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Description

Technical Field

[0001] The present invention relates to a room-tem-
perature bonding apparatus, and particularly, relates to
a room-temperature bonding apparatus for bonding a
plurality of substrates by bringing surfaces activated in a
vacuum ambience into contact with each other.

Background Art

[0002] MEMS (Micro Electro Mechanical Systems) is
known in which minute electric parts and machine parts
are integrated. The MEMS is exemplified by a microma-
chine, a pressure sensor, an ultra-compact motor, and
so on. A semiconductor device is known which is man-
ufactured by laminating LSIs (Large Scale Integration)
formed on a semiconductor wafer. Such a semiconductor
device can reduce increase of leakage current, and a
signal delay due to an interconnection, for example.
[0003] Room-temperature bonding is known in which
wafer surface are activated in a vacuum ambience and
brought into contact with each other, so as to perform
bonding of the wafers. Such room-temperature bonding
is preferable for making the MEMS and is preferable for
making the semiconductor device. The MEMS and the
semiconductor device are requested be manufactured in
an increased productivity and price reduction and be
manufactured from large-diameter semiconductor wa-
fers. For this reason, a room-temperature bonding appa-
ratus is desired which can more appropriately perform
room-temperature bonding of large-diameter semicon-
ductor wafers.
[0004] A room-temperature bonding apparatus which
can perform room-temperature bonding of larger sub-
strates, tends to be larger in size. The room-temperature
bonding apparatus is desired which can perform room-
temperature bonding of large substrates and which is
more compact.
[0005] JP 2009147257 A discloses a room-tempera-
ture bonding apparatus performing a suitable bonding
process based on statistical operations following local
measurements associated with positions of sample
measurement points, from a first and second substrate
to be bonded.
[0006] JP 2791429B discloses a silicon wafer bonding
method in which a resultant substrate has great bonding
strength and which does not require pressing with a load
and heating treatment. The silicon wafer bonding method
is a method of bonding a silicon wafer and a silicon wafer,
and is characterized in that bonding surfaces of the silicon
wafers are irradiated with an inert gas ion beam or an
inert gas fast atom beam in a room-temperature vacuum
ambience prior to the bonding for sputter etching.
[0007] JP 2009-49081A discloses a room-temperature
bonding apparatus which can prevent electrode surface
oxidation for stabilization. The bonding apparatus bonds

a plurality of electrode surfaces formed on two wafers.
The bonding apparatus has a planarization unit for
planarizing the electrode surfaces, an activation unit for
activating the planarized electrode surfaces, an align-
ment unit for performing alignment of the electrode sur-
faces, an overlap unit for making the aligned electrode
surfaces overlap each other, a pressurization unit for
pressurizing the overlapped two wafers, and a conveyer
unit for conveying the wafer to at least one of the planari-
zation unit, the activation unit, the alignment unit, the
overlap unit, and the pressurization unit.
[0008] JP 3970304B discloses a room-temperature
bonding apparatus for performing room-temperature
bonding. The room-temperature bonding apparatus has
a bonding chamber which generates a vacuum ambience
for performing room-temperature bonding of an upper
substrate and a lower substrate, an upper stage which
is located inside the bonding chamber and supports the
upper substrate in the vacuum ambience, a carriage
which is located inside the bonding chamber and sup-
ports the lower substrate in the vacuum ambience, an
elastic guide unitarily coupled to the carriage, a position-
ing stage which is located inside the bonding chamber
and supports the elastic guide to be movable in a hori-
zontal direction, a first mechanism which drives the elas-
tic guide and moves the carriage in the horizontal direc-
tion, a second mechanism which moves the upper stage
in an up-and-down direction perpendicular to the hori-
zontal direction, and a carriage support which is located
inside the bonding chamber and supports the carriage in
a direction of the movement of the upper stage when the
lower substrate and the upper substrate are subjected
to pressure welding. The elastic guide supports the car-
riage so that the carriage does not come into contact with
the carriage support when the lower substrate and the
upper substrate do not come into contact with each other,
and is elastically deformed so that the carriage comes
into contact with the carriage support when the lower
substrate and the upper substrate are pressed against
each other.
[0009] JP 4172806B discloses a room-temperature
bonding method in which intermediate material is uni-
formly formed on a substrate surface, to obtain sufficient
bonding strength even when pressure bonding is per-
formed at room temperature without the necessity of
heating at the time of bonding. The room-temperature
bonding method, which is a method of bonding a plurality
of substrates at room temperature through intermediate
material, is characterized in that the room-temperature
bonding method includes a step of forming the interme-
diate material on bonding surfaces of the substrates by
performing physical sputtering for a plurality of targets,
and a step of activating the bonding surfaces of the sub-
strates through physical sputtering.

Summary of the Invention

[0010] An object of the present invention is to provide
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a room-temperature bonding apparatus which can bond
a plurality of substrates more appropriately.
[0011] Another object of the present invention is to pro-
vide more compact room-temperature bonding appara-
tus.
[0012] Still another object of the present invention is
to provide a room-temperature bonding method to make
the room-temperature bonding apparatus for bonding a
plurality of substrates more compact.
[0013] A room-temperature bonding apparatus of the
present invention includes the features of claim 1. The
room-temperature bonding apparatus comprises a plu-
rality of first beam sources configured to emit a plurality
of first activation beams which are irradiated to a first
activation surface of a first substrate; a plurality of second
beam sources configured to emit a plurality of second
activation beams which are irradiated to a second acti-
vation surface of a second substrate; and a pressure
welding mechanism configured to bond the first substrate
and the second substrate by bring the first activation sur-
face and the second activation surface contact, after the
first activation surface and the second activation surface
are irradiated. The room-temperature bonding apparatus
can more uniformly irradiate to the first activation surface
and the second activation surface, so that the first sub-
strate and the second substrate can be more appropri-
ately bonded with each other, compared with another
room-temperature bonding apparatus which irradiates
the first activation surface and the second activation sur-
face by using one beam source.
[0014] The room-temperature bonding apparatus ac-
cording to the present invention further includes a plural-
ity of installation position adjusting mechanisms corre-
sponding to the plurality of first beam sources and the
plurality of second beam sources. One installation posi-
tion adjusting mechanism corresponding to an optional
beam source of the plurality of installation position ad-
justing mechanisms fixes the optional beam source on
an optional installation position of a plurality of installation
positions. A first activation, surface and a second activa-
tion surface are not sometimes irradiated more uniformly,
compared with a case where the plurality of first beam
sources and the plurality of second beam sources are
not appropriately manufactured. At this time, such a
room-temperature bonding apparatus can more uniform-
ly irradiate the first activation surface and the second
activation surface and bond the first substrate and the
second substrate more appropriately, by changing the
positions of some beam sources of the plurality of first
beam sources and the plurality of second beam sources.
[0015] The room-temperature bonding apparatus ac-
cording to the present invention further includes a first
support unit which supports the first substrate when the
first activation surface is irradiated with the plurality of
first activation beams, and a second support unit which
supports the second substrate when the second activa-
tion surface is irradiated with the plurality of second ac-
tivation beams. The plurality of first beam sources are

arranged to be rotationally symmetric with respect to a
first rotation axis . The first rotation axis is orthogonal to
the first activation surface when the first activation sur-
face is irradiated with the plurality of first activation
beams. The plurality of second beam sources are ar-
ranged to be rotationally symmetric with respect to a sec-
ond rotation axis. The second rotation axis is orthogonal
to the second activation surface when the second acti-
vation surface is irradiated with the plurality of second
activation beams. Such a room-temperature bonding ap-
paratus can activate the first activation surface and the
second activation surface more uniformly and bond the
first substrate and the second substrate more appropri-
ately, compared with another room-temperature bonding
apparatus in which the plurality of first beam sources and
the plurality of second beam sources are not disposed
to be rotationally symmetric.
[0016] The room-temperature bonding apparatus ac-
cording to the present invention further includes a control
unit which controls the plurality of first beam sources and
the plurality of second beam sources such that one op-
tional activation beam of the plurality of first activation
beams and the plurality of second activation beams is
different from another activation beam of the plurality of
first activation beams and the plurality of second activa-
tion beams. Such a room-temperature bonding appara-
tus can activate the first activation surface and the second
activation surface more appropriately, and bond the first
substrate an the second substrate more appropriately,
compared with another room-temperature bonding ap-
paratus in which the plurality of first beam sources and
the plurality of second beam sources are controlled in
the same way.
[0017] The room-temperature bonding apparatus ac-
cording to the present invention further includes a vacu-
um exhaust unit which exhausts the inside of a chamber
to generates a vacuum ambience inside the chamber, in
which the plurality of first activation beams and the plu-
rality of second activation beams are emitted. he control
unit controls the plurality of first beam sources and the
plurality of second beam sources such that in a period
for which the optional activation beam of the plurality of
first activation beams and the plurality of second activa-
tion beams is emitted, another activation beam of the
plurality of first activation beams and the plurality of sec-
ond activation beams is not emitted.
[0018] In such a room-temperature bonding appara-
tus, the vacuum ambience can be generated continuous-
ly inside the chamber by exhausting at an exhaust speed
above a minimum exhaust speed required when only ac-
tivation beams of a part of the plurality of first activation
beams and the plurality of second activation beams are
emitted, without exhausting at a maximum exhaust
speed required when all of the plurality of first activation
beams and the plurality of second activation beams emits
at a same time. It is possible to apply to such a room-
temperature bonding apparatus, a small vacuum exhaust
unit which cannot exhaust at the maximum exhaust
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speed but can exhaust at the above exhaust speed. By
applying such a vacuum exhaust unit smaller in size, the
room-temperature bonding apparatus can be manufac-
tured more compactly and cheaplier, compared with an-
other room-temperature bonding apparatus which a
large-sized vacuum exhaust unit for which can exhaust
at the maximum exhaust speed.
[0019] The room-temperature bonding apparatus ac-
cording to the present invention further includes a plural-
ity of gas kind switching mechanisms corresponding to
the plurality of first beam sources and the plurality of sec-
ond beam sources. One gas kind switching mechanism
corresponding to an optional beam source of the plurality
of gas kind switching mechanisms supplies an optional
gas of plurality of gases to the optional beam source. The
optional beam source generates an activation beam from
the optional gas.
[0020] A beam source installation position adjusting
method according to the present invention is performed
by a using the room-temperature bonding apparatus
which includes a plurality of first beam sources which
irradiate a plurality of first activation beams to activate a
first activation surface of a first substrate, a plurality of
second beam sources which irradiate a plurality of sec-
ond activation beams to activate a second activation sur-
face of a second substrate, a pressure welding mecha-
nism which bonds the first substrate and the second sub-
strate by making the first activation surface and the sec-
ond activation surface contact after the first activation
surface and the second activation surface are irradiated,
a plurality of installation position adjusting mechanisms
corresponding to the plurality of first beam sources and
the plurality of second beam sources, and one installation
adjusting mechanism corresponding to an optional beam
source of the plurality of installation position adjusting
mechanism which fixes the optional beam source on an
optional installation position of the plurality of installation
positions.
[0021] The beam source installation position adjusting
method according to the present invention includes irra-
diating a plurality of first etching rate measurement acti-
vation beams respectively emitted from the plurality of
first beam sources to a first surface of a first etching rate
measurement substrate, and a plurality of second etching
rate measurement activation beams respectively emitted
from the plurality of second beam sources to a second
surface of a second etching rate measurement substrate;
measuring a plurality of first etching rates showing etch-
ing rates of a plurality of first regions on the first surface
when the plurality of first etching rate measurement ac-
tivation beams are irradiated to the first surface, and a
plurality of second etching rates showing etching rates
of a plurality of second regions on the second surface
when the plurality of second etching rate measurement
activation beams are irradiated to the second surface;
and adjusting the plurality of installation adjusting mech-
anisms such that the plurality of first beam sources are
positioned to a plurality of first positions which are calcu-

lated based on the plurality of first etching rates, and the
plurality of second beam sources are positioned to a plu-
rality of second positions which are calculated based on
the plurality of second etching rates. The first activation
surface and the second activation surface are not some-
times irradiated more uniformly when the plurality of first
beam sources and the plurality of second beam source
are not appropriately manufactured. At this time, the
room-temperature bonding apparatus can position the
plurality of first beam sources and the plurality of second
beam sources in appropriate positions, more uniformly
irradiate the first activation surface and the second acti-
vation surface and bond the first substrate and the sec-
ond substrate more appropriately, by performing such a
beam source installation position adjusting method.
[0022] The first surface of the first etching rate meas-
urement substrate is covered with a protection film such
that the plurality of first regions are irradiated with the
plurality of first etching rate measurement activation
beams. One first etching rate corresponding to an op-
tional first region of the plurality of first etching rates is
calculated based on an etching depth of the optional first
region when the plurality of first etching rate measure-
ment activation beams are irradiated to the first surface.
The second surface of the second etching rate measure-
ment substrate is covered with a protection film such that
the plurality of second regions are irradiated with the plu-
rality of second etching rate measurement activation
beams. One second etching rate corresponding to an
optional second region of the plurality of second etching
rates is calculated based on an etching depth of the op-
tional second region when the plurality of second etching
rate measurement activation beams are irradiated to the
second surface.
[0023] The room-temperature bonding apparatus ac-
cording to the present invention can irradiate more uni-
formly and bond two substrates more appropriately, be-
cause the plurality of beam sources are disposed to one
substrate surface, compared with another room-temper-
ature bonding apparatus in which one substrate surface
is irradiated by using one beam source.

Brief Description of Drawings

[0024]

FIG. 1 is a sectional view showing a main body of a
room-temperature bonding apparatus;
FIG. 2 is a sectional view showing a bonding cham-
ber;
FIG. 3 is a block diagram showing a gas kind switch-
ing mechanism;
FIG. 4 is a perspective view showing an activation
unit;
FIG. 5 is a side view showing an installation position
adjusting mechanism;
FIG. 6 is a perspective view showing a plurality of
lower beam sources;
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FIG. 7 is a perspective view showing a plurality of
upper beam sources;
FIG. 8 is a block diagram showing a control unit of
the room-temperature bonding apparatus;
FIG. 9 is a flow chart showing a room-temperature
bonding method;
FIG. 10 is a flow chart showing an activation se-
quence;
FIG. 11 is a flow chart showing a gun installation
position adjusting method according to the present
invention;
FIG. 12 is a perspective view showing another acti-
vation unit; and
FIG. 13 is a perspective view showing still another
activation unit.

