: Internedi ate stage
16: Bondi ng stage unit
17: Movenent nechani sm
18: Bondi ng head
20: Stage
22: Col |l et
23: Z-axis drive mechani sm

24: Top canera
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26: XY table

28: Bottom canera

30: Reference nenber

32: Reference mark

40: Control wunit

52: First inmage

54: Second i mage

55: Cover gl ass

56: Charge coupling device
58: Optical el enent

60: Pl unge-up unit

100: Sem conductor chip
102: Wafer

104: Substrate
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CLAI M5

1. A bonding apparatus for bonding a chip onto a
substrate, the apparatus conpri sing:

a bondi ng head configured to nove a first canmera facing
toward a bondi ng surface and a bondi ng tool disposed with an
of fset fromthefirst canera, whileintegrallyholdingthefirst
canmera and the bondi ng tool;

a second canera facing toward the bonding tool so as to
detect a position of the chip held by the bonding tool with
respect to the bonding tool;

areference mark di sposedw thinaviewfieldof thesecond
canera; and

a control unit configured to control novenent of the
bondi ng head, wherein

thecontrol unit novesthe bondi ng head based on a posi tion
of the reference mark recogni zed by the first canera, and t hen
cal cul ates a value of the offset based on a position of the
bondi ng tool with respect to the reference mark recogni zed by

t he second caner a.

2. The bondi ng apparatus according to claiml1, wherein
bonding is performed by feedi ng back the value of the
of fset cal cul ated by the control unit to a subsequent bondi ng

process.
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3. The bondi ng apparatus according to claim1l or 2,
wher ei n

one of the first canmera and the second canera takes an
I mage of an inmaging target w thout stopping the bondi ng head
by causi ng el ectronic flash correspondingtothe caneratoemt
light at imaging timng at which the imging target passes
through a viewfield of the canera as t he bondi ng head noves,
and

the control unit cal cul ates the val ue of the of fset based

on t he taken i mage obt ai ned wi t hout stoppi ng t he bondi ng head.

4. The bondi ng apparatus according to claiml, wherein

the control unit detects the position of the chip with
respect tothe bondi ngtool based on ani mage t aken by t he second
canera for detecting the position of the bonding tool with

respect to the reference mark.

5. The bondi ng apparatus according to claim4, wherein
the second caneraisaninfraredcanerafor takinganimge

by infrared |ight.

6. The bondi ng apparatus according to claiml1, wherein
the reference mark i s di sposed on an end of a depth of

field of the second canera.
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7. The bondi ng apparatus according to claiml1, wherein
the second canera includes a mechanismfor partially

changi ng a focal position within the view field.

8. A bondi ng net hod of bondi ng a chip onto a substrate,
t he net hod conpri si ng:
prepari ng a bondi ng apparatus i ncl udi ng:

a bondi ng head configured to nove a first canera
faci ng t oward a bondi ng surface and a bondi ng t ool di sposedw th
an offset fromthe first canera, while integrally hol ding the
first canera and the bonding tool; and

a second canera facing toward t he bondi ng tool so
as to detect a position of the chip held by the bondi ng tool
with respect to the bonding tool,

recogni zi ngapositionof areferencemark usingthefirst
canera, the reference mark bei ng di sposed withinaviewfield
of the second canera;

recogni zi ng a position of the bonding tool with respect
tothereference mark usi ng t he second canera after the bondi ng
head i s noved based on t he positi on of the recogni zed ref erence
mar k; and

cal cul ating a val ue of the of fset based on the position
of the bonding tool with respect to the recogni zed reference

mar k.
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