- 1-29 March 2007 DESCRIPTION METAL THIN FILM CHIP
PRODUCTION METHOD AND METAL THIN FILM CHIP PRODUCTION
DEVICE TECHNICAL FIELD The present invention relates to a metallic thin
film chip producing method and a metallic thin film chip producing
apparatus. BACKGROUND ART In a con_vEr]tionaIIy adopte%&mg:r\g 2007
plasmon resonance (SPR), mutual interaction of ligand and analite that are

fixed on a gold thin film of a golglgﬁ'r&gﬁg {BNS optically observed. In the
SPR, how the mutual interaction of ligand formed on the gold thin film and

analite coupled to ligand varies is optically observed. It is general that the
ghold tgi%ﬁm%qnm golcMthirH fimpeinDis tonmes ME/ﬁf H@Ilﬂm%tmme
that, SPC Electropj rai i ' induction
heater, which heaTﬁgﬁgﬁ%ﬂaﬁg%g&%§£&%&]mﬁ§d%§%n of High
Frequency Induction Heater" ([online], [searched on May 16, 2005], Internet
URL: http://www.spe.jp/heating/tee.002.htm). -2- 29 March 2007 Further,
Japanese Unexamined Patent Publication No. 254904/2003 (Tokukai
2003-254904)(Publication date: September 10, 2003), Japanese
Unexamined Patent Publication No. 161694/2003 (Tokukai 2003-161694)
(Publication date: June 6, 2003), Japanese Unexamined Patent Publication
No. 75447/2003 (Tokukai 2003-75447) (Publication date: March 12, 2003),
Japanese Unexamined Patent Publication No. 257720/2002 (Tokukai
2002-257720)(Publication date: September 11, 2002), Japanese
Unexamined Patent Publication No. 6834/1999 (Tokukaihei 11-6834)
(Publication date: January

TECHNICAL FIELD
The present invention relates to a metallic thin film chip
producing method and a metallic thin film chip producing

apparatus.

BACKGROUND ART

In a conventionally adopted surface plasmon resonance
(SPR), mutual interaction of ligand and analite that are fixed on
a gold thin film of a gold thin film chip is optically observed. In
the SPR, how the mutual interaction of ligand formed on the
gold thin film and analite coupled to ligand varies is optically
observed. It is general that the gold thin film on the gold thin
film chip is formed by vapor deposition.

Note that, SPC Electronics Corporation mentions a high
frequency induction heater, which heats metal, on its website
column “Introduction of High Frequency Induction Heater”
(lonline], [searched on May 16, 2005], Internet URL:
http:/ /www.spc.jp/heating/tec.002.htm).



12, 1999), or Japanese Unexamined Patent Publication No. 267834/1998
(Tokukaihei 10-267834) (Publication date: October 9, 1998) discloses a
production method of a surface plasmon resonance sensor chip. However, a
gold thin film formed by vapor deposition has an excessively uneven surface.

Particularly, in the SPR, even when ligand,is fixed in accor?&ﬁﬁaﬁéﬁ?om
unevenness of the gold thin film surface on which the ligand Is to be fixed, it
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the Aetadi@dhid flolaafeth eametatia thindilmebimd of a surface plasmon
resonance sensor chip.

However, a gold thin film formed by vapor deposition has
an excessively uneven surface. Particularly, in the SPR, even
when ligand is fixed in accordance with unevenness of the gold
thin film surface on which the ligand is to be fixed, it may be
impossible to obtain highly reproducible data, so that this
hinders the study on this field.

Further, in order to form a gold thin film having a flatter
surface, the deposition method itself is improved (e.g.,
sputtering or a similar method is adopted). However, it takes
cost to improve the vapor deposition method. This results in
such a problem that the price of each gold thin film becomes far

from a practical price.

DISCLOSURE OF INVENTION

The present invention was made in view of the foregoing
problems, and an object of the present invention is to provide a
metallic thin film chip producing apparatus and a metallic thin

film chip producing method whereby it is possible to flatten an



placed on the placement table, in a vertical direction with respect to the
surface of the metallic thin film; and heating means for heating only the
metallic thin film of the metallic thin film chip placed on the placement table.
Further, it is preferable to arrange the metallic thin film chip producing

apparatus so that the heating means inclg%e_s magnetic flu?gq@g@gi% 7
means for generating a magnetic flux penetrating the metallic thin film oq the
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Further, it is preferable to arrange the metallic thin film
chip producing apparatus so that the heating means includes
magnetic flux generation means for generating a magnetic flux
penetrating the metallic thin film of the metallic thin film chip
placed on the placement table, and the magnetic flux causes the
metallic thin film to be heated.

Further, it is preferable to arrange the metallic thin film
chip producing apparatus so that the heating means is a high
frequency induction heater which includes a coil serving as the
magnetic flux generation means.

According to the foregoing arrangement, the metallic thin
film of the metallic thin film chip placed on the placement table
and pressed is heated by the heating means. The heating means
generates the magnetic flux. In case where the heating means is
the high frequency induction heater which includes the coil, the
coil of the high frequency induction heater generates a magnetic
flux upon applying an alternating current. In the metallic thin

film chip producing apparatus according to the present



point or the vicinity of the fusing point as described above becomes soft. The
metallic thin film is sandwiched and pressed by the first insulating substrate
and the second insulating substrate, so that a surface profile of the second
insulating substrate (the surface is in contact with the metallic thin film) is
transcribed onto the surface of the metallic thin film. As descyj lﬂjoyé—t-o;t IS
possible to transcribe the surface profile of the second insu ating substrate
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substrate (the surface is in contact with the metallic thin film)
is transcribed onto the surface of the metallic thin film.

As described above, it is possible to transcribe the surface
profile of the second insulating substrate onto the metallic thin
film of the metallic thin film chip. By using the second
insulating substrate which has a surface being in contact with
the metallic thin film so that roughness of the surface (surface
unevenness) is lower than the surface roughness of the metallic
thin film, it is possible to improve the surface roughness of the
metallic thin film.

Thus, the metallic thin film chip flattened by the metallic
thin film chip producing apparatus according to the present
invention can be more easily produced than a metallic thin film
chip produced by high level vapor deposition, and it takes less
cost to produce the metallic thin film chip according to the
present invention than the metallic thin film chip produced by

high level vapor deposition.



chip producing apparatus according to the present invention so that the
heating means is a dielectric heater which includes microwave generation
means for generating the microwave irradiated to the metallic thin film of the
metallic thin film chip. According to the foregoing arrangement, the
microwave generation means irradiates the microwave to t%%@éﬁ%%g
film of the metallic thin film chip. Thus, osclillation of free electrons becomes
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pressing
According to the foregoing arrangement, the microwave

generation means irradiates the microwave to the metallic thin
film of the metallic thin film chip. Thus, oscillation of free
electrons becomes active in the vicinity of the surface of the
metallic thin film. The metallic thin film is heated to its fusing
point or the vicinity of the fusing point, so that the metallic thin
film is likely to be semi-liquid. Further, the pressing means
presses the metallic thin film, so that it is possible to improve
the surface roughness of the metallic thin film.