Description of Embodiments

[0025] A room-temperature bonding apparatus ac-
cording to an embodiment of the present invention will
be described with reference to the attached drawings.
The room-temperature bonding apparatus has a main
body of the room-temperature bonding apparatus and a
control unit of the room-temperature bonding apparatus.
The main body 1 of the room-temperature bonding ap-
paratus has a load lock chamber 2 and a bonding cham-
ber 3, as shown in FIG. 1. The load lock chamber 2 is
formed as a container which seals up its inside from the
surroundings. The bonding chamber 3 is formed as a
container which seals up its inside from the surroundings.
The main body 1 of the room-temperature bonding ap-
paratus further has a gate 5 and a gate valve 6. The gate
5 is disposed between the load lock chamber 2 and the
bonding chamber 3, and connects the inside of the bond-
ing chamber 3 and the inside of the load lock chamber
2. The gate valve 6 closes the gate 5 or opens the gate
5 in response to a control of the control unit of the room-
temperature bonding apparatus.
[0026] The load lock chamber 2 has a lid and a vacuum
exhaust unit which are not shown. The lid closes an open-
ing section connecting the surroundings and the inside
of the load lock chamber 2, or opens the opening section
according to an operation by a user. When the opening
section and the gate 5 are closed, the vacuum exhaust
unit discharges gas from the inside of the load lock cham-
ber 2 according to a control by the control unit of the
room-temperature bonding apparatus. The vacuum ex-
haust unit is exemplified by a turbo-molecular pump, a
cryopump, and an oil-diffusion pump.
[0027] The load lock chamber 2 further has a plurality
of shelves 7 and a conveyer robot 8 therein. A plurality
of cartridges are located on the plurality of shelves 7. The
plurality of cartridges are formed generally in the form of
a disk. Material of the cartridges is exemplified by alumi-
num, stainless steel, aluminum nitride, silicon, quartz,
and glassy carbon. The cartridges are used with wafers
being put on the cartridges. When the gate 5 is opened,
the conveyer robot 8 conveys the cartridges put on the

plurality of shelves 7 to the inside of the bonding chamber
3 , or conveys the cartridges in the bonding chamber 3
to the plurality of shelves 7, according to a control by the
control unit of the room-temperature bonding apparatus.
[0028] The bonding chamber 3 has a vacuum exhaust
unit 10. When the gate 5 is closed, the vacuum exhaust
unit 10 discharges gas from the inside of the bonding
chamber 3 according to a control by the control unit of
the room-temperature bonding apparatus. The vacuum
exhaust unit 10 is exemplified by a turbo-molecular
pump, a cryopump, and an oil-diffusion pump.
[0029] The bonding chamber 3 further has a position-
ing stage carriage 11 and an alignment mechanism 12,
as shown in FIG. 2. The positioning stage carriage 11 is
formed in the form of a plate. The positioning stage car-
riage 11 is positioned inside the bonding chamber 3, and
is supported to be movable in a horizontal direction per-
pendicular to a vertical direction and to be rotationally
movable around a rotation axis parallel to a vertical di-
rection. The positioning stage carriage 11 holds a wafer
by holding the cartridge on which the wafer is put. The
alignment mechanism 12 moves the positioning stage
carriage 11 according to a control by the control unit of
the room-temperature bonding apparatus, so that the po-
sitioning stage carriage 11 moves in a direction parallel
to the horizontal direction, or so that the positioning stage
carriage 11 rotationally moves around the rotation axis
parallel to the vertical direction.
[0030] The bonding chamber 3 further has an electro-
static chuck 14 and a pressure welding mechanism 15.
The electrostatic chuck 14 is disposed inside the bonding
chamber 3 and positioned vertically upwardly from the
positioning stage carriage 11. The electrostatic chuck 14
is supported by the bonding chamber 3 to be movable in
a direction parallel to the vertical direction. The electro-
static chuck 14 is formed from a dielectric layer of from
insulator exemplified by alumina ceramic. The electro-
static chuck 14 has a flat surface positioned almost per-
pendicular to the vertical direction, at the lower end. The
electrostatic chuck 14 further has an internal electrode
positioned inside the dielectric layer. A voltage is applied
to the internal electrode of the electrostatic chuck 14 ac-
cording to a control by the control unit of the room-tem-
perature bonding apparatus. Due to the application of
the voltage to the internal electrode, the electrostatic
chuck 14 holds a wafer or substrate positioned in the
vicinity of the flat surface of the dielectric layer, with elec-
trostatic force.
[0031] The pressure welding mechanism 15 moves the
electrostatic chuck 14 in a direction parallel to the vertical
direction with respect to the bonding chamber 3 accord-
ing to a control by the control unit of the room-temperature
bonding apparatus. For example, the pressure welding
mechanism 15 positions the electrostatic chuck 14 at one
of a plurality of positions according to a control by the
control unit of the room-temperature bonding apparatus.
The plurality of positions include an alignment position,
a home position, and an activation position. The align-
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ment position is designed so that a lower wafer and an
upper wafer are located apart from each other by a dis-
tance (e.g. 1 mm) when the upper wafer is held by the
electrostatic chuck 14 and the lower wafer is held by the
positioning stage carriage 11. The home position is ver-
tically upward from the alignment position. The activation
position is vertically upward from the home position.
[0032] The pressure welding mechanism 15 further
measures a position of the electrostatic chuck 14 accord-
ing to a control by the control unit of the room-temperature
bonding apparatus and outputs the position to the control
unit of the room-temperature bonding apparatus. The
pressure welding mechanism 15 further measures a load
applied to the wafer held by the electrostatic chuck 14
according to a control by the control unit of the room-
temperature bonding apparatus and outputs the meas-
ured load to the control unit of the room-temperature
bonding apparatus.
[0033] The bonding chamber 3 further has an activa-
tion unit 16. The activation unit 16 has a plurality of lower
atom beam sources 17-1 and 17-2 and a plurality of upper
atom beam sources 18-1 and 18-2. The plurality of lower
atom beam sources 17-1 and 17-2 are positioned inside
the bonding chamber 3. The plurality of upper atom beam
sources 18-1 and 18-2 are positioned inside the bonding
chamber 3.
[0034] The main body 1 of the room-temperature bond-
ing apparatus further has a plurality of gas kind switching
mechanisms corresponding to the plurality of lower atom
beam sources 17-1 and 17-2 and the plurality of upper
atom beam sources 18-1 and 18-2. The gas kind switch-
ing mechanisms corresponding to the lower atom beam
source 17-i (i = 1, 2) among the plurality of gas kind
switching mechanisms supplies a given gas to the lower
atom beam source 17-i according to a control by the con-
trol unit of the room-temperature bonding apparatus.
That is to say, the gas kind switching mechanisms 61
has a plurality of gas supply units 62-1 to 62-4, a plurality
of valves 63-1 to 63-4, and a conduit 64, as shown in
FIG. 3. The plurality of gas supply units 62-1 to 62-4 are
arranged outside the bonding chamber 3. The plurality
of gas supply units 62-1 to 62-4 are formed from a plurality
of gas cylinders, for example, and each emit different
kinds of gases. For example, the gas supply unit 62-1
emits argon gas Ar, the gas supply unit 62-2 emits neon
gas Ne, the gas supply unit 62-3 emits krypton gas Kr,
and the gas supply unit 62-4 emits xenon gas Xe. The
plurality of valves 63-1 to 63-4 are positioned outside the
bonding chamber 3. An optional valve 63-k (k = 1, 2, 3,
4) among the plurality of valves 63-1 to 63-4 supplies gas
emitted from a corresponding one of the plurality of gas
supply units 62-k to the conduit 64 or stops the gas from
being supplied to the conduit 64, according to a control
by the control unit of the room-temperature bonding ap-
paratus. The conduit 64 connects the plurality of valves
63-1 to 63-4 to the lower atom beam source 17-i so that
the gas supplied through the plurality of valves 63-1 to
63-4 to the conduit 64 is supplied to the lower atom beam

source 17-i. At this time, the lower atom beam source
17-i emits a fast atom beam generated with the use of
the gas supplied from the gas kind switching mechanism
61 according to a control by the control unit of the room-
temperature bonding apparatus.
[0035] The upper atom beam source 18-i has another
gas kind switching mechanism like the case of the lower
atom beam source 17-i. The gas kind switching mecha-
nism is formed in the same way as the gas kind switching
mechanism 61, and supplies a given gas to the upper
atom beam source 18-i according to a control by the con-
trol unit of the room-temperature bonding apparatus. At
this time, the upper atom beam source 18-i emits a fast
atom beam generated with the use of the gas supplied
from the gas kind switching mechanism according to a
control by the control unit of the room-temperature bond-
ing apparatus.
[0036] The bonding chamber 3 further has a plurality
of installation position adjusting mechanisms 19 corre-
sponding to the plurality of lower atom beam sources
17-1 and 17-2 and the plurality of upper atom beam
sources 18-1 and 18-2, as shown in FIG. 4. The plurality
of installation position adjusting mechanisms 19 are po-
sitioned inside the bonding chamber 3.
[0037] The lower installation position adjusting mech-
anisms corresponding to the lower atom beam source
17-i among the plurality of installation position adjusting
mechanisms 19 has an angle adjusting frame 21, a dis-
tance adjusting frame 22, a fixed frame 23, a first angle
adjustment fastening member 24, a second angle adjust-
ment fastening member 25, a first distance adjustment
fastening member 26, and a second distance adjustment
fastening member 27, as shown in FIG. 5. The angle
adjusting frame 21 is fixed to the bonding chamber 3.
The angle adjusting frame 21 has a plurality of angle
adjustment holes 28. The plurality of angle adjustment
holes 28 are arranged along an arc 29. The distance
adjusting frame 22 has a first fixing hole 30, a second
fixing hole 31, a plurality of first distance adjustment holes
32, and a plurality of second distance adjustment holes
33. The plurality of first distance adjustment holes 32 are
arranged along a straight line 34. The plurality of second
distance adjustment holes 33 are arranged along a
straight line 35. The straight line 35 is parallel to the
straight l.ine 34. The fixed frame 23 is fixed to the lower
atom beam source 17-i. The fixed frame 23 further has
a third fixing hole 36 and a fourth fixing hole 37.
[0038] The first angle adjustment fastening member
24, the second angle adjustment fastening member 25,
the first distance adjustment fastening member 26, and
the second distance adjustment fastening member 27
are formed from jigs, each of which is composed of two
parts, e.g. a bolt and a nut, the bolt being inserted into a
hole and fastened.
[0039] The first angle adjustment fastening member
24 is inserted into one hole of the plurality of angle ad-
justment holes 28 and into the first fixing hole 30 and
fastened, and the second angle adjustment fastening
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member 25 is inserted into another hole of the plurality
of angle adjustment holes 28 and the second fixing hole
31 and fastened, thereby fixing the distance adjusting
frame 22 to the angle adjusting frame 21. The first dis-
tance adjustment fastening member 26 is inserted into
one hole of the plurality of first distance adjustment holes
32 and into the third fixing hole 36 and fastened, and the
second distance adjustment fastening member 27 is in-
serted into another hole of the plurality of second distance
adjustment holes 33 and into the fourth fixing hole 37 and
fastened, thereby fixing the fixing frame 23 to the distance
adjusting frame 22.
[0040] The upper installation position adjusting mech-
anism corresponding to the upper atom beam source 18-
i among the plurality of installation position adjusting
mechanisms 19 is formed in the same way as the lower
installation position adjusting mechanism, and fixes the
upper atom beam source 18-i to the bonding chamber 3.
[0041] FIG. 6 shows the plurality of lower atom beam
sources 17-1 and 17-2. An optional lower atom beam
source 17-i among the plurality of lower atom beam
sources 17-1 and 17-2, generates a fast atom beam
(FAB: FAST ATOM BEAM) formed from a gas supplied
from the gas kind switching mechanism 61 and emits the
fast atom beam along an irradiation axis 41-i, according
to a control by the control unit of the room-temperature
bonding apparatus. The irradiation axis 41-i passes al-
most through the center of an irradiation hole the lower
atom beam source 17-i, and is generally perpendicular
to the irradiation hole surface of the lower atom beam
source 17-i. The fast atom beam has a property that when
a flat surface perpendicular to the irradiation axis 41-i is
irradiated with the fast atom beam, an etching rate for
etching of a certain minute region in the surface with the
fast atom beam becomes smaller as the minute region
is farther from the irradiation axis 41-i. The plurality of
lower atom beam sources 17-1 and 17-2 can also be
controlled by the control unit of the room-temperature
bonding apparatus to be independent from each other
so that a first fast atom beam emitted from the lower atom
beam source 17-1 is different from a second fast atom
beam emitted from the lower atom beam source 17-2.
[0042] The positioning stage carriage 11 holds a lower
wafer 42 inside the bonding chamber 3 such that an ac-
tivation surface 40 of the lower wafer 42 is directed ver-
tically upwardly by holding the cartridge on which the
lower wafer 42 is put. The lower wafer 42 is such a single
crystal wafer as silicon and sapphire for example in the
form of a disk. The lower wafer 42 has a plurality of pat-
terns on the activation surface 40. Note that the lower
wafer 42 can be replaced by a substrate which is not
formed in the form of a disk. The substrate is formed in
the form of a rectangular plate, for example. The lower
atom beam source 17-i is fixed to the bonding chamber
3 such that the irradiation axis 41-i intersects with the
activation surface 40 at an intersection point 43-i when
the lower wafer 42 is held by the positioning stage car-
riage 11.

[0043] The plurality of lower atom beam sources 17-1
and 17-2 are positioned such that intersection points 43-1
and 43-2 do not coincide with each other and such that
the middle point between the intersection point 43-1 and
43-2 coincide with a center 44 of the activation surface
40. Furthermore, the plurality of lower atom beam sourc-
es 17-1 and 17-2 are positioned such that a straight line
45 which passes through the intersection point 43-1 and
the intersection point 43-2 is orthogonal to an irradiation
axis 41-1 and such that the straight line 45 is orthogonal
to an irradiation axis 41-2. The plurality of lower atom
beam sources 17-1 and 17-2 are positioned so that a
distance from the irradiation hole of the lower atom beam
source 17-1 to the intersection point 43-1 is equal to a
distance from the irradiation hole of the lower atom beam
source 17-2 to the intersection point 43-2. That is to say,
the plurality of lower atom beam sources 17-1 and 17-2
are positioned to have two-fold rotational symmetry with
respect to the principal rotation axis 46. The principal
rotation axis 46 passes through the center 44 and is or-
thogonal to the activation surface 40. That is to say, the
plurality of lower atom beam sources 17-1 and 17-2 are
positioned such that the lower atom beam source 17-1
overlaps the lower atom beam source 17-2 when the low-
er atom beam source 17-1 is rotated 180 degrees (1/2
rotation) around the principal rotation axis 46.
[0044] At this time, the angle adjusting frame 21 of the
lower installation position adjusting mechanism is posi-
tioned such that the arc 29 is along a plane orthogonal
to the straight line 45 and such that the arc 29 is along a
side surface of a cylinder having the straight line 45 as
an axis. The distance adjusting frame 22 is formed so
that the straight line 34 and the straight line 35 are parallel
to the irradiation axis 41-i when the fixed frame 23 is fixed
to the distance adjusting frame 22. According to the lower
installation position adjusting mechanism formed in the
above way, the lower atom beam source 17-i is posi-
tioned so that the irradiation axis 41-i passes through the
intersection point 43-i at all times when the distance ad-
justing frame 22 is fixed by using an optional angle ad-
justment hole among the plurality of angle adjustment
holes 28 and when the fixed frame 23 is fixed by using
an optional distance adjustment hole among the plurality
of first distance adjustment holes 32.
[0045] Because the plurality of lower atom beam sourc-
es 17-1 and 17-2 are positioned to be rotationally sym-
metric around to the principal rotation axis 46, the acti-
vation unit 16 can more uniformly emit a fast atom beam
to the activation surface 40 and more uniformly perform
etching of the activation surface 40, compared with an-
other activation unit in which the plurality of lower atom
beam sources 17-1 and 17-2 are asymmetrically posi-
tioned, when the plurality of lower atom beam sources
17-1 and 17-2 emit fast atom beams under the same
condition.
[0046] FIG. 7 shows the plurality of upper atom beam
sources 18-1 and 18-2. An optional upper atom beam
source 18-i among the plurality of upper atom beam
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sources 18-1 and 18-2, generates a fast atom beam
formed from the gas supplied from the gas kind switching
mechanism 61 and emits the fast atom beam along an
irradiation axis 51-i, according to a control by the control
unit of the room-temperature bonding apparatus. A irra-
diation axis 51-i passes almost through the center of an
irradiation hole of the upper atom beam source 18-i, and
is almost perpendicular to the irradiation hole surface of
the upper atom beam source 18-i. The fast atom beam
has a property that when a flat surface orthogonal to the
irradiation axis 51-i is irradiated with the fast atom beam,
an etching rate for etching of a certain minute region in
the surface with the fast atom beam becomes smaller as
the minute region is farther from the irradiation axis 51-
i. The plurality of upper atom beam sources 18-1 and
18-2 can also be controlled by the control unit of the room-
temperature bonding apparatus to be independent from
each other such that a first fast atom beam emitted from
the upper atom beam source 18-1 is different from a sec-
ond fast atom beam emitted from the upper atom beam
source 18-2.
[0047] The electrostatic chuck 14 holds an upper wafer
52 inside the bonding chamber 3 such that an activation
surface 50 of the upper wafer 52 is directed vertically
downwardly. The upper wafer 52 is such a single crystal
wafer as silicon and sapphire, for example, in the form
of a disk. The upper wafer 52 has a plurality of patterns
on the activation surface 50. The substrate is formed in
the form of a rectangular plate for example. The upper
atom beam source 18-i is fixed to the bonding chamber
3 such that the irradiation axis 51-i intersects with the
activation surface 50 at an intersection point 53-i when
the electrostatic chuck 14 is positioned at the activation
position in a case that the upper wafer 52 is held by the
electrostatic chuck 14.
[0048] The plurality of upper atom beam sources 18-1
and 18-2 are positioned such that the middle point be-
tween intersection points 53-1 and 53-2 coincide with a
center 54 of the activation surface 50. Furthermore, the
plurality of upper atom beam sources 18-1 and 18-2 are
positioned so that a straight line 55 which passes through
the intersection point 53-1 and the intersection point 53-2
is orthogonal to an irradiation axis 51-1 and so that the
straight line 55 is orthogonal to an irradiation axis 51-2.
The plurality of upper atom beam sources 18-1 and 18-2
are positioned such that a distance from the irradiation
hole of the upper atom beam source 18-1 to the inter-
section point 53-1 is equal to a distance from the irradi-
ation hole of the upper atom beam source 18 - 2 to the
intersection point 53-2. That is to say, the plurality of up-
per atom beam sources 18-1 and 18-2 are positioned to
have two-fold rotational symmetry with respect to the
principal rotation axis 56. The principal rotation axis 56
passes through the center 54 and is orthogonal to the
activation surface 50, agreeing with the principal rotation
axis 56. That is to say, the plurality of upper atom beam
sources 18-1 and 18-2 are positioned so that the upper
atom beam source 18-1 overlaps the upper atom beam

