DESCRI PTI ON
Title of Invention

MOUNTI NG APPARATUS AND MEASURI NG METHOD

TECHNI CAL FI ELD
[ 0001]

The present i nventionrel ates to a nounting apparatus for
nounting an el ectronic conponent onto a substrate, and a
nmeasuri ng net hod f or measuri ng a condi ti on of a hol di ng surface
of a nounting tool of the nounting apparatus, the nounting tool

bei ng for holding an el ectroni c conponent.

BACKGROUND ART
[ 0002]

In recent years, as perfornmances and functionality of
el ectroni ¢ apparatuses becone inproved nore and nore, an
approach has been made i n order for an el ectroni c apparatus as
a whol e to be downsi zed and i nproved in functionality even if
a size of the electronic conponent increases due to various
functions provi dedfor anel ectroni c conponent constitutingthe
el ectroni c apparatus. Wth such an approach, when an
el ectroni c conponent is nounted onto a substrate, in order to
achieve a preferred joining condition between bunps and an
el ectrode, it isrequiredthat all of the bunpsthat are di sposed

inadistributed manner over a certain wi dth of area be evenly



brought into contact with the electrode, and that a | oad be
applied evenly. Further, electronic conponents having an
optical function have becone used in recent years, and it is
desi red that such an el ectroni ¢ conponent be joined with high
parallelismto acircuit board havi ng an opti cal wavegui de and
the Iike.

[ 0003]

Thus, conventionally, there is proposed a nounting
appar at us f or nounti ng an el ectroni c conponent ont o a substrate,
t he apparatus capable of, prior to nounting of an el ectronic
conmponent, neasuring parallelismof and adjusting inclination
of a holding surface of a nmounting tool for holding the
el ectroni ¢ conmponent.

[ 0004]

For exanple, PTL 1 discloses a technique for having a
contact pi nbe enbedded i nasurface of asubstrate stage, novi ng
anmountingsection (nmountingtool) dowmmwardtobringaplurality
of portions of a suction surface (holding surface) of the
el ectroni c conponent into contact withatipendof the contact
pi n, obtaining an anmount of relative novenent between the
nmounting sectionandanmountingunit at thistine, and obtaining
a val ue of parallelismof the suction surface with the suction
surface of the substrate stage based on the anount of rel ative

novenment. Wth this technique, it is possible to neasure



paral l elismof the holding surface of the nounting too
relatively easily.
Citation List
Patent Literature
[ 0005]
PTL 1. Japanese Unexam ned Patent Application

Publ i cati on No. 2014-17328

SUMMVARY OF | NVENTI ON
Techni cal Probl ens
[ 0006]

However, inthetechniquedisclosedinPTL 1, parallelism
of the hol di ng surface i s neasur ed based on the result obtai ned
when only specific portions on the hol ding surface of the
nounting tool are brought into contact with the contact pin.
However, in general, the holding surface of the nounting tool
has a suction hole communicating with a negative-pressure
generati ng source and a sucti on groove conmuni catingwiththis
suction hole. According to the technique disclosed in PTL 1,
if the contact pin is brought into contact with a portion at
whi ch a suction hol e or a suction groove is provided, it is not
possible to neasure parallelismof the holding surface in a
normal way. It is of course possible to control a position at
whi ch t he nounti ng tool is noved previously sothat the contact

pi n may not be brought into contact with the suction hole and



t he suction groove. However, positions and shapes of the
suction hole and the suction groove vary dependi ng on a type
of the nounting appar atus and a type of an el ectroni c conponent
to be nounted, and it is tinme-consum ngto change a programfor
novi ng the nounting tool according to the positions and the
shapes of the suction hole and the suction groove.

[ 0007]

Further, according to the techni que di sclosed in PTL 1,
while parallelismof the holding surface nay be neasured, it
I S not possibleto detect attachnent of aforeign matter onthe
hol di ng surface. Specifically, a foreign matter such as dust
Isoftenattachedtothe hol dingsurface duringanountingstep
When an el ectroni c conponent is suctioned and held with in a
state inwhich suchaforeignmtter is attached to the hol di ng
surface, the el ectroni c conponent shoul d becone i nclined with
respect to the holding surface. In this case, parallelismof
the el ectronic conponent may not be maintained even if the
parall elismof the holding surface is maintained, and this
results in deterioration in nounting accuracy.

[ 0008]

Thus, an obj ect of thi s enbodi nent i sto provi deanounting
appar at us capabl e of neasuring a condi tion of a hol di ng surface
of a nounting tool nore correctly, and such a neasuri ng net hod.
Sol ution to Probl ens

[ 0009]



A nounti ng apparatus according to the present invention
I's a mounting apparatus for nounting an el ectroni c conponent
onto a substrate, the apparatus including: a nounting too
configuredtohol dthe el ectroni c conponent by a hol di ng surface
as atipendsurface of the nounting tool; a novenent nechani sm
configured to nove the nounting tool relatively with respect
to the substrate; a pl anar-pl ated neasurenent jig held by the
hol di ng surface; an angle detection nechanismconfigured to
measure an inclination of the neasurenent jig; and a contro
unit configured to control driving of the nounting appar at us,
wher ei n during i nspection of the hol ding surface, the control
unit causes the nounting tool to hold the measurenent jig, and
t he angl e det ecti on nechani smto neasure the i nclinationof the
measurenent jig.
[ 0010]

In a preferred aspect, the angle detection nmechani sm
I ncl udes: a contact pinfixedand projectingtowardthe hol di ng
surface; and a calculating unit configured to calculate the
i nclination of the neasurenent jig based on rel ative position
i nformati on of the nmounti ngtool whenthecontact pinis brought
into contact sequentially with a plurality of positions on a
surface of the neasurenent jig held by the hol ding surface.
[ 0011]