It is preferable to arrange the metallic thin film chip
producing apparatus according to the present invention so that
each of the placement table and the pressing means is made of
a material whose dielectric loss is small.

On this account, even when the magnetic flux penetrates
the placement table or the pressing means, the eddy current is
not induced, so that neither the placement table nor the
pressing means is heated. Thus, in the metallic thin film chip

producing apparatus, it is possible to heat only the metallic thin



means are not heated by the microwave irradiation, and heat conduction
does not heat the first insulating substrate and the second insulating
substrate for transcription. It is preferable to arrange the metallic thin film chip
producing apparatus according to the present invention so as to include a
chamber for sealing up the metallic thin filma chip placed on

table in vacuum or in an inert gas atmosphere. On this account, it IS possible
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It is preferable to arrange the metallic thin film chip
producing apparatus according to the present invention so as to
include a chamber for sealing up the metallic thin film chip
placed on the placement table in vacuum or in an inert gas
atmosphere.

On this account, it is possible to prevent oxidization of the
metallic thin film of the metallic thin film chip, so that it is
possible to prevent the surface quality of the metallic thin film
from being deteriorated.

It is preferable to arrange the metallic thin film chip
producing apparatus according to the present invention so as to
include a chamber for shutting the metallic thin film chip
placed on the placement table in a same atmosphere as a room
air.

According to the foregoing arrangement, it is possible to
prevent the oxidization of the surface of the metallic thin film
since the microwave has a reducing property. Thus, according
to the foregoing arrangement, it is possible to obtain such an
effect that a trouble such as deaeration or inert gas exchange

carried out in a room can be avoided unlike a case where there



film chip and the second insulating substrate from deviating from each other.
It is preferable to arrange the metallic thin film chip producing apparatus
according to the present invention so that each of the placement table and
the pressing means has a property which allows the microwave to pass
therethrough. According to the foregoing agangement, eaChz%fl\Wﬁ
a
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nm each of the placement table and the pressing means has a
property which allows the microwave to pass therethrough.

According to the foregoing arrangement, each of the
placement table and the pressing means has a property which
allows the microwave to pass therethrough, so that a large
quantity of the microwave generated by the microwave
generation means passes through the placement table and the
pressing means and reaches the metallic thin film. As a result,
the heating efficiency of the metallic thin film is improved.

Further, it is preferable to arrange the metallic thin film
chip producing apparatus so that the metallic thin film is made
of gold.

On this account, in case where the metallic thin film chip
producing apparatus according to the present invention is used
to flatten the gold deposited film surface of the gold deposited
chip used to carry out detection in SPR, it is possible to provide
the gold deposited chip whose surface is favorably flattened at
low cost.

Further, it is preferable to arrange the metallic thin film

chip producing apparatus according to the present invention so



less, it is possible to carry out reproducible measurement also in SPR. It is
preferable that the heating means heats the metallic thin film until the
metallic thin film becomes semi-liquid. In order to solve the foregoing
problems, a metallic thin film chip producing method according to the present

invention is a method for flattening surfacg,roughness of a ?&ﬁ@llgfcﬁh%otym
formed on a first insulating substrate, and the method includes the steps of:
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film fibgp chip producing method according to the present invention
is a method for flattening surface roughness of a metallic thin
film formed on a first insulating substrate, and the method
includes the steps of: (i) causing a second insulating substrate
whose surface roughness is lower than the surface roughness of
the metallic thin film to sandwich and press the metallic thin
film in a vertical direction with respect to the surface of the
metallic thin film; and (ii) heating only the metallic thin film.

Further, it is preferable to arrange the metallic thin film
chip producing method according to the present invention so
that magnetic flux generation means generates a magnetic flux
penetrating the metallic thin film so as to heat the metallic thin
film in the step (ii).

In the steps (i) and (ii), the metallic thin film is heated to
its fusing point or the vicinity of the fusing point and the heated
metallic thin film is pressed, so that it is possible to transcribe
the surface profile of the second insulating substrate onto the
surface of the metallic thin film. By selecting the second
insulating substrate whose surface roughness is low, it is

possible to flatten the surface of the metallic thin film.



producing method according to the present invention so that the steps (i) and
(ii) are carried out in vacuum or an inert gas atmosphere or in a same
atmosphere as a room air. On this account, it is possible to prevent
oxidization of the metallic thin film of the metallic thin film chip, so that it is
possible to prevent the surface of the metajic thin film from hej
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view schematjcally. IkisUaiing SE{H‘?&W%ePftFP@ metaliethin fimehip chip
according to the present invention. Fig. 2 is a surface roughness profile
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being deteriorated.

Further, it is preferable to arrange the metallic thin film
chip producing method according to the present invention so
that the metallic thin film is formed by vapor deposition.

For a fuller understanding of the nature and advantages
of the invention, reference should be made to the ensuing
detailed description taken in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1(a) is a cross sectional view schematically
illustrating a structure of a metallic thin film chip producing
apparatus according to the present invention. Fig. 1(b) is a
cross sectional view schematically illustrating a structure of the
metallic thin film chip according to the present invention.

Fig. 2 is a surface roughness profile obtained by observing
a predetermined straight line of a surface of a gold deposited
film through AFM.

Fig. 3 is a surface roughness profile obtained by observing

a predetermined straight line of a flattening glass substrate’s



Fig. 5 is a surface roughness profile obtained by observing a predetermined
straight line of a gold deposited film, which has not been flattened by the
metallic thin film chip producing apparatus according to the present
invention, through AFM. Fig. 6(a) is a surface roughness profile obtained by
observing a predetermined straight line of g.gold deposited f%\ t}@@;
been kept at SOOC for 10 hours, through AFM. Fig. 6(b) is a surlt/la
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predetermined straight line of a gold deposited film, which has
been kept at S00°C for 30 hours, through AFM.

Fig. 7 is a surface roughness profile obtained by observing
a surface of a gold deposited film, which has been experimented
at a frequency of 2.45 GHz, an oscillation output of 950 W, a
compressive load of 39.2 N (compressive stress of 0.30 MPa), for
a microwave oscillation time of 5 minutes, through AFM.