source 18-2 when the upper atom beam source 18-1 is
rotated 180 degrees (1/2 rotation) around the principal
rotation axis 56.
[0049] At this time, the angle adjusting frame 21 of the
upper installation position adjusting mechanism is posi-
tioned such that the arc 29 is along a plane orthogonal
to a straight line 55 and such that the arc 29 is along a
side surface of a cylinder having the straight line 55 as
an axis. The distance adjusting frame 22 is formed so
that the straight line 34 and the straight line 35 are parallel
to the irradiation axis 51-i when the fixed frame 23 is fixed
to the distance adjusting frame 22. According to the upper
installation position adjusting mechanism formed in the
above way, the upper atom beam source 18-i is posi-
tioned so that the irradiation axis 51-i passes through the
intersection point 53-i at all times when the distance ad-
justing frame 22 is fixed by using an optional angle ad-
justment hole among the plurality of angle adjustment
holes 28 and when the fixed frame 23 is fixed by using
an optional distance adjustment hole among the plurality
of first distance adjustment holes 32. By the plurality of
upper atom beam sources 18-1 and 18-2 positioned to
be rotationally symmetric around the principal rotation
axis 56, the activation unit 16 can more uniformly emit a
fast atom beam to the activation surface 50 and more
uniformly perform etching of the activation surface 50,
compared with another activation unit in which the plu-
rality of upper atom beam sources 18-1 and 18-2 are
asymmetrically positioned, when the plurality of upper
atom beam sources 18-1 and 18-2 emit fast atom beams
under the same condition.
[0050] At this time, the main body 1 of the room-tem-
perature bonding apparatus which has the plurality of
lower atom beam sources 17-1 and 17-2 and the plurality
of upper atom beam sources 18-1 and 18-2, can irradiate
a wider region more uniformly, compared with another
room-temperature bonding apparatus having a single
lower atom beam source and a single upper atom beam
source. For this reason, the main body 1 of the room-
temperature bonding apparatus can activate the entire
surface of a larger substrate and more appropriately bond
the larger substrate.
[0051] FIG. 8 shows the control unit of the room-tem-
perature bonding apparatus 71. The control unit of the
room-temperature bonding apparatus 71 is a computer
and has a CPU, a storage unit, and an interface, which
are not shown. The CPU controls the storage unit and
the interface by executing a computer program installed
in the control unit of the room-temperature bonding ap-
paratus 71. The storage unit stores the computer pro-
gram and temporarily stores data created by the CPU.
[0052] The interface outputs data generated by a plu-
rality of external devices connected to the control unit of
the room-temperature bonding apparatus 71, to the CPU,
and outputs data generated by the CPU to the plurality
of external devices. The plurality of external devices are
exemplified by an input unit, an output unit, a communi-
cation unit, and a removable memory drive. The input
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unit generates data through an operation by a user, and
outputs the data to the CPU. The input unit is exemplified
by a keyboard, a pointing device, and a touch panel. The
output unit outputs data generated by the CPU so that
the user can recognize the data. The output unit is ex-
emplified by a display, a sound unit, and a touch panel.
When the control unit of the room-temperature bonding
apparatus 71 is connected to a communication network,
the communication unit sends data generated by the
CPU to other computers through the communication net-
work, and outputs data received from other computers
through the communication network, to the CPU. The
communication unit is further used to download a com-
puter program to be installed in the control unit of the
room-temperature bonding apparatus 71, from other
computers. When a recording medium is inserted, the
removable memory drive is used to read data recorded
in the recording medium. When a recording medium
stores a computer program, the removable memory drive
is inserted, is further used to install the computer program
in the control unit of the room-temperature bonding ap-
paratus 71. The recording medium is exemplified by a
magnetic disk (a flexible disk, a hard disk), an optical disk
(a CD, a DVD) , a magneto-optical disk, and a flash mem-
ory.
[0053] Furthermore, the interface connects the gate
valve 6, the conveyer robot 8, the vacuum exhaust unit
which exhausts the load lock chamber 2, the vacuum
exhaust unit 10, the alignment mechanism 12, the elec-
trostatic chuck 14, the pressure welding mechanism 15,
the plurality of lower atom beam sources 17-1 and 17-2,
the plurality of upper atom beam sources 18-1 and 18-2,
and the plurality of valves 63-1 to 63-4, to the control unit
of the room-temperature bonding apparatus 71.
[0054] Computer programs installed in the control unit
of the room-temperature bonding apparatus 71 include
a plurality of computer programs for making the control
unit of the room-temperature bonding apparatus 71
achieve a plurality of functions. The plurality of functions
include a conveying section 72, an activating section 73,
and a bonding section 74.
[0055] When the gale 5 is closed, the conveying sec-
tion 72 controls the vacuum exhaust unit of the load lock
chamber 2 so that a preliminary ambience at given de-
gree of vacuum is generated inside the load lock chamber
2 or so that the atmospheric ambience is generated inside
the load lock chamber 2. When the preliminary ambience
is generated inside the load lock chamber 2, the convey-
ing section 72 controls the gate valve 6 so that the gate
5 is opened and closed.
[0056] When the gate 5 is opened, the conveying sec-
tion 72 controls the conveyer robot 8 so that the cartridges
positioned on the plurality of shelves 7 are conveyed onto
the positioning stage carriage 11 of the bonding chamber
3, or so that the cartridges held by the positioning stage
carriage 11 are conveyed to the plurality of shelves 7 of
the load lock chamber 2.
[0057] The conveying section 72 controls the main

body 1 of the room-temperature bonding apparatus so
that the upper wafer 52 is held by the electrostatic chuck
14, when the cartridge on which the upper wafer 52 is
put is held by the positioning stage carriage 11 in a case
that a wafer is not held by the electrostatic chuck 14. That
is to say, the conveying section 72 controls the pressure
welding mechanism 15 so that the electrostatic chuck 14
descends or falls down, when the cartridge on which the
upper wafer 52 is put is held by the positioning stage
carriage 11 in a case that a wafer is not held by the elec-
trostatic chuck 14. The conveying section 72 controls the
pressure welding mechanism 15 so that a load imposed
to the electrostatic chuck 14 is measured when the elec-
trostatic chuck 14 descends. The conveying section 72
calculates based on the load, timing at which the upper
wafer 52 put on the cartridge comes into contact with the
electrostatic chuck 14. The conveying section 72 controls
the pressure welding mechanism 15 so that the electro-
static chuck 14 stops at the timing. The conveying section
72 controls the electrostatic chuck 14 so that the upper
wafer 52 is held by the electrostatic chuck 14 when the
upper wafer 52 is in contact with the electrostatic chuck
14. The conveying section 72 controls the pressure weld-
ing mechanism 15 so that the electrostatic chuck 14 as-
cends rises up when the upper wafer 52 is held by the
electrostatic chuck 14.
[0058] The activating section 73 controls the plurality
of gas kind switching mechanisms so that a given gas is
supplied to the plurality of lower atom beam sources 17-1
and 17-2 and the plurality of upper atom beam sources
18-1 and 18-2. At this time, the activating section 73 can
also control the plurality of gas kind switching mecha-
nisms so that two kinds of gases supplied to two atom
beam sources among the plurality of lower atom beam
sources 17-1 and 17-2 and the plurality of upper atom
beam sources 18-1 and 18-2 are different. When the gate
5 is closed, the activating section 73 controls the vacuum
exhaust unit 10 so that an activation ambience at a given
degree of vacuum is generated inside the bonding cham-
ber 3 and so that gas is discharged at a given exhaust
speed from the inside of the bonding chamber 3. The
given exhaust speed is greater than the minimum ex-
haust speed required when only a single beam source
among the plurality of lower atom beam sources 17-1
and 17-2 and the plurality of upper atom beam sources
18-1 and 18-2 emits a fast atom beam, and is smaller
than maximum exhaust speed required when the plurality
of lower atom beam sources 17-1 and 17-2 and the plu-
rality of upper atom beam sources 18-1 and 18-2 simul-
taneously emit fast atom beams. The activating section
73 controls the pressure welding mechanism 15 so that
the electrostatic chuck 14 is positioned at the activation
position when the cartridge on which the lower wafer 42
is put is held by the positioning stage carriage 11 in a
case that the upper wafer 52 is held by the electrostatic
chuck 14.
[0059] The activating section 73 controls the activation
unit 16 so that all the activation surface 40 of the lower
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wafer 42 and the activation surface 50 of the upper wafer
52 are activated and so that not all the activation surface
40 of the lower wafer 42 and the activation surface 50 of
the upper wafer 52 are simultaneously activated, when
gas is discharged at a given exhaust speed from the in-
side of the bonding chamber 3 by the vacuum exhaust
unit 10 in a case that the electrostatic chuck 14 is posi-
tioned at the activation position. That is to say, the acti-
vating section 73 controls the plurality of lower atom
beam sources 17-1 and 17-2 and the plurality of upper
atom beam sources 18-1 and 18-2 so that only a single
beam source among the plurality of lower atom beam
sources 17-1 and 17-2 and the plurality of upper atom
beam sources 18-1 and 18-2 emits a fast atom beam and
so that the other beam sources other than the single
beam source among the plurality of lower atom beam
sources 17-1 and 17-2 and the plurality of upper atom
beam sources 18-1 and 18-2 do not emit fast atom beams
at optional time.
[0060] The bonding section 74 controls the pressure
welding mechanism 15 so that the electrostatic chuck 14
is positioned at the alignment position when the lower
wafer 42 is held by the positioning stage carriage 11 in
a case that the upper wafer 52 is herd by the electrostatic
chuck 14. The bonding section 74 controls the alignment
mechanism 12 so that the lower wafer 42 is positioned
at a given alignment position with respect to the upper
wafer 52 when the electrostatic chuck 14 is positioned
at the alignment position. The alignment position is set
so that the upper wafer 52 and the lower wafer 42 are
bonded as designed when the electrostatic chuck 14 de-
scends.
[0061] The bonding section 74 further controls the
pressure welding mechanism 15 so that the electrostatic
chuck 14 descends when the lower wafer 42 is positioned
at the alignment position. The bonding section 74 con-
trols the pressure welding mechanism 15 so that a load
imposed to the electrostatic chuck 14 is measured when
the electrostatic chuck 14 descends. The bonding section
74 calculates timing at which the load reaches a given
bonding load. The bonding section 74 controls the pres-
sure welding mechanism 15 so that the electrostatic
chuck 14 stops at the timing, i.e., so that the bonding load
is imposed to the upper wafer 52 and the lower wafer 42.
[0062] The bonding section 74 controls the electrostat-
ic chuck 14 so that a bonded wafer formed from the upper
wafer 52 and the lower wafer 42 is detached from the
electrostatic chuck 14 after the bonding load is imposed
to the upper wafer 52 and the lower wafer 42 for a given
bonding time. The bonding section 74 controls the pres-
sure welding mechanism 15 so that the electrostatic
chuck 14 ascends after the bonding wafer is detached
from the electrostatic chuck 14.
[0063] FIG. 9 shows a room-temperature bonding
method performed by using the room-temperature bond-
ing apparatus according to the present invention. The
control unit of the room-temperature bonding apparatus
71 firstly closes the gate 5 by controlling the gate valve

6. When the gate 5 is closed, the control unit of the room-
temperature bonding apparatus 71 generates the atmos-
pheric ambience inside the load lock chamber 2 by con-
trolling the vacuum exhaust unit of the load lock chamber
2, and generates a bonding ambience inside the bonding
chamber 3 by controlling the vacuum exhaust unit 10.
[0064] The user prepares a plurality of lower wafers, a
plurality of upper wafer a plurality of lower cartridges, and
a plurality of upper cartridges. The plurality of lower wa-
fers include the lower wafer 42. The plurality of upper
wafers include the upper wafer 52. The plurality of lower
cartridges correspond to the plurality of lower wafers. The
plurality of upper cartridges correspond to the plurality of
upper wafers. Next, when the atmospheric ambience is
generated inside the load lock chamber 2, the user opens
the lid of the load lock chamber 2, and positions the plu-
rality of lower cartridges and the plurality of upper car-
tridges on the plurality of shelves 7. The lower wafer 42
is put on the lower cartridge corresponding to the lower
wafer 42 among the plurality of lower cartridges, so that
the back of the activation surface 40 faces the lower car-
tridge. The upper wafer 52 is put on the upper cartridge
corresponding to the upper wafer 52 among the plurality
of upper cartridges, so that the activation surface 50 faces
the upper cartridge.
[0065] The user closes the lid of the load lock chamber
2 after the plurality of lower cartridges and the plurality
of upper cartridges are positioned on the plurality of
shelves 7. When the lid of the load lock chamber 2 is
closed, the control unit of the room-temperature bonding
apparatus 71 generates a preliminary ambience inside
the load lock chamber 2 by controlling the vacuum ex-
haust unit of the load lock chamber 2 (step S1).
[0066] When the preliminary ambience is generated
inside the load lock chamber 2, the control unit of the
room-temperature bonding apparatus 71 opens the gate
5 by controlling the gate valve 6. When the gate 5 is
opened, the control unit of the room-temperature bonding
apparatus 71 conveys the upper cartridge from the plu-
rality of shelves 7 to the positioning stage carriage 11 so
that the upper wafer 52 is held by the positioning stage
carriage 11 of the bonding chamber 3, by controlling the
conveyer robot 8 When the upper wafer 52 is held by the
positioning stage carriage 11, the control unit of the room-
temperature bonding apparatus 71 makes the electro-
static chuck 14 descend by controlling the pressure weld-
ing mechanism 15. When the electrostatic chuck 14 de-
scends, the control unit of the room-temperature bonding
apparatus 71 measures a load imposed to the electro-
static chuck 14 by controlling the pressure welding mech-
anism 15. The control unit of the room-temperature bond-
ing apparatus 71 calculates timing at which the load
reaches a given contact load, based on change in the
load, i.e., calculates the timing at which the upper wafer
52 put on the upper cartridge comes into contact with the
electrostatic chuck 14, based on change in the load The
control unit of the room-temperature bonding apparatus
71 stops descent of the electrostatic chuck 14 at the tim-
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ing by controlling the pressure welding mechanism 15.
[0067] When the electrostatic chuck 14 is in contact
with the upper wafer 52, the control unit of the room-
temperature bonding apparatus 71 makes the electro-
static chuck 14 hold the upper wafer 52 by controlling the
electrostatic chuck 14. When the upper wafer 52 is held
by the electrostatic chuck 14, The control unit of the room-
temperature bonding apparatus 71 makes the electro-
static chuck 14 ascend until the electrostatic chuck 14 is
positioned at the home position, by controlling the pres-
sure welding mechanism 15. After the electrostatic chuck
14 is positioned at the home position, the control unit of
the room-temperature bonding apparatus 71 conveys the
upper cartridge from the positioning stage carriage 11 to
the plurality of shelves 7 by controlling the conveyer robot
8. After electrostatic chuck 14 is positioned at the home
position, the control unit of the room-temperature bond-
ing apparatus 71 conveys the upper cartridge from the
positioning stage carriage 11 to the plurality of shelves
7 by controlling the conveyer robot 8.
[0068] After the upper cartridge is transferred to the
plurality of shelves 7, the control unit of the room-tem-
perature bonding apparatus 71 conveys the lower car-
tridge from the plurality of shelves 7 to the positioning
stage carriage 11 so that the lower wafer 42 is held by
the positioning stage carriage 11 of the bonding chamber
3, by controlling the conveyer robot 8. After the lower
cartridge is held by the positioning stage carriage 11, the
control unit of the room-temperature bonding apparatus
71 closes the gate 5 by controlling the gate valve 6 (step
S2).
[0069] When the gate 5 is closed, the control unit of
the room-temperature bonding apparatus 71 makes the
electrostatic chuck 14 ascend until the electrostatic chuck
14 is positioned at the activation position, by controlling
the pressure welding mechanism 15, and generates the
activation atmosphere inside the bonding chamber 3 by
controlling the vacuum exhaust unit 10 (step S3). When
the activation atmosphere is generated inside the bond-
ing chamber 3, the control unit of the room-temperature
bonding apparatus 71 activates the entire activation sur-
face 40 of the lower wafer 42 and the entire activation
surface 50 of the upper wafer 52, by controlling the acti-
vation unit 16 (step S4).
[0070] When the activation surface 40 of the lower wa-
fer 42 and the activation surface 50 of the upper wafer
52 are activated, the control unit of the room-temperature
bonding apparatus 71 makes the electrostatic chuck 14
descend and positions the electrostatic chuck 14 at the
alignment position, by controlling the pressure welding
mechanism 15. When the upper wafer 52 and the lower
wafer 42 are detached from each other by the alignment
distance, the control unit of the room-temperature bond-
ing apparatus 71 positions the lower wafer 42 at a given
alignment position with respect to the upper wafer 52, by
controlling the alignment mechanism 12 (step S5).
[0071] After the lower wafer 42 is positioned at the
alignment position, the control unit of the room-temper-

