DESCRI PTI ON ELECTRONI C COVPONENT MOUNTI NG APPARATUS AND THE SAME METHCOD
THEREOF Technical Field [0001] The present invention relates to a
structure of electronic conponent .nounting apparatuses and to an el ectronic
conponent nounting nethod using such el ectronic conponent nounting
appar atuses. Background Art [0002] There are various techniques used
for nmounting a sem conductor chip on a substrate, such as a techni que of
nounting an el ectronic conponent that is provided with a solder bunp forned
on an el ectrode on a substrate through thermal bondi ng, a gol d-sol der
fusion bond technique of form ng azgekdphyAp on an el ectrode of an
el ectroni c conponent while providing a thin solder filmon the surface of a
copper el &gl EOfito®lc TAMBNIR BRRE IhBCATBAkXrtS SR Al daidhitddie oold
bunmp and the Solder, and a bond tec pEAReLUSiNg a resin adhesive such as a
thernopl astic resin or an ani sotropic conductive film(AFC). In these bond
techni ques, the electronic conponent is heated and pressed agai nst the
substr at eT%‘ék?Wgcazl EdT‘?didgg toolrrpvvi th the sol der or aghesi ve og t he el ectrode
bei ng fusé%l?ma]nd t hereafter the solder or adhesive is cool ed and solidified
to bond the el &d¥r BREECEbPHIRANE Tl BRI Pat EEUG IO PE €1eCtrofi& ¢ have
hence - beefP R GPTEle A VINECHD FPPEGHPSRENE FORAL FRgSapPaF At 13 TR e in
such bondh@@ehGuasthee] uliphg%a Fedt ere fGt 1S nGORREVEUSI MPEHI Y or
heati ng adlePaFtwEfing adhesi ve and cooling neans for cooling the solder or
adhesi ve agglgzg;cbm\?dim to shorten the tine for heating and cooling. [0004]
{
There are various techniques used for mounting a
semiconductor chip on a substrate, such as a techanique of mounting
an electronic component that is provided with a solder bump formed
on an electrode on a substrate through thermal bonding, a
gold-solder fusion bond technique of forming a gold bump on an
" electrode of an electronic component while providing a thin solder
film on the surface of a copper electrode of a substrate and
thermally fusing and bonding the gold bump and the solder, and
a bond technique using a resin adhesive such as a thermoplastic
‘resin or an anisotropic conductive film (AFC). In these bond
techniques, the electronic component is heated and pressed against
the substrate using a bonding tool with the solder or adhesive
on the electrode being fused, and thereafter the solder or adhesive
is cooled and solidified to bond the electronic component to the
. substrate.
[0003]
There have hence been proposed electronic component
mounting apparatuses for use in such bond techniques including
a heater for heating and fusing solder or heating and softening
adhesive and cooling means for cooling the solder or adhesive after
bonding to shorten the time for heating and cooling.
[0004]
Patent Document 1. proposes a contact heating apparatus
including a tool for pressing a heating target, a ceramic heater
for heating the tool, a thermal insulator for preventing transfer
of heat generated form the ceramic heater to other than the tool,
and a holder for integrating and coupling these members to another
member, in which a cooling medium passage is provided in the
thermal insulator and/or the holder for cooling the heater, the
thermal insulator, or the holder, whereby it is possible to heat
adhesive or solder rapidly to a temperature at which the adhesive



Patent Docunent 1 proposes a contact heating apparatus including a tool for
pressing a heating target, a ceram c heater for heating the tool, a thernmnal
i nsulator for preventing transfer of heat generated formthe ceram c heater
to other than the tool, and a holder for integrating and coupling these

menbers to another nenber, in which a cooling nmedium passage is provided in
the thernal insulator and/or the holder for cooling the heater, the thermal
insul ator, or the holder, whereby it is possible to heat adhesive or sol der
rapidly to a tenperature at mhich the adhesive or solder is softened or
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Related Art Documents

Patent Documents

[0006]

Patent Document 1: Japanese Unexamined Patent Application
Publication No. 2002-16091

Patent Document 2: Japanese Unexamined Patent Application
Publication No. 2009-76606

Summary of -the Imvention
Problems to be solved by the Invention
[0007]

However, in the conventional art disclosed in Patent
Document 1, the cooling medium flow passage is formed between the
ceramic heater and the thermal insulator and cooling air flows
through the cooling flow passage to cool the ceramic heater so
as to cool a semiconductor chip sucked on a bonding tool that is
attached to the side of the ceramic heater opposite to that of
the thermal insulator, suffering from a problem of taking a long
time to cool the semiconductor chip. In the conventional art
disclosed in Patent Document 2, cooling air is supplied through
the cooling flow passage provided in the bonding tool and blown
around the semiconductor chip to cool the semiconductor chip and
the thermoplastic resin from the side surfaces thereof. However,
since the semiconductor chip and the thermoplastic resin have a
very small thickness relative to the surface area thereof, the
entire semiconductor chip cannot be cooled at the same time even
if cooling air can be Dblown around the semiconductor chip,
suffering from a problem of taking a long time to cool the
semiconductor chip.

