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METHOD OF MANUFACTURING ELECTRONIC DEVICE, AND
ELECTRONIC COMPONENT MOUNTING DEVICE

FIELD

[0001] It is related to a method of manufacturing
an electronic device, and an electronic component
mounting device.

BACKGROUND

[0002] With development of electronic devices in
recent vyears, size reduction, higher performance,
and the 1like are demanded in the semiconductor
device employed in the electronic devices. In order
to respond to the demands, the semiconductor device
which has such a structure that semiconductor chips,
etc. are stacked have already been put in practical

use.
[0003] In one example of such semiconductor
devices, the wupper wiring substrate having the

solder electrodes is arranged on the lower wiring
substrate on which the semiconductor <chip 1is
mounted, and then both the lower wiring substrate
and the wupper wiring substrate are connected
electrically via the solder electrodes by the reflow

heating.

[0004] A related art is disclosed in Japanese
Laid-open Patent Publication No.2007-288228.

[0005] As explained in the column of the
preliminary matter described later, in the

electronic device manufacturing methods, there is a
method that a plurality of upper substrates are
soldered onto a plane of a sheet of lower substrate
by sequentially applying the reflow heating. In
this method, when the second upper substrate is
connected to the lower substrate, in order to
prevent such an event that solder electrodes of the
first upper substrate which is already mounted are
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reflowed again, it is necessary that a temperature
of the stage is set considerably lower than a reflow
temperature.

[0006] Owing to this temperature difference,
strong thermal stress is caused between the Ilower
substrate and the upper substrate by a difference of
thermal expansion. As a result, there exist such
problems that warping of the substrate is ready to
occur, and that sufficient reliability of the
electrical connection cannot be obtained.

SUMMARY

[0007] According to one aspect discussed herein,
there 1is provided an electronic component mounting
device, which includes, a stage in which a plurality
of stage portions are defined, a first heater
provided in the plurality of stage portions
respectively, and which can be controlled
independently, a mounting head arranged over the
stage, and a second heater provided in the mounting
head.

[0008] Also, according to another aspect
discussed herein, there is provided a method of
manufacturing an electronic device, which includes
preparing an electronic component mounting device
which includes, a stage in which a plurality of
stage portions are defined, a first heater provided
in the plurality of stage portions respectively, and
which can be controlled independently, a mounting
head arranged over the stage, and a second heater
provided in the mounting head, arranging an
electronic component structure on the stage, and
fixing a first electronic component to the mounting
head, arranging the first electronic component fixed
to the mounting head, on the electronic component
structure on a first stage portion, heating the
electronic component structure and the first
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electronic component by the first heater of the
first stage portion and the second heater of the
mounting head at a first temperature, and then
cooling to a second temperature which is lower than
the first temperature, to connect an electrode of
the electronic component structure and an electrode
of the first electronic component, separating the
mounting head from the first electronic component,
and then fixing a second electronic component to the
mounting head, arranging the second electronic
component fixed to the mounting head, on the
electronic component structure on a second stage
portion, and heating the electronic component
structure and the second electronic component by the
first heater of the second stage portion and the
second heater of the mounting head at the first
temperature, and then cooling to the second
temperature which is lower than the first
temperature, to connect an electrode of the
electronic component structure and an electrode of
the second electronic component, in a state that a
temperature of the first stage portion is set to the
second temperature which is lower than the first
temperature.

[0009] The object and advantages of the invention
will be realized and attained by means of the
elements and combination particularly pointed out in
the claims.

[0010] It is to be understood that both the
foregoing general description and the following
detailed description are exemplary and explanatory
and are not restrictive of the invention, as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS
[(0011] FIGS.1A to 1C are sectional views (#1)
depicting a method of manufacturing an electronic
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device according to the preliminary matter;

[0012] FIGS.2A to 2C are sectional views (#2)
depicting the method of manufacturing the electronic
device according to the preliminary matter;

[0013] FIG.3A 1is a sectional view depicting an
electronic component mounting device according to an
embodiment, and FIG.3B is a plan view depicting the
electronic component mounting device according to
the embodiment;

[0014] FIG.4A 1is a sectional view depicting
arrangement of a stage of the electronic component
mounting device in FIG.3A, and FIG.4B is a sectional
view depicting a pulse heater provided to the stage
in FIG.4A;

[0015] FIG.5 1s a sectional view depicting a
structure of a mounting head of the electronic
component mounting device in FIG.3A;

[0016] FIG.6 is a sectional view (#1) depicting a
method of manufacturing an electronic device
component according to the embodiment;

[0017] FIG.7 is a sectional view (#2) depicting
the method of manufacturing the electronic device
according to the embodiment;

[o018] FIG.8 1is a sectional view (#3) depicting
the method of manufacturing the electronic device
according to the embodiment;

[0019] FIGS.9A and 9B are sectional views (#4)
depicting the method of manufacturing the electronic
device according to the embodiment;

[0020] FIG.10 is a sectional view (#5) depicting
the method of manufacturing the electronic device
according to the embodiment;

[0021] FIG.1l1l is a sectional view (#6) depicting
the method of manufacturing the electronic device
according to the embodiment;

[0022] FIG.12 1is a sectional view (#7) depicting
the method of manufacturing the electronic device
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according to the embodiment;

[0023] FIG.13 is a sectional view (#8) depicting
the method of manufacturing the electronic device
according to the embodiment;

[0024] FIG.14 is a sectional view (#9) depicting
the method of manufacturing the electronic device
according to the embodiment;

[0025] FIG.15 is a sectional view (#10) depicting
the method of manufacturing the electronic device
according to the embodiment;

[0026] FIG.16 is a sectional view (#11) depicting
the method of manufacturing the electronic device
according to the embodiment; and

[0027] FIGS.17A to 17C are sectional views (#12)
depicting the method of manufacturing the electronic
device according to the embodiment.