ature bonding apparatus 71 makes the electrostatic
chuck 14 descend by controlling the pressure welding
mechanism 15. When the electrostatic chuck 14 de-
scends, the control unit of the room-temperature bonding
apparatus 71 measures a load imposed to the electro-
static chuck 14 by controlling the pressure welding mech-
anism 15. The controls unit of the room-temperature
bonding apparatus 71 calculates timing at which the load
reaches a given bonding load. The control unit of the
room-temperature bonding apparatus 71 stops descent
of the electrostatic chuck 14 at the timing, i.e., imposes
the bonding load to the upper wafer 52 and the lower
wafer 42, by controlling the pressure welding mechanism
15 (step S6). The lower wafer 42 and the upper wafer 52
are bonded as a result of the imposing of the bonding
load and formed into a single bonded wafer.
[0072] After the bonding load is imposed to the bonding
wafer for a given bonding time, the control unit of the
room-temperature bonding apparatus 71 detaches the
bonded wafer from the electrostatic chuck 14 by control-
ling the electrostatic chuck 14. After the bonded wafer is
detached from the electrostatic chuck 14, the control unit
of the room-temperature bonding apparatus 71 makes
the electrostatic chuck 14 ascend by controlling the pres-
sure welding mechanism 15. After the electrostatic chuck
14 sufficiently ascends, the control unit of the room-tem-
perature bonding apparatus 71 opens the gate 5 by con-
trolling the gate valve 6. When the gate 5 is opened, the
control unit of the room-temperature bonding apparatus
71 conveys the lower cartridge from the positioning stage
carriage 11 to the plurality of shelves 7 so that the bonding
wafer is transferred to the load lock chamber 2 by con-
trolling the conveyer robot 8 (step S7).
[0073] When another lower cartridge on which a lower
wafer is put, among the plurality of lower cartridges, and
another upper cartridge on which an upper wafer is put,
among the plurality of upper cartridges are positioned on
the plurality of shelves 7 (step S8, YES), the control unit
of the room-temperature bonding apparatus 71 performs
the operations from the step S2 to the step S7 again.
[0074] When a lower wafer and an upper wafer to be
bonded are not positioned on the plurality of shelves 7
(step S8, NO), the control unit of the room-temperature
bonding apparatus 71 closes the gate 5 by controlling
the gate valve 6. After the gate 5 is closed, the control
unit of the room-temperature bonding apparatus 71 gen-
erates the ambience inside the load lock chamber 2 by
controlling the vacuum exhaust unit of the load lock
chamber 2 (step S9). After the atmosphere is generated
inside the load lock chamber 2, the user takes a plurality
of bonding wafers including the bonding wafer from the
load lock chamber 2 by opening the lid of the load lock
chamber 2 and taking the plurality of lower cartridges and
the plurality of upper cartridges from the plurality of
shelves 7.
[0075] When the room-temperature bonding of a plu-
rality of other lower wafers and a plurality of other upper
wafers should further be performed, a plurality of lower
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cartridges corresponding to the plurality of lower wafers
and a plurality of upper cartridge corresponding to the
plurality of upper wafers are prepared and the above
room-temperature bonding method is performed again.
[0076] FIG. 10 shows the processing of the step S4,
showing an activation sequence for activating the acti-
vation surface 40 of the lower wafer 42 and the activation
surface 50 of the upper wafer 52. The controls unit of the
room-temperature bonding apparatus 71 discharges gas
from the inside of the bonding chamber 3 at a given ex-
haust speed by controlling the vacuum exhaust unit 10.
The given exhaust speed is greater than minimum ex-
haust speed required when only a single beam source
among the plurality of lower atom beam source 17-1 and
17-2 and the plurality of upper atom beam source 18-1
and 18-2 emits a fast atom beam, and is smaller than
maximum exhaust speed required when the plurality of
lower atom beam sources 17-1 and 17-2 and the plurality
of upper atom beam sources 18-1 and 18-2 simultane-
ously emit fast atom beams.
[0077] When the activation atmosphere is generated
inside the bonding chamber 3, the control unit of the
room-temperature bonding apparatus 71 supplies a giv-
en gas (e.g. argon gas) to the plurality of lower atom
beam sources 17-1 and 17-2 and the plurality of upper
atom beam sources 18-1 and 18-2 by controlling the plu-
rality of gas kind switching mechanisms. The control unit
of the room-temperature bonding apparatus 71 makes
the plurality of lower atom beam sources 17-1 and 17-2
and the plurality of upper atom beam sources 18-1 and
18-2 emit a fast atom beam one by one, by controlling
the activation unit 16 during the time that the gas is dis-
charged from the inside of the bonding chamber 3 at the
given exhaust speed in a case that the electrostatic chuck
14 is positioned at the activation position. That is to say,
the plurality of lower atom beam sources 17-1 and 17-2
and the plurality of upper atom beam sources 18-1 and
18-2 are numbered. First, the control unit of the room-
temperature bonding apparatus 71 makes the beam
source emit a fast atom beam for a given time by con-
trolling a beam source corresponding to No. 1. After emis-
sion of a fast atom beam by a beam Source correspond-
ing to No. j (j is a natural number) stops, the control unit
of the room-temperature bonding apparatus 71 controls
a beam source corresponding to No. (j+1) to make the
beam source emit a fast atom beam for a given time (step
S11).
[0078] After emission of a fast atom beam by a beam
source corresponding to the last number stops, the con-
trol unit of the room-temperature bonding apparatus 71
judges whether the activation surface 40 of the lower
wafer 42 and the activation surface 50 of the upper wafer
52 are irradiated with the fast atom beam for a given
etching accumulation time (step S12). For example,
when the step S11 is performed t times (t is a natural
number), the control unit of the room-temperature bond-
ing apparatus 71 determines whether a time which is t
times of the given time is greater than the etching accu-

mulation time.
[0079] When a time for which the activation surface 40
of the lower wafer 42 and the activation surface 50 of the
upper surface 52 are irradiated with the fast atom beams
is smaller than the etching accumulation time (step S12,
NO), the control unit of the room-temperature bonding
apparatus 71 performs the step S11 again and irradiates
the activation surface 40 of the lower wafer 42 and the
activation surface 50 of the upper surface 52 with the fast
atom beams for a given etching time by controlling the
activation unit 16.
[0080] As a result of emission of the fast atom beams
by the plurality of lower atom beam sources 17-1 and
17-2 and the plurality of upper atom beam sources 18-1
and 18-2, gases included in the fast atom beams are
supplied to the inside of the bonding chamber 3. For this
reason, the vacuum exhaust unit 10 needs to discharge
the gases from the inside of the bonding chamber 3 even
during the time for which the fast atom beams are emitted.
The exhaust speed required during the time for which
the activation surface 40 of the lower wafer 42 and the
activation surface 50 of the upper wafer 52 are activated,
is greater as an area of regions of the activation surface
40 and the activation surface 50 simultaneously activated
by the activation unit 16 is greater, i.e., as the number of
beam sources is greater which simultaneously emit the
fast atom beam among the plurality of lower atom beam
sources 17-1 and 17-2 and the plurality of upper atom
beam sources 18-1 and 18-2.
[0081] According to the above activation sequence,
the vacuum exhaust unit 10 exhausts the inside of the
bonding chamber 3 at an exhaust speed which is greater
than the minimum exhaust speed required when a single
beam source among the plurality of lower atom beam
sources 17-1 and 17-2 and the plurality of upper atom
beam sources 18-1 and 18-2 emits the fast atom beam,
thereby appropriately activating the activation surface 40
and the activation surface 50. According to the above
activation sequence, the vacuum exhaust unit 10 does
not need to exhaust the inside of the bonding chamber
3 at an exhaust speed which is greater than the maximum
exhaust speed required when all of the plurality of lower
atom beam sources 17-1 and 17-2 and the plurality of
upper atom beam sources 18-1 and 18-2 simultaneously
emit the fast atom beams, during the time for which the
activation sequence is performed. In the room-tempera-
ture bonding apparatus of the present invention there-
fore, therefore, it is possible to use a small vacuum ex-
haust unit which cannot perform discharge at an exhaust
speed greater than the maximum exhaust speed but
which can perform discharge at an exhaust speed greater
than the minimum exhaust speed, as the vacuum ex-
haust unit 10. By using such a small vacuum exhaust
unit as the vacuum exhaust unit 10, the room-tempera-
ture bonding apparatus of the present invention can be
manufactured in more compact size and less expensive-
ly, compared with another room-temperature bonding
apparatus in which a large vacuum exhaust unit capable
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of performing discharge at an exhaust speed greater than
the maximum exhaust speed is used.
[0082] Note that the number of atom beam sources
which simultaneously emit the fast atom beams in the
step S11, can be replaced by k which is different from
"1" (k is a natural number smaller than the total number
of the plurality of lower atom beam sources 17-1 and 17-2
and the plurality of upper atom beam sources 18-1 and
18-2). At this time, the minimum exhaust speed indicates
the exhaust speed required when k beam sources among
the lower atom beam sources 17-1 to 17-4 and the upper
atom beam sources 18-1 and 18-2 emit the fast atom
beams. In this case, too, a small vacuum exhaust unit
which cannot perform discharge at any exhaust speed
greater than the maximum exhaust speed and which can
perform discharge at an exhaust speed greater than the
minimum exhaust speed, can be used as the vacuum
exhaust unit 10, and the room-temperature bonding ap-
paratus of the present invention can be manufactured in
compact size and less expensively, by using such a small
vacuum exhaust unit as the vacuum exhaust unit 10.
[0083] FIG. 11 shows a beam source installation posi-
tion adjusting method according to the embodiment of
the present invention. The beam source installation po-
sition adjusting method is performed by using the room-
temperature bonding apparatus of the present invention.
First, a user prepares a lower wafer for etching rate meas-
urement, an upper wafer for etching rate measurement,
a lower cartridges, and an upper cartridge. The lower
wafer for etching rate measurement is formed from such
a single crystal as silicon and sapphire, in the form of a
disk. An activation surface is further formed on the lower
wafer for etching rate measurement, and the activation
surface is covered with adhesive tape so that only a plu-
rality of regions distributedly positioned on the activation
surface are exposed, The upper wafer for etching rate
measurement is formed from such a single crystal as
silicon and sapphire, in the form of a disk. An activation
surface is further formed on the upper wafer for etching
rate measurement, and the activation surface is covered
with adhesive tape so that only a plurality of regions dis-
tributedly positioned on the activation surface are ex-
posed.
[0084] The controls unit of the room-temperature
bonding apparatus 71 closes the gate 5 by controlling
the gate valve 6. When the gate 5 is closed, the control
unit of the room-temperature bonding apparatus 71 gen-
erates the ambience inside the load lock chamber 2 by
controlling the vacuum exhaust unit of the load lock
chamber 2 and generates a bonding ambience inside the
bonding chamber 3 by controlling the vacuum exhaust
unit 10.
[0085] When the ambience is generated inside the load
lock chamber 2, the user opens the lid of the load lock
chamber 2 and positions the lower cartridge and the up-
per cartridge on the plurality of shelves 7. The lower wafer
for etching rate measurement is put on the lower cartridge
so that the back of the activation surface faces the lower