[0008]
It is hence an object of the present invention to shorten



[ 0007] However, in the conventional art disclosed in Patent Docunent
1, the cooling nediumflow passage is fornmed between the ceram-c heater and
the thermal insulator and cooling air flows through the cooling flow '
passage to cool the ceramc heater so as to cool a sem conductor chip
sucked on a bonding tool that is attached to the side of the ceram c heater
opposite to that of the thermal insulator, suffering froma probl em of
taking a long time to cool the sem conductor chip. In the conventional art
di scl osed in Patent Docunent 2, cooling air i s supplied through the cooling
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Sol vi ng t¥MdB%ens [ 0009] The present invention is directed to an
el ectroni ¢ conpoh@nt RAFFHAMENEPPRPER tE"T Gr NBBREF ng-th PapecRPBEC D Can
el ect r onikke cdnporientn apddaneet e r pebt b1 ackopet Eat endi ewavhdrmal thef usi bl e
bond net sdulsr rahait ande dretitinohdel bovpogentivat tsie faghst e iniaiesadi ng:
a base pordritmTi icoppenatang of hdat drase porbase podté aredestssl ddrwed in a
di recti ommetteacmnakosate aupbsawaytd ridm £hests shetiiaatet o aud kaaid meildg t ool
havi ng a tfheg sllestirbate dampettenn ot ahe sonfant theraosurtfhackondlitdecease
porti on atwba pedest al thathetdeanea iseehsbh &y paceioppastherhal I hechidr st
surface tihesuglecidniel dohpeneheciu@d corpenentradetbe S fraerestrher eof
t he bondiig tRolsubetkatbeai gdyid dih tie heatiey kBol hendBs@e PQ dN ihg
t her mal | yehahghaishe qel gebi 08l §g Cosmaneta tSeek ed t@Behhens ur f ase Rfrrdke
pedestal 4;04 thes3bsh-akhee bR ¥HE Cheddec bondi ng tool includes a cooling
fl ow pass rovi di ng communi cation between the first surface and a side
surface o € egﬁgt@ie &H{H compone t“mbﬂﬁtﬁhﬁcéﬁﬁ fedd G Gountlng
appar at ustoaccgﬁ LG40 | E% Gegent | %Vs%b ofd e ﬁQtp{k‘? %%l t hat
t he cool gj e Q(?%s E g ngt 1% ta% ﬁ si ha ws
cooling ne u% ?o ere%l UL ace
is additi d&ﬁ Cﬁggfl SR ?O'f % s§g orti-on ﬁ(é% rﬁé
supply p 1fd-l YaPEoofT nﬁl @tse %]V} ﬁ % S éngurface
t hrough “bSBPP W i “gnﬁ @ ﬁjp‘l
provi ded Bh & h%l%rsr%k@cteo W 1 isEn lln(‘-jiol © ScI""Bgle cont act
and conf i % Bedipp SURMLY Q9815 REOMEEREn?? A RUA aFﬁrB‘adﬁ‘ iHe t88ol i ng
medi um | MAAING tRE1cHD| § HEPT HAWCHAZS aeRn iCt REhEABF AFUTRBI CARIPPRAL t he
cool i ng fihswcpadsagersstiumandading thootudhs theneebind megd inRci R &°gr oove
provi ded ihe chelihgstloyuphagagamf shedmhdigraitond 2k toaif tlee asolihg
pedest al ,flonvepeadagé athehgheodd nonteemignieafiarad th intd ugdeok iargoredi um
suppl y partovamec he Tiddr rendsoef fade agroevtendivomhaniac aheosunfade afcool i ng
medi um outeetpeptemtiadedcor thd sifdéhsugfacee oint benpedesttalion andht thesur f ace
of the basslpord medicovenppdyt hergrandethe other end of the groove in
communication with a cooling medium outlet provided on the side
surface of the pedestal, and the surface of the base portion
covering the groove.
[0011]
In the electronic component mounting apparatus according
to the present invention, it is also preferable that the apparatus
further includes: a drive unit for driving the base portion in
the direction getting close to and away from the substrate; a



[ 0011] In the el ectronic conponent nounting apparatus according to
the present invention, it is also preferable that the apparatus further
includes: a drive unit for driving the base portion in the direction
getting close to and away fromthe substrate; a position detection unit
for detecting the position of the bonding tool in the direction getting
close to and away fromthe substrate; a shutoff valve for opening and
closing the cooling fl ow passage of the bonding tool; and a control unit
for changing with the drive unit the position of the bonding tool in the
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be heated with the heater in the base portion to thernally bond t he

el ectroni c component sucked on the surface of the pedestal to the
substrate; a drive unit for driving thé base portion in the direction
getting close to and away fromthe substrate; a position detection unit for
detecting the position of the bonding tool in the direction getting close
to and away fromthe substrate; and a shutoff valve for opening and cl osing
the cooling fl ow passage of the bonding tool; and hol ding the position of
the bonding tool in the direction getting close to and away fromthe
substrate based on the determ nation that the bond nmetal between the

‘el ectrode of the electronic conmponent and the el ectrode of the substrate is




The present invention offers the advantage of shortening the tinme for
cooling during nounting of an el ectronic conponent. Brief Description of
the Drawings [0015] FIG 1 is a system di agram showi ng the configuration of
an electronic conponent nounting apparatus according to an exenplary
enbodi ment of the present invention. FIG 2Ais an illustrative
view show ng air flow passages in a heater assenbly and a bondi ng tool of
the el ectronic conponent nounting apparatus according to the exenplary
enbodi ment of the present invention FI G 2B shows the upper
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enbod|nemmqﬁudﬂng?ﬁ@géﬁpmqﬁkﬁﬁqgﬁrlnganelectronlccomponentmountlng
apparatus including: a base portion incorporating a heater, the

base portion to be driven in a direction getting close to and away
from the substrate; a bonding tool having a first surface fized
in close contact to a surface of the base portion, a pedestal formed
on a second surface opposite to the first surface to suck and hold
the electronic component on the surface thereof, and a cooling
flow passage providing communication between the first surface
and a side surface of the pedestal, the bonding tocl to be heated
with the heater in the base portion to thermally bond the
electronic component sucked on the surface of the pedestal to the
substrate; a drive unit for driving the base portion in the
direction getting close to and away from the substrate; a position
detection unit for detecting the position of the bonding tool in
the direction getting close to and away from the substrate; and
a shutoff valve for opening and closing the cooling flow passage
of the bonding tool; and holding the position of the bonding tool
in the direction getting close to and away from the substrate based
on the determination that the bond metal between the electrode
of the electronic component and the electrode of the substrate
is thermally fused when the bonding tool gets close to the
substrate by a predetermined distance from a reference position
while heating the electronic component with the heater and for
opening the shutoff valve to supply cooling medium to the cooling
flow passage of the bondlng tool, so that the bonding tool is
cooled.

Advantage
[0014]

The present invention offers the advantage of shortening
the time for cooling during mounting of an electronic component.