DESCRIPTION OF EMBODIMENTS

[0028] Embodiments will be explained with
reference to the accompanying drawings hereinafter.
[0029] Prior to the explanation of embodiments,
the preliminary matter to be set forth as a basis
will be explained hereunder. In the preliminary
matter, the problem caused in the case that a
plurality of upper substrates are connected
sequentially to a plane of a sheet of Ilower
substrate by the soldering will be explained

hereunder.
[0030] As depicted in FIG.1lA, an electronic
component mounting device according to the

preliminary matter includes a stage 100 and a
mounting head 200. An electric heating wire 120
made of an iron-chromium-aluminum-based alloy, a
nickel- chromium-based alloy, or the like is
arranged in the stage 100 in the wound form, and a
heat is generated by virtue of resistance heating by
passing an electric current through the electric
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heating wire 120. By this matter, the whole of the
stage 100 is heated integrally, and thus a work
arranged on the stage 100 can be heated at a
predetermined temperature.

[0031] Also, a similar electric heating wire 220
is provided in the mounting head 200, and thus a
work to be sucked to the mounting head 200 can be
heated at a predetermined temperature.

[0032] Then, as depicted in FIG.1lB, a lower
substrate 300 is arranged on the stage 100, and then
the lower substrate 300 1s heated by passing an
electric current through the electric heating wire
120. At this time, a heating temperature of the
lower substrate 300 is set to 200 °C or 1less at
which solder is not reflowed.

[0033] As described later, since a plurality of
upper substrates are connected sequentially to a
plane of the 1lower substrate 300 by the reflow
soldering, this is because it prevents that the
solder electrodes of the upper substrate which 1is
already mounted are reflowed again.

[0034] Then, as depicted in FIG.1C, the other
face of a first upper substrate 400 having solder
electrodes 420 to one face thereof, is sucked to the
mounting head 200. Then, flux (not shown) is coated
onto the lower substrate 300, and also flux (not
shown) 1is coated onto the solder electrodes 420 of
the first upper substrate 400.

[0035] Subsequently, as depicted in FIG.2A, the
alignment is executed such  that the solder
electrodes 420 of the first upper substrate 400 are
arranged on connection electrodes (not shown) of the
lower substrate 300. Then, the mounting head 200 is
arranged on the lower substrate 300 with applying a
pressure.

[0036] Then, an electric current 1is passed
through the electric heating wire 220 of the
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mounting head 200 to heat the first upper substrate
400 at about 280 °C. Thus, the solder electrodes
420 of the first upper substrate 400 are reflowed.
[0037] After this, the electric current supplied
to the electric heating wire 220 of the mounting
head 200 is shut off. Then, the first wupper
substrate 400 1s «cooled until the temperature
becomes 200 °C or less by a natural radiation in the
state that the first upper substrate 400 1is pressed
by the mounting head 200.

[0038] By this matter, the first upper substrate
400 is electrically connected to connection
electrodes (not shown) of the lower substrate 300
via the solder electrodes 420.

[0039] Then, as depicted in FIG.2B, the mounting
head 200 is lifted upward and is separated from the
first upper substrate 400. Then, as depicted in
FIG.2C, according to the similar method, a second
upper substrate 400a sucked to the mounting head 200
is arranged on the lower substrate 300, and then an
electric current 1is passed through the electric
heating wire 220 of the mounting head 200 to apply
the reflow heating at a temperature of about 280 °C.
By this matter, the second upper substrate 400a is
connected to connection electrodes (not shown) of
the lower substrate 300 via the solder electrodes
420.

[0040] At this time, a temperature of the stage
100 is set to 200 °C or less so as to prevent the
event that the solder electrodes 420 of the first
upper substrate 400 which is already mounted are
reflowed again. This 1is Dbecause 1in some cases
separation may occur at the connection part if the
solder electrodes 420 of the first upper substrate
400 which is already mounted are reflowed again, and
thus sufficient reliability of the electrical
connection cannot be obtained.
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[0041] As described above, when the first and
second upper substrates 400, 400a are connected to
the lower substrate 300, a temperature of the lower
substrate 300 is set to 200 °C or less whereas a
temperature of the first upper substrate 400 is set
to about 280 °C.
[0042] Like this, at the time of the reflow
heating, it 1is 1in a state that a considerable
temperature difference is caused between the lower
substrate 300 and the first and second upper
substrates 400, 400a. Therefore, strong thermal
stress 1s generated between the lower substrate 300
and the first and second upper substrates 400, 400a
due to a difference of thermal expansion. As the
result, such problems existed that warping of the
substrate 1is ready to occur, and that sufficient
reliability of the electrical connection cannot be
obtained.
[0043] Also, in the mounting head 200, the heat
is performed by passing continuously an electric
current through the electric heating wire 220.
Therefore, it takes much time when raising a
temperature of the mounting head 200 up to a
predetermined heating temperature and controlling a
temperature. Also, since the first and second upper
substrates 400, 400a are <cooled by a mnatural
radiation, it takes much time when curing the
solder. As a result, such problems existed that
tact times concerned with the manufacture are
prolonged and thus production efficiency is low.
[0044] The above-mentioned failure can be solved
by using the electronic component mounting device
according to the embodiment explained hereunder.
(Embodiment)
[0045] FIG.3A to FIG.5 are views depicting an
electronic component mounting device according to an
embodiment, and FIG.6 to FIG.17C are sectional views
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depicting a method of manufacturing an electronic
device according to the embodiment.