I n anot her preferred aspect, the control unit adjusts an

i nclinationof the holdingsurfacebasedontheinclinationthat



has been neasured. [In another preferred aspect, the nounting
tool further includes a tool supporting nmechani smconfigured
to either lock or unlock a posture of the nmounting tool, and
the control unit adjusts aninclination of the holding surface
by pressing a part of the hol ding surface agai nst the cont act
pin viathe nmeasurenent jiginastate in which a posture | ock
of the nounting tool by the tool supporting nmechanismis
unl ocked. Inanother preferredaspect, the neasurenent jighas
a size so as to cover the holding surface entirely.
[0012]

A neasuring nmethod as anot her aspect of the present
I nvention is a nmeasuring nmethod of nmeasuring a condition of a
hol di ng surface of a nmounting tool that holds an el ectronic
conponent, the nethod enpl oyi ng a nounti ng apparatus for
nounting t he el ectroni c conponent onto a substrate, the nmet hod
i ncluding the steps of: preparing the nounting apparatus
i ncluding a nmounting tool configured to hold the electronic
conmponent by the hol ding surface as a tip end surface of the
nmounting tool, and an angl e detecti on mechani smconfigured to
measure an i nclination of a pl anar-pl at ed neasurenent jig that
is held by the hol ding surface; holding the planar-pl ated
nmeasurenent jig by the holding surface of the nounting tool;
nmeasuri ngtheinclinationof theneasurenent jigusingtheangle

det ecti on nechani smprovi ded for the nounting apparatus; and



det er mi ni ng whet her t he hol di ng surface is pass or fail, based
on the inclination of the neasurenent jig that is being held.
Advant ageous Effect of Invention
[ 0013]

According to the present invention, as the inclination
of the nmeasurenent jigis neasured by having the nounti ng t ool
hol d the neasurenent jig, it is possible to neasure the
i nclination of the hol ding surface and presence of an foreign
matter on the hol ding surface without being affected by a
suction hole and a suction groove provided for the hol ding

surface of the nounting tool.

BRI EF DESCRI PTI ON OF DRAW NGS
[ 0014]

Fig. 1A is a perspective view of a nounting apparatus
according to an enbodi nent of the present invention.

Fig. 1Bis an enl arged vi ewof a mai n part of the nounting
appar at us.

Fig. 2 is a schematic configurational diagramof the
nount i ng appar at us.

Fig. 3 is a front view of a nounting tool.

Fig. 4is across-sectional viewtaken alongline A-Ain
Fig. 3.

Fig. S5isadiagramillustratingaconfigurationof atool

supporting mechani sm



Fig. 6 is a diagramillustrating a bottomsurface of a
hol di ng surface.

Fig. 7 shows views illustrating how i nspection of the
hol di ng surface is perforned.

Fig. 8is a flowhart showing a fl ow of the inspection
and adj ustnent of the hol ding surface.

Fig. 9is a flowhart showing a fl ow of the inspection
of the hol ding surface.

Fig. 10is a flowhart showi ng a fl ow of the adjust nent
of the hol ding surface.

Fig. 11 shows views illustrating how the inspection of
the hol ding surface is conventionally perforned.

Fig. 12 shows views illustrating how the inspection of

the hol ding surface is conventionally perforned.

DESCRI PTI ON OF EMBODI VENT
[ 0015]

Her ei nafter, an enbodi nent of the present inventionw |
be described with reference to the drawings. Fig. 1Ais a
per spective vi ewof an el ectroni c conponent nounti ng appar at us
10 according to the enbodi nent of the present invention, and
Fig. 1B is an enlarged view of a main part of the nounting
apparatus 10. Further, Fig. 2 is a schematic configurational

di agram of the nmounting apparatus, Fig. 3 is a front view of



a nmounti ng head 12, and Fig. 4 is a cross-sectional viewtaken
along line AAAin Fig. 3.
[ 0016]

The nmounti ng apparatus 10 i s an apparatus that nounts a
sem conductor chip as an el ectronic conponent in a face-down
statetoasubstrate 100, andis aflip-chipnountingapparat us,
for exanple. The nounting apparatus 10 i ncl udes t he nounti ng
head 12 havi ng a nounti ngtool 14, chi pfeedi ng means for feedi ng
a sem conductor chiptothe nountingtool 14 (not illustrated),
a substrate stage 50 on which the substrate 100 is placed, an
XY stage 52 for noving the substrate stage 50 i nan XY direction
(in a horizontal direction), and the I|ike.

[0017]

The sem conductor chipis fedto the nounting tool 14 by
the chip feeding neans. Various configurations are
concei vabl e as the chip feeding neans. For exanple, it is
possi bl etoconceive of aconfigurationinwhichasem conductor
chip is picked up froma wafer placed on a wafer stage and
transferredtoaninternedi ate stage usingani nternedi ate arm
Inthis case, the XY stage 52 transfers the i nternedi ate stage
i mredi ately bel ow the nounting tool 14, which picks up a
sem conductor chip fromthe internedi ate stage positioned
i medi ately bel ow the nounting tool 14.

[ 0018]



Upon pi ckup of t he sem conduct or chi p by t he nounti ngt ool
14, subsequently, the substrate 100is transferred i nmedi ately
bel ow t he mounting tool 14 by the XY stage 52. Inthis state,
the nounting tool 14 noves down toward the substrate 100,
per forns nounting by bondi ng the sem conduct or chi p sucti oned
and held at a tip end of the tool onto the substrate 100.
[0019]

The nounting head 12 is fixedly attached to a frame 54
t hat stands on a base 11 of the nounting apparatus 10, and its
hori zontal positionis fixed. At an opposite position of the
nount i ng head 12, the substrate stage 50 hol di ng the substrate
100 is provided. The substrate stage 50 is provided with a
heati ng devi ce for heating the substrate 100 and the li ke. The
substrate stage 50 i s disposed on the XY stage 52, and noves
in the horizontal direction as needed according to an
instruction froma control unit 70.