Brief Description of the Drawings
{0015]
FIG. 1 is a system diagram showing the configuration of an



FIG 6 is an illustrative view show ng the change in the position of the
bondi ng tool, the pressing force, the flowrate of cooling air, and the
tenperature of a solder filmduring an operation of the electronic
conponent nounting apparatus according to the exenplary enbodi ment of the
present invention. FIG 7 is an illustrative view showi ng a process
of gol d-sol der fusion bond between a bunp and a sol der | ayer perfornmed by
the el ectronic conponent nounting apparatus according to the exenplary
enbodi ment of the present invention. FIG 8Ais an illustrative
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Exemplary embodiments of the present invention will
hereinafter be described with reference to the accompanying



[0018] FIG 2B shows the upper surface 28a of the bonding tool 28 in close
contact with the heater base 27a as a first surface, viewed along the arrow
B of FIG 2A, where the first vacuum suction groove 95 provided in the

| ower surface of the heater base 27a is indicated by an alternate | ong and
short dash line. As shown in FIG 2B, the first vacuum suction groove 95 is
a rectangul ar tubular one. Also, as shown in FIGs. 2A and 2B, a portion of
the first vacuum suction groove 95 is in comunication with the first air
vacuum passage 94 that has a circular cross section and extends vertically
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into the second air supply passage 83 flows into the third air supply
passage 85 at an interface between the Jower surface of the heater base 27a
and the upper surface 28a of the bonding tool 28 and into the second
cooling fl ow passage 87 to cool the bonding tool 28, and then flows out

t hrough the second air outlet 89 provided on the side surface 28d of the
pedestal 28c. As shown in FIGs. 2B and 2C, the second cooling flow passage
87 extends radially fromthe third air supply passage 85 toward the each
side surface 28d of the pedestal 28c and can have a circular, rectangular,
or another cross section. Alternatively, the second cooling flow passage 87
can be in communication with the third air supply passage 85 and extend



pressure of air supplied fromthe conpressed air source 70 to a pressure at
which the air is supplied into the first and second air pipes 72 and 71.
The sol enoi d val ves 64 and 63 are shutoff valves for opening and cl osing
the respective first and second air pipes 72 and 71, the first, second, and
third air supply passages 84, 83, and 85, and the first and second cooling
fl ow passages 86 and 87 connected to the first and second air pipes 72 and
71. [0022] As shown in FIG 1, the voice coil motor 20 is configured
to include a casing 21, a pernanent magnet stator 22 fixed along the inner
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[ 0026] As shown in FIG 4, the linear scale 61 includes a |linear
scal e main body 6la on which a pattern 61b with a very fine pitch L is
provi ded. The linear scale head 62 incorporates a |light source for
irradiating light to the pattern 61b on the linear scale 61, a grating

t hrough which the light fromthe |ight source passes, a light-receiving
device for detecting light reflected fromthe pattern 61b on the |inear
scale 61, and a signal processing unit for processing a signal input from
t he Iight-receiving device. Light emtted fromthe |ight source passes
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notor 20, the rod 26, and the bonding tool 28 are lowered integrally, there
occurs no height difference between th% | i near scale 61 attached to the rod
26 and the casing 21 of the voice coil notor 20 and the detection signal
fromthe linear scale head 62 renai ns unchanged froman initial output.

[ 0029] The control unit 50, if determ nes that the bonding tool is

| owered to the predeterm ned height Hl, stops the notor 13 and therefore
the I owering operation and then, as shown in step S103 of FIG 5, starts a
search operation of detecting a position where the |eading end of the gold
bunmp 33 shown in FIG 3 conmes into contact with the solder film44 on the
copper electrode 43 of the substrate 42. In thi's search operation, the



When the control unit 50 outputs a command for position | owering during the
search operation, the power source 19 applies a current to the coil 23 of
the voice coil notor 20 based on the conmand val ue for position |owering.
Accordingly, the coil 23 noves downward, so that the | eading end 24 of the
coil comes into contact wth the upper end of the rod 26. Since the rod 26
is attached to the casing 21 via the plate spring 25, when an increased
current flows through the coil 23 to result in that the | eading end 24 of
the coil 23 presses down the rod 26 and the plate spring 25 undergoes a
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down the su and t e current t hrough the coil

can be controlled to change such that the pressing force detected by the
sensor represents a constant val ue, as nti oned above. As shown in step
S107 of FIG 5, the control unit 50 takes difference between the distance
of vertical novenent detected with the |inear scale head 62 and the
reference height H2 to cal culate the distance by which the bonding tool 28
comes close to the substrate 42 fromthe height H2 (reference height) when
the | eading end of the convex portion 35 of the gold bunp 33 cones into
contact with the solder filmd44, that is, the distance of downward novenent
fromthe reference height H2 as a sink D. The control unit 50 then starts
to nmonitor if the sink D exceeds a predetermined threshold value as shown



At the time t5 of FIG 6, when the solder film44 is heated to a
tenperature T1 at which the solder is fused, the solder film44 starts to
be fused. In this case, the bonding tool 28 is controlled to have a
constant pressing force, which causes the convex portion 35 of the gold
bunp 33 to sink into the fused solder film44 as showm in FIG 7 (c). That
is, the height of the bonding tool 28 changes fromincreasing to decreasing
at the time t5 and height H3 shown in FIG 6. The | owered convex portion 35
is then surrounded mﬁth the fused solder 45. As the |eading end of the
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electronl nent 31 sucked at the Ieadlng end of the bonding tool 28
can be cooled nore effectively. As the el ectronic conponent 31 is cool ed,
the gold bunp 33 shown in FIG 7 (c) also gets cold rapidly and the sol der
45 around the convex portion 35 of the gold bunp 33 starts to be cool ed
while the solder film44 exists stably at a thickness of several

m croneters between the | eading end of the convex portion 35 of the gold
bunp 33 and the copper electrode 43 of the substrate 42. At the time t7 of
FIG 6, when the solder film44 is cooled to a tenperature T3 at which the
solder is solidified, the solder 45 starts to be solidified to be bond
metal 46 with the solder film44 existing at a thickness of several

m croneters between the | eading end of the convex portion 35 of the gold



After a predeterm ned period of time has el apsed, the control unit 50
determ nes that the cooling operation is conpleted as shown in step 8110 of
FIG 5 and closes the solenoid valves 63 and 64 shown in FIG 1 at the tine
t7 of FIG 6 to stop the inflow of cooling air. The control unit 50 then

cl oses the solenoid valve 76 to stop the vacuumi ng of air through the
second air vacuum passage 93 to rel ease the vacuum of the second vacuum
suction groove 98 and therefore the el ectronic conponent 31 sucked and
fixed on the | ower surface 28e of the pedestal 28c of the bonding tool 28.
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W th reference to FIGs 1 to 7 except for the position of the second air
vacuum passage 93, the vacuum groove 9 and the third air vacuum passage
97 provided in the ceram c heater asseﬁ%ly 27 and the bonding tool 28 and
t he shape of the cooling air flow passage provided in the bonding tool 28
as shown in FIG 8. [0043] As shown in FIG 8B, a cruciformgroove
101 having a rectangul ar cross section is fornmed in the upper surface 28a
of the bonding tool 28, viewed along the arrow B of FIG 8A Wen the
bondi ng tool 28 is sucked on the | ower surface of the heater base 27a of
the cerami c heater assenbly 27 with the vacuum of the first vacuunlsuctlon
groove 95, an upper surface of the groove