cartridge. The upper wafer for etching rate measurement
is put on the upper cartridge so that the activation surface
faces the upper cartridge. The user closes the lid of the
load lock chamber 2 after the lower cartridge and the
upper cartridge are positioned on the plurality of shelves
7. When the lid of the load lock chamber 2 is closed, the
control unit of the room-temperature bonding apparatus
71 generates a preliminary ambience inside the load lock
chamber 2 by controlling the vacuum exhaust unit of the
load lock chamber 2.
[0086] When the preliminary ambience is generated
inside the load lock chamber 2, the control unit of the
room-temperature bonding apparatus 71 opens the gate
5 by controlling the gate valve 6. When the gate 5 is
opened, the control unit of the room-temperature bonding
apparatus 71 conveys the upper cartridge from the plu-
rality of shelves 7 to the positioning stage carriage 11 so
that the upper wafer for etching rate measurement is held
by the positioning stage carriage 11 of the bonding cham-
ber 3, by controlling the conveyer robot 8. When the upper
wafer for etching rate measurement is held by the posi-
tioning stage carriage 11, the control unit of the room-
temperature bonding apparatus 71 makes the electro-
static chuck 14 descend by controlling the pressure weld-
ing mechanism 15. When the electrostatic chuck 14 de-
scends, the control unit of the room-temperature bonding
apparatus 71 measures a load imposed to the electro-
static chuck 14 by controlling the pressure welding mech-
anism 15. The control unit of the room-temperature bond-
ing apparatus 71 calculates a timing at which the load
reaches a given contact load based on change in the
load, i.e., calculates the timing at which the upper wafer
for etching rate measurement on the upper cartridge
comes into contact with the electrostatic chuck 14, based
on change in the load The control unit of the room-tem-
perature bonding apparatus 71 stops descent of the elec-
trostatic chuck 14 at the timing by controlling the pressure
welding mechanism 15.
[0087] When the electrostatic chuck 14 is in contact
with the upper wafer for etching rate measurement, the
control unit of the room-temperature bonding apparatus
71 makes the electrostatic chuck 14 hold the upper wafer
for etching rate measurement by controlling the electro-
static chuck 14. When the upper wafer for etching rate
measurement is held by the electrostatic chuck 14, the
control unit of the room-temperature bonding apparatus
71 makes the electrostatic chuck 14 ascend until the elec-
trostatic chuck 14 is positioned at the home position by
controlling the pressure welding mechanism 15. After the
electrostatic chuck 14 is positioned at the home position,
the control unit of the room-temperature bonding appa-
ratus 71 conveys the upper cartridge from the positioning
stage carriage 11 to the plurality of shelves 7 by control-
ling the conveyer robot 8.
[0088] After the upper cartridge is transferred to the
plurality of shelves 7, the control unit of the room-tem-
perature bonding apparatus 71 conveys the lower car-
tridge from the plurality of shelves 7 to the positioning
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stage carriage 11 so that the lower wafer for etching rate
measurement is held by the positioning stage carriage
11 of the bonding chamber 3, by controlling the conveyer
robot 8. After the lower cartridge is held by the positioning
stage carriage 11, the control unit of the room-tempera-
ture bonding apparatus 71 closes the gate 5 by controlling
the gate valve 6.
[0089] When the gate 5 is closed, the control unit of
the room-temperature bonding apparatus 71 makes the
electrostatic chuck 14 ascend until the electrostatic chuck
14 is positioned at the activation position by controlling
the pressure welding mechanism 15 and generates the
activation ambience inside the bonding chamber 3 by
controlling the vacuum exhaust unit 10. When the acti-
vation atmosphere is generated inside the bonding
chamber 3, the control unit of the room-temperature
bonding apparatus 71 activates the activation surface of
the upper wafer for etching rate measurement and the
activation surface of the lower wafer for etching rate
measurement by controlling the activation unit 16 in the
same way as the step S4 (step S21).
[0090] After the activation surface of the upper wafer
for etching rate measurement and the activation surface
of the lower wafer for etching rate measurement are ac-
tivated, the control unit of the room-temperature bonding
apparatus 71 opens the gate 5 by controlling the gate
valve 6. When the gate 5 is opened, the controls unit of
the room-temperature bonding apparatus 71 conveys the
lower wafer for etching rate measurement .from the po-
sitioning stage carriage 11 to the load lock chamber 2 by
controlling the conveyer robot 8 and by transferring the
lower cartridge from the positioning stage carriage 11 to
the load lock chamber 2.
[0091] After the lower wafer for etching rate measure-
ment is conveyed to the load lock chamber 2, the control
unit of the room-temperature bonding apparatus 71
makes the upper cartridge convey from the plurality of
shelves 7 to the positioning stage carriage 11 by control-
ling the conveyer robot 8. When the upper cartridge is
held by the positioning stage carriage 11, the control unit
of the room-temperature bonding apparatus 71 makes
the electrostatic chuck 14 descend by controlling the
pressure welding mechanism 15. When the electrostatic
chuck 14 descends, the control unit of the room-temper-
ature bonding apparatus 71 measures a load imposed
to the electrostatic chuck 14 by controlling the pressure
welding mechanism 15. The control unit of the room-tem-
perature bonding apparatus 71 calculates a timing at
which the load reaches a given contact load based on
change in the load, i.e., calculates the timing at which
the upper wafer for etching rate measurement held by
the electrostatic chuck 14 comes into contact with the
upper cartridge, based on change in the load. The control
unit of the room-temperature bonding apparatus 71 stops
descent of the electrostatic chuck 14 at the timing by
controlling the pressure welding mechanism 15.
[0092] When the etching rate measurement upper wa-
fer is in contact with the upper cartridge, the control unit

of the room-temperature bonding apparatus 71 detaches
the etching rate measurement upper wafer from the elec-
trostatic chuck 14 by controlling the electrostatic chuck
14. After the etching rate measurement upper wafer is
detached from the electrostatic chuck 14, the control unit
of the room-temperature bonding apparatus 71 raises
the electrostatic chuck 14 by controlling the pressure
welding mechanism 15.
[0093] After the electrostatic chuck 14 is sufficiently
raised, the control unit of the room-temperature bonding
apparatus 71 conveys the etching rate measurement up-
per wafer from the positioning stage carriage 11 to the
load lock chamber 2 by controlling the conveyer robot 8
and by conveying the upper cartridge from the positioning
stage carriage 11 to the load lock chamber 2.
[0094] After the etching rate measurement lower wafer
and the etching rate measurement upper wafer are po-
sitioned on the plurality of shelves 7, the control unit of
the room-temperature bonding apparatus 71 closes the
gate 5 by controlling the gate valve 6. After the gate 5 is
closed, the control unit of the room-temperature bonding
apparatus 71 generates the atmospheric ambience in-
side the load lock chamber 2 by controlling the vacuum
exhaust unit of the load lock chamber 2. After the atmos-
pheric ambience is generated inside the load lock cham-
ber 2, the user takes out the etching rate measurement
lower wafer and the etching rate measurement upper wa-
fer from the load lock chamber 2 by opening the lid of the
load lock chamber 2 and taking the lower cartridge and
the upper cartridge from the plurality of shelves 7.
[0095] The user removes an adhesive tape from the
etching rate measurement lower wafer. The user meas-
ures a plurality of etching depths corresponding to the
plurality of regions which are not covered with the adhe-
sive tape in the activation surface of the etching rate
measurement lower wafer. An etching depth correspond-
ing to a certain region among the plurality of etching
depths indicates an etching depth of the region as a result
of the step S21. The user further calculates a plurality of
lower etching rates corresponding to the plurality of re-
gions based on the plurality of etching depths. A lower
etching rate corresponding to a certain region among the
plurality of lower etching rates indicates an etching rate
of the region per unit time as a result of the step S21.
[0096] The user removes the adhesive tape from the
etching rate measurement upper wafer. The user meas-
ures a plurality of etching depths corresponding to a plu-
rality of regions which are not covered with the adhesive
tape in the activation surface of the etching rate meas-
urement upper wafer. An etching depth corresponding
to a certain region among the plurality of etching depths
indicates an etching depth of the region as a result of the
step S21. The user further calculates a plurality of upper
etching rates corresponding to the plurality of regions
based on the plurality of etching depths. An upper etching
rate corresponding to a certain region among the plurality
of upper etching rates indicates an etching rate of the
region per unit time as a result of the step S21 (step S22).
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[0097] The user further calculates a lower deviation
based on the plurality of lower etching rates (step S23).
The lower deviation indicates a standard deviation of the
plurality of lower etching rates, or indicates a difference
between the maximum value and the minimum value of
the plurality of lower etching rates. When the lower de-
viation is greater than a given value (step S23, NO), the
user calculates a plurality of lower optimum installation
positions corresponding to the plurality of lower atom
beam sources 17-1 and 17-2 based on the plurality of
lower etching rates. The plurality of lower optimum in-
stallation positions are calculated so that the lower devi-
ation is reduced when the plurality of lower atom beam
sources 17-1 and 17-2 are positioned at the plurality of
lower optimum installation positions, respectively. The
plurality of lower optimum installation positions can also
be calculated so that the plurality of lower atom beam
sources 17-1 and 17-2 are not rotationally symmetric with
respect to the principal rotation axis 46 when plurality of
lower atom beam sources 17-1 and 17-2 are positioned
at the plurality of lower optimum installation positions,
respectively.
[0098] The user further calculates an upper deviation
based on the plurality of upper etching rates (step S23).
The upper deviation indicates a standard deviation of the
plurality of upper etching rates, or indicates a difference
between the maximum value and the minimum value of
the plurality of upper etching rates. When the upper de-
viation is greater than a given value (step S23, NO), the
user calculates a plurality of upper optimum installation
positions corresponding to the plurality of upper atom
beam sources 18-1 and 18-2 based on the plurality of
upper etching rates. The plurality of upper optimum in-
stallation positions are calculated so that the upper de-
viation is reduced when the plurality of upper atom beam
sources 18-1 and 18-2 are positioned at the plurality of
optimum upper installation positions, respectively. The
plurality of upper optimum installation positions can also
be calculated so that the plurality of upper atom beam
sources 18-1 and 18-2 are not rotationally symmetric with
respect to the principal rotation axis 56 when the plurality
of upper atom beam sources 18-1 and 18-2 are posi-
tioned at the plurality of upper optimum installation posi-
tions, respectively.
[0099] When the inside of the bonding chamber 3 is
opened to the atmospheric ambience, the user positions
the lower atom beam source 17-i at a lower optimum
installation position corresponding to the lower atom
beam source 17-i among the plurality of lower optimum
installation positions, by adjusting an installation position
adjusting mechanism corresponding to the lower atom
beam source 17-i among the plurality of installation po-
sition adjusting mechanisms 19. When the inside of the
bonding chamber 3 is opened to the atmospheric ambi-
ence, the user further positions the upper atom beam
source 18-i at an upper optimum installation position cor-
responding to the upper atom beam source 18-i among
the plurality of upper optimum installation positions, by

adjusting an installation position adjusting mechanism
corresponding to the upper atom beam source 18-i
among the plurality of installation position adjusting
mechanisms 19 (step S24). After the positions of the plu-
rality of lower atom beam sources 17-1 and 17-2 and the
plurality of upper atom beam sources 18-1 and 18-2 are
adjusted, the user repeatedly performs the processing
of the steps S21 to S23 until the lower deviation and the
upper deviation become smaller than the given value.
[0100] A deviation of the plurality of lower etching rates
can be greater than a given value even in a case that the
plurality of lower atom beam sources 17-1 and 17-2 are
positioned to be rotationally symmetric with respect to
the principal rotation axis 46 when a manufacturing error
of a plurality of parts making up the bonding chamber 3
is great. A dispersion of the plurality of upper etching
rates can be greater than the given value even in a case
that the plurality of upper atom beam sources 18-1 and
18-2 are positioned to be rotationally symmetric with re-
spect to the principal rotation axis 56 when a manufac-
turing error of a plurality of parts making up the bonding
chamber 3 is great. According to the above beam source
installation position adjusting method, it is possible to re-
duce the deviation of the plurality of lower etching rates
and to reduce the deviation of the plurality of upper etch-
ing rates even in a case that the manufacturing error is
great. According to the beam source installation position
adjusting method, therefore, the room-temperature
bonding apparatus of the present invention can more uni-
formly activated the activation surface 40 of the lower
wafer 42 and the activation surface 50 of the upper wafer
52 and can more appropriately perform room-tempera-
ture bonding of the lower wafer 42 and the upper wafer
52, when the room-temperature bonding method is per-
formed.
[0101] Note that the adhesive tape can be replaced by
a protective film which protects a surface of a wafer from
the fast atom beam. The protective film is exemplified by
a film formed of resin, and a film formed of metal. The
beam source installation position adjusting method in
which such a protective film is used, can be carried out
in the same way as the beam source installation position
adjusting method of the above-mentioned embodiment,
and can more uniformly activate the activation surface
40 of the lower wafer 42 and the activation surface 50 of
the lower wafer 52 and more appropriately perform room-
temperature bonding of the lower wafer 42 and the upper
water 52.
[0102] Note that the etching rate measurement lower
wafer and the etching rate measurement upper wafer
can be replaced by other etching rate measurement low-
er wafer and etching rate measurement upper wafer. The
etching rate measurement lower wafer and the etching
rate measurement upper wafer have silicon oxide films
formed of silicon oxide on the activation surfaces. The
silicon oxide film has a uniform thickness with respect to
a position and is formed to have a given thickness.
[0103] At this time, in the step S22, the user measures
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a plurality of lower film thicknesses corresponding to the
plurality of regions distributely positioned on the activa-
tion surface of the etching rate measurement lower wafer.
A lower film thickness corresponding to a certain region
among the plurality of lower film thicknesses indicates a
thickness of the silicon oxide film of the region. The user
further calculates a plurality of lower etching rates corre-
sponding to the plurality of regions based on the plurality
of lower film thicknesses.
[0104] The user further measures a plurality of upper
film thicknesses corresponding to a plurality of regions
distributely positioned on the activation surface of the
etching rate measurement upper wafer. An upper film
thickness corresponding to a certain region among the
plurality of upper film thicknesses indicates a thickness
of the silicon oxide film of the region. The user further
calculates a plurality of upper etching rates correspond-
ing to the plurality of regions based on the plurality of
upper film thicknesses.
[0105] At this time, the plurality of optimum lower in-
stallation positions are calculated based on the plurality
of lower etching rates. The plurality of upper optimum
installation positions are calculated based on the plurality
of upper etching rates. By performing the above beam
source installation position adjusting method, the room-
temperature bonding apparatus of the present invention
can more uniformly activate the activation surface 40 of
the lower wafer 42 and the activation surface 50 of the
lower wafer 52, and can more appropriately perform
room-temperature bonding of the lower wafer 42 and the
upper wafer 52, as in case of performing the beam source
installation position adjusting method: of the above-men-
tioned embodiment.
[0106] Note that the number of the plurality of lower
atom beam sources 17-1 and 17-2 and the plurality of
upper atom beam sources 18-1 and 18-2 can be replaced
by the number n which is different from 2 (n is a natural
number which is different from 1). That is to say, the plu-
rality of lower atom beam sources 17-1 and 17-2 can be
replaced by the n lower atom beam sources. The n lower
atom beam sources are positioned to have n-fold rota-
tional symmetry with respect to the principal rotation axis.
The principal rotation axis passes through the center of
a wafer for activation, and is orthogonal to the activation
surface of the wafer. That is to say, the n lower atom
beam sources are positioned to overlap the n lower atom
beam sources when the n lower atom beam sources are
rotated (360/n) degrees (1/n rotation) around the princi-
pal rotation axis. The plurality of upper atom beam sourc-
es 18-1 and 18-2 can be replaced by n upper atom beam
sources. The n upper atom beam sources are positioned
to have n-fold rotational symmetry with respect to the
principal rotation axis. The principal rotation axis passes
through the center of a wafer for activation, and is orthog-
onal to the activation surface of the wafer. That is to say,
the n upper atom beam sources are positioned to overlap
the n upper atom beam sources when the n upper atom
beam sources are rotated (360/n) degrees (1/n rotation)