[ 0020]

Furt her, near the substrate stage 50, a contact pin 60,
ajigstage 62 on which aneasurenent jig 64 is placed, acanera
unit 66, and the like are provided. Both of the contact pin
60 and the neasurenent jig 64 are used in order to i nspect and
adj ust acondi tion of ahol di ng surface 14a of the nountingt ool
14.

[ 0021]
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The contact pin 60 is disposed on the XY stage 52 at a
position near the substrate stage 50, and a pin projecting
upward (i.e., toward the nmounting tool 14). The contact pin
60 i s made of anmetal havingal owt hermal expansi on coefficient,
e.g., acast-iron material which is known by the product nanme
of nobinite (registered trademark). Atip end of the contact
pin 60 is in a conical shape, and nay be brought into contact
wi th t he neasurenent jig 64 suctioned and hel d by t he nounti ng
tool 14 at one point. The contact pin 60 and the control unit
70 of the nounting apparatus 10 that perforns arithnetic
processi ng serve as an angl e det ecti on nechani smt hat nmeasur es
an inclination of the nmeasurenent jig 64 held by the nounting
t ool 14.

[ 0022]

The nmeasurenment jig 64 is a plate suctioned and hel d by
t he hol di ng surface 14a duringinspectionof the hol di ngsurface
l4a. The neasurenent jig 64 has a pl anar-pl at ed shape havi ng
aneventhickness, aswell asaflat topsurfaceandafl at bottom
surface. The neasurenent jig 64 also has a size for entirely
covering the hol ding surface 14a of the nounting tool 14. The
nmeasurenent jig 64 is nade of a material, such as gl ass, that
has a | ow t hermal expansi on coefficient and whose surface may
be easily flattened. The neasurenent jig 64 is usually placed
on the jig stage 62 di sposed on the XY stage 52 at a position

near t he substrate stage 50. Wen the condition of the hol di ng
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surface 14ai s inspected, the nountingtool 14 is causedto pick
up the neasurenent jig 64 fromthe jig stage 62 and to hol d the
nmeasurenent jig 64. Then, inthis state, the neasurenent jig
64 is brought into contact with the contact pin 60, and the
condition of the holding surface 14a is inspected based on
position information of the nmounting tool 14 upon contact.

[ 0023]

Further, the canera unit 66 for taking an i mage of the
nmounting tool 14 and a sem conduct or chi p hel d by the nounting
tool 14 fromunderneath is nounted on a side of the substrate
stage 50. The canera unit 66, the contact pin 60, and the jig
stage 62 are di sposed on the XY stage 52, and are noved in a
hori zont al direction as needed accordingtoaninstructionfrom
the control unit 70.

[ 0024]

The nounting head 12 is providedwith, inadditiontothe
nmounting tool 14 for suction-holding a sem conductor chip, a
first pressurizing nmechanismand a second pressurizing
nmechani smthat nove the nounting tool 14 downward to apply a
| oad to a sem conductor chip, a supporting mechani smthat
supports the nmounting tool 14 in a manner freely novabl e up and
down, and a base nenber 16 fixedly attached to the frane 54.
[ 0025]

The base nenber 16 is a nenber fixedly attached to the

frame 54. Ahorizontal positionandavertical position of the
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base nenber 16 are fi xed. To the base nmenber 16, a Z axi s notor
18 that constitutesafirst pressurizingnechanism andaZaxis
guiderail 17 t hat gui des up and down novenent of t he supporting
mechani sm are attached.

[ 0026]

The supporting nechani smsupports the nounting tool 14
and t he second pressuri zi ng mechani smslidably inthe vertical
di rection. The supporting nechani smis provi ded wi th a novi ng
body 24 assenbled to the Z axis guide rail 17, a notor hol der
26, a novenent bl ock 28, and the Ii ke. The noving body 24, the
not or hol der 26, and t he novenent bl ock 28 are coupl ed to each
ot her, and together slideinthevertical direction. The notor
hol der 26 i s a mnenber for hol di ng avoi cecoil notor (hereinafter
referred to as a “VCM') 30 that constitutes the second
pressuri zi ng mechanism On an upper side of the notor hol der
26, there is provided the novenent bl ock 28 with which a | ead
screw 22 that constitutes the first pressurizi ng nechani smis
threaded. As the | ead screw 22 rotates, the novenent bl ock 28
noves up and down, and t hus t he not or hol der 26 t he novi ng body
24, the VCM 30, and the nmounting tool 14 that are coupled to
t he novenent bl ock 28 nove up and down.

[0027]

The first pressurizing mechani smis a novenent nechani sm

that noves the nounting tool 14 together with the supporting

mechanismin the vertical direction, and is a nechani smt hat
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applies arelatively highfirst load to a sem conduct or chi p.
By the first pressurizing mechani sm the nountingtool 14 noves
downward toward the substrate 100, and a sem conductor chip
suctioned and held at the tip end of the nounting tool 14 is
pressed agai nst the substrate 100. At this tinme, the |oad
appliedtothesem conductor chiptakesarel atively hi ghval ue,
e.g. from10 N to 500 N
[ 0028]

The first pressurizing nmechanismincludes the Z axis
not or 18 coupled to the base nenber 16, and the | ead screw 22
coupl ed t o an out put shaft of the Z axis notor 18 via a coupling
20. Asthe Zaxisnotor 18isdriven, theleadscrew?22rotates,
and the novenent bl ock 28, and thus the second pressuri zing
mechani smand t he nounti ngtool 14, noves up and down. It should
be noted that the configuration of the first pressurizing
nmechani smdescri bed here i s one exanpl e, and the configuration
of thefirst pressurizingnmechani smisnot particularlylimted
as long as the nounting tool 14, the second pressuri zing
nmechani sm and t he supporting mechani smmay be noved t oget her
inthe vertical direction. For exanple, as a drive source of
the pressurizing nechanism an air cylinder, a hydraulic
cylinder, or the like nay be used instead of the notor.
[ 0029]