101 is covered with the | ower surface of the heater base 27a to be a
cooling flow passage having a rectangul ar cross section and extending in
four directions fromthe center of the bonding tool. The second air supply
passage 83 is configured to communicate with the central portion of the
groove 101. The end of the second air supply passage 83 on the | ower
surface of the heater base 27a serves as a cooling nmedium supply port for
supplying cooling air therethrough to the rectangular cooling flow passage
formed with the groove 101 and the heater base 27a. FIG 8C shows the | ower
surface 2 f p S ie al-en r d Hiem 8A. As
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output from the power source. The control unit 50 can thus perform

a search operation of gradually increasing the current through

the coil 23 to lower the leading end of the bonding tool 28 slowly.

[0031]

During the search operation, the control unit 50 monitors

whether or not leading end of the convex portion 35 of the gold

bump 33 is in contact with the surface of the solder film 44 by

contact detecting means as shown in step 5104 of FIG. 5. When

the leading end of the convex portion 35 of the gold bump 33 comes
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[ 0048] The present invention is not limted to the above-descri bed
exenpl ary embodi nents, and various variations and nodifications can be made
wi t hout departing fromthe technical scope and nature of the invention
defined in the appended clains. Description of Reference Nunerals [0049]
iggﬁsg 11Franme 12Upper flange 13Mdtor 14CGui de 15Ri se-and-fall bl ock

i der

into contact with the solder film 44, the coil 23 stops moving
downward and there starts to appear a difference between the
lowered position detected with the linear scale head 62 and the
command value for position lowering during the search operation.
When the difference between the command value for position
lowering and the lowered position detected with the linear scale
head 62 exceeds a]predetermined.threshold'vaiue, the control unit
50 determines that the leading end of the convex portion 35 of
the gold bump 33 comes into contact with the solder £film 44 {contact
detecting step). It is noted that since the vertical position
of the linear scale 61 is adjusted such that the longitudinal
center of the pattern 61b comes directly in front of the linear
scale head 62 when the leading end of the convex portion 35 of
the gold bump 33 comes into contact with the solder film 44, the
linear scale head 62 can measure the distance of vertical movement
centering on the point at which the leading end of the convex
portion 35 of the gold bump 33 comes into contact with the solder
film 44.

[0032]

The control unit 50, if determines that the leading end of
the convex portion 35 of the gold bump 33 comes into contact with
the solder film 44, determines that the bonding tool 28 reaches
a reference height H, and sets the height Hy detected with the linear
scale head 62 as a reference height (reference position) of the
bonding tool 28 as shown in step 5105 of FIG. 5 and the time ts3
of FIG. 6 (reference position setting step). FIG. 7 (b) shows
a state where the leading end of the convex portion 35 of the gold
bump 33 comes into contact with the solder film 44.

[0033]

After setting the reference height, the control unit 350
performs a constant loading operation in which the bonding tool
28 presses down the substrate 42 at a constant pressing force as
shown in step 5106 of FIG. 5. In this operation, an approximately
constant current can flow through the coil 23 of the voice coil
motor 20, for example, so that the leading end 24 of the coil 23
presses down the rod 26 at a constant force. Alternatively, a
sensor for detecting a pressing force at which the bonding tool
28 presses down the substrate 42 can be provided and the current
through the coil 23 can be controlled to change such that the
pressingforcedetectedknrthesensorrepresentseaconstantvalue,
as mentioned above. As shown in step S107 of FIG. 5, the control
unit 50 takes difference between the distance of vertical movement
detected with the linear scale head 62 and the reference height
H, to calculate the distance by which the bonding tool 28 comes

14
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close to the substrate 42 from the height H; (reference height)
when the leading end of the convex portion 35 of the gold bump
33 comes into contact with the solder film 44, that is, the distance
of downward movement from the reference height H; as a sink D.
The control unit 50 then starts to monitor if the sink D exceeds
a predetermined threshold value as shown in step S108 of FIG. 5.
[0034]

Since the leading end of the convex portion 35 of the gold
pump 33 is not in contact with the solder film 44 in the time
interval from t; to t; of FIG. 6, the solder film 44 is heated with
the stage heater 48 shown in FIG. 1 to have the same temperature
To as the substrate 42. In contrast, the electronic component 31
is heated to a high temperature with the ceramic heater 27h
disposed on the bonding tool 28. Accordingly, when the leading
end of the convex portion 35 of the gold bump 33 comes into contact
with the solder film 44 at the time t; of FIG. 6, heat starts to
transfer from the leading end of the convex portion 35 of the gold
bump 33 to the solder film 44. The temperature of the solder film
44 then starts to rise at the time t, of FIG. 6. As the temperature
of the solder film 44 rises in the time interval from t4 to ts of
FIG. 6, the temperature of the copper electrode 43 also rises
accordingly to result in that the copper electrode 43 and the
solder film 44 undergo thermal expansion. Since the pressing
force is constant during this time interval, the bonding tool 28
is raised gradually from the reference height H, when the leading
end of the gold bump 33 comes into contact with the solder film
44, and finally reaches a height Hs; at the time ts. At this time,
1 the bonding tool 28 is positioned at the height H3, which is greater
| than the reference height H,, so that the distance of downward

movement D; (= H» — H3) from the reference height H, is negative
as shown in FIG. 6, that is, the sink D does not exceed the
predetermined threshold value.