[{0046] As depicted in a sectional view in FIG.3A,
an electronic component mounting device 1 of the
embodiment includes a case 10 that contains a bottom
case 10a, a sidewall case 10b, and a ceiling case
10c. Thus, a process chamber CH is formed by these
cases.

[0047] By reference to a plan view of FIG.3B
together, a supporting member 12 is arranged on the
bottom case 10a of the process chamber CH, and a
stage 20 is provided on the supporting member 12.
The stage 20 includes a stage portion 20a, a stage
portion 20b, and a stage portion 20c.

[0048] The stage 20 including the stage portions
20a to 20c may be provided such that the stage 20 is
divided every regions of the stage portions 20a to
20c, otherwise such that respective regions of the
stage portions 20a to 20c are 1linked integrally.
Any stage mode may be used if a plurality of stage

portions can be defined on the stage 20. Also, the
number of plural stage portions can Dbe set
arbitrarily. The stage 20 is connected to a drive
unit (not shown), and can move in the horizontal

direction on the supporting member 12.

[0049] Further, the electronic component mounting
device 1 includes a flux transfer head 30 and a
mounting head 40 to the ceiling case 10c. A large
number of suction ports (not shown) for fixing a
work by means of vacuum suction are formed at
respective top end surfaces of the flux transfer
head 30 and the mounting head 40. The flux transfer
head 30 and the mounting head 40 are connected to a
drive unit (not shown) respectively, and can move in
the vertical direction.

[0050] Also, the electronic component mounting
device 1 includes a flux table 32 into which flux



10

15

20

25

30

35

10

32a is put, over the supporting member 12 located to
the side direction of the stage 20. The flux table
32 is connected to a drive unit (not shown), and can
move over the supporting member 12 in the horizontal
direction.

{0051] Moreover, the electronic component
mounting device 1 includes an alignment camera 34 to
the ceiling case 10c¢, and also includes an alignment
camera 36 on the supporting member 12. A first
alignment mark of the work which is arranged on the
stage 20 is imaged by the alignment camera 34.

[0052] Also, A second alignment mark of the each
work which is fixed to the flux transfer head 30 and
the mounting head 40, is imaged by the alignment
camera 36 respectively. The alignment camera 36 1is
connected to a drive unit (not shown), and can move
over the supporting member 12 in the horizontal
direction.

[0053] In this manner, the first alignment mark
of the work arranged on the stage 20 and the second
alignment mark of the work fixed to the flux
transfer head 30 or the mounting head 40 are imaged
respectively. Thus, alignment of the work 1is
performed based on these images, thereby the
coordinates of the stage 20 are decided.

[0054] Next, the stage 20 and the mounting head
40 of the electronic component mounting device 1 in
FIGS.3A and 3B will be explained in more detail
hereunder. In FIG.4A, the stage 20 in FIG.3A 1is
depicted 1in an enlarged state. As depicted in
FIG.4A, a pulse heater 22a is provided in the stage
portion 20a of the stage 20. Then, the pulse heater
22a 1s connected to a pulse power supply 25 by a
wiring line W1.

[0055] Also similarly, a pulse heater 22b 1is
provided in the stage portion 20b of the stage 20.
Then, the pulse heater 22b is connected to the pulse
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power supply 25 by a wiring 1line W2. Further
similarly, a pulse heater 22c 1is provided in the
stage portion 20c of the stage 20. Then, the pulse
heater 22c is connected to the pulse power supply 25
by a wiring line W3.

[0056] As depicted in FIG.4B, the pulse heater
22a has such a structure that an electric heating
plate 24 shaped like a flat plate is covered with a
ceramic portion 26 whose thermal conductivity is
high. The wiring line W1l is connected to the
electric heating plate 24.

[0057] The electric heating plate 24 of the pulse
heater 22a 1is formed of a metal such as tungsten,
molybdenum, or the like, which has a high resistance
value and generates easily a heat. Also, in the
stage portions 20b, 20c, the pulse heaters 22b, 22c
have the same structure as that of the pulse heater
22a respectively.

[0058] The pulse heaters 22a to 22c provided in
the stage portions 20a to 20c can be controlled
independently. By this matter, any one portion out
of the stage portions 20a to 20c can be heated
partially. Otherwise, it is of course that two or
more out of the stage portions 20a to 20c can be
heated simultaneously.

[0059] By applying the pulse current to the
electric heating plate 24 from the pulse power
supply 25, it is possible to rise the temperature
quickly up to a set temperature, and a precise
temperature control be enable.

[0060] In the example in FIG.4A, one pulse heater
22a is provided in the stage portion 20a. In this
case, a plurality of pulse heaters may be arranged
in the area of the stage portion 20a in a state that
those are separated.

[0061] By this matter, a desired area can also be
heated partially in the planar area of the stage
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portion 20a. Similarly, in the stage portions 20b,
20c, the pulse heater may be arranged in a state
that those are separated in the planar area thereof.
[0062] Also, a plurality of groove portions 23a
are formed on the surface of the stage portion 20a,
and an air supply route 23b 1is formed to be
communicated with the bottom portions of the groove
portions 23a respectively. An inlet E of the air
supply route 23b is provided to the bottom surface
of the stage portion 20a. The air supply route 23b
is branched away from one inlet E.