Fig. 8 is a surface roughness profile obtained by observing
a surface of a gold deposited film, which has been experimented
at a frequency of 2.45 GHz, an oscillation output of 950 W, a
compressive load of 39.2 N (compressive stress of 0.30 MPa), for

a microwave oscillation time of 3 minutes, through AFM.

BEST MODE FOR CARRYING OUT THE INVENTION

The following will explain one embodiment of a metallic
thin film chip producing apparatus according to the present
invention with reference to Figs. 1 through 6. Note that, the

present invention is not limited to this.



3 and a pressing member 4, a chip placement table 5, and a heater (heating
means) 12 having a coil 7 and a power source 8 for supplying an alternating
current to the coil (magnetic flux generation means) 7. On the vessel 9, a

vacuum pump (air exhaustion means) 11 for exhausting air from the vessel 9

is provided. In the metallic thin film chip prqducing apparatu e thin
film chip 10 obtained by forming a metallicit in film 1 on an %ga&ﬂa%]i?l?ﬁ&qw
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which is placed on the chip placement table 5 is heated by the heater 12.
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manner, an eddy current is induced in the metallic thin film 1 due to magnetic
induREBH e metallic thin film 1 is heated until the metallic thin film 1

reaches itddusihg poéatadlie tothe éddy athiipntpAosuréang of Hheamzatadic thin

film I]fllé'?ﬁtl?g tt%}ﬁeffilllﬁinghip 10 obtained by forming a metallic thin
film 1 on an insulating substrate 2 (first insulating substrate) is
placed on the chip placement table 5. As illustrated in Fig. 1(b),
the metallic thin film chip 10 placed on the chip placement
table 5 is sandwiched and pressed by the chip placement table
S and the pressing means 13. At this time, the metallic thin film
1 of the metallic thin film chip 10 faces (is in contact with) the
insulating substrate 3 of the pressing means 13. Note that, the
metallic thin film 1 is sandwiched and pressed by the insulating
substrate 2 and the insulating substrate 3.

Further, the thus pressed metallic thin film 1 of the
metallic thin film chip 10 which is placed on the chip placement
table 5 is heated by the heater 12. The heater 12 is described as
follows. When an alternating current is supplied from the power
source 8, the coil 7 of the heater 12 generates a magnetic flux.
In the metallic thin film chip producing apparatus, the magnetic
flux generated by the coil 7 penetrates the metallic thin film 1 of
the metallic thin film chip 10 placed on the chip placement

table 5. When the magnetic flux penetrates the metallic thin



point becomes soft. Further, the metallic thin film 1 is sandwiched and
pressed by the insulating substrate 2 and the insulating substrate 3, so that a
surface profile of the insulating substrate 3 which is in contact with the
metallic thin film 1 is transcribed onto the surface of the metallic thin film 1.
As described above, it is possible to transrir%be the surface p£ I%
msulatrng substrate 3 onto the metallic thin film 1 of the metal mhf ifm chip
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which is in contact with the metallic thin film 1 is lower than
surface roughness of the metallic thin film 1, thereby improving
the surface roughness of the metallic thin film 1. In case where
the metallic thin film 1 is formed by vapor deposition, its
surface roughness is 5 nm, and the surface roughness of the
insulating substrate 3 may be arbitrarily set as long as it is
possible to improve the surface roughness of the metallic thin
film 1. For example, the surface roughness of the insulating
substrate 3 preferably ranges from 2 nm to 1 nm, more
preferably is 1 nm or lower. If it is possible to set the surface
roughness of the metallic thin film 1 to 1 nm or lower, it is
possible to realize reproducible measurement also in the SPR.
Further, it is possible to directly observe ligand, fixed on the
surface, through AFM (atom force microscope) and the like.

Note that, each of the insulating substrate 2 and the
insulating substrate 3 is made of insulating material. Thus,
even if the magnetic flux penetrates them, no eddy current is

induced, so that they are not heated. Therefore, in the metallic



Further, the vessel 9 is internally vacuumed by the vacuum pump 11,
thereby preventing the metallic thin film 1 of the metallic thin film chip 10
from being deteriorated by oxidization or the like. Also, an inert gas
exchanging device for infusing inert gas into the vessel 9 may be provided
instead of the vacuum pump 11. This can,prevent the metall&cgtp;grgm&opf
the metallic thin film chip 10 from being deteriorated. Further, a fixing
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example of the fixing member is a tape made of insulating
material or a similar member, but the fixing member is not
limited as long as the member is made of insulating material.
Further, the pressing member 13 is constituted of the pressing
member 4 and the insulating substrate 3 in the foregoing
description, but it may be so arranged that the insulating
substrate 3 is separately provided. In this case, the insulating
substrate 3 is placed on the chip placement table 5 while being
in closely contact with the metallic thin film chip 10 in advance,
and is pressed by the pressing member 4.

The respective members are described as follows.

The metallic thin film chip 10 is not particularly limited as
long as the chip is obtained by forming the metallic thin film 1,
produced by a conventional thin film production method, on the
insulating substrate 2. An example of the chip is an inexpensive
chip obtained by forming the metallic thin film 1 on the
insulating substrate 2 by vapor deposition or sputtering.

A material of each of the insulating substrate 2 and the



coil 7 heats the metallic thin film 1. On this account, the insulating substrate
2 and the insulating substrate 3 are not deformed in pressing and heating
the metallic thin film 1. Thus, in flattening the surface of the metallic thin film
1, itis possible to exactly transcribe the surface unevenness of the insulating
substrate 2 or the insulating substrate 3 ontp the surface of thg \metallifin
film 1 of the metallic thin film chip 10, so that it is possible to provide tgg
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Furthermore, in case of flattening the gold deposited film
used in the SPR, it is preferable to use a glass material as the
material of the insulating substrate 2 or the insulating
substrate 3.

A material of the pressing member 4 and the chip
placement table 5 is not particularly limited as long as each
material is an insulating material, but it is preferable to use
quartz glass or ceramic. This is based on the following reason.
The material is in contact with the insulating substrate 2 or the
insulating substrate 3, so that heat of the coil 7 raises
temperature of the insulating substrate 2 or the insulating
substrate 3, which may result in deformation of the insulating
substrate 2 or the insulating substrate 3 upon being pressed.
Particularly, as the material of the pressing member 4 and the
chip placement table 5, it is preferable to use a material whose
dielectric loss is small.