[0035]

At the time ts of FIG. 6, when the solder film 44 is heated
to a temperature T; at which the solder is fused, the solder film
44 starts to be fused. In this case, the bonding tool 28 is
controlled to have a constant pressing force, which causes the
convex portion 35 of the gold bump 33 to sink into the fused solder
£ilm 44 as shown in FIG. 7 (¢). That is, the height of the bonding
tool 28 changes from increasing to decreasing at the time ts and
height Hz shown in FIG. 6. The lowered convex portion 35 is then
surrounded with the fused solder 45. As the leading end of the
convex portion 35 of the gold bump 33 thus sinks into the solder
film 44, the height of the bonding tool 28 is made lower than the
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reference height H,, that is, the sink D, the distance of downward
movement from the reference height H,, becomes positive. When the
bonding tool is lowered to a height Hy and the sink D (= Hy - Hy)
becomes a predetermined value at the time tg¢ of FIG. 6, the solder
film 44 exists at a thickness of several micrometers between the
leading end of the convex portion 35 of the gold bump 33 and the
copper electrode 43 of the substrate 42 as shown in FIG. 7 (c).
When the sink D exceeds a predetermined threshold value, the
control unit 50 stops the constant loading control based on the
determination that the solder £ilm 44 is thermally fused and then
starts a bonding tool position holding and cooling operation of
cooling the ceramic heater 27h and the bonding tool 28 while
holding the height H, of the bonding tool 28 at the time tg as shown
in step S$109 of FIG. 5.

[0036]

In this operation, the current through the coil 23 of the
voice coil motor 20 can be changed, for example, such that the
difference between the height H, that is in a state of an indication
obtained from the linear scale head 62 by moving the bonding tool
28 in the distance of vertical movement and the reference height
H, becomes equal to or smaller than a predetermined threshold value.
Since the solder film 44 has a thickness of 10 to 30um, measuring
and controlling the vertical position of the bonding tool 28 using
the linear scale head 62 in the order of about 1lnmallows the solder
film 44 to exist stably at a thickness of several micrometers
between the leading end of the convex portion 35 of the gold bump
33 and the copper electrode 43 of the substrate 42 as shown in
FIG. 7 (c).

[10037]

At the start of the bonding tool position holding and cooling
operation, the control unit 50 turns off the ceramic heater 27h
heatingthebondingtoolZSaﬂuisuppliescoolingairtxntheceramic
heater assembly 27 and the bonding tool 28 to cool the ceramic
heater 27h, the bonding tool 28, and the electronic component 31
sucked at the leading end thereof. The control unit 50 opens the
solenoid valves 63 and 64 shown in FIG. 1 to allow cooling air
flow from the first and second air pipes 72 and 71 through the
first and second air inlets 82 and 81 into the first and second
air supply passages 84 and 83 shown in FIG. 2. The cooling air
flowing into the first air supply passage 84 flows horizontally
through the first cooling flow passage 86 provided below the
ceramic heater 27h to cool the portion of the heater base 27a
between the ceramic heater 27h and the bonding tool 28. The air
flowing through the first cooling flow passage 86 to cool the
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| heater base 27a flows out through the first air outlet 90. The
i cooling air flowing into the second air supply passage 83 flows
! through the third air supply passage 85 and then into the second
5 cooling flow passage 87 to flow horizontally along the lower
surface 28e of the pedestal 28¢, and then flows out through the
second air outlet 89 provided on the side surface 28d of the
pedestal 28c.
[0038]

Air inflowing through the first and second air inlets 82
and 81 thus cools the portion of the heater base 27a below the
ceramic heater 27h and the bonding tool 28, whereby the electronic
component 31 sucked at the leading end of the bonding tool 28 can
be cooled more effectively. As the electronic component 31 is

: cooled, the gold bump 33 shown in FIG. 7 {(c) also gets cold rapidly
i and the solder 45 around the convex portion 35 of the gold bump
i 33 starts to be cooled while the solder film 44 exists stably at
a thickness of several micrometers between the leading end of the
convex portion 35 of the gold bump 33 and the copper electrode
43 of the substrate 42. At the time t; of FIG. 6, when the solder
film 44 is cooled to a temperature T; at which the solder is
solidified, the solder 45 starts to be solidified to be bond metal
46 with the solder film 44 existing at a thickness of several
micrometers between the leading end of the convex portion 35 of
the gold bump 33 and the copper electrode 43 of the substrate 42
as shown in FIG. 7 (dj).

[0039]

After a predetermined period of time has elapsed, the
control unit 50 determines that the cooling operation is completed
as shown in step S$110 of FIG. 5 and closes the solenoid valves
63 and 64 shown in FIG. 1 at the time t; of FIG. 6 to stop the
inflow of cooling air. The control unit 50 then closes the
solenoid valve 76 to stop the vacuuming of air through the second
air vacuum passage 93 to release the vacuum of the second vacuum
suction groove 98 and therefore the electronic component 31 sucked
and fixed on the lower surface 28e of the pedestal 28c of the
bonding tool 28. The control unit 50 then closes the solenoid
valve 76 to stop the vacuuming of air through the second air vacuum
passage 93 to release the vacuum of the second vacuum suction
groove 98, so that a suction of the electronic component 31 sucked
and fixed on the lower surface 28e of the pedestal 28c of the
bonding tool 28 is released. Thereafter, the control unit 50
raises the bonding tool 28 to the initial height Hy by rotating
the motor 13 and thereby turning the feed screw 18 as shown in
step S$111 of FIG. 5 to complete the bonding of the electronic
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component 31.
[0040]

As described heretofore, in the electronic component
mounting apparatus 100 of this exemplary embodiment, the portion
of the heater base 27a below the ceramic heater 27h and the bonding
tool 28 are cooled, whereby the electronic component 31 sucked
at the leading end of the bonding tool 28 can be cooled more
effectively and thus the solder can be solidified in a shorter
period of time, resulting in a reduction in the time for bonding.
Tn addition, since the electronic component mounting apparatus
100 of this exemplary embodiment transits from the constant
loading control to the bonding tool position holding and cooling
control by determining that the solder film 44 is fused based on
the sink D of the bonding tool 28, the bonding tool 28 can be held
at a height after a small sink D due to solder fusion. This allows
the solder to be solidified and the electronic component 31 to
be mounted with the leading end of the convex portion 35 of the
gold bump 33 existing within the thin solder film 44 without being
in contact with the copper electrode 43 of the substrate 42. It
is thus possible to prevent the convex portion 35 of the gold bump
33 from coming into contact with the copper electrode 43, whereby
it is also possible to prevent the gold bump 33 from being deformed
to come into fault contact with an adjacent gold bump 33 and the
electronic component from being damaged through contact loading,
resulting in an improvement in the bonding quality.

