
DESCRIPTION  Title of invention BONDING METHOD AND BONDING APPARATUS
Technical Field (0001]This invention relates to a method of bonding
substrates and an apparatus for use in the substrate bonding method_
Background Art [0002]One of technologies for bonding substrates is flip
chip bonding.Flip chip is a system for bonding one Substrate, i.e. a
semiconductor chip, with another SUbStrat8 (e.g, a printed circuit board or
an interposer) through two-dimensionally 10arranged bump electrodes or
bumps, without leading out lead lines from the one substrate.In other
words, flip chip bonding is to bond bump electrodes on surfaces of the
semiconductor chip and the other substrate, or to bond bump electrodes on a
surface of one of the semiconductor chip and the other substrate to lead
electrodes on the surface of the other. 15[0003]Currently, it is usual to
use flux in bonding bump electrodes to lead electrodes. Such flux is used
to reduce and remove oxides on the surface of or within the bump electrodes
and to prevent oxidation of the surfaces of the bump electrodes, However,
flux remaining on the substrates after the bump electrodes are bonded to te
lead electrodes will adversely affect the reliability of the 23
semiconductor, In order to avoid such adverse effect, it is necessary to
rinse out flux residues in a space between the semiconductor chip and the
substrate so that there will he no flux remaining in the space,
[0ON]However, it is expected that the space between a semiconductor chip
and a substrate will be 50 um or less in the future, and it will be very
difficult to 25rinse out flux remaining in the space.It is also not easy to
remove flux residue completely.Recently, many technologies for bonding bump
electrodes to lead electrodes without resort to using flux are being
proposed.For exampie, Patent   Literature I discloses a technology in which
an adhesive containing alcohol or organic acid as its principal ingredient
is used to temporarily secure bump 30electrodes to lead electrodes, the
bump electrodes are exposed to an atmosphere  containing a free radical gas
(hydrogen radicals) to reduce (i.e. remove) oxide films on the surfaces of
the bump electrodes, and, then, a heat treatment is carried out to band the
bump electrodes to the lead electrodes. [0005]Patent Literature 2 discloses
a technology in which, after carrying out 5a treatment to reduce oxide
films on the surfaces of electrodes, the electrodes are pieced in position
in the air, and they are melt in an oxygen-poor atmosphere. ;0006]Patent
Literature 1: ,iP2005-2130830A Patent Literature 2: 3P2007-266054A
Disclosure of Invention ICProblem to be Solved by Invention 



[0007]According to the fecimologies of Patent Literatures 1 and 2, the bump
electrodes must be heated to a temperature above the melting temperature
thereof by providing a heat treatment after the oxide film reducing
treatment. However, such heating is undesirable to semiconductor chips.
15[0008]The present invention has been made in consideration of this
problem. An object of the present invention is to provide a bonding method
and a bonding apparatus which make it possible to bond articles easily at a
low temperature without degrading electrical contact between the articles.
Means to Solve Problem [0009]A bonding method according to an embodiment of
the present invention includes a step of carrying out an oxide film
reducing treatment, using hydrogen radicals, for surfaces of articles to be
bonded which are formed on surfaces of first and second substrates, and a
step of alignlng Me articles to be bonded, which have been subjected to the
oxide film reducing treatment, and, 25thereafter, applying a pressure to
the first and second substrates to bond the articles to be bonded with each
other.The article to be bonded on the first substrate may be an electrode
on the surface of the first substrate.in such case,   the article to be
bonded on the second substrate is a bump electrode formed on an electrode
on the surface of the second substrate, and the first and second
a)substrates are taken out into the air after the oxide film reducing
treatment, and the  bonding by appiying the pressure is carried out at a
high temperature.Either of the aligning step and the heating step may
precede the other.For exampie, when the articles to he bonded are of tin or
a tin ahoy, it is desirabie for the temperature and time at and for which
the eiectrodes are exposed to the aft prior to the application of pressure
to be within the following range. Log (t) f.i; 3 (1,000IT - 2)(1) where "t"
is an exposure time in minute. and "r is a temperature in K at which the
electrodes are heated,in case the heating is carried out along a heating
curve with two or more steps therein as shown in FIG. 6, it is desirable
for the exposure 10time and the heating temperature to fulfill the
following condition. (log (tn)/{3 (100Cirin - 2))1(2) where In" and 'In"
are the time and the temperature for the n-th step. [00101The articles to
be bonded on the first and second substrates may be planar members disposed
on the surfaces of the first and second substrates, or 15may be linear
members on the surfaces of the first and second substrates.  [0011] A
bonding apparatus according to another embodiment of the present invention
includes means for carrying out an oxide film reducing treatment, using
hydrogen radicals, for surfaces of articles to be bonded disposed on
surfaces of first and second substrates, means for aligning the articles
with each other after 72C  they have been subjected to the oxide film
reducing treatment, and means applying pressure to the first and second
substrates after the articles are aligned, to thereby bond the articles
with each other. 