In the present embodiment, the metallic thin film 1 of the
metallic thin film chip 10 is heated to its fusing point of the

metallic thin film 1, but the arrangement of the present



be softened. The temperature at which the metallic thin film 1 is heated is
influenced by a frequency of the alternating current supplied from the power
source 8 to the coil 7. As the frequency of the alternating current is higher,
the magnetic flux generated by the coil 7 has higher density. The high
density magnetic flux penetrates the met Igc thin film 1 of th ?ﬁ ft&ﬂ’/
film chip 10, so that a high density eddy curfrent occurs in the metallic thin
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is longer, the temperature further rises. Thus, it is preferable
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that the heating time is shorter in consideration for deformation
of the insulating substrate 2 and the insulating substrate 3.
Therefore, it is preferable to set the frequency of the alternating
current to several KHz to several MHz in heating the metallic
thin film 1 in a short time. The heat generated in the metallic
thin film 1 due to the eddy current varies depending on
resistivity and permeability of the material of the metallic thin
film 1, so that it is possible to suitably set the frequency of the
alternating current in accordance with the material of the
metallic thin film 1 of the metallic thin film chip 10.

The heating time of the metallic thin film 1 of the metallic
thin film chip 10, that is, the time in which the alternating
current is supplied to the coil 7 is influenced by the heating
temperature, so that it is possible to suitably set the heating
time in accordance with the material of the metallic thin film 1
of the metallic thin film chip 10.

As to a pressure load exerted by the pressing member 4



1 is heated to its fusing point, it is possible to transcribe the surface
unevenness of the insulating substrate 3 onto the metallic thin film 1 at about
0.1 to 10 MPa. Thus, the pressure load ranging from 0.1 to 10 MPa is
preferable. Note that, the pressure load is not particularly limited as long as
_the pressure load does not dar_nage th_e_ j%ll_ating substrate q\l;]grgp'ezow
insulating substrate 3. Under this condition, the pressure load can be
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17 'az;?plxllaé(gaSZQHletrated in Fig. 1, the metallic thin film 1 of the
metallic thin film chip 10 placed on the placement table 5 is
sandwiched and pressed in a vertical direction by the insulating
substrate 3, but the arrangement may be varied as long as the
metallic thin film 1 is sandwiched in a vertical direction with
respect to the surface of the metallic thin film 1. For example,
the metallic thin film chip producing apparatus may be
arranged so that: a direction in which the pressing member 4
exerts a pressure load is regarded as an upward direction, and
the metallic thin film is sandwiched in a horizontal direction (a
direction vertical to the upward direction).

Next, the following will explain an example of a production
method of the metallic thin film chip produced by the metallic
thin film chip producing apparatus according to the present
invention.

First, the metallic thin film chip 10 is prepared by forming
the metallic thin film 1 on the insulating substrate 2. Next, the
metallic thin film 1 of the metallic thin film chip 10 is

sandwiched and pressed by the insulating substrate 3 of the



pressing means from a vertically upward direction of the metallic thin film 1
(step (i)). Further, the coil 7 of the heating means causes the magnetic flux
to penetrate the metallic thin film 1 so as to heat the metallic thin film 1 (step
(ii)). At this time, the vessel 9 may be internally vacuumed or an inert gas
atmosphere is introduced into the vessel 9. It is possible to %ﬁgk%t%og
magnetic flux by supplying the alternating current from the power source 8 to
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dep%‘?-étl.eglic thin film 1. By selecting the insulating substrate 3
whose surface roughness is small, it is possible to flatten the
surface of the metallic thin film 1.

As described above, in the metallic thin film chip
producing apparatus according to the present invention and the
method according to the present invention for producing the
metallic thin film chip, the metallic thin film of the metallic thin
film chip obtained through simple and inexpensive vapor
deposition is heated by the coil in a short time while being
pressed by the pressing means, so that it cost much less to
carry out these steps than the case where high level vapor
deposition is adopted. Moreover, it is possible to rapidly heat
the metallic thin film of the metallic thin film chip, so that it is
easy to automate the steps.

In case where the metallic thin film chip producing
apparatus according to the present invention and the method
according to the present invention for producing the metallic
thin film chip are applied particularly to the gold deposited chip
used in the SPR, it is possible to promptly obtain gold deposited



- 18 - 29 March 2007 chips, each having a flat gold deposited film surface, in
large quantity. Thus, it is possible to realize the low cost which allows daily
use of the gold deposited chip in the SPR, so that it is possible to obtain
reproducible data. In the present invention, the heating means is not
particularly limited as long as it is possibl_eltg heat the metalliggtp]igrgﬁ@@&}he
metallic thin film chip placed on the placement table. For example, the
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the vicinity of the surface of the metallic thin film, so that the
metallic thin film is heated. However, with the activation of the
free electron oscillation, a subsequent microwave cannot enter
the metallic thin film, so that the microwave is likely to be
reflected by the surface of the metallic thin film (shielding effect).
Furthermore, when the oscillation of free electrons in the
vicinity of the surface is excessively active, some free electrons
fly out or jump to another substance (so-called electrical
discharge). Thus, the microwave irradiation has rarely been
used as a method for heating metal.

However, in case of a metallic thin film whose thickness is
extremely thin (nm order), such as the gold deposited chip,
which can be applied to the metallic thin film chip producing
apparatus of the present invention, the whole metallic thin film
can be regarded as the vicinity of the surface. Therefore, by
suitably adjusting a quantity of the supplied microwave to be
irradiated, it is possible to heat the metallic thin film to its

fusing point or the vicinity of the fusing point or until the



fusing point or the vicinity of the fusing point or until the - 19 - 29 March 2007
metallic thin film becomes semi-liquid. Further, also in case of the metallic
thin film whose thickness is extremely thin, when the oscillation of free
electrons in the vicinity of the surface is excessively active, some free

electrons fly out or jump to another substance (so-called eleggi@palrch 2007

discharge). However, in the metallic thin fi m_chip producing apparatus of the
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surfaeecehibesmesallichhenity: Ths thevimeetallie éhin fbmiistedaselyr free
sandyiched between the plag mer}t t@ble and the second insulating .
subgm/%(fg.olrhseré?or ,?re‘élcéﬁléi’(ro%sﬁ FaIj /00T, 45 thaFRSSI¥essinEHse

suppmtrfeeelectcictdmhatﬂgse. Butther, iﬁiglppef@@al:ﬁ@mmefeadubfsm%
PresEnE ARaDS. RMLhe replacsmeny takig isemade;of materiabwhinge thin

dielectric loss is small. In case where the dielectric loss is large, less
microWaveHRs OSHGR tRE AR, M atlifidtSAslatoNcating, the
microvéaerieais dhe fostinsulgiingritastiatthandihe sedeadresaliinghin
substrate for transcription due to heat conduction. Thus, it is not preferabl
o R EEER 00 U DREEHIHEEn e LR AR eI RS
matetiapattbseydidhetrkciorsds shrallatiagressivriradanstand tisdrection

placemeit table afe ha(timbeated by dhe piciowavgifURher, itIiﬁus, the
preferable that the pressing means and the placement table _allow the

micrOWEVe fo BHSs HBtethrElasit O R ImE Bt P EFGE gt dilfgement
micrakdwe geadertibed By the didrowdueirgenestdbiomr aeans passes ¢hrdugh

th : ‘
mgtg?]?%ﬁ!ayiﬁgﬁfeﬁaﬁ@ W8, PLES R MeAS BRGNP ATNSEHSs the
eleciric aischarge.