[0041]
Although the exemplary embodiment above describes the case
of setting the reading of the linear scale when the leading end
" of the convex portion 35 of the gold bump 33 is in contact with
the solder film 44 and the bonding tool 28 is at the reference
height H; as reference reading, the reading of the linear scale
61 at the height H: at the time ts of FIG. 6 that the height of
the bonding tool 28 changes from increasing to decreasing after
the leading end of the convex portion 35 of the gold bump 33 comes
into contact with the solder film 44 can be read with the linear
scale head 62 and set as second reference reading {second reference
position setting step). In this case, the control is switched
from constant loading to bonding tool position holding and cooling
when the sink becomes D, = H; - Hy as shown in FIG. 6, as is the
case in the above-described exemplary embodiment {second bonding

tool position holding and cooling operation). This offers the
same advantage as the above-described exemplary embodiment.
{0042}

Another exemplary embodiment of the present invention will
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7/1Second air pipe 72First air pipe 73Vacuum system 74Second vacuum pi pe
75Fi rst vacuum pi pe 81Second air inlet 82First air inlet 83Second air
supply passage 84First air supply passage 85Third air supply passage
86Fi rst cooling flow passage 87Second cooling fl ow passage

be described with reference to FIG. 8. Components identical to
those described with reference to FIGs. 1 to 7 are designated by
the same reference numerals to omit the description thereof. This
exemplary embodiment has the same configuration as the exemplary
embodiment described with reference to FIGs. 1 to 7 except for
the position of the second air vacuum passage 93, the vacuum groove
96, and the third air vacuum passage 97 provided in the ceramic
heater assembly 27 and the bonding teool 28 and the shape of the
cooling air flow passage provided in the bonding tool 28 as shown
in FIG. 8.

[0043]

As shown in FIG. 8B, a cruciform groove 101 having a
rectangular cross section is formed in the upper surface 28a of
the bonding tool 28, viewed along the arrow B of FIG. 8A. When
the bonding tool 28 is sucked on the lower surface of the heater
base 27a of the ceramic heater assembly 27 with the vacuum of the
first vacuum suction groove 95, an upper surface of the groove
101 is covered with the lower surface of the heater base 27a to
be a cooling flow passage having a rectangular cross section and
extending in four directions from the center of the bonding tool.
The second air supply passage 83 is configured to communicate with
the central portion of the groove 101. The end of the second air
supply passage 83 on the lower surface of the heater base 27a serves
as 'a cooling medium supply port for supplying cooling air
therethrough to the rectangular cooling flow passage formed with
the groove 101 and the heater base 27a. FIG. 8C shows the lower
surface 28e of the pedestal 28c¢, viewed along the arrow A of FIG.
8A. As shown in FIG. 8C, the pedestal 28c is provided with a third
cooling flow passage 103 extending along the lower surface 28e
of the pedestal 28c to be in communication with a third air outlet
104 provided on each side surface 28d. A fourth air supply passage
102 extending from the groove 101 in the thickness direction of
the bonding tool 28 to be in communication with the third cooling
flow passage 103 is provided at the end of the groove 101 on the
side of each side surface 28d of the pedestal 28c. The third air
vacuum passage 97 is positioned not to be in contact with the
above—-described groove 101 and, accordingly, the vacuum groove
96 and the second air vacuum passage 93 are also arranged.
[06044]

Cooling air inflowing through the second air inlet 81 flows
through the second air supply passage 83 into the groove 101 and
flows through the groove 101 in four directions in the bonding
tool 28 to cool the bonding tool 28, and then flows through the
fourth air supply passage 102 into the third cooling flow passage
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89Second air outlet 90First air outlet 91Second air vacuum port 92First air
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oove

103 to cool the pedestal 28c of the bonding tool 28 and flows out
through the third air outlet 104 provided on the each side surface
of the pedestal 28c.

[0045]

This exemplary embodiment offers the same advantage as the
above-described exemplary embodiment. Further, 1in this
exemplaryembodiment,thecoolingflowpassagejjlthebondingtool
28 is partially formed by covering the groove 101 provided in the
upper surface 28a of the bonding tool 28 with the lower surface
of the heater base 27a of the ceramic heater assembly 27, whereby
the cooling flow passage can be processed easlly.

[0046]

The groove 101 can have any shape as long as capable of
forming a cooling flow passage for cooling the bonding tool 28
with the groove and the lower surface of the heater base 27a, though
has a cruciform in this exemplary embodiment. Also, the thixd
air outlet 104 can not be provided on each side surface 28d of
the pedestal 28c, but can be provided on at least one of the side
surfaces 28d.

{00471

Although the exemplary embodiments above describe the case
of opening and closing the first, second, and third cocling flow
i passages 86, 87, and 103 for cooling the ceramic heater assembly
i 27 and the bonding tool 28 by opening and closing the solenoid
; valves 63 and 64, the solenoid valves 63 and 64 can be flow rate
controllable valves and the degree of opening of these valves can
be controlled, so that the flow rate of air varies according to
the time for cooling. Alternatively, the flow rate of air can
vary according to, for example, the temperature of the electronic
component 31.
[0048]

The present invention is not limited to the above-described
exemplary embodiments, and various variations and modifications
can be made without departing from the technical scope and nature
of the invention defimed in the appended claims.

Description of Reference Numerals

[0049]
10 Base
11 Frame

12 Upper flange

13 Motor

14 Guide

15 Rise-and-fall block
16 Sliderx
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102 Fourth air supply passage 103 Third cooling fl ow passage 104 Third air

outlet CLAIMS [Caiml] An el ectroni c conponent nounti ng appar at us
for nounting an el ectronic conponent on a substrate, the apparatus
conpri si ng: a base portion incorporating a heater, the base portion

to be driven in a direction getting close to and away from a substrate; and
a bonding tool having a first surface fixed in close contact to a surface
of the base portion and a pedestal fornmed on a second surface opposite to
the first surface to suck and hold the el ectronic conponent on the surface
t her eof |ng tool to be heated with the heater in the base portion
to ther jy b%%e rglﬂectronlc conponent sucked on the surface of the
pedest al Q th L7 wherein t he bondi ng tool conprises a
cooling f $ e FEdi conmuni cation between the first surface and
a side s ace &F%%hgoﬁ d@g%g and wherein an el ectrode of the el ectronic
conponent d &7SdM8ctrode of the substrate are bonded with thermally
fusible b%% néﬁéﬁor[CIaln12] The el ectroni c conponent nounting

apparatus %ccoﬂﬁﬁﬁg to claim1, wherein
Leading end

25 Plate spring

26 Rod

27 Ceramic heater assembly
27a Heater base

27b Side surface

27h Ceramic heater

28 Bonding tool

28a Upper surface

28b, 28e Lower surfaces
28c Pedestal

28d Side surface

31 Electronic component
32 Electrode

33 Gold bump

34 Base portion

35 Convex portion

41 Bonding stage

42 Substrate

43 Copper electrode

44 Solder film

46 Bond metal

48 Stage heater

50 Control unit

51 CPU

52 Memozry

53 Bonding program

54 Reference position setting program

55 Bonding tool position holding and cooling program
56 Second reference position setting program

57 Second bonding tool position holding and cooling program
58 Control data

59 Contact detecting program

6l Linear scale

6la Linear scale main body
61b Pattern
62 Linear scale head
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the cooling fl ow passage of the bonding tool at |east partially allows
cooling nediumto flow therethrough along the surface of the pedestal.