Advantageous Effects of Invention [0012]When bonding articles to be bonded
by melting the articles by heating 25them, it is necessary to heat the
articles to a temperature above the melting temperature of the
article.However; heating of the articles to such a high temperature causes
the surfaces of the articles to be oxidized, and, therefore, the articles
cannot be bonded each other.It has been found that, by irradiating the
surfaces of the articles with hydrogen radicals to remove oxide films on
the Osurfaces by the use of the bonding method and apparatus of the present
invention,  the oxidation of the surfaces of the articies are retarded, and
the articles are not oxidized and can be bonded with each other at a
temperature lower than the melting temperature of the articles. Brief
Description of Drawings [0013]FIG. 1 shows a semiconductor device 1
manufactured according to a first embodiment of the present invention.
FIG. 2 is a flow chart of a manufacturing method of the semiconductor
device of FIG. 1,                FiG, 3 shows an oxide film removing
apparatus for use in 10manufacturing the semiconductor device of FIG, 1,
FIG. 4 shows another semiconductor device which can be manufactured
according to the first embodiment of the present invention.            FIG,
5 shows still another semiconductor device which can be manufactured
according to the first embodiment of the present invention, .4rFIG, 6 shows
a temperature-time relationship in a modification of the first embodiment
of the present Invention.                 7 shows substrates manufactured
according to a second embodiment of the present invention,
FIG: 8 shows a bonding apparatus for use in manufacturing the 20substrates
of FIG. 7.            FIG. 9 shows substrates manufactured according to a
third embodiment of the present invention.            FIG. 10 shows another
bonding apparaws for use in manufacturing the substrates of FIGS, 7 and 9.
25Best Mode for Carrying out Invention [0014]Hereinafter, some embodiments
of the present invention are described in detail with reference to the
drawings. [0015]FIG. 1 shows a semiconductor device 1 manufactured
according to a first embodiment of the present invention,FIG. 2 shows the
flow of 