Further, it is preferable that each of the pressing means
and the replacement table is made of material whose dielectric
loss is small. In case where the dielectric loss is large, less
microwave passes through the material. In addition, irradiation
of the microwave heats the first insulating substrate and the
second insulating substrate for transcription due to heat
conduction. Thus, it is not preferable to use the material whose
dielectric loss is large. In case of using the material whose
dielectric loss is small, the pressing means and the placement
table are hardly heated by the microwave. Further, it is
preferable that the pressing means and the placement table
allow the microwave to pass therethrough. On this account, a
large part of the microwave generated by the microwave
generation means passes through the replacement table and the
pressing means, and then reaches the metallic thin film.
Therefore, it is possible to obtain such an effect that a heating

efficiency of the metallic thin film is improved.



Therefore, it is possible to obtain such an effect that a heating efficiency of
the metallic thin film is improved. -20- 29 March 2007 An example of the
material which allows the microwave to pass therethrough includes a polymer
material such as pyrex (registered trademark) glass, quartz glass, silicon

resin, polystyrene, polypropyrene, and fI_uQ(_r)ioe. In case of u%ggw{lr%h%ﬁmer
material such as silicon resin, polystyrene, polypropyrene, and fluorine,

particularly,in %Q%‘%ﬁoé@n['%%t ihe-metalf néﬁigﬁg IPRIQANGAY o ve to

apparatus SO that L in film is sandwi _om a horizontal
dire®@ss (Aheneldtcigdrtitathedne dpwardBeschomctit maehiatsanBex

favg«@»it@@hl Amranziri?aak)it igga@s_fseraaid%mﬁsegla%p%r@ﬂﬁ&ﬁﬁstef@%n,
trademark) glass since the pyrex (registered trademark) glass allows a |arge
sl ik e e R e e
Thepnmave s pEtially absmheq.ads-loqume di@t'éantric': hqelyetylnene,
pYreﬁ%ﬁ% Qﬁ@dsmr@u{aﬁﬁ%ﬁﬁﬁ%@é&w fhe éﬁ@g'aéioﬁﬂfatﬁging
microwave does not raise the temperature. Theréfore, a large part of the
irradiafedffittifalei Befidratel e RiRSLIAY M eAPR AR e Pladdribnihe
tableneaah iof vHichfisrmasesahphexH sepisienecatrademankhigltisecaiith (a
reaches the surface of the metallic thin film. Note that, the pyrex (registered
e G RCA YRR bR N e e e
dieldetiy {35y afshd.quartz glass is smaller than that of the pyrex (registered

trademarkhglasse affk this ROFSIBIe.for gheathy SUBPreas haalaeieraiien el

the pressing means and the placement table. Thus, it is more preferable to
use tFROGIRAKGIBRS FUHRASE, it Re pRYEFEbIETBISHFARTe TFRATOAMIT tsififm
chipaprodiscind aapeaiaius afadrdingitadeeapeesenp irsentiencstrough and

its dielectric loss is small. The microwave is partially absorbed.
However, the dielectric loss of the pyrex (registered trademark)
glass is large, so that the irradiation of the microwave does not
raise the temperature. Therefore, a large part of the irradiated
microwave penetrates the pressing means and the placement
table each of which is made of pyrex (registered trademark)
glass, and reaches the surface of the metallic thin film. Note
that, the pyrex (registered trademark) glass is used as a vessel
used in a home electronic oven.

The dielectric loss of the quartz glass is smaller than that
of the pyrex (registered trademark) glass, and it is possible to
greatly suppress heat generation of the pressing means and the
placement table. Thus, it is more preferable to use the quartz
glass.

Further, it is preferable to arrange the metallic thin film
chip producing apparatus according to the present invention so
as to include a chamber for shutting the metallic thin film chip
placed on the placement table in the same atmosphere as a

room air in case of heating the metallic thin film chip by



as to include a chamber for shutting the metallic thin film chip placed on the
placement table in the same atmosphere as a room air in case of heating the
metallic thin film chip by - 21 - 29 March 2007 microwave irradiation. In case
of heating with the high frequency induction heater, when the atmosphere

has oxygen, the surface of the metallic thip, film is likely to be,gxidized, ;-
Therefore, in case of heating with the high frequency induction heater, it'is

prefg@gﬁ%pgﬂltﬁ%%%q{wc thin film in vacuum or an inert gas. However,

in case of heating t e microwave irradiation, the microwave has a
reducing ptBpé&ayesthdtaaidngostible tbigedtighanitemiosprsrc RavifEon
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R e L e T B R e R e R e 3t i
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microwave does not leak to the outside. Further, in the microwave
gen&Pstion ETETan 1BscAfitfon HedbeMif ganthEeMsion BisparisFawave
oscillatieiiativg of tilkermwrowave, i & pressuedgaprexriied yothirapriassing
means caﬁ bet%uiﬁieball)( S1%t iggcggrdanc& with.a size of the metqllic thip film,

a tyﬁ)é) ot 1eeinsulatlng material, amﬁgger%%ent%%Yﬁ?gf the Retallic Yhin filny

chipustikepabial saseturehsingetdirinbes, ecovdaktatitesly dhaadecof for

increasing tﬁ%cmﬁ“{‘a'i‘li‘éeﬂﬁ%ﬂE)Irﬁ%tﬂﬁiﬁs‘éiﬂé‘ﬁﬂ'ﬂrpklw}ﬁ 2htheert gas
microwave, the oscillation time may be short. For example, in case where the
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set thechsailatere freqoancy oithe gasreweivenge dortoeD0@H, antbom

can be avoided. In this case, it is necessary to provide a
chamber for blocking the microwave so that the microwave does
not leak to the outside.