The second pressuri zi ng nechani smi s a novenent mechani sm

that is disposed between the supporting mechani smand the

14



nounting tool 14, and that noves the nounting tool 14 with
respect to the supporting mechanism As conparedto the first
pressuri zi ng nmechani sm the second pressurizing nmechani sm
appliesarelativelylowsecondloadtothe sem conductor chip.
By t he second pressuri zi ng mechani sm t he nountingtool 14 noves
downward toward t he substrate 100, and t he sem conduct or chip
suctioned and held at the tip end of the nounting tool 14 is
pressed agai nst the substrate 100. At this tine, the |oad
appliedtothe sem conductor chiptakes arelativelylowval ue,
e.g. from0.1 Nto 50 N
[ 0030]

The second pressuri zi ng nechani smenpl oys t he VCM 30 as
a drive source. The VCM30 i ncludes a stator 32 substantially
inacylindrical shape havi ng per manent nmagnets arranged al ong
its inner peripheral surface, and a nover 34 di sposed within
the stator 32 concentrically with the stator 32. The stator
32 is held by the notor holder 26. The nover 34 is a nenber
substantially in a cylindrical shape around which a coil is
wound, and noves f orwar d and backward wi t h respect tothe stator
32 in an axial direction by applying current tothe coil. It
shoul d be noted that the configuration of the second
pressuri zi ng mechani smdescri bed here i s one exanpl e, and t he
configuration of the second pressurizing nmechanismis not

particularlylimtedas|ongasthenountingtool 14 may be noved
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in the vertical direction with respect to the supporting
mechani sm
[ 0031]

To t he nover 34 of the VCM30, aslidingshaft 36is coupl ed.
The sliding shaft 36 i s a nenber di sposed bet ween t he nover 34
and t he nounting tool 14, and noves in the vertical direction
together with the nover 34. To the supporting nechanism a
protective menber 44 that covers around the sliding shaft 36
Is fixedly attached. The protective nenber 44 includes a
t hr ough hol e whose di aneter is slightly larger thanthat of the
sliding shaft 36, and the sliding shaft 36 noves forward and
backward t hrough t he t hrough hole. At atip endof the sliding
shaft 36, atool supporting mechani sm45 hol ds t he nounti ng t ool
14 in a manner its posture can be changed is attached.
[ 0032]

Bet ween t he nover 34 of the VCM 30 and t he notor hol der

26, theloadcell 38is provided. Theloadcell 38is apressure
detector for detecting a |l oad applied to a sem conductor chip
viathenmountingtool 14. Wenarelativelyhighloadisapplied
using the first pressurizing nechani sm preconpression is
generated in the load cell 38 by novi ng the nover 34 of the VCM
30 upward and bringing the | oad cell 38 into contact with the
not or hol der 26 to.

[ 0033]
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To the supporting mechanism a linear scale 42 is al so
fixedly attached. The linear scal e 42 neasures a di spl acenent
anmount of the sliding shaft 36, and thus the nounting t ool 14,
with respect to the supporting nmechanism Then, the |inear
scal e 42 detects a position of the nountingtool 14 in a Z-axi al
di rection based on the displacenent anount.

[ 0034]

The t ool supporting mechani sm45 nmay | ock or unl ock t he
posture of the nmounting tool 14 using a nmechani smfor hol di ng
the nmounting tool 14. Fig. 5 is a schematic diagram
illustrating a configuration of the tool supporting nmechani sm
45. The tool supporting nmechanism45is generally constituted
by a stationary unit 46 fixedly attached to the sliding shaft
36, and a novabl e unit 47 capabl e of noving with respect tothe
stationary unit 46. A bottomsurface of the stationary unit
46 i s formed i n a concave spherical surface. Further, acavity
46a that comunicates with the concave spherical surface is
provided withinthe stationary unit 46, and t he cavity 46a al so
comruni cates with a punp 49 provi ded outside. By driving the
punp 49, the cavity 46a is supplied with conpressed air or
subj ected to vacuum suction. |In addition, a magnet 48 for
suctioni ng and hol di ng the novable unit 47 is provided within
the cavity 46a.

[ 0035]
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The novabl e unit 47 i s configured such that atop surface
of the novable unit 47 is forned in a convex spherical surface
that corresponds to the concave spherical surface, and the
nounting tool 14 is attached to a bottomsurface of the novabl e
unit 47. The posture of the novable unit 47, and thus the
nounting tool 14, is | ocked by vacuum suctioning of the cavity
46a, and unl ocked by suppl yi ng conpressedair tothe cavity 46a.
Specifically, when the cavity 46a is vacuum suctioned, the
nmovabl e unit 47 is brought into close contact with and fi xed
to the concave spherical surface of the stationary unit 46 by
the vacuum suction force and a magnetic suction force of the
magnet 48, and the posture of the novable unit 47 may hardly
be changed. On the other hand, by supplying conpressed air to
the cavity 46a, the novable unit 47 i s noved downwar d agai nst
t he magneti c suction force of the nagnet 48. At this tinme, by
adj usting an anmount of conpressed air to be supplied so that
t he magneti c suctionforceof themgnet 48 andarepellingforce
of the conpressedair are bal anced, asnall gapi s fornmed bet ween
the novable unit 47 and the concave spherical surface, and a
sliding resistance between the novable unit 47 and the
stationary unit 46 is reducedto alarge extent. As aresult,
the novable unit 47 may nove freely with respect to the
stationary unit 46, and change its posture freely.