[0063] Also in the stage portions 20b, 20c, 1like
the stage portion 20a, the groove portions 23a and
the air supply route 23b which is communicated with
the bottom portions of these groove portions are

formed.
[0064] Also, a heat transfer sheet 28 is formed
on the stage portions 20a to 20c. As the heat

transfer sheet 28, aluminum nitride (AlN) having
high thermal conductivity, or the like is used.
[0065] Then, a cooling compressed air is supplied
to the groove portions 23a through the air supply
route 23b from the inlet E of the air supply route
23b on the bottom surface of the stage portion 20a.
The work is cooled via the heat transfer sheet 28 by
the compressed air which is supplied to the groove
portions 23a. The cooling compressed air 1is
released to the outside from a clearance between the
surface of the stage portion 20a and the heat
transfer sheet 28.

[0066] Like the above, 1in the electronic
component mounting device 1 of the embodiment, the
stage portions 20a to 20c includes the pulse heaters
22a to 22c¢ independently respectively, and are
capable of applying a quick temperature raising to
the work.

[0067] Also, the stage portions 20a to 20c of the
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stage 20 includes the air supply routes 23b for
supplying compressed air and cooling, and the groove
portions 23a be communicated with the air supply
route 23b independently respectively, and are
capable of applying a quick cooling to the work.
[0068] For example, 1in the case that the
temperature of the stage portion 20a is set to 100
°C, then the temperature is raised up to 250 °C, this
temperature raising can be performed within almost
10 sec. On the contrary, in the case that the
temperature of the stage portion 20a is fallen down
from 250 °C to 100 °C, this temperature falling can
be performed within almost 20 sec.

[0069] In FIG.5, the mounting head 40 in FIG.3A
is depicted in an enlarged fashion. As depicted in
FIG.5, a similar pulse heater 22x is provided in the
mounting head 40, and this pulse heater 22x 1is
connected to the pulse power supply 25 by a wiring
line W. Also, a heat transfer sheet 28a made of
Al1N, or the like is formed on the top end surface of
the mounting head 40.

[0070] Here, in the above flux transfer head 30,
because no heat 1is applied to when the flux 1is
transferred, there is no necessity to provide the
pulse heater in the flux transfer head 30.

[0071] Next, a method of connecting a plurality
of electronic components sequentially to the
electronic component structure by the soldering, by
means of using the electronic component mounting

device 1 of the present embodiment, will  Dbe
explained hereunder.

{00721 As depicted in FIG.6, first, an electronic
component structure 2 1is prepared. The electronic

component structure 2 has such a structure that
semiconductor chips 60 are mounted on a wiring
substrate 50. In the wiring substrate 50,
penetration electrodes TE are formed in an
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insulating substrate 52 so as to penetrate to the
thickness direction thereof. The insulating
substrate 52 may be formed of either a flexible
substrate made of a polyimide film, etc. or a rigid
substrate made of a glass epoxy resin, etc.

[0073] The wiring layers connected mutually via
the penetration electrode TE are formed on both
surface sides of the insulating substrate 52
respectively, and connection electrodes CE of the
wiring layers are depicted. As one example of the
connection electrode CE, as depicted in a fragmental
enlarged sectiocnal view 1in FIG.6, a laminated
structure in which a solder layer 56 is formed on a
gold (Au) layer 54 by the plating is employed.

[0074] Then, bump electrodes 62 of the
semiconductor chip 60 are flip-chip connected to the
connection electrodes CE on the upper surface side
of the wiring substrate 50. Then, an wunderfill
resin 64 1s filled into respective clearances formed
under the semiconductor chips 60.

[0075] Then, as depicted in FIG.7, the electronic
component structure 2 in FIG.6 1is arranged on the
heat transfer sheet 28 provided on the stage 20 of
the above-mentioned electronic component wmounting
device 1. The electronic component structure 2 is
arranged to extend over the stage portion 20a to
20c. At this time, the pulse heaters 22a to 22c of
the stage portion 20a to 20c are set to a
temperature at which the solder is not reflowed,
e.g., about 100 °C.

[0076] Subsequently, as depicted in FIG.8, an
electronic component 3a 1is fixed to the flux
transfer head 30 of the electronic component
mounting device 1 in FIG.3A by means of the wvacuum
suction. In the electronic component 3a, wiring
layers 72 which are formed on both surface sides of
an insulating substrate 70 are mutually connected
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via the penetration electrode TE. Then, a solder
electrode SE shaped 1like a bump is formed on
connection parts of the wiring layers 72 on the
lower surface side of the insulating substrate 70
respectively.

[0077] The face of the electronic component 3a,
which is opposite to the face on which the solder
electrodes SE are provided, is fixed onto the flux
transfer head 30.

[0078] Then, the alignment for transferring the
flux from the solder electrodes SE of the electronic
component 3a to the connection electrodes CE of the
electronic component structure 2, 1is performed.
First, the alignment mark of the electronic
component structure 2 on the stage portion 20a 1is
imaged by the alignment camera 34 in FIG.3A. Also,
the alignment mark of the electronic component 3a
fixed to the flux transfer head 30 is imaged by the
alignment camera 36 in FIG.3A.

[0079] Based on this, the aligned coordinates in
the electronic component structure 2 and the
electronic component 3a are detected. Then, the
stage 20 is placed to the position indicated by this
coordinates.