Further, in the microwave generation means, an
oscillation frequency, an oscillation output, or an oscillation
time of the microwave, or a pressure load exerted by the
pressing means can be suitably set in accordance with a size of
the metallic thin film, a type of the insulating material, a
placement point of the metallic thin film chip, or a spatial
structure of the chamber, etc. Qualitatively, in case of
increasing the oscillation frequency and the oscillation output
of the microwave, the oscillation time may be short.

For example, in case where the gold deposited chip is
applied as the metallic thin film chip, it is preferable to set the
oscillation frequency of the microwave to 2.45 to 100 GHz, and
it is preferable to set the oscillation output to 0.1 to 2 kW, and
it is preferable to set the oscillation time to 0.1 to 10 minutes.

The oscillation frequency of 2.45 GHz is a frequency

whose maximum acceptable radiation value is free from any



it is preferable to set the oscillation output to 0.1 to 2 kW, and it is preferable
to set the oscillation time to 0.1 to 10 minutes. The oscillation frequency of
2.45 GHz is a frequency whose maximum acceptable radiation value is free
from any -22- 29 March 2007 limit as an ISM frequency band, and is open so
as to be applied to various industrial, scientjfic, medical, or %}:ﬁ 7
devices. Currently, an industrial oscillator Whose frequency i$ %er t?an

that fr C T lato eferr, I
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GHZ@r ¥préREfaterdWhbdalossnigiififequendiciali0orG HenMowerss, the
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of 950 W, the metallic thin film became semi-liquid by 5-minute microwave
iradigtioe WHGibakeh %rerﬂrh%}wérdv@é\/@%&g%ﬁms R e
heatng igmperatite WiahloycilMarnfeeacdlatipn Datpoe nds«lesransedso
as to be less.than 50W it too ome ti everal [ s) for the
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outptingan be sautmyts@ﬂﬁrézcmﬂb@mhta@tzém thecavesalic thin fite,
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chip, a patlal structure of the chamber, etc., but it is preferable that the
oscillat t ranges from 0.1 to 2 kW. Note that, the oscillation output is
an oscnlaﬂihntiueput for andiihglieemeiadlic ithénl filim clRigain ghse ofvhen the

SIMYRRGRRSLAS NG SeYSREMSRIIG LD JIENRSH SRitput of 950 W,
the metallic thin film became semi-liquid by S5-minute
microwave irradiation. While, when 3-minute microwave
irradiation was carried out, the heating temperature was low.
When the oscillation output was decreased so as to be less than
950 W, it took some time (several ten minutes) for the metallic
thin film to be semi-liquid. Therefore, the microwave oscillation
output can be suitably set in accordance with a size of the
metallic thin film, a type of the insulating material, a placement
point of the metallic thin film chip, a spatial structure of the
chamber, etc., but it is preferable that the oscillation output
ranges from 0.1 to 2 kW. Note that, the oscillation output is an
oscillation output for a single metallic thin film chip. In case of
simultaneously heating several metallic thin film chips, it is
necessary to use an oscillation output obtained by multiplying
the foregoing oscillation output by the number of the metallic
thin film chips. Some industrial large scale oscillators can
realize 90 kW.

Further, the oscillation time can be suitably set in



necessary to use an oscillation output obtained by multiplying the foregoing
oscillation output by the number of the metallic thin film chips. Some
industrial large scale oscillators can realize 90 kW. Further, the oscillation
time can be suitably set in -23- 29 March 2007 accordance with the
oscillation frequency or the oscillation outgyt of the microwagg Rf-08hes
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various conditions, but it is preferable to set the oscillation time to 0.1 to 10
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film became semi-liquid. Thus, by exerting the compressive load of 0.
MP&Cthe! BaffataepromEAdt thd R ofitindbdidifrgl Bubtiate W8T cribéd.

Thetefarprés caselvheramthe bretidlic daiseld MAs rensipleteyafsusedias dotid,
the compressive load may, be low. ,Hgwever, in case, of exerting the lo

comSIT A NG Afer oot e P Tl AT iR DS iy 4P
maydefk routitFiftmaces srise tf exatihg alhgiher commessiedoaddn As
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insulating substrate may be damaged. Therefore, it.is preferable that the
comprELSVE Sal BREHEPEY tHe prRsEY cniBinstHRg¥e R AT 42 o he
MPaidMoieyspe cifichllyiigepniangveay ehegctlationdtetjienbyrisfitet toe2adhe

GHZSetHﬁ-(fﬁfHﬁt.iOflh%Pl’ﬂ)tyjse§%§‘{9n%591\élbg}%pressive load of 0.30 MPa,
the surface profile of the second insulating substrate was
transcribed. Therefore, in case where the metallic thin film is
completely fused as liquid, the compressive load may be low.
However, in case of exerting the low compressive load after
changing the metallic thin film into liquid, the metal may leak
out. Further, in case of exerting a higher compressive load (in
case where the compressive load is higher than 10 MPa), the
second insulating substrate may be damaged. Therefore, it is
preferable that the compressive load exerted by the pressing
means ranges from 0.1 to 10 MPa.

More specifically, the microwave oscillation frequency is
set to 2.45 GHz, the oscillation output is set to 950 W, the
oscillation time is set to 5 minutes, and the compressive load
exerted by the pressing means is set to 0.30 MPa, thereby
flattening the gold deposited film of the gold deposited chip.

As described above, the metallic thin film is heated with
the microwave so as to keep a condition under which the

metallic thin film is likely to be deformed like a semi-liquid



oscillation time is set to 5 minutes, and the compressive load exerted by the
pressing means is set to 0.30 MPa, thereby flattening the gold deposited film
of the gold deposited chip. As described above, the metallic thin film is
heated with the microwave so as to keep a condition under which the
metallic thin film is likely to be deformed |Il§%a semi-liquid 2 %@{ 07
condition, so that the pressing means can deform the surface of the metalli

th'”éé’ﬁd’i’ﬁ'&ﬁ‘ ISR f?@%}‘lg f';l]n‘;g( RIS VS ¥ §§r§) +HSLEf cétéﬁ'
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irradiat| n heatlng is no ?ltlcula |ted 'L?e micro ave irradiation

heaﬁngr P&y BEY élfneﬁ it &?8 aif A é’r?éaSUO SERLEnPAS the
desenibéacabol/éha metallicahimifilfilohip producing apparatus according to

the presengivgRijon, ingludes's@, Rlacement fanienn whichimaialligtains

film chip is placed pressing means for causing a second insulating substrate
to SEFRRRRM 2R phsd e TRESMRO i erFRLSF AN iR AL fing

placed avttheariacemely tabit ¢ a Teréicalidireatiore Witatiaprel (héaeing
surface o[Fthe metallic t |n f|Im and heatlng means for heatlncchthe metallic