[ 0036]
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The mounting tool 14 is a section for suctioning and
hol di ng a sem conduct or chip. Atipendsurface of the nounting
tool 14 forns t he hol di ng surface 14a for sucti oni ng and hol di ng
a sem conductor chip. Fig. 6 is a diagramillustrating one
exanpl e of the holding surface 14a. The hol di ng surface 1l4a
normal |y i ncl udes at | east one suction hol e 14b for sucti oni ng
a sem conductor chip. The suction hole 14b comuni cates with
a vacuum ng punp (not illustrated) provided outside the
nmounting tool 14. The holding surface 14a al so includes a
suction groove 14c conmunicating wth the suction hole 14b.
Here, while the suction groove 14c in Fig. 6 is substantially
in an H shape, the shape of the suction groove 14c varies as
appropri at e dependi ng on t he t ype of t he nounti ng appar at us 10.
[ 0037]

The control unit 70is providedwitha CPU72that perforns
various types of arithnetic processing, anenory 74 that records
vari ous data and prograns, and a datainterface 76 t hat manages
i nput and out put of data. The nenory 74 records prograns for
executi ng mounting control and various data. Further, the CPU
72 executes various types of arithnetic processing based on
val ues det ect ed by sensors suchastheloadcell 38andthelinear
scale 42, and outputs control signals for driving the
pressuri zi ng nechani sm the XY stage 52, a heater provided for
the substrate stage 50, and the |li ke through the datainterface

76 according to the prograns recorded in the nenory 74.
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[ 0038]

When a sem conductor chip is nounted onto the substrate
100 usi ng t he nount i ng appar at us 10 descri bed above, naturally,
a sem conductor chip is suctioned and held by the tip end of
t he nounting tool 14, and the sem conductor chipinthis state
I s pressed agai nst the substrate 100. At this time, unless a
surface of a sem conductor chip held by the nounting tool 14
isparallel withthe substrate 100, it i s not possibleto apply
a | oad evenly on an entire surface of the sem conductor chip,
and this results in deterioration of nounting accuracy.

[ 0039]

Therefore, conventionally, there has been proposed a
techni que for neasuring and i nspecting an inclination of the
hol di ng surface 14a. For exanple, it isconceivedthat asensor
for inclination neasurenent such as a di spl acenent sensor is
provi ded on t he XY stage 52, and the i nclination of the hol di ng
surface 14a is neasured using the sensor for inclination
nmeasur enent. However, additionally providing such a sensor
for inclination neasurenent increases and conplicates
el ectrical wiring. Further, normally, when a sem conductor
chipis nounted, the substrate 100 and t he nounti ng tool 14 are
heated to a high tenperature, and therefore the tenperature
around a portion where the sensor for inclination nmeasurenent
is provided is also |likely increased. Under such a

hi gh-tenperature environnment, it is difficult to maintain
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accuracy of the sensor, and asensor withhightenperaturelimt
IS very expensive.
[ 0040]

Therefore, in some quarters, it i s proposed a techni que
for nmeasuring the inclination of the holding surface 14a by
fixedly providing acontact pinfor asurface facingtowardthe
hol di ng surface 14a and bringi ng the hol di ng surface 14a into
contact with the contact pin. Specifically, it is proposedto
bring the contact pininto contact with a plurality of points
on t he hol di ng surface 14a, and neasure the i nclination of the
hol di ng surface 14a based on hei ghtw se positions of the
nmounting tool 14 upon contact. As this technique does not
require an additional sensor for inclination nmeasurenent, it
Is possibletosinplify electrical wring and to reduce costs.
[ 0041]

However, according to the conventional technique, the
contact pinis directly brought into contact with the hol di ng
surface 14a. Inthiscase, it is possiblynot abletocorrectly
detect the inclination of the holding surface 14a.
Specifically, as described above, the holding surface 14a
normal Iy i ncl udes the suction hol e 14b and t he sucti on groove
l4c. As illustrated in Fig. 11, there is a problemthat when
measuring an inclination, if atip end of the contact pin 60

I s brought intocontact withthe suction hol e 14b or the suction
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groove 14c, it i s not possibleto detect aheight of the hol ding
surface 14a correctly.
[ 0042]

Further, as the contact pin 60 is brought into contact
only with a part of the hol ding surface 14ain the conventiona
techni que, evenif a foreign matter such as trash is attached
to the holding surface 14a, such a foreign natter nay not be
detected. Specifically, in a process of repeatedly nounting
sem conduct or chips, a foreign matter such as trash may often
be attached to the hol ding surface 14a. Asillustratedin Fig.
12, if a sem conductor chip 104 i s suctioned using the hol di ng
surface 14a in a state in which such a trash 102 i s attached,
t he sem conductor chip 104 should be inclined even if the
hol di ngsurface 14aisparallel wwththesubstrate 100. Bondi ng
a sem conductor chip to the substrate 100 i n such a state does
not allowa load to be applied evenly to an entire surface of
t he sem conductor chip 104, and thus | eads to deterioration of
accuracy in nounting nount.

[ 0043]

Therefore, instead of additionally providi ng asensor or
thelikeasintheabove conventional techni que, this enbodi nment
enpl oys the nmeasurenent jig 64 in order to ensure detection of
t he condi ti on of t he hol di ng surface 14a. Such a confi guration
W || be describedwithreferencetoFig. 7. Fig. 7 shows views

illustrating how the inspection is performed. As described
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above, when the holding surface 14a is inspected, the
nmeasurenent jig 64 is suctioned and hel d by t he hol di ng surface
l4a. Here, the neasurenent jig 64 has a planar plated shape
havi ng an even thickness, as well as a flat top surface and a
flat | ower surface. Therefore, if thereis no foreign matter
or the like attached to the holding surface 14a, the | ower
surface of the nmeasurenent jig 64 suctioned and held by the
hol di ng surface 14a is parallel with the holding surface 14a.
Therefore, it is possible to estimate the inclination of the
hol di ng surface 14a by neasuring an inclination of the | ower
surface of the neasurenent jig 64.
[ 0044]