device 1 Includes a first substrate, e.g. a semiconductor chip 2, bonded to
a second substrate, e.g. an intermediate substrate 3. [0016]The
semiconductor chip 2 has a semiconductor element 4, lead-out electrodes 5,
and bump electrodes 6.The semiconductor element 4 includes an Integrated
circuit (not shown), for examp e, built in it.The lead-out electrodes 5 are
formed on a surface of the semiconductor element 4 and are connected to an
end of the integrated circuit, for example. The bump electrodes 6 are
disposed on surfaces or the lead-out electrodes 5. [0017]The Mtermediate
substrate 3 is an interposer, for example, for 10electrically bonding the
lead-out electrodes R of the semiconductor chip n ;0 electrode pads (not
shown) disposed on a surface of a printed circuit board (not shown), and
includes an insulating substrate 7, through-holes (not shown) extending
through the insulating substrate 7; and lead-out electrodes Stormed on a
surface of the intermediate substrate 3 and connected to the
through-holes.The 15printed circuit board is used to mount the
semiconductor device 1 for particular use. r3018]At least the surfaces of
the lead-out electrodes 5 and 8 are made of a metal, including; for
example, Al (aluminum), Ni (nickel), Cu (copper), Au (gold); Pd
(palladium)"t'g (sitver), in (indium) and Sn (tin). The bump electrodes 6
are made of Sn (tin) containing no impurities, or tin containing at least
one of impurities including, for example; Ag (silver), Cu (cooper), Bi
(bismuth); In (indium), Ni (nickel), Au (gold), P (phosphorus) and Pb
(lead). The bump electrodes 6 are formed by, for example, plating,
printing, bail bonding or vapor deposition. [00191Now, how the
semiconductor device 1 is manufactured according to the embodiment of the
present invention is described with reference to FIGS: 2 and 25
[0020]First, an oxide film removing apparatus 10 for use in practicing the
method for manufacturing the semiconductor device 1 is described.
[0021].rhe oxide film removing apparatus 10 is used to remove oxide films
on the surfaces of the lead-out electrodes 5 and 8 and the bump electrodes
6.As 30shown. in FIG. 3, the oxide ffirn removing apparatus 10 has a
chamber 11 including  a plasma generating morn IIA and a treatment room
118, which are soatiailv separated from each other"4 microwave generator 14
providing a microwave W is connected to the plasma generating room 11A via
a waveguide 13 and a microwave introducing window 12, and also, a hydrogen
gas source 16 providing hydrogen gas is connected to the plasma generating
room 11A via a supply tube 15. The plasma generating room 11A, transforms
the hydrogen gas supplied from the hydrogen gas source 16 into plasma by
means of the microwave \N generated in the microwave generator 14, to
thereby generate hydrogen radicals (free radical gas). 10[0022]The plasma
generating room 11A is provided with a shield 17 on the treatment room 118
side of a plasma generating zone P in the plasma generating room 11a. Th:e
shield 17 is formed of, for example, metal netting and acts to collect as
many unnecessary charged particles in the plasma as possible and also to
lead the gas contained in the plasma generated in the plasma generating
room 15 11A into the treatmont room 118. In this manner, the plasma
generating room 11A introduces gas containing the hydrogen radicals into
the treatment room 118 via the shield 17. 



[0023]The treatment room 118 is provided with a support table 18 on which
articles to he treated (e.g, the semiconductor chip 2 and the intermediate
substrate 20 3) are piaced. The support table 18 includes a heater 19 and a
cook,,,r 20 disposed at a location where the semiconductor chip 2 and the
intermediate substrate 3 are to be placed. The heater 19 and the copier 20
are arranged such that they can heat and cool the semiconductor chip 2 and
the intermediate substrate 3 in a predetermined manner.The treatment room
11B is connected to 25a vacuum pump 22 via an exhaust port 21 disposed in
the bottom of the treatment room 118, and also a pressure gauge 23 is
disposed on the bottom.The vacuum pump 22 exhausts the gas within the
chamber 11 to reduce the pressure in the chamber 11, and the pressure gauge
23 measures the pressure in the chamber 11. A nitrogen gas source 25 is
copied via a supply tube 24 to the treatment room 118. 8The nitrogen gas
source 25 may he coupied to the plasma generating room 11A  instead.The
measurements taken byte pressure gauge 23 are sent to a control unit 26,
which uses the measurements to control the hydrogen gas source 16, the
vacuum pump 22 and the nitrogen gas source 25. En this way, the articles to
be treated are exposed to the gas containing the hydrogen radicals.
[0024](Removal of Oxide Film)             The above-described oxide film
removing apparatus 10 is used to remove oxide films covering the surfaces
of the lead-out electrodes 5 and 8 and the bump electrodes 6.
[0025]Specifically speaking, first the chamber 11 is opened, and the
10semiconductor chip 2 and the intermediate substrate 3 are disposed on the
support table 18, with the lead-out electrodes 5 and 8 and the bump
electrodes 6 lacing upward (Step Si).. It should be noted that FIG. 3 shows
an example in which the semiconductor chip 2 is placed on the support table
18. Next, the chamber 11 is closed, and the vacuum pump 22 is activated to
exhaust the gas within the 15chamber 11 so as to reduce the pressure in the
chamber 11 (Step 32). [0026] Next, the microwave generator 14 is operated
to generate the microwave W, and at the same time, the hydrogen gas source
16 is operated to provide hydrogen gas. This causes the hydrogen gas to be
transformed into the plasma form by the microwave W, whereby hydrogen
radicals (free radical gas) are 20 generated (Step 33). As a result, the
hydrogen radicals generated in the plasma generating room 11A are carried
on the gas stream and pass through the shield 17 into the treatment ream
11B. [0027]The lead-out electrodes 5 and 8 and the bump electrodes 6 of the
semiconductor chip 2 and the intermediate substrate 3 resting on the
support table 18 are exposed to the gas containing the hydrogen radicals
supplied through the shield 17. This causes the oxide films over the
surfaces of the lead-out electrodes 5 and 8 and over the surfaces of the
bump electrodes 6 to chemically react with the hydrogen radicals and
evaporate, and, thus, the oxide films are removed from the surfaces (Step
34). [0028](Aligning and Bonding)              Next, the semiconductor chip
2 and the intermediate substrate 3 are taken out into the atmosphere (Step
35), and, after that, they are bonded in a flip chip bonding machine (Step
36). The temperature and time of exposure, to the atmosphere, of the
surfaces to be bonded prior to the application of pressure are 5as foilows.
Log (t)3 (1,000/T - 2)(1) where llt" is an exposure time in minute, and "T"
is a heating temperature in K. [0029]When solder is heated to a high
temperature, its surface is oxidized, making the bonding impossible.  The
inventors have found that such oxidation 