thin Tt of the metallic thin fl?m cchlp place on the %ﬁa()emer?t taBlm wherein
the heating\ekgssriigdded avag netisftflgiensrdtiodi e arisifornyoderaiitg a

magiiehs b Rengiraiiag be raetalie thipddehef theometallic hiflaeehip,

placed on the Iac ment table, and the magnetic flux causes the metallic
thin RIAF I St Rising m%%&ﬂlﬁe%h‘éﬁh’é RGP thih RIA5Ehe
met@Ihesthlngllmmehtps bip irradiasiongoba seicvoviaves Qa thig asodisttatds to

pOS%IQJ?dQIQ%ata@g ’BF&%@' H‘énmetalhc thin film of the metallic thin
film chip, placed on the placement table, in a vertical direction
with respect to the surface of the metallic thin film; and heating
means for heating the metallic thin film of the metallic thin film
chip placed on the placement table, wherein the heating means
includes magnetic flux generation means for generating a
magnetic flux penetrating the metallic thin film of the metallic
thin film chip placed on the placement table, and the magnetic
flux causes the metallic thin film to be heated, or the heating
means heats the metallic thin film of the metallic thin film chip
by irradiation of a microwave.

On this account, it is possible to heat the metallic thin
film to its fusing point or to the vicinity of the fusing point, so
that it is possible to easily transcribe the surface profile of the
second insulating substrate, being in contact with the metallic
thin film, onto the surface of the metallic thin film. Therefore,
the pressure exerted by the pressing means to the metallic thin
film allows improvement of the surface roughness of the

metallic thin film, thereby easily flattening the metallic thin film



film to its fusing point or to the vicinity of the fusing point, so that it is possible
to easily transcribe the surface profile of the second insulating substrate,
being in contact with the metallic thin film, onto the surface of the metallic
thin film. Therefore, the pressure exerted by the pressing means to the
metallic thin film allows improvement of thg-surface roughnefgféati}%% 07
metallic thin film, thereby easily flattening the metallic thin film -25- %?arch
ZOOZh‘f |p The following Examples will detail preferable modes of the

present invention, but these Examples are mere references to explain the
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as not to depart from the scope of the present inyention. The following .
xRS B HGRh NS %A Seoitbd B SR ESHARBSiting
goldnari digla@:bmbsuMm(.cBﬁmponding tgrmliglﬁgulakﬁ@ subsrate?) bgn
Vap%h&'ﬁdges'%!&‘d‘?fﬁpaﬁﬁ”R}arﬁ‘st%@%t%&&&?f?l@@s(%b'aéquth%og@é%art
depasited film corresponds to the metallic thin film 1. [Example 1:
MedS0rBriBAIIAARE tHidkifeBSTTARE WbiaidPBsited film] In the present
Example, thedhitknessraf tiExgathldeposiseceiiimisf thiggalchdiepositegehip
was measured. A surface of t old deposited film, of the gold deposited
odRBBEl AR RS AN P RIRIR al R SRS SRR
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observing.a predetermined straight line of the surface of the gold deposited

film B9 AP ASHGHt € B StRRRE D hEGoaB depesittd Tt Thdicates a
surfiiEesingpe Whikte hsdreah beenSchatatiddiayethe of the gold deposited

film]

In the present Example, the thickness of the gold
deposited film of the gold deposited chip was measured.

A surface of the gold deposited film of the gold deposited
chip was scratched with tweezers so that the glass substrate
was exposed, and the surface of the gold deposited film was
observed by an atom force microscope (AFM). Fig. 2 illustrates a
surface roughness profile obtained by observing a
predetermined straight line of the surface of the gold deposited
film by AFM. A point C on the surface of the gold deposited film
indicates a surface shape which had not been scratched by the
tweezers. Further, a point D indicates a surface shape in which
the insulating substrate 2 was exposed by scratching the
surface with the tweezers. Note that, in Fig. 2, x indicates a
direction of the predetermined straight line of the surface of the
gold deposited film, and y indicates a vertical direction under
such condition that the surface of the gold deposited film in the
straight line was flat.

As indicated by the surface profile of Fig. 2, a distinct



tweezers. Further, a point D indicates a surface shape in which the insulating
substrate 2 was exposed by scratching the surface with the tweezers. Note
that, in Fig. 2, x indicates a direction of the predetermined straight line of the
surface of the gold deposited film, and y indicates a vertical direction under

such condition that the surface of the gold.geposited film in t | h{ﬁ
was flat. As indicated by the surface profilg%c?f Fig. 2, a distin??—%ﬁé% g:fh
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met&HifEARR At o MEEME R il aifse Tioastirass relighikddspisse

meaglared stidse dledtening glass substrate, the surface which was in contact
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film 1. Note that, in Fig. 3, x indicates a directjon of the predetermined

Straldif B GY & HARETH BIHSSU ALt 0B8N EURRA Wit
the Suréasadbhtweromeathltie thinvtiknm easdrzddicates a vertical direction
under In the flattening glass substrate, the surface which was in
contact with the surface of the metallic thin film 1 of the
metallic thin film chip 10 was observed by AFM. Fig. 3
illustrates a surface roughness profile obtained by observing a
predetermined straight line of the surface of the flattening glass
substrate which surface was in contact with the surface of the
metallic thin film 1. Note that, in Fig. 3, x indicates a direction
of the predetermined straight line of the flattening glass
substrate’s surface which is in contact with the surface of the
metallic thin film 1, and z indicates a vertical direction under
such condition that the surface of the flattening glass substrate
was flat.

The surface roughness of Fig. 3 shows that a surface
roughness value of the flattening glass substrate is 1 nm. Note
that, the surface roughness value corresponds to a height
difference between a peak and a trough adjacent to each other
in the surface roughness profile. Thus, as the surface
roughness value is larger, the surface is more uneven.

[Example 3: Flattening of the gold deposited film by the metallic



such condition that the surface of the flattening glass substrate was flat. The
surface roughness of Fig. 3 shows that a surface roughness value of the
flattening glass substrate is 1 nm. Note that, the surface roughness value
corresponds to a height difference between a peak and a trough adjacent to
each other in the surface roughness profilg, Thus, as the SU'E@?\?J@?‘%BB?SS
value is larger, the surface is more uneven. [Example 3: Flattening of the gold

deposited Siim by, the metallic.-27- 0 in fi hip produci
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flattéREeyoming the metallic thin film chip producing apparatus. As
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pressing member 4 and the chip placement table 5 so as to flatten the gold
depSHTEARMAT (dfedhist, APROMIFELR Bad EXERa 5 thatprasdify 8%

menbéichtothe gditdection of the predetermined straight line of a
surface on which gold was deposited, and z indicates a vertical
direction under such condition that the surface of the gold
deposited film in the straight line was flat. The surface
roughness profile of Fig. 5 shows that a surface roughness
value of the gold deposited film was 5 nm.