In this enbodi nent, the XY stage 52 is drivenin a state
i n which the neasurenent jig 64 is suctioned and hel d by the
hol di ng surface 14a, and as illustrated in Fig. 7(a), a
prescri bed neasur enent poi nt on the neasurenent jig 64 and t he
tip end of the contact pin 60 are caused to face each ot her and
alignedinthe Z-axial direction. Subsequently, the VCM30is
oper ated, and the nounting tool 14 i s noved downward al ong t he
Z axis. Then, when the neasurenent jig 64 and the tip end of
the contact pin are brought into contact with each other, the
downwar d novenent of t he nounti ngtool 14 stops. Upondetection
of the stopping of the downward novenent by the |inear scal e
42, the control unit 70 determ nes that the neasurenent jig 64

and t he cont act pin 60 are brought i nto contact with each ot her,
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and stops driving the VCM30. Then, thecontrol unit 70 records
an anmount of t he downwar d novenent of the nounti ngtool 14 until
itisbrought intocontact withthecontact pi n60, as hei ghtw se
positioninformation of the neasurenent point. Upon detection
of the contact between a single neasurenent point and the
contact pin, the control unit 70 drives the VCM 30 and noves
the mounting tool 14 upward to nmake the nmeasurenent jig 64 be
di stant fromthe contact pin 60. Thereafter, the contact
operation and the nmeasurenent operation are perforned at
anot her nmeasurenent point in the sane manner. Here, a nunber
and positions of neasurenment points to be nmeasured are not
particularly limted, as long as three or nore points that are
not aligned in a single straight |ine are provided. However,
I norder toreduce occurrence of neasureerrors, it isdesirable
that a plurality of neasurenment points be distant from each
other. 1In this enbodi nent, measurenent points are provided
respectively at four corners of the neasurenent jig 64 in a
rectangul ar shaped. In other words, total four points are
provi ded as the neasurenent point.

[ 0045]

When t he hei ghtw se position information for all of the
nmeasurenent points is obtained, the inclination of the
nmeasurenent jig 64 is cal cul ated based on rel ati on bet ween t he
nmeasur enent points. For exanple, taking the heightw se

position information obtained at one nmeasurenent point as a
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reference, a value of difference between the hei ghtw se
position information (the anount of downward novenent of the
nounting t ool 14) of this reference andthe hei ghtw se position
i nformati on (the amount of downward novenent of the nounting
tool 14) at a different measurenent point is obtained. If any
of the obtained difference values is no smaller than
predeterm ned threshold value, it is determ ned that
paral | el i smof t he measurenent jig 64 has not reached a desired
val ue.

[ 0046]

Here, two cases are conceivable as a reason why the
paral l el i smof the neasurenent ji g 64 has not reached a desired
val ue; the posture of the nounting tool 14 is inappropriate,
and a foreign matter is attached to the hol di ng surface 14a of
the nounting tool 14. Various nmeans can be considered as a
nmet hod for determ ning either of the above reasons causes t he
i nclination of the neasurenent jig 64. For exanple, an i nage
of the hol di ng surface 14a of t he nounti ngtool 14 is taken using
the canmera unit 66 provided for the XY stage 52 to determ ne
whet her or not aforeignmatter i s attached based ont he obt ai ned
i mage. Further, it is possible to enploy another nethod in
which the parallelismis neasured via the nmeasurenent jig 64,
the neasurenent jig 64 is renoved, and then again the
parallelismis neasured. Specifically, the contact pin 60 is

brought into direct contact with the hol di ng surface 14a, and
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the parallelismof the holding surface 14a i s nmeasured based
on an anount of downward novenent of the nounting tool 14
(hei ghtwi se position information) and the |ike at this tine.
If the parallelismof the hol ding surface 14a coincides with
the parallelismof the neasurenent jig 64 as a result, it is
determi ned that the posture of the nmounting tool 14 is
unfavorable. By contrast, if the parallelismof the hol ding
surface 14a is largely different fromthe parallelismof the
nmeasurenent jig 64, it is considered that a foreign natter of
sone typeis attachedtothe hol di ng surface 14a of t he nounti ng
tool 14. Here, whenthe contact pin60isdirectly brought into
contact with the hol di ng surface 14a of the nounting tool 14,
t he nmeasurenent points are set so that the contact pin 60 may
not be brought into contact with the suction hole 14b or the
suction groove 14c.
[0047]

If it is determnedthat aforeign matter is attachedto
t he hol di ng surface 14a, theinclinationof the neasurenent jig
64 hel d by the hol di ng surface 14a i s neasured again after the
foreign mtter is renoved. Further, if it is determ ned that
t he posture of the nounting tool 14 is unfavorabl e, the posture
of the nounting tool 14 is adjusted. In order to adjust the
posture of the nounting tool 14, several ways are concei vabl e.
For exanple, it is conceivable that a reference surface that

isparallel withthe substrate stage 50i s prepared i n advance,
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and when the posture of the nmounting tool 14 is adjusted, the
hol di ng surface 14a of the nounting tool 14 is pressed agai nst
the reference surface in a state in which the posture of the
nounting tool 14 is unl ocked.

[ 0048]

Further, as another way, it is conceivable that the
posture of the nmounting tool 14 is adjusted by pushing the
contact pin 60 upward by the holding surface 14a via the
measurenent jig 64. Specifically, height of a central point
of the nmeasurenent jig 64 is cal cul ated as a reference hei ght
based on the hei ghtw se position information for the four
measur enent points of the neasurenent jig 64. Subsequently,
the posture of the nounting tool 14 is unlocked by stopping
vacuum suction to the cavity 46a and starting supplying
conpressed air by the tool supporting nechanism45. 1In this
state, the contact pin 60 is positioned innediately bel ow one
of the four nmeasurenent points that is | ower than the central
point. Inthis state, the nounting tool 14 i s noved downwar d,
and t he contact pin60is pressed agai nst t he measurenent point.
At thistinme, asthe posture of the mountingtool 14is unl ocked,
the nmounting tool 14 gradually changes its posture upon
reception of a pressing force fromthe contact pin 60
transmtted viathe neasurenent jig 64. Then, whenthe cont act
point finally reaches the reference height (the height of the

central point), the downward novenent is stopped and the

27



nounting tool 14 is noved upward so as to have t he nounti ng t ool
14 nove away fromthe contact pin 60. Thereafter, the sane
process is perfornmed to all of the neasurenent points that are
| oner than the reference height.