10 can be delayed by surface oxide film reducing treatment, and, in
particular, by irradiating the surface with hydrogen radicals to remove the
oxide film, whereby the bonding can be done in the temperature and exposure
time ranges expressed by the expression (1), without causing oxidation. It
has been also found that, solid-phase bonding of solder is possible by
applying a pressure of from 1 MPa to 6 15MPa at a temperature of from 100
"C.; to 200C, provided that no oxide films are present on the surface of
the solder,A temperature equal to or lower than     C provides insufficient
mutual diffusion, and at a temperature equal to or higher than 200 C, the
solder is softened to an excessive extent. A pressure to be applied need be
at least 1 MPa to remove unevenness in the surfaces to be bonded together,
but a pressure equal to or larger than 6 NIPa collapses the bumps. By
applying an ultrasonic wave when bonding is being carried out, the bonding
strength is further increased. [0030]Now, how the expression (1) has been
obtained is briefly described, Balls (having a diameter of 760 pm) of
solder composed of Sn, and Ag in an  25 amount of 3.5 '1/4 were subjected
to a surface oxide film reduction by the use of a hydrogen radical
treatment to completely remove the oxide films, and, after that, the solder
bails were placed on 3 not plate and heated at a constant heating
temperature (T) for a given time (t) in the air and, after that, cooled
down.The thickness of the surface oxide films were measured by Auger
analysis.it has 30been found that, keeping the solder bails at a constant
temperature, (he, oxide film   thickness does not increase for a certain
time, but when the time according to that temperature lapses, the thickness
increases abruptly: Expression (1) has been obtained to snow the
relationship between the temperature (T) and the time (t) after which the
thickness of the oxide film starts increasing: Further, it has been
confirmed by experiments that, when the heating is oarried out in two or
more steps, the time until which the oxide film thickness starts increasing
is determined by the sum of times until which the oxide film thickness
starts increasing in respective ones of the plural steps, By carrying out
the oxide flim reducing treatment, almost no oxide film 10  was present
before the lapse of the heating time after that the oxide film thickness
would start increasing abruptly, and, therefore, even if the solder was
heated in the air, successful bonding resulted, if such oxide film reducing
treatment were not carried out, oxide films would grow at a temperature
lower than the above-discussed temperature and in a shorter time,
15[0031]Table I shows a plurality of combinations (Materials Al-A33) of
various materials (Sn, Ag,Bi, In, Ni, Au, P and Pb) which may be possibly
used as the materials for the bump electrodes 6.The values appearing in
Table 1 are contents by percentage (%), and the "Rest in the column for Sn
means the value resulting from subtracting the sum of the contents by
percentage of the elements in 20 each of the combinations from the total of
100. Materials 81 and 82 in Table I are materials which contain Zr. (zinc),
and therefore their oxide films contain a larger percentage of ZnO.
Accordingly, they are materials of which oxide fiims are difficult to
chemically remove in comparison with SnO, and are not suitable as materials
of the bump electrodes 6 of the present embodiment. This is the reason why
they are shown as comparative examples.     ' Material A28    