[0080] Then, as depicted in FIG.9A, the flux
table 32 in FIG.3A 1is moved 1in the horizontal
direction, and then the solder electrodes SE of the
electronic component 3a fixed to the flux transfer
head 30 are pushed against the flux 32a in the flux
table 32. By this matter, as depicted in FIG.9B,
when the flux transfer head 30 1is lifted up, the
flux 32a 1is transferred onto the solder electrodes
SE of the electronic component 3a.

[0081] Then, as depicted in FIG.10, the solder
electrodes SE of the electronic component 3a fixed
onto the flux transfer head 30 are arranged on the
connection electrodes CE of the electronic component
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structure 2 on the stage portion 20a, with applying
a pressure.

[0082] After this, as depicted in FIG.11l, when
the flux transfer head 30 is lifted up, the flux 32a
adhered to the solder <electrodes SE of the
electronic component 3a 1s transferred to the
connection electrodes CE of the electronic component
structure 2.

[0083] In this manner, the flux 32a is forced to
adhere to the solder electrodes SE of the electronic
component 3a and the connection electrodes CE of the
electronic component structure 2.

[0084] The flux 32a has the property that it
evaporates when this flux is heated at a temperature
of about 120 °C to 150 °C. As a consequence, in the
present embodiment, by using the flux transfer head
30 having no heating means, the flux 32a never
evaporates, and the flux 32a is made to adhere
stably to both the solder electrodes SE of the
electronic component 3a and the connection
electrodes CE of the electronic component structure
2.

[0085] Here, the electronic component mounting
device 1 does not necessarily have the flux transfer
head 30. The flux can be formed by other methods
such as the spray coating, or the like.

[0086] Then, as depicted in FIG.12, the flux
transfer head 30 is separated from the electronic
component 3a, and then the electronic component 3a
is fixed to the heat transfer sheet 28a of the
mounting head 40 by means of the vacuum suction. At
this point of time, a temperature of the pulse
heater 22x of the mounting head 40 is set in advance
to about 100 °C such that the flux 32a adhered to
the solder electrodes SE of the electronic component
3a does not evaporate.

[0087] Further, the alignment for joining the
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electronic component structure 2 and the electronic
component 3a is performed. The alignment mark of the
electronic component structure 2 on the stage
portion 20a is imaged by the alignment camera 34 in
FIG.3A. Also, the alignment mark of the electronic
component 3a is imaged by the alignment camera 36 in
FIG.3A. Based on this, the stage 20 is placed in
the position indicated with the aligned coordinates.

[0088] Then, as depicted 1in FIG.13, the
electronic component 3a fixed to the mounting head
40 is arranged on the electronic component structure
2 on the stage portion 20a, with applying a
pressure. By this matter, the solder electrodes SE
of the electronic component 3a are arranged on the
connection electrode CE of the electronic component
structure 2. Further, a temperature of the pulse
heater 22x of the mounting head 40 1is raised to
about 250 °C.

[0089] At the same time, a temperature of the
pulse heater 22a of the stage portion 20a is raised
from 100 °C to about 250 °C. It is possible to raise
the temperature quickly from 100 °C to 250 °C within
about 10 sec by using the pulse heater.

[0090] In this way, the electronic component
structure 2 on the stage portion 20a and the
electronic component 3a are heated at the same
reflow temperature. For explanatory convenience, a
temperature raised when the solder 1s reflowed,
e.g., about 250 °C, is termed the first temperature.

[0091] Here, the reason why the reflow
temperature in the present embodiment can be set
lower than the reflow temperature in the method in
the above-mentioned preliminary matter will be
explained hereunder. For example, the reflow
temperature in the method in the preliminary matter
is set to 280 °C, while a reflow temperature in the
present embodiment is set to 250 °C that is lower
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than 280 °C.

[0092] In the steps in FIG.2A of the above
preliminary matter, when the first upper substrate
400 fixed to the mounting head 200 is connected to
the lower substrate 300 by the reflow heating, a
temperature of the stage 100 is set to a temperature
at which the solder is not reflowed again, e.g.,
less than 200 °C. That is, a temperature of the
stage 100 is set lower than a melting temperature of
the solder electrodes 420 of the first wupper
substrate 400.

[0093] For this reason, the heat generated from
the electric heating wire 220 of the mounting head
200 is absorbed to the stage 100 side. Therefore,
it is necessary to set the set temperature of the
mounting head 200 to a temperature that 1is
redundantly higher than a melting temperature of the
solder electrodes 420, e.g., 280 °C.

[0094] On the contrary, in the electronic
component mounting device 1 of the present
embodiment in FIG.4, the work can be heated from
both the upper and lower sides at the same heating
temperature by the pulse heater 22x of the mounting
head 40 and the pulse heater 22a of the stage
portion 20a.

[0095] Accordingly, when the electronic component
3a fixed to the mounting head 40 is connected to the
electronic component structure 2 by the reflow
heating, the absorption of the heat is not generated
betwecen the mounting head 10 and the stage portion
20a. Therefore, wunlike the preliminary matter,
there is no necessity to set the reflow temperature
to the temperature that is redundantly higher than a
melting temperature of the solder. By this matter,
the electronic component 3a and the electronic
component structure 2 can be connected by setting to
the temperature near the melting temperature of the
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solder electrodes SE, e.g., the heating temperature
of 250 °C.
[0096] As a result, a heat load applied to the

electronic components can be lessened rather than
the method in the preliminary matter, and thus
reliability of the electronic component can be
improved. Also, the set temperature can be set
lower than the method in the preliminary matter.
Therefore, the temperature raising/temperature
falling time can be shortened, and thus production
capacity can be improved.