[ 0049]

Here, even when the horizontal position of the contact
pin 60 is the same, a contact point with the contact pin 60 on
t he measurenent jig64isdifferent dependingontheinclination
of the measurenent jig64. |nother words, whenthe neasur enent
jig 64 is inclined, displacenent occurs between a nmeasurenent
poi nt that i s previously set and an actual contact point. Such
di spl acenent can be a cause of anerror i nthe neasurenent resul t
of the inclination and adjustnent result of the inclination
descri bed above. However, by repeatedly performng
nmeasur enent and adj ustnent of the inclination of the
nmeasur enent ji g 64 enpl oyi ng t he contact pin 60, such an error
may be gradually reduced, and it is possible to adjust the
nmeasurenent jig 64 (and thus the holding surface 14a) to be
parallel with the substrate stage 50.

[ 0050]

Next, flows of the inspection and the adjustnent of the
condi tion of the hol ding surface 14a of the nounting tool 14
according to this enbodi ment will be described with reference

toFig. 8throughFig. 10. Fig. 8throughFig. 10areflowharts
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showi ng the fl ows of the inspection and the adjustnment of the
condi tion of the hol ding surface 14a of the nounting tool 14.
[ 0051]

When the condition of the holding surface 14a of the
measurenent tool 14 is inspected and adjusted, first, the
hol di ng surface 14a of the nmounting tool 14 is suctioned and
hel d by the neasurenent jig 64 (S10). Subsequently, in this
state, heights of the four nmeasurenent points that are
previously defined are neasured (S12). Specifically, the XY
stage 52 is first driven, and the contact pin 60 is noved
i medi ately bel ow first one of the neasurenent points of the
neasurenent jig 64 (S40, S42). Then, the nounting tool 14 is
noved downward until the neasurenent jig 64 is brought into
contact with the contact pin 60 (S44, S46). Such contact nay
be detected by nonitoring a value of the |inear scale 42, for
exanpl e. The sane procedure is perforned to each of the
remai ni ng three neasurenent points, in which procedure upon
contact of the nmeasurenent jig 64 with the contact pin 60, the
hei ghtw se position of the nounting tool 14 at this tinme is
recorded, and t he nounting tool 14 is noved upward so as t o nove
away fromthe contact pin 60 (S48, S50). Then, when the
hei ghtw se positions of all of the neasurenent points are
detected, the operation noves to Step S14.

[ 0052]
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InStep S14, adifference val ue of the hei ghtw se position
for each of the four obtai ned neasurenent pointsis cal cul at ed.
Then, the obtained difference value is conpared with the
previ ously defined threshold value (S16). If, as aresult of
t he conpari son, thedifferencevalueisfoundtobesmnaller than
the threshold value, it is determ ned that the neasurenent jig
64, and t hus t he hol di ng surface 14a, is substantially parall el
with the substrate stage 50. Inthis case, the neasurenent jig
64 by the nmounting tool 14 is rel eased (S18).

[ 0053]

On the other hand, if the difference value is no smaller
than the threshold value, it is determned that there is a
problemin the condition of the holding surface 14a. In this
case, whether or not aforeignmatter i s attachedto the hol di ng
surface 14a is inspected first (S20 to S24). 1In the exanple
shown in Fig. 8, whether or not a foreign matter is attached
based on an i mage taken by the canera unit 66. |[If, as aresult
of the inspection, aforeign matter is found to be attached to
t he hol di ng surface 14a, the operationreturnsto Step S12 after
the foreign matter i s renoved (S30) and t he neasurenent jig 64
I's again held, and again the condition of the hol ding surface
I S I nspected.

[ 0054]
If there is no foreign matter attached to the hol ding

surface 14a, it is determ ned that the posture of the nounting

30



tool 14 is unfavorable. In this case, after the neasurenent
jig 64 is held by the nounting tool 14 (S26), the posture of
the mounting tool 14 is adjusted (S28). Specifically, first,
t he hei ght of the central point of the neasurenent jig 64 is
cal cul ated as the reference hei ght based on the hei ghtw se

positions for the four nmeasurenent points of the neasurenent
j1964(S60). Then, it isdeterm nedwhether or not a hei ghtw se
position of the first one of the nmeasurenent points is | ower
than the reference height (S62, S64). |If, as aresult of the
determ nation, the heightw se position is found to be higher
t han t he ref erence hei ght, the sane determ nationis perforned
for a subsequent one of the neasurenent points.

[ 0055]

On t he ot her hand, i f the hei ght of the neasurenent poi nt
islower than the reference height, the contact pin 60 is noved
i mredi at el y bel owthe neasurenent point (S66). Then, inthis
state, the downwar d novenent of the nountingtool 14is started,
and the posture of the nounting tool 14 is unl ocked (S68).
Specifically, the tool supporting nechani sm 45 supplies
conpressed air to the cavity 46a to forma snmall gap between
t he novabl e unit 47 and t he novabl e unit 47. Wth the downward
novenent of the nountingtool 14, the nountingtool 14, andt hus
t he novabl e unit 47 that hol ds the nounting tool 14, receives
a nonent, as t he neasurenent jig64is brought intocontact with

the contact pin 60. In the state in which the posture is
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unl ocked, t he novabl e unit 47 sl i des al ongt he concave spheri cal
surface upon reception of the nonent so that the neasurenent
poi nts nove upward. Then, finally, when the hei ghtw se
posi tions of the nmeasurenent points reachthereference hei ght,
t he downward novenent of the nounting tool 14 is stopped and
the posture of the nounting tool 14 is |ocked (S70, S72).
Thereafter, the nounting tool 14 is noved upward so as to be
noved away fromthe contact pin 60 (S74).