around the principal rotation axis.
[0107] The room-temperature bonding apparatus in
which the n lower atom beam sources and the n upper
atom beam sources are used, can more uniformly acti-
vate the activation surface 40 of the lower wafer 42 and
the activation surface 50 of the upper wafer 52, and can
more appropriately perform room-temperature bonding
of the lower wafer 42 and the upper wafer 52, by per-
forming the room-temperature bonding method, as in
case of the room-temperature bonding apparatus of the
above-mentioned embodiment.
[0108] Note that a lower installation position adjusting
mechanism corresponding to the lower atom beam
source 17-i among the plurality of installation position
adjusting mechanisms 19 can also be replaced by an-
other lower installation position adjusting mechanism
which can fix the lower atom beam source 17-i to the
bonding chamber 3 so that the irradiation axis 41-i inter-
sects with the activation surface 40 of the lower wafer 42
at an optional intersection point set by the user. An upper
installation position adjusting mechanism corresponding
to the upper atom beam source 18-i among the plurality
of installation position adjusting mechanisms 19 can also
be replaced by another upper installation position adjust-
ing mechanism which can fix the upper atom beam
source 18-i to the bonding chamber 3 so that the irradi-
ation axis 51-i intersects with the activation surface 50
of the upper wafer 52 at an optional intersection point set
by the user.
[0109] The above installation position adjusting mech-
anisms more improve degree of freedom of positions
where the plurality of lower atom beam sources 17-1 and
17-2 and the plurality of upper atom beam sources 18-1
and 18-2 are located. For this reason, the room-temper-
ature bonding apparatus in which the above installation
position adjusting mechanisms are used, can more re-
duce a deviation of the plurality of lower etching rates
and can more reduce a deviation of the plurality of upper
etching rates by performing the beam source installation
position adjusting method of the present invention, com-
pared with the room-temperature bonding apparatus of
the above-mentioned embodiments. As a result, the
room-temperature bonding apparatus can more uniform-
ly activate the activation surface 40 of the lower wafer 42
and the activation surface 50 of the upper wafer 52, and
can more appropriately perform the room-temperature
bonding of the lower wafer 42 and the upper wafer 52,
when the room-temperature bonding method is per-
formed.
[0110] In a room-temperature bonding apparatus ac-
cording to an embodiment of the present invention, the
activation unit 16 of the above-mentioned embodiment
is replaced by another activation unit. For example, an
activation unit 81 has a plurality of lower atom beam
sources 82-1 to 82-4 and a plurality of upper atom beam
sources 83-1 to 83-4, as shown in FIG. 12. An optional
lower atom beam source 82-x (x = 1, 2, 3, 4) among the
plurality of lower atom beam sources 82-1 to 82-4 emits
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a fast atom beam along an irradiation axis 84-x according
to a control by the control unit of the room-temperature
bonding apparatus 71, in the same way as the lower atom
beam source 17-i of the above-mentioned embodiment.
The irradiation axis 84-x intersects with an activation sur-
face of a lower wafer 85 held by the positioning stage
carriage 11, at an intersection point 86-x.
[0111] The plurality of lower atom beam sources 82-1
to 82-4 are positioned to have two-fold rotational sym-
metry with respect to a principal rotation axis. The prin-
cipal rotation axis passes through the center of an acti-
vation surface of the lower wafer 85, and is orthogonal
to the activation surface.
[0112] An optional upper atom beam source 83-x
among the plurality of upper atom beam sources 83-1 to
83-4 emits a fast atom beam along an irradiation axis 87-
x according to a control by the control unit of the room-
temperature bonding apparatus 71 in the same way as
the upper atom beam source 18-i of the above-mentioned
embodiment. The irradiation axis 87-x intersects with the
activation surface of the upper wafer 88 held by the elec-
trostatic chuck 14 at the intersection point 89-x when the
electrostatic chuck 14 is positioned at the activation po-
sition.
[0113] The plurality of upper atom beam sources 83-1
to 83-4 are positioned to have two-fold rotational sym-
metry with respect to a principal rotation axis. The prin-
cipal rotation axis passes through the censer of an acti-
vation surface of the upper wafer 88, and is orthogonal
to the activation surface, coinciding with the principal ro-
tation axis of the plurality of lower atom beam sources
82-1 to 82-4.
[0114] The room-temperature bonding apparatus fur-
ther has a plurality of installation position adjusting mech-
anisms (not shown) corresponding to the plurality of low-
er atom beam sources 82-1 to 82-4 and plurality of upper
atom beam sources 83-1 to 83-4. The plurality of instal-
lation position adjusting mechanisms are formed in the
same way as the plurality of installation position adjusting
mechanisms 19 of the above-mentioned embodiments,
and fix the plurality of lower atom beam sources 82-1 to
82-4 and the plurality of upper atom beam sources 83-1
to 83-4 to the bonding chamber 3 so that it is possible to
change a plurality of positions where the plurality of lower
atom beam sources 82-1 to 82-4 and the plurality of upper
atom beam sources 83-1 to 83-4 are placed.
[0115] The room-temperature bonding apparatus in
which the activation unit 81 is used, can more uniformly
irradiate a wider region with a fast atom beam, compared
with another room-temperature bonding apparatus hav-
ing fixed 4 or less lower atom beam sources and 4 or
less upper atom beam sources. Therefore, the above
room-temperature bonding apparatus can activate the
entire surface of a larger substrate and can more appro-
priately perform bonding of the larger substrate.
[0116] The above room-temperature bonding appara-
tus can perform the room-temperature bonding method
in the same way as the room-temperature bonding ap-

paratus of the above-mentioned embodiment. The above
room-temperature bonding apparatus in which a small
vacuum exhaust unit can be used as the vacuum exhaust
unit 10 in the same way as the room-temperature bonding
apparatus of the above-mentioned embodiments, can be
made in more compact size and less expensively, by
performing the room-temperature bonding method.
[0117] The above room-temperature bonding appara-
tus can further perform the beam source installation po-
sition adjusting method of the present invention in the
same way as the room-temperature bonding apparatus
of the above-mentioned embodiments. By performing the
beam source installation position adjusting method of the
present invention, the above room-temperature bonding
apparatus can more uniformly activate the activation sur-
face of the lower wafer 85 and the activation surface of
the upper wafer 88, and can more appropriately perform
room-temperature bonding of the lower wafer 85 and the
upper wafer 88 in the same way as the room-temperature
bonding apparatus of the above-mentioned embodiment.
[0118] Note that the number of the plurality of lower
atom beam sources 82-1 to 82-4 and the number of the
plurality of upper atom beam sources 83-1 to 83-4 can
be replaced by m number which is different from 4 (m is
a natural number which is different from a prime number).
That is to say, the plurality of lower atom beam sources
82-1 to 82-4 can be replaced by m lower atom beam
sources. The m lower atom beam sources are positioned
to have k-fold rotational symmetry (k is a natural number
which is different from 1 among divisors of m) with respect
to a principal rotation axis. The principal rotation axis
passes through the center of a wafer for activation, and
is orthogonal to an activation surface of the wafer. That
is to say, the m lower atom beam sources are positioned
to overlap the m lower atom beam sources when the m
lower atom beam sources are rotated (360/k) degrees
(1/k rotation) around the principal rotation axis. The plu-
rality of upper atom beam sources 83-1 to 83-4 can be
replaced by m upper atom beam sources. The m upper
atom beam sources are positioned to have k-fold rota-
tional symmetry with respect to a principal rotation axis.
The principal rotation axis passes through the center of
a wafer for activation, and is orthogonal to an activation
surface of the wafer. That is to say, the m upper atom
beam sources are positioned to overlap the m upper atom
beam sources when the m upper atom beam sources
are rotated (360/k) degrees (1/k rotation) around the prin-
cipal rotation axis.
[0119] The room-temperature bonding apparatus in
which the m lower atom beam sources and the m upper
atom beam sources are used, can more uniformly irra-
diate a wider region with a fast atom beam, in the same
way as the room-temperature bonding apparatus of the
above-mentioned embodiments. Therefore, the above
room-temperature bonding apparatus can activate the
entire surface of a larger substrate and can more appro-
priately perform bonding of the larger substrate. Addi-
tionally, the fact that k is 2 is preferable in that the acti-
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vation unit can be positioned effectively inside the bond-
ing chamber 3 when the inside of the bonding chamber
3 forms a cuboid.
[0120] The above room-temperature bonding appara-
tus can further perform the room-temperature bonding
method in the same way as the room-temperature bond-
ing apparatus of the above-mentioned embodiment. The
above room-temperature bonding apparatus in which a
small vacuum exhaust unit can be used as the vacuum
exhaust unit 10 in the same way as the room-temperature
bonding apparatus of the above-mentioned embodi-
ments, can be made in more compact size and less ex-
pensively, by performing the room-temperature bonding
method.
[0121] The above room-temperature bonding appara-
tus can perform the beam source installation position ad-
justing method of the present invention, in the same way
as the room-temperature bonding apparatus of the
above-mentioned embodiments. By performing the
beam source installation position adjusting method of the
present invention, the above room-temperature bonding
apparatus can more uniformly activate the activation sur-
face of the lower wafer 85 and the activation surface of
the upper wafer 88, and can more appropriately perform
room-temperature bonding of the lower wafer 85 and the
upper wafer 88, in the same way as the room-tempera-
ture bonding apparatus of the above-mentioned embod-
iment.
[0122] In a room-temperature bonding apparatus ac-
cording to another embodiment of the present invention,
the activation unit 16 of the above-mentioned embodi-
ment is replaced by another activation unit. As shown in
FIG. 13, the activation unit has a plurality of lower atom
beam sources 91-1 and 91-2. An optional lower atom
beam source 91-i among the plurality of lower atom beam
sources 91-1 and 91-2 emits a fast atom beam along an
irradiation axis 92-i according to a control by the control
unit of the room-temperature bonding apparatus 71, in
the same way as the lower atom beam source 17-i of the
above-mentioned embodiments. The irradiation axis 92-
i intersects with the activation surface of the lower wafer
93 held by the positioning stage carriage 11 at the inter-
section point 94-i. The plurality of lower atom beam sourc-
es 91-1 and 91-2 are positioned so that an irradiation
axis 92-2 is generally parallel to an irradiation axis 92-1.
[0123] The room-temperature bonding apparatus fur-
ther has a plurality of installation position adjusting mech-
anisms (not shown) corresponding to the plurality of low-
er atom beam sources 91-1 and 91-2. The plurality of
installation position adjusting mechanisms are formed in
the same way as the plurality of installation position ad-
justing mechanisms 19 of the above-mentioned embod-
iments, and fix the plurality of lower atom beam sources
91-1 and 91-2 to the bonding chamber 3 so that it is pos-
sible to change a plurality of positions where the plurality
of lower atom beam sources 91-1 and 91-2 are located.
[0124] The activation unit further has a plurality of up-
per atom beam sources which are not shown. The plu-

rality of upper atom beam sources are positioned so that
two fast atom beams are emitted toward an upper wafer
and so that the two fast atom beams are emitted along
the two parallel irradiation axes, in the same way as the
plurality of lower atom beam sources 91-1 and 91-2.
[0125] The room-temperature bonding apparatus in
which the above activation unit is used, can more uni-
formly irradiate a wider region of a lower wafer with a fast
atom beam, compared with another room-temperature
bonding apparatus having a single lower atom beam
source. Therefore, the above room-temperature bonding
apparatus can activate the entire surface of a larger sub-
strate and can more appropriately perform bonding of
the large substrate.
[0126] The above room-temperature bonding appara-
tus can further perform the room-temperature bonding
apparatus in the same ways as the room-temperature
bonding apparatus of the above-mentioned embodi-
ments. The above room-temperature bonding apparatus
in which a small vacuum exhaust unit can be used as the
vacuum exhaust unit 10, can be made in more compact
size and less expensively, in the same way as the room-
temperature bonding apparatus of the above-mentioned
embodiments, by performing the room-temperature
bonding method.
[0127] The above room-temperature bonding appara-
tus can further perform the beam source installation po-
sition adjusting method of the present invention in the
same way as the room-temperature bonding apparatus
of the above-mentioned embodiments. By performing the
beam source installation position adjusting method of the
present invention, the above room-temperature bonding
apparatus can more uniformly activate an activation sur-
face of a lower wafer 93 and an activation surface of the
upper wafer 88, and can more appropriately perform
room-temperature bonding of the lower wafer 93 and the
upper wafer 88 in the same way as the room-temperature
bonding apparatus of the above-mentioned embodiment.
[0128] Note that the plurality of lower atom beam
sources 91-1 and 91-2 can also be fixed to each other.
In this case, too, the above room-temperature bonding
apparatus can use a small vacuum exhaust unit as the
vacuum exhaust unit 10 by performing the room-temper-
ature bonding method, and can more uniformly activate
the activation surface of the lower wafer by performing
the beam source installation position adjusting method
of the present invention, in the same way as the room-
temperature bonding apparatus of the above-mentioned
embodiments.
[0129] In the room-temperature bonding apparatus in
which the above activation unit is used, it is possible that
a distribution of etching rates on the activation surface is
not symmetric with respect to the center of a wafer and
that a deviation in the distribution of etching rates on the
activation surface is greater than a given value. The ac-
tivation units 16 and 81 of the above-mentioned embod-
iments can make the distribution of etching rates sym-
metric with respect to the center of a wafer, more uni-
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formly activate the entire surface of a larger substrate,
and more appropriately perform bonding of the large sub-
strate, compared with the above activation unit.
[0130] Note that the plurality of lower atom beam
sources 17-1 and 17-2, the plurality of upper atom beam
sources 18-1 and 18-2, the plurality of lower atom beam
sources 82-1 to 82-4, the plurality of upper atom beam
sources 83-1 to 83-4, and the plurality of lower atom
beam sources 91-1 and 91-2 can also be fixed to the
bonding chamber 3. The above room-temperature bond-
ing apparatus can more uniformly perform etching of an
activation surface of a wafer, and can be made in more
compact size by performing the room-temperature bond-
ing method, as in case of the room-temperature bonding
apparatus of the above-mentioned embodiments.
[0131] Note that the plurality of lower atom beam
sources 17-1 and 17-2, the plurality of upper atom beam
sources 18-1 and 18-2, the plurality of lower atom beam
sources 82-1 to 82-4, the plurality of upper atom beam
sources 83-1 to 83-4, and the plurality of lower atom
beam sources 91-1 and 91-2 can be replaced by other
beam sources for emitting activation beams which are
different from fast atom beams. The beam sources are
exemplified by an ion gun and a plasma gun. The room-
temperature bonding apparatus in which the above beam
source is used, can perform the room-temperature bond-
ing method in the same way as the room-temperature
bonding apparatus of the above-mentioned embodi-
ments. By performing the room-temperature bonding
method, the above room-temperature bonding apparatus
can use a small vacuum exhaust unit as the vacuum ex-
haust unit 10, and can be made in more compact size
and less expensively, in the same way as the room-tem-
perature bonding apparatus of the above-mentioned em-
bodiments.
[0132] The above room-temperature bonding appara-
tus can further perform the beam source installation po-
sition adjusting method of the present invention in the
same way as the room-temperature bonding apparatus
of the above-mentioned embodiments. By performing the
beam source installation position adjusting method of the
present invention, the above room-temperature bonding
apparatus can more uniformly activate an activation sur-
face of a lower wafer and an activation surface of the
upper wafer, and can more appropriately perform room-
temperature bonding of the lower wafer and the upper
wafer in the same way as the room-temperature bonding
apparatus of the above-mentioned embodiments.
[0133] Note that the activation sequence of the step
S4 can be replaced by another activation sequence. In
the activation sequence, the room-temperature boning
device of the present invention activates the lower wafer
and the upper wafer as a result of all the plurality of ac-
tivation beams of the activation unit simultaneously emit-
ting activation beams, during the time for which the vac-
uum exhaust unit 10 performs discharge.
[0134] The room-temperature bonding method in
which the above activation sequence is used, can be

performed when the vacuum exhaust unit 10 can perform
discharge at maximum exhaust speed required when all
the plurality of activation beams simultaneously emit ac-
tivation beams. Even when the above room-temperature
bonding method is performed, the room-temperature
bonding apparatus of the present invention can more uni-
formly activate an activation surface of a lower wafer and
an activation surface of an upper wafer, and can more
appropriately perform room-temperature bonding of the
lower wafer and the upper wafer, as in case of the room-
temperature bonding apparatus of the above-mentioned
embodiments.
[0135] In the beam source installation position adjust-
ing method of the present invention, it is also possible to
calculate the plurality of lower optimum installation posi-
tions and the plurality of upper optimum installation po-
sitions so that a deviation of the plurality of lower etching
rates is not reduced, or so that a deviation of the plurality
of upper etching rates is not reduced. For example, the
plurality of lower optimum installation positions and the
plurality of upper optimum installation positions are cal-
culated so that a part of an activation surface of a lower
wafer is etched more, compared with the other portions,
or so that a part of an activation surface of an upper wafer
is etched more, compared with the other portions. Ac-
cording to the above beam source installation position
adjusting method, various room-temperature bonding
can be performed.
[0136] The room-temperature bonding apparatus of
the present invention can also control the plurality of low-
er atom beam sources and the plurality of upper atom
beam sources so that two beams emitted from two atom
beam sources among the plurality of lower atom beam
sources and the plurality of upper atom beam sources
are different, in the activation sequence of the above-
mentioned embodiments. As for the plurality of lower at-
om beam sources and the plurality of upper atom beam
sources, for example, densities of the two beams are
different or velocities of the two beams are different. In
the room-temperature bonding apparatus, it is also pos-
sible to control the plurality of gas kind switching mech-
anisms so that two kinds of gases supplied respectively
to two atom beam sources among the plurality of lower
atom beam sources and the plurality of upper atom beam
sources are different. At this time, the room-temperature
bonding apparatus can perform various room-tempera-
ture bonding including room-temperature bonding which
performs bonding by activating a surface so that etching
rates are different between a part and the other parts of
an activation surface of a lower wafer, or so that etching
rates are different between a part and the other parts of
an activation surface of an upper wafer.
[0137] Note that the room-temperature bonding appa-
ratus of the present invention can also be used without
the plurality of gas kind switching mechanisms. In this
case, too, the room-temperature bonding can more uni-
formly activate a lower wafer and an upper wafer, and
can more appropriately, perform room-temperature
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bonding of the lower wafer and the upper wafer, as in
case of the above-mentioned embodiments.