[0097] In this manner, the solder electrodes SE
of the electronic component 3a and the solder layers
56 (FIG.6) of the connection electrode CE of the
electronic component structure 2 are reflowed. By
using the flux transfer head 30, the flux 32a can be
adhered stably to both the solder electrodes SE of
the electronic component 3a and the connection
electrode CE of the electronic component structure
2.

[o098] By this matter, not only the joining can
be made easy by removing an oxide film generated on
a surface of the joined metal, but also wettability
of the solder to a surface of the joined metal can

be promoted. As a result, the soldering can bhe
handled stably.
[0099] Then, the electric current which is passed

through both the pulse heater 22x of the mounting
head 40 and the pulse heater 22a of the stage
portion 20a is shut off. And, it is kept in such a
state that the electronic component 3a 1is pushed by
the mounting head 40.

[0100] Under this condition, the compressed air
is supplied to the groove portions 23a from the
inlet E of the air supply route 23b of the stage
portion 20a, so that the electronic component
structure 2 on the stage portion 20a 1is cooled to
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100 °C or 1less via the heat transfer sheet 28.
Since the electronic component structure 2 is cooled
by the compressed air, the temperature can be
quickly fallen from 250 °C to 100 °C within about 20
sec.

[0101] Here, for explanatory convenience, the
temperature, e.g., 100 °C, which is lower than the
first temperature, e.g., 250 °C and at which the
solder 1is not reflowed 1is termed the second
temperature. When the stage portion 20a on which
the reflow heating is applied is set to the first
temperature, e.g., about 250 °C, both the stage
portion 20b and the stage portion 20c are set to the
second temperature, e.g., about 100 °C.

[0102] By this matter, as depicted in FIG.14, the
solder provided between the electronic component
structure 2 and the electronic component 3a 1is
cured. Thus, both components are electrically
connected via the solder electrodes SE.

[0103] By doing 1like this, both the electronic
component structure 2 and the electronic component
3a are heated by the same temperature at the time of
reflow heating. Therefore, thermal stress is hard
to occur due to a difference of thermal expansion,
and thus it 1s prevented that warping of the
electronic component structure 2 is generated. By
this matter, the electronic component structure 2
and the electronic component 3a are electrically
connected mutually with good reliability wvia the
solder clcctrodes SE.

[0104] Also, the electronic component structure 2
is heated by the pulse heater 22a of the stage
portion 20a and also the electronic component 3a is
heated by the pulse heater 22x of the mounting head
40. Therefore, not only the temperature can be
quickly raised, but also the control of the
temperature can be performed with high precision.
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[0105] Also, when the solder is cured by cooling
the electronic component structure 2, the electronic
component structure 2 can be quickly cooled by the
compressed air.

[0106] With the above, times required at the time
of temperature raising and temperature falling can
be shortened. As a result, tact times concerned
with the manufacture can be shortened, and thus
production efficiency can be improved.

[0107] As the solder electrodes SE of the
electronic component 3a, preferably the Ilead-free
solder is used. Tin (Sn)-silver (Ag)-based solder,
tin(Sn) -silver (Ag) - copper (Cu) -based solder, tin
(Sn) -antimony (Sb)-based solder, or the 1like 1is
used. For example, in the case that the solder
electrodes SE are formed of the tin (Sn)-silver
(Ag) -based solder, as the reflow temperature, it is
set to the temperature that is higher than 221 °C
which is the melting temperature of this solder, by
about 20 °C to 50 °C.

[0108] Here, as the preferred mode, the stage
portions 20a to 20c include the pulse heaters 22a to
22c respectively. In this event, in the case that
the production efficiency is not regarded as the
importance, various heaters using the general
electric heating wire, explained in the preliminary
matter, can also be used.

[0109] Then, as depicted in FIG.15, according to
the similar method, an electronic component 3b 1is
fixed to the wmounting head 40, and then is aligned
to the electronic component structure 2 on the stage
portion 20b. Then, the solder electrodes SE of the
electronic component 3b fixed to the mounting head
40 are arranged on the connection electrodes CE of
the electronic component structure 2 on the stage
portion 20b.

[0110] Further, according to the similar method,
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a temperature of the pulse heater 22b of the stage
portion 20b is raised from 100 °C to 250 °C. At the
same time, a temperature of the pulse heater 22x of
the mounting head 40 is raised from 100 °C to 250 °C.
By this matter, both the solder electrodes SE of the
electronic component 3b and the solder 1layers 56
(FIG.6) of the connection electrodes CE of the
electronic component structure 2 are reflowed.

[0111] As described above, the pulse heaters 22a
to 22c of the stage portions 20a to 20c can be
controlled independently. Therefore, when the
electronic component 3b is mounted, only a
temperature of the pulse heater 22b of the stage
portion 20b can be raised up to 250 °C, but it can
be in a state that respective temperatures of the
stage portion 20a and the stage portion 20c are set
to 100 °C.

[0112] By this matter, when the reflow heating is
applied to the electronic component structure 2 and
the electronic component 3b on the stage portion
20b, it can be avoided that the solder electrodes SE
of the electronic component 3a which is already
mounted are reflowed again. As a result,
reliability of the electrical connection between the
electronic component 3a and the electronic component
structure 2 can be ensured.

[0113] Moreover, according to the similar method,
the electronic component structure 2 on the stage
portion 20b 1is cooled to about 100 °C by the
compresscd air.