[ 0056]

After the process of Steps S64t hrough S74 descri bed above
is performed to all of the nmeasurenment points, the operation
returns to Step S12, and again the inspection of the hol ding
surface 14a is perforned. Then, the above steps are repeated
until the difference val ue of the hei ghtw se position of each
of the neasurenent points finally becones smaller than the
threshol d value (until the determnation in Step S16 is No).
[ 0057]

As can be seen clearly fromthe previous description,
according to this enbodi nent, the neasurenent jig 64 sucti oned
and hel d by the mounting tool 14 is brought into contact with
the contact pin 60 in order to inspect the condition of the
hol di ng surface 14a. Wth suchaconfiguration, it is possible
to neasure the inclination of the holding surface 14a easily
even if the suction hole 14b and the suction groove 1l4c are

provi ded for the hol di ng surface 14a. Further, it is possible
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to detect whether or not a foreign matter is attached to the
hol di ng surface 14a by provi di ng t he neasurenent ji g 64 bet ween
the contact pin 60 and the hol ding surface l4a.

[ 0058]

It should be noted that the configuration and the flow
descri bed above ar e exanpl es, and may be nodi fi ed as appropri ate
as long as the inclination of the neasurenent jig 64 held by
t he hol di ng surface 14a of the nounti ng tool 14 may be neasured
and t he condition of the hol ding surface 14a may be det er m ned
based on the neasurenment result.

[ 0059]

In the exanple illustrated in Fig. 8, for exanple, the
i nspection on whether or not a foreign natter is attached to
the hol ding surface 14a is performed when the inclination of
t he neasurenent jig 64 is detected (S20 to S24). However, the
st ep of i nspecti ononwhet her or not aforeignmatter i s attached
may be omtted in such a case in which a foreign matter i s not
likely attached to the holding surface 14a, for exanple,

i mredi ately after activation of the nounting apparatus.

Further, the detection on whether or not a foreign matter is
attached is not limted to the nethod using a canera, and nay
be perfornmed enploying a different nmethod. For exanple, the
i nclination of the hol di ng surface 14a nay be directly detected
after renoving the measurenent jig 64 fromthe hol di ng surface

14a, and if a difference between the inclinationthus detected

33



and the inclination when the nmeasurenment jig 64 is providedis
large, it is possible to determne that a foreign matter is
attached.

[ 0060]

Mor eover, according to this enbodi nent, the inspection
and the adjustnent are perfornmed so that the holding surface
14a of the nounting tool 14 to be parallel with the substrate
stage 50. However, in sone cases, it is possible to perform
the i nspection and the adj ustnent so that the hol ding surface
1l4a forns a particular angle with the substrate stage 50.
Furt hernore, according to this enbodi nent, the hei ghtw se
posi ti ons of the neasurenent points are neasured based on the
anmount of the downward novenent of the nmounting tool 14 when
the contact pin 60 is brought i ntocontact wth the neasurenent
jig 64. However, it is possible to performthe neasurenent
using a different nethod as Iong as rel ative hei ghtw se
positions of the plurality of the neasurenent points of the
nmeasurenent jig 64 may be neasured. For exanple, using a
contact or contactl ess (optical or ultrasonic) di stance sensor
or thelike, it is possibleto nmeasure the relative hei ghtw se
positions of the plurality of the neasurenent points of the
measurenent jig 64.

[ 0061]
The present inventionis not [imted to the enbodi nent

descri bed above, and i ncl udes any al terati on and nodification
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wi t hout departing fromthe technical
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CLAIMS

1. A mounting apparatus for mounting an electronic component onto a
substrate, the apparatus comprising:

amounting tool configured to hold the electronic component by a holding
surface as atip end surface of the mounting tool;

atool supporting mechanism configured to either lock or unlock a posture
of the mounting tool;

a movement mechanism configured to move the mounting tool relatively
with respect to the substrate;

a planar-plated measurement jig held by the holding surface;

an angle detection mechanism configured to measure an inclination of the
jig; and

acontrol unit configured to control driving of the mounting apparatus,
wherein

during inspection of the holding surface, the control unit causes the
mounting tool to hold the measurement jig, and the angle detection mechanism

to measure the inclination of the measurement jig, and
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the control unit adjusts an inclination of the holding surface by pressing a
part of the holding surface against the contact pin via the measurement jigin a
state in which a posture lock of the mounting tool by the tool supporting

mechanism is unlocked.

2. The mounting apparatus according to claim 1, wherein
the angle detection mechanism includes:
a contact pin fixed and projecting toward the holding surface; and
a calculating unit configured to calculate the inclination of the
measurement jig based on relative position information of the mounting
tool when the contact pin is brought into contact sequentially with a
plurality of positions on a surface of the measurement jig held by the

holding surface.

3. The mounting apparatus according to claim 1, wherein

the control unit adjusts an inclination of the holding surface based on the

inclination that has been measured.
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4. The mounting apparatus according to claim 1 or 2, wherein

the measurement jig has a Size so asto cover the holding surface entirely.

5. A measuring method of measuring a condition of a holding surface of a
mounting tool that holds an el ectronic component, the method employing a
mounting apparatus for mounting the electronic component onto a substrate, the
method comprising the steps of

preparing the mounting apparatus including a mounting tool configured to
hold the electronic component by the holding surface as atip end surface of the
mounting tool, atool supporting mechanism configured to either lock or unlock
a posture of the mounting tool, and an angle detection mechanism configured to
measure an inclination of a planar-plated measurement jig that is held by the
holding surface;

holding the planar-plated measurement jig by the holding surface of the
mounting tool;

measuring the inclination of the measurement jig using the angle detection
mechanism provided for the mounting apparatus; and

adjusting an inclination of the holding surface by pressing a part of the
holding surface against the contact pin viathe measurement jig in astate in
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which a posture lock of the mounting tool by the tool supporting mechanismis

unlocked.

6. The measuring method according to claim 5, further comprising:
determining whether the holding surface is pass or fail, based on the

inclination of the measurement jig that is being held.
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