Claims

1. A room-temperature bonding apparatus comprising:

a plurality of first beam sources (17-1,17-2;82-1,
82-2,82-3,82-4;91-1,91-2) configured to emit a
plurality of first activation beams which are irra-
diated to a first activation surface (40) of a first
substrate (42;85;93), respectively;
a plurality of second beam sources (18-1,
18-2;83-1,83-2,83-3,83-4) configured to emit a
plurality of second activation beams which are
irradiated to a second activation surface (50) of
a second substrate (52;88), respectively; and
a pressure welding mechanism (15) configured
to bond the first substrate (42;85;93) and the
second substrate (52;88) by bringing the first ac-
tivation surface (40) and the second activation
surface (50) into contact, after the first activation
surface (40) and the second activation surface
(50) are irradiated.

2. The room-temperature bonding apparatus accord-
ing to claim 1, further comprising:

a plurality of installation adjusting mechanisms
(19) corresponding to said plurality of first beam
sources (17-1,17-2; 82-1,82-2, 82-3, 82-4; 91-1,
91-2) and said plurality of second beam sources
(18-1,18-2;83-1,83-2,83-3,83-4),
wherein one installation adjusting mechanism
(19), corresponding to an optional beam source
(17-i,18-i;82-x;91-i), of said plurality of installa-
tion adjusting mechanisms (19) is configured to
fix the optional beam source (17-i,18-i;82-x;91-
i) on an optional installation position of a plurality
of installation positions.

3. The room-temperature bonding apparatus accord-
ing to claim 2, further comprising:

a first support apparatus (11) configured to sup-
port the first substrate (42;85;93) when the first
activation surface (40) is irradiated by the plu-
rality of first activation beams; and
a second support apparatus (14) configured to
support the second substrate (52;88) when the
second activation surface (50) is irradiated by
the plurality of second activation beams,

wherein the plurality of first beam sources (17-1,
17-2;82-1,82-2,82-3,82-4;91-1,91-2) are arranged
to be rotationally symmetric with respect to a first
rotation axis (46),

wherein the first rotation axis (46) is orthogonal to
the first activation surface (40) when the first activa-
tion surface (40) is irradiated by the plurality of first
activation beams,
wherein said plurality of second beam sources (18-1,
18-2;83-1,83-2,83-3,83-4) are arranged to be rota-
tionally symmetric with respect to a second rotation
axis (56), and
wherein the second rotation axis (56) is orthogonal
to the second activation surface (50) when the sec-
ond activation surface (50) is irradiated with the plu-
rality of second activation beams.

4. The room-temperature bonding apparatus accord-
ing to claim 3, further comprising:

a control unit (71) configured to control said plu-
rality of first beam sources (17-1,17-2;82-1,
82-2,82-3,82-4;91-1,91-2) and said plurality of
second beam sources (18-1,18-2;83-1,83-2,
83-3,83-4) such that an optional activation beam
of the plurality of first activation beams and the
plurality of second activation beams is different
from another activation beam, which is different
from the optional activation beam, of the plurality
of first activation beams and the plurality of sec-
ond activation beams.

5. The room-temperature bonding apparatus accord-
ing to claim 4, further comprising:

an exhaust unit (10) configured to generate a
vacuum ambience inside a chamber (3) in which
the plurality of first activation beams and the plu-
rality of second activation beams are emitted,
by exhausting the inside of the chamber (3),
wherein said control unit (71) is configured to
control the plurality of first beam sources (17-1,
17-2;82-1,82-2,82-3,82-4;91-1,91-2) and the
plurality of second beam sources (18-1,
18-2;83-1,83-2,83-3,83-4) such that another ac-
tivation beam, which is different from the option-
al activation beam of the plurality of first activa-
tion beams and the plurality of second activation
beams, is not emitted in a period for which the
optional activation beam of the plurality of first
activation beams and the plurality of second ac-
tivation beams is emitted.

6. The room-temperature bonding apparatus accord-
ing to claim 5, further comprising:

a plurality of gas kind switching mechanisms
(61) corresponding to said plurality of first beam
sources (17-1,17-2;82-1,82-2,82-3,82-4;91-1,
91-2) and said plurality of second beam sources
(18-1,18-2;83-1,83-2,83-3,83-4),
wherein one gas kind switching mechanism (61)
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corresponding to an optional beam,source of
said plurality of gas kind switching mechanisms
(61) is configured to supply an optional gas of a
plurality of gases to said optional beam source
(17-i,18-i;82-x;91-i), and
wherein said optional beam source (17-i,18-
i;82-x;91-i) is configured to generate an activa-
tion beam from the optional gas.

7. A beam source installation position adjusting method
performed by a room-temperature bonding appara-
tus which comprises:

a plurality of first beam sources (17-1,17-2;82-1,
82-2,82-3,82-4;91-1,91-2) configured to emit a
plurality of first activation beams which are irra-
diated to a first activation surface (40) of a first
substrate (42;85;93), respectively;
a plurality of second beam sources (18-1,
18-2;83-1,83-2,83-3,83-4) configured to emit a
plurality of second activation beams which are
irradiated to a second activation surface (50) of
a second substrate (52;88), respectively;
a pressure welding mechanism (15) configured
to bond the first substrate (42;85;93) and the
second substrate (52;88) by bringing the first ac-
tivation surface (40) and the second activation
surface (50) into contact, after the first activation
surface (40) and the second activation surface
(50) are irradiated; and
a plurality of installation adjusting mechanisms
(19) corresponding to said plurality of first beam
sources (17-1,17-2;82-1,82-2,82-3,82-4;91-1,
91-2) and said plurality of second beam sources
(18-1,18-2;83-1,83-2,83-3,83-4),

wherein one installation adjusting mechanism (19)
corresponding to an optional beam source (17-i,18-
i;82-x;91-i) of said plurality of installation adjusting
mechanisms (19) is configured to fix the optional
beam source (17-i,18-i;82-x;91-i) on an optional in-
stallation position of a plurality of installation posi-
tions,
said beam source installation position adjusting
method comprising:

irradiating a plurality of first etching rate meas-
urement activation beams respectively emitted
from the plurality of first beam sources (17-1,
17-2;82-1,82-2,82-3,82-4;91-1,91-2) to a first
surface (40) of a first etching rate measurement
substrate, and a plurality of second etching rate
measurement activation beams respectively
emitted from the plurality of second beam sourc-
es (18-1,18-2;83-1,83-2,83-3,83-4) to a second
surface (50) of a second etching rate measure-
ment substrate;
measuring a plurality of first etching rates show-

ing etching rates of a plurality of first regions on
the first surface when the plurality of first etching
rate measurement activation beams are irradi-
ated to the first surface (40), and a plurality of
second etching rates showing etching rates of
a plurality of second regions on the second sur-
face (50) when the plurality of second etching
rate measurement activation beams are irradi-
ated to the second surface (50); and
adjusting the plurality of installation adjusting
mechanisms (19) such that the plurality of first
beam sources (17-1,17-2;82-1,82-2,82-3,
82-4;91-1,91-2) are positioned to a plurality of
first positions which are calculated based on the
plurality of first etching rates, and the plurality of
second beam sources (18-1,18-2;83-1,83-2,
83-3,83-4) are positioned to a plurality of second
positions which are calculated based on the plu-
rality of second etching rates.

8. The beam source installation position adjusting
method according to claim 7, wherein the first sur-
face (40) of the first etching rate measurement sub-
strate is covered with a protection film such that the
plurality of first regions are irradiated with the plurality
of first etching rate measurement activation beams,
wherein one first etching rate corresponding to an
optional first region of the plurality of first etching
rates is calculated based on an etching depth of the
optional first region when the plurality of first etching
rate measurement activation beams are irradiated
to the first surface (40),
wherein the second surface (50) of the second etch-
ing rate measurement substrate is covered with a
protection film such that the plurality of second re-
gions are irradiated with the plurality of second etch-
ing rate measurement activation beams, and
wherein one second etching rate corresponding to
an optional second region of the plurality of second
etching rates is calculated based on an etching depth
of the optional second region when the plurality of
second etching rate measurement activation beams
are irradiated to the second surface (50).

Patentansprüche

1. Eine Vorrichtung für Verbindungen bei Raumtempe-
ratur mit:

einer Vielzahl von ersten Strahlquellen (17-1,
17-2;82-1,82-2,82-3,82-4;91-1,91-2), die konfi-
guriert sind, um eine Vielzahl von ersten Akti-
vierungsstrahlen zu emittieren, die jeweils auf
eine erste Aktivierungsoberfläche (40) eines
ersten Substrats (42;85;93) abgestrahlt werden,
einer Vielzahl von zweiten Strahlquellen (18-1,
18-2;83-1,83-2,83-3,83-4), die konfiguriert sind,
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um eine Vielzahl von zweiten Aktivierungsstrah-
len zu emittieren, die jeweils auf eine zweite Ak-
tivierungsoberfläche (50) eines zweiten Subst-
rats (52;88) abgestrahlt werden, und
einem Druckschweißmechanismus (15), der
konfiguriert ist, um das erste Substrat (42;85;93)
und das zweite Substrat (52;88) zu verbinden,
indem die erste Aktivierungsoberfläche (40) und
die zweite Aktivierungsoberfläche (50) in Kon-
takt gebracht werden, nachdem die erste Akti-
vierungsoberfläche (40) und die zweite Aktivie-
rungsoberfläche (50) bestrahlt worden sind.

2. Die Vorrichtung für Verbindungen bei Raumtempe-
ratur gemäß Anspruch 1, ferner mit:

einer Vielzahl von Installations-Einstellmecha-
nismen (19) entsprechend der Vielzahl von ers-
ten Strahlquellen (17-1,17-2;82-1,82-2,82-3,
82-4;91-1,91-2) und der Vielzahl von zweiten
Strahlquellen (18-1,18-2;83-1,83-2,83-3,83-4),
wobei ein Installations-Einstellmechanismus
(19), der einer optionalen Strahlquelle (17-i,18-
i;82-x;91-i) entspricht, der Vielzahl der Installa-
tions-Einstellmechanismen (19) konfiguriert ist,
um die optionale Strahlquelle (17-i,18-i;82-x;91-
i) an einer optionalen Installationsposition einer
Vielzahl von Installationspositionen zu befesti-
gen.

3. Die Vorrichtung zum Verbinden bei Raumtempera-
tur gemäß Anspruch 2, ferner mit:

einer ersten Tragvorrichtung (11), die konfigu-
riert ist, um das erste Substrat (42;85;93) zu tra-
gen, wenn die erste Aktivierungsoberfläche (40)
durch die Vielzahl von ersten Aktivierungsstrah-
len bestrahlt wird, und
einer zweiten Tragvorrichtung (14), die konfigu-
riert ist, um das zweite Substrat (52;88) zu tra-
gen, wenn die zweite Aktivierungsoberfläche
(50) durch die Vielzahl von zweiten Aktivie-
rungsstrahlen bestrahlt wird,

wobei die Vielzahl von ersten Strahlquellen (17-1,
17-2;82-2,82-3,82-4;91-1,91-2) rotationssymmet-
risch bezüglich einer ersten Rotationsachse (46) an-
geordnet sind,
wobei die erste Rotationsachse (46) orthogonal zu
von ersten Aktivierungsoberfläche (40) ist, wenn die
erste Aktivierungsoberfläche (40) durch die Vielzahl
von ersten Aktivierungsstrahlen bestrahlt wird,
wobei die Vielzahl von zweiten Strahlquellen (18-1,
18-2;83-1,83-2,83-3,83-4) rotationssymmetrisch
bezüglich einer zweiten Rotationsachse (56) ange-
ordnet sind, und
wobei die zweite Rotationsachse (56) orthogonal zu
von zweiten Aktivierungsoberfläche (50) ist, wenn

die zweite Aktivierungsoberfläche (50) mit der Viel-
zahl von zweiten Aktivierungsstrahlen bestrahlt wird.

4. Die Vorrichtung zum Verbinden bei Raumtempera-
tur gemäß Anspruch 3, ferner mit:

einer Steuereinheit (71), die konfiguriert ist, um
die Vielzahl von ersten Strahlquellen (17-1,
17-2;82-1,82-2,82-3,82-4;91-1,91-2) und die
Vielzahl von zweiten Strahlquellen (18-1,
18-2;83-1,83-2,83-3,83-4) so zu steuern, dass
ein optionaler Aktivierungsstrahl der Vielzahl
von ersten Aktivierungsstrahlen und der Viel-
zahl von zweiten Aktivierungsstrahlen sich von
einem anderen Aktivierungsstrahl der Vielzahl
von ersten Aktivierungsstrahlen und der Viel-
zahl von zweiten Aktivierungsstrahlen, der von
dem optionalen Aktivierungsstrahl unterschied-
lich ist, unterscheidet.

5. Die Vorrichtung zur Verbindung bei Raumtempera-
tur gemäß Anspruch 4, ferner mit:

einer Absaugeinheit (10), die konfiguriert ist, um
eine Unterdruckumgebung im Inneren einer
Kammer (3) zu erzeugen, in der die Vielzahl von
ersten Aktivierungsstrahlen und die Vielzahl von
zweiten Aktivierungsstrahlen emittiert werden,
indem das Innere der Kammer (3) abgesaugt
wird,
wobei die Steuereinheit (71) konfiguriert ist, um
die Vielzahl von ersten Strahlquellen (17-1,
17-2;82-1,82-2,82-3,82-4;91-1,92-2) und die
Vielzahl von zweiten Strahlquellen (18-1,
18-2;83-1,83-2,83-3,83-4) so zu steuern, dass
ein anderer Aktivierungsstrahl, der sich von dem
optionalen Aktivierungsstrahl der Vielzahl von
ersten Aktivierungsstrahlen und der Vielzahl
von zweiten Aktivierungsstrahlen unterschei-
det, in einer Periode, während der der optional
Aktivierungsstrahl der Vielzahl von ersten Akti-
vierungsstrahlen und der Vielzahl von zweiten
Aktivierungsstrahlen emittiert wird, nicht emit-
tiert wird.

6. Die Vorrichtung zum Verbinden bei Raumtempera-
tur gemäß Anspruch 5, ferner mit:

einer Vielzahl von Gasart-Schaltmechanismen
(61) entsprechend der Vielzahl von ersten
Strahlquellen (17-1,17-2;82-1,82-2,82-3,
82-4;91-1,91-2) und der Vielzahl von zweiten
Strahlquellen (18-1,18-2;83-1,83-2,83-3,83-4),
wobei ein Gasart-Schaltmechanismus (61) ent-
sprechend einer optionalen Strahlquelle der
Vielzahl von Gasart-Schaltmechanismen (61)
konfiguriert ist, um ein optionales Gas aus einer
Vielzahl von Gasen zu der optionalen Strahl-
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quelle (17-i,18-i;82-x;91-i) zuzuführen, und
wobei die optionale Strahlquelle (17-i,18-i;82-
x;91-i) konfiguriert ist, um einen Aktivierungs-
strahl von dem optionalen Gas zu erzeugen.