[0114] By this matter, as depicted in FIG.16, the
solder provided between the electronic component
structure 2 and the electronic component 3b is
cured. Thus, both electronic components are
electrically connected via the solder electrodes SE.
[0115] Then, similarly as depicted in FIG.16,
according to the similar method, the electronic
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component 3¢ is fixed to the mounting head 40, and
the alignment is performed, then, the solder
electrodes SE of the electronic component 3¢ are
arranged on the connection electrodes CE of the
electronic component structure 2 on the stage
portion 20c.

[011e6] Further, according to the similar method,
a temperature of the pulse heater 22c of the stage
portion 20c¢ is raised from 100 °C to 250 °C. At the
same time, a temperature of the pulse heater 22x of
the mounting head 40 is also raised from 100 °C to
250 °C.

{0117] By this matter, the solder electrodes SE
of the electronic component 3c and the solder layers
56 (FG.6) of the connection electrodes CE of the
electronic component structure 2 are reflowed.
Further, according to the similar method, the
electronic component structure 2 on the stage
portion 20c 1is cooled such that the temperature
becomes 100 °C or less by the compressed air.

fol18] By this matter, the solder provided
between the electronic component structure 2 and the
electronic component 3c 1s cured. Thus, both
electronic components are electrically connected via
the solder electrodes SE.

[0119] When the electronic component 3c is
mounted as well, only the stage portion 20c 1is
heated to 250 °C by the pulse heater 22c, whereas it
can be 1in a state that respective temperatures of
the stage portions 20a, 20b are set to 100 °C.
Accordingly, when the reflow heating is applied to
the electronic component 3¢, it can be avoided that
the solder electrodes SE of the electronic
components 3a, 3b which are already mounted are
reflowed again.

[0120] After this, as depicted in FIG.17A, the
mounting head 40 is separated from the electronic
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component 3¢, and then a stacked electronic member 4
in which the electronic components 3a to 3¢ are
stacked on the electronic component structure 2 1is
carried from the electronic component mounting
device 1 to the outside.

[0121] Then, as depicted in FIG.17B, a sealing
resin 80 is filled into respective <clearances
between the electronic component structure 2 and the
electronic components 3a to 3¢, and clearances
between lateral direction of the electronic
components 3a to 3c.

[0122] Then, as depicted in FIG.17C, respective
regions between the electronic components 3a to 3¢
of the stacked electronic member 4 1in FIG.17B are
cut from an upper surface of the sealing resin 80 to
the electronic component structure 2. The upper
surface of the sealing resin 80 1is a face opposite
to a face which contacts the wiring substrate 52.
Thus, individual stacked electronic devices 5 are
obtained. Another electronic component may be
further stacked on the electronic component 3a of
the stacked electronic device 5.

[0123] As explained above, by using the
electronic component mounting device 1 of the
present embodiment, respective temperatures of the
stage portions 20a to 20c can Dbe controlled
independently. Accordingly, the reflow heating can
be applied to the electronic component 3b in a state
that the temperature of the electronic component 3a
which is alrcady mounted is fallen to the
temperature at which the solder is not reflowed.
[0124] Accordingly, not only the mounting head 40
but also the stage portion 20b can be set to the
temperature of the reflow heating. By this matter,
the electronic component structure 2 and the
electronic component 3b can be connected mutually by
applying the reflow heating at the same temperature.
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[0125] From the above, a temperature difference
caused at the time of respective mounting can be
eliminated between the electronic component
structure 2 and the electronic components 3a to 3c.
Thereby, thermal stress due to the difference of
thermal expansion is hard to occur, and thus it can
be prevented that warping of the substrate occurs.
By this matter, the electronic component structure 2
and the electronic components 3a to 3¢ are

electrically connected mutually with good
reliability.
[0126] Also, the stage portions 20a to 20c and

the mounting head 40 are heated by the pulse heater
respectively, thereby the temperature can be quickly
raised and the temperature can be controlled with
high precision. Also, when the stage portions 20a
to 20c are cooled, those can be quickly cooled by
the compressed air.

[0127] By this matter, since times when raising
the temperature and falling the temperature can be
shortened, the tact times concerned with the
manufacture can be shortened, and production
efficiency can be improved.

[0128] Also, by using the flux transfer head 30
at a normal temperature, the flux 1s adhered onto
the electronic components 3a to 3¢ and the
electronic component structure 2. Whereby,
evaporation of the flux can be prevented, and the
flux can be formed stably.

(Other Modes)

[0129] In the above embodiment, the mode in which
the solder electrodes SE of the electronic
components 3a to 3c are connected in sequence to the
connection electrodes CE of the electronic component
structure 2 by the solder joining, is explained.
Besides this mode, out of the electrode of the
electronic component structure and the electrode of
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the electronic component, one electrode may be
formed of a gold (Au) electrode and the other
electrode may be formed of an indium (In) electrode.
{0130] In this case, by reflowing the indium
electrodes at 480 °C to 500 °C, the electronic
component structure and the electronic component are
connected by means of the Au-In joining.

[0131] Similarly in this case, when the
electronic component is mounted on the stage
portion, the temperature of the stage portion on
which the electronic component is already mounted
can also be set to the temperature at which the
indium electrodes are not reflowed. By this matter,
such a situation can be avoided that the indium
electrodes of the electronic component which 1is
already mounted are reflowed again.

[0132] Also, in the above embodiment, the wiring
substrate on which the semiconductor chip is mounted
is illustrated as the electronic component
structure, and the wiring substrate is illustrated
as the electronic component which 1s mounted
thereon. Besides this mode, various components can
be used as the electronic component structure and
the electronic component.