[ Cl ai m 3] The el ectroni c conponent nounting apparatus according to
claim2, wherein t he base portion has a cooling nedi um supply
passage including a cooling nediuminlet provided on a side surface through
whi ch cooling nmediuminflows and a cooling nmedi um supply port provided on
the surface to which the bonding tool is fixed inclose contact and
configured to supply the cooling nmediuminflow ng through the cooling

medi uminjet 4o the ggoli fiﬁy% q@gg of the bonding tool, and wherein
the cooli m/pas Ing tool is configured to i ncl ude a
groove pr i;p |n tgﬁgfm ace and extending along the surface of the
pedest al , nd af roove |n conmmruni cation with the cooling nmedi um
supply po an th§ §b éﬁé hg roove in comunication with a cooling
medi um outi®t provided ﬁdFﬁ l%?d%a'ﬂgface of the pedestal, and the surface
of the bdse pyFPGSEH e??ﬁgs?%ﬁcﬁroove [ ai m 4] The el ectronic
conponent’ frountiSr§ dpparaPi8 according to any one of claims 1 to 3, further
conprisin Firsg éﬂFvBlﬂﬁlt for driving the base portion in the
direction Eettﬁﬁgu@mo§§sF8mand away fromthe substrate; a position
det ecti on’4uni t QQQOH@eWé€FPﬁgP%R% position of the bonding tool in the
direction’get t iFigs¢l ggeups ahBCaway from the substrate; a shut of f

val ve foﬁlbpemﬁngaﬂdaetosnhgtthe cooling flow passage of the bonding too
and 82 First air inlet

83 Second air supply passage

84 First air supply passage

85 Third air supply passage

86 First cooling flow passage
87 Second ccoling flow passage
89 Second air outlet

90 First air outlet

91 Second air vacuum port

92 First air wvacuum port

83 Second air vacuum passage
94 First air vacuum passage

95 First vacuum suction groove
96 Vacuum groove

97 Third air vacuum passage

98 Second vacuum suction groove

100 Electronic component mounting apparatus
101 Groove

102 Fourth air supply passage

103 Third coocling flow passage

104 Third air outlet
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a control unit for changing the position of the bonding tool in the
direction getting close to and away fromthe substrate and for opening and
closing the shutoff valve with the drive unit, wherein t he control
unit conprises bonding tool position holding and cooling neans for hol di ng
the position of the bonding tool in the direction getting close to and away
“fromthe substrate based on the determ nation that the bond netal between
the el ectrode of the electronic conponent and the el ectrode of the
substrate is thermally fused when the bonding tool gets close to the
substrate by a predeterm ned distaHQ$FﬁﬂM§ﬂ a reference position while
heating the el ectronic conponent with the heater and for opening the
shutoff v Ve tq_supply cool i ng nedlun1to t he cooling fIOM/passage of the

bondi ng t at the bo%gnl ngeng dscﬁx ?ﬁ 21405 int 'gge
T 87
el ectronic cotr;;\‘ ot s 58 % ?ﬂ?é‘ gﬁégﬁﬂe% ec(%rp d e

the el ect$oHi Sﬁglﬁ’fm REI Ode § Nk
substrate |ncI lf?d 858 B9 Th Y lflﬁ8r88ﬁﬁ gaﬁ o] ﬁﬁ Y tbh eﬁ)orElo;g: and
wher ei n tPRIESHER G AT SFhL PRECTEIREIG S toan SRR AR ¢ means

for deter®#%i ng whether or not the bump and the film.are in contact wth
each other basédPerdGitgRAINFFgH BHe PUsPHT bRCUSEEEH YhChAPE CHHGct
ref er encetpasserbrcs et Fag IaeenBOT bR &N adfe tedsf e B O £ e BORd ng
t ool wit hsurtyesctopresHee stipsthat £igstt Haxy et eSpe%i 2P8n hRREN Hike
contact detectiangareanpodentran s sheiachdéhsgrplandhe hending teel it
cont act vibd thesaell otihbr the [I@atian 6 the bagheadtdery §ai EhedFhpbheMonfount i ng
appar at ustiae coreditneprtiec coapmBntwhecked darheheostirdhcanbf fhe tdagdesd@dpri ses:
to the substrate, wherein
the bonding tool comprises a cooling flow passage providing
communication between the first surface and a side surface of the
pedestal, and wherein an electrode of the electronic component
and an electrode of the substrate are bonded with thermally fusible
bond metal.

[Claim 2]

The electronic component mounting apparatus according to
claim 1, wherein

the cooling flow passage of the bonding tool at least
partially allows cooling medium to flow therethrough along the
surface of the pedestal.