80   ,L Material A29         100 Material A30 I2.5 0,8        Rest Material
A31F3, 



Material A32 t3.5 0.7 (9, 7        Rest Rest Material A33]2 0,5        Rest
Material rst   9 -  



Rest Material 62   8      Rest
[0033]Table2showsdieshearingstrengthresultingfromusingthe  above-described
Materials A1-A33 and 81-82 as the materials of the bump electrodes 6, using
Cu (Material C1) and Au (Material 02) as a material of the lead-out
electrodes 5 and 8, carrying out an oxide film reducing treatment, as a
chemical treatment, with one of hydrogen radicals, a mixture of hydrogen
and Ar gas, an evaporated gas of organic acid including formic acid, and
hydrogen and nitrogen gases, and changing the bonding temperature (heating
temperature T), the bonding pressure, and the heating time period (the time
period t for which the articles are exposed to the air at the heating
temperature before the pressure is 10 exerted). In Table 2, a circle means
that the the shearing strength after bonding is 2 MPa or lamer, a triangle
means that the die shearing strength after bonding is smaller than 2 MEa,
and equal to or larger than 0,5 MPa, and a cross (x) means that the die
shearing strength after bonding is smaller than 0,5 MPa, The heating
temperatures and the heating time periods of the cases indicated by a
15circle and a triangle fulfill the previously described Expression: (1).
[0034] No. Bump Electrode Table 2 Le, fU.,:IS . 



Li 0:33 Au   F:E:MJC3: Tr;?S'triefli. Hydrogen Radicals Hydrogen Radicals
Hydrogen Radicals Bonding Temperature 150 200'O 170 '0 1-33 'Li A1-433 418
36 A18 Au Gas Mixture of Hydrogen arici 6  170 '0 37 Ale Au Gas 170 '0
Evaporated 



Organic     Acid including     Formic Acid   A18  Hydrogen 13C C
Radicals  39_ 91, E2 



p'91.1 Hydrogen 170 C    Radicale:  41I 413 (.30 Hydrogen 90 G   Radicals
Al c    Not Done  170 00 4 Al8 Au Hydrogen 170 'c   



Fl ad ice is   44 A9Cu Hydrogen 170 '0    Radicais   49 Cu Hydrogen 100 '0
Radicals   46   Hydrogen 150 '0  



Radios Is  47 Al iS Au Hydrogen 170 00    .Gas  48 Al B Au Mixture Gas cif
Hydrogen and N2 170 40Al Au Hydrogen Iwo-step   Radicals Heatn 50 



49 Au Hydrogen Two-Step   i Radicals Heating   Two-step heating includes a
step of heating at 150 "0 for 2 minutes followed by a step of heating at
170 00 for 2 minutes. Remarks: Semiconductor chips with 4-,000 bump
eiectrodes having a diameter of 50 pm were bonded to substrates with
lead-out electrodes of the same shape. The Heating Time is a time period
for which the articles are exposed  to the air at the heating temperature
before the pressure is exerted. For No. 35, ultrasonic wave was
additionally applied. No, 1-No,38 and No. 44-No. 50 were examples of the
present invention. No, 39-No. 43 were comparative examples, [0.0351As
illustrated above, according to the process for manufacturing a
semiconductor device 1 according to the present embodiment, flip chip
bonding-with high bonding strength is readily available without degrading
electrical contact between the bump electrodes 6 and the lead-out
electrodes 8. 10[0036]In the described embodiment, the bump electrodes 6
and the lead-cut electrodes 8 are bonded together, but the bump electrodes
and other bump electrodes may be bonded. Also, in the described embodiment,
the semiconductor chip 2 and the intermediate substrate 3 are bonded, but
the semiconductor chip 2 and a printed circuit board may be bonded to each
other, 15 [0037] The embodiment has been described with reference to flip
chip bonding of one semiconductor chip 2 and the intermediate substrate 3
by way of example, but the present invention is not iimited to such
example. Instead, the present invention is applicable also to a
semiconductor device like the one shown in FIG, 4 in which a semiconductor
chip 9 having the lead-out electrodes 5 also on 23  the upper surface of
the semiconductor device 4; is disposed between the semiconductor chip 2
and the intermediate substrate 3. The semiconductor chips 2 and I or a
sertconductor element including a plurality of semiconductor chips 9 is an
example of the "first substrata" of the present invention. The present
invention can be also embodied in a semiconductor device having a plurality
of 25semiconductor chips 2 disposed on the intermediate substrate as shown
in Fia for example.in this case, a plurality of semiconductor chips 2 are
an example of the "first substrate". [0038]A bonding method according to a
second embodiment of the present 