7. Ein Verfahren zum Einstellen einer Strahlquellen-In-
stallationsposition, die durch eine Vorrichtung zum
Verbinden bei Raumtemperatur ausgeführt wird,
welche aufweist:

eine Vielzahl von ersten Strahlquellen (17-1,
17-2;82-1,82-2,82-3,82-4;91-1,91-2), die konfi-
guriert sind, um eine Vielzahl von ersten Akti-
vierungsstrahlen zu emittieren, die jeweils auf
eine erste Aktivierungsoberfläche (40) eines
ersten Substrats (42;85;93) abgestrahlt werden,
eine Vielzahl von zweiten Strahlquellen (18-1,
18-2;83-1,83-2,83-3,83-4), die konfiguriert sind,
um eine Vielzahl von zweiten Aktivierungsstrah-
len zu emittieren, die jeweils auf eine zweite Ak-
tivierungsoberfläche (50) eines zweiten Subst-
rats (52;88) abgestrahlt werden,
einen Druckschweißmechanismus (15), der
konfiguriert ist, um das erste Substrat (42;85;93)
und das zweite Substrat (52;88) zu verbinden,
indem die erste Aktivierungsoberfläche (40) und
die zweite Aktivierungsoberfläche (50) in Kon-
takt gebracht werden, nachdem die erste Akti-
vierungsoberfläche (40) und die zweite Aktivie-
rungsoberfläche (50) bestrahlt worden sind, und
eine Vielzahl von Installations-Einstellmecha-
nismen (19) entsprechend der Vielzahl von ers-
ten Strahlquellen (17-1,17-2;82-1,82-2,82-3,
82-4;91-1,91-2) und der Vielzahl von zweiten
Strahlquellen (18-1,18-2;83-1,83-2,83-3,83-4),

wobei ein Installations-Einstellmechanismus (19),
der einer optionalen Strahlquelle (17-i,18-i;82-x;91-
i) entspricht, der Vielzahl der Installations-Einstell-
mechanismen (19) konfiguriert ist, um die optionale
Strahlquelle (17-i,18-i;82-x;91-i) an einer optionalen
Installationsposition einer Vielzahl von Installations-
positionen zu befestigen,
wobei das Verfahren zum Einstellen der Strahlquel-
len-Installationsposition aufweist:

Bestrahlen einer Vielzahl von ersten Ätzraten-
Messaktivierungsstrahlen, die jeweils von der
Vielzahl von ersten Strahlquellen (17-1,
17-2;82-1,82-2,82-3,82-4;91-1,91-2) emittiert
werden, auf eine erste Oberfläche (40) eines
ersten Ätzraten-Messsubstrats, und einer Viel-
zahl von zweiten Ätzraten-Messaktivierungs-
strahlen, die jeweils von der Vielzahl von zwei-
ten Strahlquellen (18-1,18-2;83-1,83-2,83-3,
83-4) emittiert werden, auf eine zweite Oberflä-
che (50) eines zweiten Ätzraten-Messsubstrats,
Messen einer Vielzahl von ersten Ätzraten, die

Ätzraten einer Vielzahl von ersten Regionen auf
von ersten Oberfläche zeigen, wenn die Vielzahl
von ersten Ätzraten-Messaktivierungsstrahlen
auf die erste Oberfläche (40) aufgestrahlt wer-
den, und einer Vielzahl von zweiten Ätzraten,
die Ätzraten einer Vielzahl von zweiten Regio-
nen auf von zweiten Oberfläche (50) zeigen,
wenn die Vielzahl von zweiten Ätzraten-Mess-
aktivierungsstrahlen auf die zweite Oberfläche
(50) aufgestrahlt werden, und
Einstellen der Vielzahl von Installations-Einstell-
mechanismen (19) so, dass die Vielzahl von ers-
ten Strahlquellen (17-1,17-2;82-1,82-2,82-3,
82-4;91-1,91-2) an einer Vielzahl von ersten Po-
sitionen positioniert werden, die basierend auf
der Vielzahl von ersten Ätzraten berechnet wer-
den und so, dass die Vielzahl von zweiten
Strahlquellen (18-1,18-2;83-1,83-2,83-3,83-4)
an einer Vielzahl von zweiten Positionen positi-
oniert werden, die basierend auf der Vielzahl
von zweiten Ätzraten berechnet werden.

8. Das Verfahren zum Einstellen der Strahlquellen-In-
stallationsposition gemäß Anspruch 7, wobei die
erste Oberfläche (40) des ersten Ätzraten-Messsub-
strats mit einem Schutzfilm bedeckt ist oder wird,
derart, dass die Vielzahl von ersten Regionen mit
der Vielzahl von ersten Ätzraten-Messaktivierungs-
strahlen bestrahlt werden,
wobei eine erste Ätzrate entsprechend einer optio-
nalen ersten Region der Vielzahl von ersten Ätzraten
basierend auf einer Ätztiefe der optionalen ersten
Region berechnet wird, wenn die Vielzahl von ersten
Ätzraten-Messaktivierungsstrahlen auf die erste
Oberfläche (40) aufgestrahlt werden,
wobei die zweite Oberfläche (50) des zweiten Ätz-
raten-Messsubstrats mit einem Schutzfilm so abge-
deckt ist oder wird, dass die Vielzahl von zweiten
Regionen mit der Vielzahl von zweiten Ätzraten-
Messaktivierungsstrahlen bestrahlt werden, und
wobei eine zweite Ätzrate entsprechend einer opti-
onalen zweiten Region der Vielzahl von zweiten Ätz-
raten basierend auf einer Ätztiefe der optionalen
zweiten Region berechnet wird, wenn die Vielzahl
von zweiten Ätzraten-Messaktivierungsstrahlen auf
die zweite Oberfläche (50) aufgestrahlt werden.

Revendications

1. Dispositif de liaison à la température ambiante
comprenant :

une pluralité de premières sources (17-1, 17-2;
82-1, 82-2, 82-3, 82-4,; 91-1, 91-2) de faisceaux
configurées pour émettre une pluralité de pre-
miers faisceaux d’activation qui sont dirigés sur
une première surface (40) d’activation d’un pre-
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mier substrat (42; 85; 93) respectivement;
une pluralité de deuxièmes sources (18-1, 18-2;
83-1, 83-2, 83-3, 83-4) de faisceaux configurées
pour émettre une pluralité de deuxièmes fais-
ceaux d’activation qui sont dirigés sur une
deuxième surface (50) d’activation d’un deuxiè-
me substrat (52; 88) respectivement et
un mécanisme (15) de soudage par pression
configuré pour lier le premier substrat (42; 85;
93) et le deuxième substrat (52; 88) en mettant
la première surface (40) d’activation et la deuxiè-
me surface (50) d’activation en contact après
que la première surface (40) d’activation et la
deuxième surface (50) d’activation ont été sou-
mises au rayonnement des faisceaux.

2. Dispositif de liaison à la température ambiante sui-
vant la revendication 1, comprenant en outre :

une pluralité de mécanismes (19) de réglage d’
installation correspondant à la pluralité de pre-
mières sources (17-1, 17-2; 82-1, 82-2, 82-3,
82-4,; 91-1, 91-2) de faisceaux et à la pluralité
de deuxièmes sources (18-1, 18-2; 83-1, 83-2,
83-3, 83-4) de faisceaux,
dans lequel un mécanisme (19) de réglage d’
installation correspondant à une source (17-i,
18-i; 82-x; 91-i) de faisceaux choisie à volonté
de la pluralité de mécanismes (19) de réglage
d’installation est configuré pour fixer la source
(17-i, 18-i; 82-x; 91-i) de faisceaux choisie à vo-
lonté sur une position d’installation choisie à vo-
lonté d’une pluralité de positions d’installation.

3. Dispositif de liaison à la température ambiante sui-
vant la revendication 2, comprenant en outre :

un premier dispositif (11) de support configuré
pour supporter le premier substrat (42; 85; 93)
lorsque la première surface (40) d’activation est
soumise au rayonnement de la pluralité de pre-
miers faisceaux d’activation et
un deuxième dispositif (14) de support configuré
pour supporter le deuxième substrat (52; 88)
lorsque la deuxième surface (50) d’activation est
soumise au rayonnement de la pluralité de
deuxièmes faisceaux d’activation,

dans lequel la pluralité de premières sources (17-1,
17-2; 82-1, 82-2, 82-3, 82-4,; 91-1, 91-2) de fais-
ceaux est disposée en symétrie de rotation par rap-
port à un premier axe (46) de rotation,
dans lequel le premier axe (46) de rotation est or-
thogonal à la première surface (40) d’activation lors-
que la première surface (40) d’activation est soumise
au rayonnement de la pluralité de premiers faisceaux
d’activation,
dans lequel la pluralité de deuxièmes sources (18-1,

18-2; 83-1, 83-2, 83-3, 83-4) de faisceaux sont dis-
posées de manière à être en symétrie de rotation
par rapport à un deuxième axe (56) de rotation et
dans lequel le deuxième axe (56) de rotation est or-
thogonal à la deuxième surface (50) d’activation lors-
que la deuxième surface (50) d’activation est sou-
mise au rayonnement de la pluralité de deuxièmes
faisceaux d’activation.

4. Dispositif de liaison à la température ambiante sui-
vant la revendication 3, comprenant en outre :

une unité (71) de commande configurée pour
commander la pluralité de premières sources
(17-1, 17-2; 82-1, 82-2, 82-3, 82-4,; 91-1, 91-2)
de faisceaux et la pluralité de deuxièmes sour-
ces (18-1, 18-2; 83-1, 83-2, 83-3, 83-4) de fais-
ceaux de manière à ce qu’un faisceau d’activa-
tion choisi à volonté de la pluralité de premiers
faisceaux d’activation et de la pluralité de
deuxièmes faisceaux d’activation soit différent
d’un autre faisceau d’activation qui est différent
du faisceau d’activation choisi à volonté de la
pluralité de premiers faisceaux d’activation et de
la pluralité de deuxièmes faisceaux d’activation.

5. Dispositif de liaison à la température ambiante sui-
vant la revendication 4, comprenant en outre :

une unité (10) d’évacuation configurée pour pro-
duire une atmosphère de vide à l’intérieur d’une
chambre (3) dans laquelle la pluralité de pre-
miers faisceaux d’activation et la pluralité de
deuxièmes faisceaux d’activation sont émis, en
évacuant l’intérieur de la chambre (3),
dans lequel l’unité (71) de commande est con-
figurée pour commander la pluralité de premiè-
res sources (17-1, 17-2; 82-1, 82-2, 82-3, 82-4,
; 91-1, 91-2) de faisceaux et la pluralité de
deuxièmes sources (18-1, 18-2; 83-1, 83-2,
83-3, 83-4) de faisceaux, de manière à ce qu’
un autre faisceau d’activation, qui est différent
du faisceau d’activation choisi à volonté de la
pluralité de premiers faisceaux d’activation et de
la pluralité de deuxièmes faisceaux d’activation,
ne soit pas émis dans une période pendant la-
quelle le faisceau d’activation choisi à volonté
de la pluralité de premiers faisceaux d’activation
et de la pluralité de deuxièmes faisceaux d’ac-
tivation est émis.

6. Dispositif de liaison à la température ambiante sui-
vant la revendication 5, comprenant en outre :

une pluralité de mécanismes (61) de commuta-
tion de type de gaz correspondant à la pluralité
de premières sources (17-1, 17-2; 82-1, 82-2,
82-3, 82-4,; 91-1, 91-2) de faisceaux et à la plu-
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ralité de deuxièmes sources (18-1, 18-2; 83-1,
83-2, 83-3, 83-4) de faisceaux,
dans lequel un mécanisme (61) de commutation
de type de gaz correspondant à une source de
faisceaux choisie à volonté de la pluralité de mé-
canismes (61) de commutation de type de gaz
est configuré pour alimenter un gaz choisi à vo-
lonté d’une pluralité de gaz à la source (17-i, 18-
i; 82-x ; 91-i) de faisceaux choisis à volonté et
dans lequel la source (17-i, 18-i; 82-x ; 91-i) de
faisceaux choisie à volonté est configurée pour
produire un faisceau d’activation à partir du gaz
choisi à volonté.

7. Procédé de réglage de la position d’installation d’
une source de faisceaux effectué par un dispositif
de liaison à la température ambiante qui comprend :

une pluralité de premières sources (17-1, 17-2;
82-1, 82-2, 82-3, 82-4,; 91-1, 91-2) de faisceaux
configurées pour émettre une pluralité de pre-
miers faisceaux d’activation qui sont dirigés sur
une première surface (40) d’activation d’un pre-
mier substrat (42; 85; 93) respectivement;
une pluralité de deuxièmes sources (18-1, 18-2;
83-1, 83-2, 83-3, 83-4) de faisceaux configurées
pour émettre une pluralité de deuxièmes fais-
ceaux d’activation qui sont dirigés sur une
deuxième surface (50) d’activation d’un deuxiè-
me substrat (52; 88) respectivement et
un mécanisme (15) de soudage par pression
configuré pour lier le premier substrat (42; 85;
93) et le deuxième substrat (52; 88) en mettant
la première surface (40) d’activation et la deuxiè-
me surface (50) d’activation en contact après
que la première surface (40) d’activation et la
deuxième surface (50) d’activation ont été sou-
mises au rayonnement des faisceaux et
une pluralité de mécanismes (19) de réglage d’
installation correspondant à la pluralité de pre-
mières sources (17-1, 17-2; 82-1, 82-2, 82-3,
82-4,; 91-1, 91-2) de faisceaux et à la pluralité
de deuxièmes sources (18-1, 18-2; 83-1, 83-2,
83-3, 83-4) de faisceaux,

dans lequel un mécanisme (19) de réglage d’instal-
lation, correspondant à une source (17-i, 18-i; 82-x;
91-i) de faisceaux choisie à volonté, de la pluralité
de mécanismes (19) de réglage d’installation est
configuré pour fixer la source (17-i, 18-i; 82-x; 91-i)
de faisceaux choisie à volonté sur une position d’
installation choisie à volonté d’une pluralité de posi-
tions d’installation,
le procédé de réglage de la position d’installation d’
une source de faisceaux comprenant :

diriger une pluralité de premiers faisceaux d’ac-
tivation de mesure d’une vitesse d’attaque émis

respectivement par la pluralité de premières
sources (17-1, 17-2; 82-1, 82-2, 82-3, 82-4,;
91-1, 91-2) de faisceaux sur une première sur-
face (40) d’un premier substrat de mesure d’une
vitesse d’attaque et une pluralité de deuxièmes
faisceaux d’activation d’une vitesse d’attaque
émis respectivement par la pluralité de deuxiè-
mes sources (18-1, 18-2; 83-1, 83-2, 83-3, 83-4)
de faisceaux sur une deuxième surface (50) d’
un deuxième substrat de mesure de vitesse d’
attaque;
mesurer une pluralité de premières vitesses d’
attaque montrant des vitesses d’attaque d’une
pluralité de premières régions sur la première
surface lorsque la pluralité de premiers fais-
ceaux d’activation de mesure de vitesses d’at-
taque sont dirigés sur la première surface (40)
et une pluralité de deuxièmes vitesses d’attaque
montrant des vitesses d’attaque d’une pluralité
de deuxièmes régions sur la deuxième surface
(50) lorsque la pluralité de deuxièmes faisceaux
d’activation de mesure d’une vitesse d’attaque
sont dirigés sur la deuxième surface (50) et
régler la pluralité de mécanismes (19) de régla-
ge d’installation de manière à ce que la pluralité
de premières sources (17-1, 17-2; 82-1, 82-2,
82-3, 82-4,; 91-1, 91-2) de faisceaux soient mi-
ses à une pluralité de premières positions qui
sont calculées sur la base de la pluralité de pre-
mières vitesses d’attaque et de manière à ce
que la pluralité de deuxièmes sources (18-1,
18-2; 83-1, 83-2, 83-3, 83-4) de faisceaux soient
mises à une pluralité de deuxièmes positions
qui sont calculées sur la base de la pluralité de
deuxièmes vitesses d’attaque.

8. Procédé de réglage de la position d’installation d’
une source de faisceaux suivant la revendication 7,
dans lequel la première surface (40) du premier
substrat de mesure de vitesse d’attaque est recou-
verte d’une pellicule de protection de manière à ce
que la pluralité de premières régions soient soumi-
ses au rayonnement de la pluralité de premiers fais-
ceaux d’activation de mesure de vitesse d’attaque,
dans lequel une première vitesse d’attaque corres-
pondant à une première région choisie à volonté de
la pluralité de première vitesse d’attaque et calculée
sur la base d’une profondeur d’attaque de la premiè-
re région choisie à volonté lorsque la pluralité de
premiers faisceaux d’activation de mesure de vites-
se d’attaque sont dirigés sur la première surface
(40),
la seconde surface (50) du second substrat de me-
sure de vitesse d’attaque est recouverte d’une pel-
licule de protection de manière à ce que la pluralité
de secondes régions soient soumises au rayonne-
ment de la pluralité de seconds faisceaux d’activa-
tion de mesure de vitesse d’attaque,
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dans lequel une deuxième vitesse d’attaque corres-
pondant à une deuxième région choisie à volonté de
la pluralité de deuxième vitesse d’attaque est calcu-
lée sur la base d’une profondeur d’attaque de la
deuxième région choisie à volonté, lorsque la plura-
lité de deuxièmes faisceaux d’activation de mesure
de vitesse d’attaque sont dirigés sur la deuxième
surface (50).
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