[0133] For example, the semiconductor wafer such
as the silicon wafer on which various elements are
formed, and the like may be used as the electronic
component structure, and the semiconductor chip or
the wiring substrate may be mounted as the
electronic componcnt thercon. In this event, the
semiconductor wafer 1s cut individually finally,
thus the stacked semiconductor devices are obtained.
[0134] All examples and conditional language
recited herein are intended for pedagogical purpose
to aid the reader in understanding the invention and
the concepts contributed by the inventor to
furthering the art, and are to be construed as being
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without limitation to such specifically recited
examples and conditions, nor does the organization
of such examples in the specification relates to a
showing of the superiority and interiority of the
invention. Although the embodiments of the present
invention have been described in detail, it should
be understood that the various changes,
substitutions, and alterations could be made hereto
without departing from the spirit and scope of the
invention.
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What is claimed is:

1. An electronic component mounting device, comprising:

a stage arranged in a process chamber, the stage including: a plurality of stage portions
which are defined in the stage, a groove portion formed on a surface of the stage portions,
an air supply route which is communicated with a bottom part of the groove portion;

wherein the groove portion and the air supply route are provided independently in the stage

portions respectively, and

a first pulse heater provided as individual heaters in the piurality of stage portions
respectively, and wherein heating of each of the first pulse heater can be controlled
independently; a mounting head arranged over the stage in the process chamber, the
mounting head being provided with in a second pulse heater;

a flux transfer head for transferring flux to an electronic component, the flux transfer head
arranged over the stage in the process chamber;

a flux table into which flux is put, the flux table arranged on the stage;

a first alignment camera imaging an alignment mark of an electronic component structure
which is to be arranged on the stage; and

a second alignment camera imaging an alignment mark of the electronic component fixed
to the mounting head or the flux transfer head.

2. A method of manufacturing an electronic device, comprising:

it

preparing an electronic component mounting device which includes:

a stage arranged in a process chamber, the stage including: a plurality of stage portions
which are defined in the stage, a groove portion formed on a surface of the stage
portions, an air supply route which is communicated with a bottom part of the graove
portion;

wherein groove portion and the air supply route are provided independently in the
stage portion respectively, and
a first pulse heater provided as individual heaters in the plurality of stage portions
respectively, and wherein heating of each of the first pulse heater can be controtled
independently;
a mounting head arranged over the stage in the process chamber, the mounting head being
provided with in a second pulse heater;
a flux transfer head for transferring flux to an electronic component, the flux transfer head
arranged over the stage in the process chamber;
a flux table into which flux is put, the flux table arranged on the stage;
a first alignment camera imaging an alignment mark of an electronic component structure
which is to be arranged on the stage; and
a second alignment camera imaging an alignment mark of the electronic component fixed
to the mounting head or the flux transfer head

arranging an electronic component struclure on the slage;
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transferring the flux onto a solder electrode of a first electronic  component which is
disposed on a first stage portion in the plurality of stage portions, by pushing the solder
electrode of the first electronic component fixed to the flux transfer head against the flux in

the flux table;

transferring the flux onto an electrode of the electronic component structure which is disposed
on a first stage portion in the plurality of the stage portions, by pushing the flux of the solder
electrode of the first electronic component fixed to the flux transfer head against the electrode
of the electronic component structure;

separating the first electronic component from the flux transfer head, and then fixing the first
electronic component to the mounting head;

imaging the alignment mark of the electronic component structure which is disposed on the
first stage portion and the alignment mark of the first electronic component, by the first
alignment camera and the second alignment camera. , thereby the alignment between the
electronic component structure and the first electronic component is performed;

arranging the first electronic component fixed to the mounting head, on the electrode of the
electronic component structure, by pushing the solder electrode of the first electronic
component fixed to the mounting head, on the flux of the electrode of the electronic
component structure which is disposed on the first stage portion;

heating the electronic component structure which is disposed on the first stage portion and the
first electronic component, by the first heater of the first stage portion and the second heater
of the mounting head at a first temperature which is a reflow temperature of the solder;

cooling to a second temperature which is lower than the first temperature, to connect the
electrode of the electronic component structure which is disposed on the first stage portion
and the electrode of the first electronic component;

separating the mounting head from the first electronic component, and then fixing a second
electronic component to the flux transfer head;

transferring the flux onto a solder electrode of the second electronic component, by pushing
the solder electrode of the second electronic component fix to the flux transfer head against

the flux in the flux table;

transferring the flux onto an electronic component structure which is disposed on a second
stage portion in the plurality of stage portions, by pushing the flux of the solder electrode of
the second electronic companent fixed to the flux transfer head against the electrode of the

electronic component structure;

separating the second electronic component from the flux transfer head, and then fixing the
second electrode component to the mounting head;
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imaging the alignment mark of the electronic component structure which is disposed on the
second stage postion and the alignment mark of the second electronic component by the first
alignment camera and the second alignment camera , thereby the alignment between the
electronic component structure and the first electronic component is performed;

arranging the second electronic component fixed to the mounting head, on the electrode of the
electronic component structure, by pushing the second electronic component fixed. to the
mounting head on the flux of the electrode of the electronic component structure which is

disposed on the second stage portion;

heating the electronic component structure which is disposed on the second stage portion and
the second electronic component by the first heater of the second stage portion and the second
heater of the mounting head at the first temperature, in a state that a temperature of the first

. £3 aratura which

stage portion js set to the second iemperature which is lower than the first temperature which
a reflow temperature of the solder; and

cooling to the second temperature which is lower than the first temperature, to connect an
electrode of the electronic component structure which is disposed on the second stage portion
and the solder electrode of the second electronic component, after heating.