invention is for bonding planar members, e.g. copper films 5a and 8a,
formed 30respectively on a first substrate 2a and a second substrate 3a, as
shown in Fia 7.  As shown in FIG. 8, as in the first embodiment, the
bonding is carted out by using the oxide film removing apparatus 10 to
carry out a treatment to reduce oxide films on the films Sc and 8a, then,
removing the first and second substrates 2a and 3a out of the oxide film
removing apparatus 10, and using a known aligning apparatus  R 100 to align
the first and second substrates 2a and 3a such that the films Sc and 8a are
aligned with each other, and, after that, using a heating and pressuring
apparatus 102 to heat and pressure them at a temperature lower than the
melting point of copper (i.e. 1,085 00), whereby the films Sc and 8a are
bonded to each other. 10[0039]For example, when the films 5a and 8a were
heated to 150 '0 and  applied with a pressure of 0.3 MPa, the films 5a and
8a were not bonded together, but, when they were heated at 250 0 and
applied with a pressure of 0,3 MPa, the films Sc and 8a were bonded to each
other. It should be noted that, even when the films 5a and ea were heated
and pressured after being left in the air for 60 15seconds following the
oxide film reducing treatment, the films Sc and ea were sticoessfully
bonded together. [0040]The bonding method according to a third embodiment
of the present invention is for bonding linear members, e.g. narrow
frameworks 5b and 8b of tin-indium solder having a melting point of 120 00
formed respectively on a first  23 substrate 2b and a second substrate 3h,
to thereby seal off the frames 5b and 3b, As shown in FIG. 8, as in the
first embodiment, the bonding is carried out by using the oxide film
removing apparatus 10 to carry out an oxide film reducing treatment for the
frames 5b and eb, then, removing the first and second substrates 2b and 3b
out of the oxide film removing apparatus 10, using the known aligning
apparatus  25 100 to align the first and second substrates 2h and 3b such
that the frames 5b and eb are aligned with each other, and, after that,
using the heating and pressuring apparatus 102 to heat and apply pressure
to them at a temperature, lower than their melting point, which results in
the bonding of the frames 5b and 8b. [0041]For example, when the frames 5id
and 8b were heated at 50 C with a pressure of 30 fillPa being applied, the
frames 5.b and 8b were not bonded together,  but, when the frames 5b and Rh
were heated at 80 00 with a pressure of 15 Mpa being applied, heated at 80
'C with a pressure of 30 lVIFia being applied, heated at 100 00 with a
pressure of 15 NiPa being applied, and heated at 100 'C with a pressure of
30 fvIPa being applied, the frames 5b and ab were bonded together. 5The
frames 5b and 8b were successfully bonded by heating and pressuring them
even after they were left in the air for 60 minutes. [00421It has been
found, from the above-described experiments, that, for metals, excluding
tin and tin alloys, of the films 5a and 8a and the frames 5b and as used in
the second and third embodiments, the temperature and time of the  10
environments to which the films Sc and 8a and the frames 5b and 8b are
exposed after the oxide film reducing treatment and before the heating and
application of pressure, desirably fulfill the following condition, Log
(t)3(1.00011 - 3)tin where "t" ls an exposure time in minute, and "T" is a
heating temperature in K. This Expression (3) has been derived by the same
process as for Expressions (1) ,o and (2). 