[Claim 3]

The electronic component mounting apparatus according to
claim 2, wherein

the base portion has a cooling medium supply passage
including a cooling medium inlet provided on a side surface through
which cooling medium inflows and a cooling medium supply port
provided on the surface to which the bonding tool is fixed in close
contact and configured to supply the cooling medium inflowing
through the cooling medium inlet to the cooling flow passage of
the bonding tool, and wherein

the cooling flow passage of the bonding tocl is configured
to include a groove provided in the first surface and extending
along the surface of the pedestal, one end of the groove in
communication with the cooling medium supply port and the other
end of the groove in communication with a cooling medium outlet
provided on the side surface of the pedestal, and the surface of
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second reference position setting neans for setting the position of the
bondi ng tool with respect to the substrate as a second reference position
after the reference position setting neans sets the reference position and
when the di stance of the bonding tool fromthe substrate in the direction
getting close to and away fromthe substrate changes fromincreasing to
decreasi ng; and second bondi ng tool position holding and cooling
means for holding the position of the bonding tool in the direction getting
close to and away fromthe substrate based on the determ nation that the
bond net twee I troni c conponent and the
electrodg!§$%)@% guggﬁﬁgtgg?é9?ﬁ%?%§%F?xghgid when thgpbondlng tool gets
close to qitrate by a second predeterm ned dlstance fromthe second

reference p05| e hlegtéor;%on%%t %%Brt?% ?ﬁggpgﬁf fq{g @peni ng

t he shutof f vaI v % oIl ool n ssage of
t he bondiHiy {651 ﬁg ;h ofglé &Wi‘ com%
g et

el ectronic conﬁoﬂ%ﬁYe Eﬁ;or loneﬁ ronlc conponent on
a subst r &% HEERoHOCBRPr ¥ ?%qlrom the an ele%tron nponent
mounti ng appar &t RRSEolRI A§FRgELon unit for tfcl}'&é"@ 051 SHREOY 3&2“ ng a
heat er, tkrfélddé@etB@h«‘rIbﬁhteodbéeElFiLQ%rnglélgdl:ﬂ@é?lfo Ry o and
away frcnﬁ%ﬂﬁ?@%%%trate a bonding tool having a first surface
fixed in cIoseacéhﬂﬁ@fft%ﬁhV%LﬁQ%uRPQﬂinﬂhéﬁ§a§g°ﬁbF@|E#P P Pdds £2P¥f or med
on a secwrbzngd ade thgpbshténgotend: f42&t surface to suck and hold the
el ectroni ¢ conpopenitranunhe fsur hsrginhethefposidian e§dHmoribg feddage
provi di ngircahrudi oattiiom betwngrg ¢dlvesd cpsandawbackremdhs swbietxais ao€ of the
pedest al ,fdhedeoridigngntiool ot bndetthe athertofift raflme wWebhetheé rdziwe badé,porti on
to thermaldardiand the el ectroni ¢ conponent sucked on the surface of the
pedestal to thensubshtab®unit comprises dodding todl positdidvilegding base
portion ighd hediingChkaRsgebt i MELEi rap et pard tavayof r oie tiendits ttoatle,
a posi ti ofy daLeAHRR iBRAl de fiOimglel 68 kRGAdewRPFridmotheobubberhoadiasgdt ool in
the d'reQﬁlQQNQ%%%bQﬁlﬁEQ§@ntQh@@djﬁ¥@¥nﬁfQﬁtbmeb§ﬂbééﬁfﬁﬁb éttrode
a shut of foyaéh\ee ek tQBﬁangoﬁﬁgn&ll@sdrﬂﬂ ke cGaeki-Baef bPW RASHAGR @l et he
bonding tQ al fu Q digRgnt h&%ep%ﬁdﬁ?x@; ofodihegbondingss oeb ithet he
directi On ]{ AYRY BEQFLEBE SUBSL Bl ee PasEd b ien
determ na? oln i)

E

1 5%@% SHSGH Eﬁ@ﬁ Qf‘letlfﬂ@a@éfcérfcp@o%
conponent S §05 SURBL 9tceoal~in Jmo fedaihant he
bondi ng t ¥ SI o S L bg |L%t an froma
r ef er ence* PO5i 13 BiF Ui et%ga Oﬁglflﬁe 8Pe(:tr8n| C corrponen Ciheat er
and for op M the shutoff valve to supply cooling nedi umto the cool i ng

flow passage of the bondi ng tool, so that the bonding tool is cool ed,

wher ei n laim _ .
The electronic component mounting apparatus according to

claim 4, wherein

the electronic component includes a bump formed on the
electrode and the substrate includes a film of the bond metal
formed on the electrode, and wherein

the control unit further comprises:

contact detecting means for determining whether or not the
bump and the film are in contact with each other based on a signal
from the position detection unit; and

reference position setting means for setting the position
of the bonding tool with respect to the substrate as the reference
position when the contact detecting means determines that the bump
and the film are in contact with each other.
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the el ectrode of the electronic conponent and the el ectrode of the
substrate are bonded with the thermally fused bond netal.

[Claim 6]

The electronic component mounting apparatus according to
claim 5, wherein

the control unit further comprises:

second reference position setting means for setting the
position of the bonding tool with respect to the substrate as a
second reference position after the reference position setting
means sets the reference position and when the distance of the
bonding tool from the substrate in the direction getting close
to and away from the substrate changes from increasing to
decreasing; and

second bonding tool position holding and cooling means for
holding the position of the bonding tool in the direction getting
close to and away from the substrate based on the determination
that the bond metal between the electrode of the electronic
component and the electrode of the substrate is thermally fused
when the bonding tool gets close to the substrate by a second
predetermined distance from the second reference position while
heating the electronic component and for opening the shutoff valve
tosupplycoolingnediumix:thecoolingflowpassagecﬂfthebonding
tool, so that the bonding tool is cooled.

[Claim 7]
An electronic component mounting method of mounting an
electronic component on a substrate, the method comprising:
preparing an electronic component mounting apparatus
comprising:

a base portion incorporating a heater, the base
portion to be driven in a direction getting close to and away from
the substrate;

a bonding tool having a first surface fixzed in close
contact to a surface of the base portion, a pedestal formed on
a second surface opposite to the first surface to suck and hold
the electronic component on the surface thereof, and a cooling
flow passage providing communication between the first surface
and a side surface of the pedestal, the bonding tool to be heated
with the heater in the base portion to thermally bond the
electronic component sucked on the surface of the pedestal to the
substrate;

a drive unit for driving the base portion in the
direction getting close to and away from the substrate;

a position detection unit for detecting the position of the
bonding tool in the direction getting close to and away from the
substrate; and
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a shutoff valve for opening and c¢losing the cooling
flow passage of the bonding tool; and
holding the position of the bonding tool in the direction
getting close to and away from the substrate based on the
determination that bond metal between an electrode of the
electronic component and an electrode of the substrate is
thermally fused when the bonding tool gets close to the substrate
by a predetermined distance from a reference position while
heating the electronic component with the heater and for opening
the shutoff valve to supply cooling medium to the cooling flow
passage of the bonding tool, so that the bonding tool is cooled,
wherein
the electrode of the electronic component and the electrode
of the substrate are bonded with the thermally fused bond metal.
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