[0043]In the second and third embodiments, the aligning apparatus 100 and
the bonding apparatus 102 are separate apparatuses, but a bonding apparatus
provided with an aligning apparatus may be used instead.Also, as shown in
FIG.  2J 10, 3 single bonding apparatus, which also functions as an oxide
film removing apparatus, an aligning apparatus and a heating and pressuring
apparatus may be used. [0044]In this bonding apparatus, the oxide film
removing apparatus 10 shown in FIG, 3 is shown being rotated by 90
degrees.The same reference numerals and symbols. of the oxide film removing
apparatus 10 as used in FIG. 3 are attached to the equivalent components,
and their description is not given, [0045]In the treatment room 116, 3
support table 18a for placing a first substrate 2a or 2b thereon, and a
support table lab for placing 3 second substrate 3a or 3b thereon, are
disposed.Like the support table 18 of the oxide film 39removing apparatus
101 the support table 18a is provided with a heater and a  cooler, which
are not shown, in a portion where the first substrate 2a or 2b is to be
placed, Alsc, the support table 18b is provided with a heater and a cooler,
which are not shown, in a portion where the second substrate 3a or 3b is to
be placed. These support tables. 18a and 18b are coupled respectively to
elevators 180a and 518Ob, which are disposed outside the treatment room
113, whereby the support tables 182 and 18b can be raised and lowered as
indicated by arrows. With the support table 18a lowered and the support
table 18b raised, pressure is applied to the film 5a or the film 8a of the
first substrate 2a or 2b on the support table 18a and to the frame 5b or
the frame 8b of the second substrate 3a or 3b on the support  10 table 18b,
to thereby bond them together. kAlhile the pressure is being applied, the
heater heats the films Sc and 8a or the frames 5b and 8b to a temperature
lower than the melting temperature of the films Sc and ea or the frames 5b
and 8b. Further, the support table 18b is provided with pins 200 for use in
aligning the first substrate 2a or 2b with the second substrate 3a or 3b,
and holes (not shown) through which the pins 200 can pass are formed in the
support table 18a. The pins 200 and the holes function as the aligning
apparatus.  CLAIMS [Claim 1]A bonding method comprising: 5a step of
carrying out an oxide film reducing treatment with hydrogen radicals for
surfaces of articles to be bonded present on surfaces of first and second
substrates; and              a step of bonding said articles to be bonded
together by aligning, in an atmosphere, said articles which have been
subjected 10to said oxide film reducing treatment, and, thereafter,
applying a pressure to said first and second substrates. [Claim 2]The
bonding method according to Claim 1, wherein said article to be bonded on
said first substrate is an electrode disposed on the surface of said first
substrate; and said article to be bonded  15 on said second substrate is a
bump electrode disposed on the surface of said second substrate; said
bonding step being carried out by removing said first and second substrates
into the air after said oxide film reducing treatment and applying a
pressure at a raised temperature. 20[Claim 3]The bonding method according
to Claim 2, wherein a 



time for and a temperature at which said electrodes are left in the air
before the pressure for bonding is applied are limited to a following
range. Log (t) 5 3 (1,0 0 0/T-2) (1) 25Where t is an exposure time (min.)
and T is a heating temperature (K). [Claim 41The bonding method according
to Claim 1, wherein said   articles to be bonded on said first and second
substrates are planar members disposed on the surfaces of said first and
second 30substrates. [Claim 5]The bonding method according to Claim 1,
wherein said articles to be bonded on said first and second substrates are
linear members disposed on the surfaces of said first and second
substrates. 35[Claim 6]A bonding apparatus comprising:             means
for carrying out an oxide film reducing treatment with hydrogen radicals
for surfaces of articles to be bonded present on surfaces of first and
second substrates;                  means for aligning, in an atmosphere,
said articles which 40have been subjected to said oxide film reducing
treatment; and means for applying a pressure to said first and second
substrates after said aligning step, to bond said articles. 