Further, in the present example, quartz glass materials
were used as the pressing member 4 and the chip placement
table 5 so as to flatten the gold deposited film. Note that, a
compressive load exerted by the pressing member 4 to the gold
deposited film was set to be a compressive stress of 1 MPa. The
inside of the vessel 9 was made vacuum, and an alternating
current of 1.7 KHz was supplied to the coil 7, and the gold
deposited film was heated for 30 seconds. Further, in the
present example, the gold deposited chip and the flattening
glass substrate were fixed with a scotch tape as a fixing member
so as not to be deviated from each other.

After heating, no change was found in the scotch tape,
and it was found that the scotch tape was not heated. Further,

the glass substrate of the gold deposited chip allowed direct



deposited film was set to be a compressive stress of 1 MPa. The inside of
the vessel 9 was made vacuum, and an alternating current of 1.7 KHz was
supplied to the coil 7, and the gold deposited film was heated for 30
seconds. Further, in the present example, the gold deposited chip and the
flattening glass substrate were fixed with %tspotch tape as aigiﬁgmm
So as not to be deviated from each other. After heating, no change was found
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substrate used in Example 2. This shows that tk;eg(&lass surface profile of the
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Thuflat. was found that the surface profile of the gold deposited film was

As illustrated in Fig. 4(a), a surface roughness value of the
gold deposited film treated by the metallic thin film chip
producing apparatus according to the present invention was 1
nm. The surface roughness value is equal to the surface
roughness value of the glass substrate used in Example 2. This
shows that the glass surface profile of the glass substrate was
transcribed onto the surface of the gold deposited film. Thus, it
was found that the surface profile of the gold deposited film was
transformed into a flat surface.

As illustrated in Fig. 4(b), an excessively uneven portion
was found in the surface of the gold deposited film. The surface
roughness value of the portion was 2 nm. This may be based on
the following reason: The compressive load exerted to the
surface of the gold deposited film of the gold deposited chip at
the time of the transcription was insufficient, so that the
surface of the flattening glass substrate was not sufficiently
filled with gold. Thus, the surface roughness can be improved
by increasing the compressive load.

[Comparative Example 1]



transformed into a flat surface. As illustrated in Fig. 4(b), an excessively
uneven portion was found in the surface of the gold deposited film. The
surface roughness value of the portion was 2 nm. This may be based on the
following reason: The compressive load exerted to the surface of the gold
glepos_it_ed film of the gold deposited chip_aégqle time of the trggﬁg&ﬁj]%wgs
insufficient, so that the surface of the flattening glass substrate was not
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heating tgolgeralepdsstbigh phetiosedating substade rcomessaftidhis by
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temperature to _500C., In vacuum, the gold deposited chiP was heated to .
a
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golddepssies thipavas kept ati b@OE Hop dihhotrstora temperature lower
than 500°C (softening point of glass). Thus, the inventors
carried out a method in which the gold deposited film was
grown through aggregation in setting the heating temperature to
500°C.

In vacuum, the gold deposited chip was heated to 500°C
at a rate of 100°C/h. Further, after heating the gold deposited
chip, the gold deposited chip was kept at S00°C for 10 hours or
30 hours, and then the gold deposited chip was cooled to a
room temperature at a rate of 100°C/h.

A surface of the cold deposited film was observed by AFM.
Each of Figs. 6(a) and 6(b) illustrates a surface roughness
profile obtained by observing a predetermined straight line of
the surface of the gold deposited film through AFM. Note that,
in Figs. 6(a) and 6(b), x indicates a direction of the
predetermined straight line of the surface of the gold deposited
film, and z indicates a vertical direction under such condition
that the surface of the gold deposited film was flat. Fig. 6(a)
illustrates a surface roughness profile of the gold deposited film
kept at 500°C for 10 hours, and Fig. 6(b) illustrates a surface



30 hours, and then the gold deposited chip was cooled to a room
temperature at a rate of 100C/h. A surface of the cold deposited film was
observed by AFM. Each of Figs. 6(a) and 6(b) illustrates a surface
roughness profile obtained by observing a predetermined straight line of the

surface of the gold deposited film through AFM. Note that, inFigs. (ﬁﬁd
6(b), x indicates a direction of the predete?rjr:ined straight Iin%%gfﬁ[egé?r ace
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aggregated (a surface region of E in Fig. 6(a) and a surface region of G in
Fig. BRBIFRASS rifh. T PRESTIES AWaLlodnd thdtigheqBld ¥RPositenriace
partielgsowese agigratigied (b))endbesgold . depeasites it igrewsfnugh that
aggregation by setting,the heating temperature to 500C., In case where t
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film was kept for 30 hours, the aggregation locally occurred, and some
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deposited film was kept for 30 hours, the aggregation locally
occurred, and some portions were not aggregated. It is expected
that the surface roughness of the gold deposited film will be
entirely even (the surface roughness value will be 2 nm) in case
where the gold deposited film is kept for longer time. However,
only the surface energy was used as a driving force to flatten
the uneven surface of the gold deposited film, so that a rate at
which the gold deposited particles were aggregated was low,
which resulted in higher cost.

[Example 4]

The metallic thin film chip producing apparatus of the
present invention was used to flatten the gold deposited film. An
area size of the gold deposited film was 13 mm x 10 mm = 130
mm?2.

The gold deposited film was sandwiched by a flattening
glass substrate (second insulating substrate) whose surface
roughness was 1 nm or less, and a compressive load was

vertically exerted to the gold deposited film. Note that, as a



only the surface energy was used as a driving force to flatten the uneven
surface of the gold deposited film, so that a rate at which the gold deposited
particles were aggregated was low, which resulted in higher cost. [Example
4] The metallic thin film chip producing apparatus of the present invention
was used to flatten the gold deposited film, An area size of t |

deposited film was 13 mm x 10 mm = 13?)13£m2. The gold dggo%%g:chfﬁr%ozvas
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After flattening the gold deposited film, the surface of the
gold deposited film was observed by AFM.

In the present example, an experiment was carried out
under such condition that the compressive load was 39.2 N
(compressive stress was 0.30 MPa) and the microwave
oscillation time was 5 minutes. Under this condition, the
surface of the gold deposited film was observed by AFM. A
surface profile obtained by observing the surface of the gold
deposited film is illustrated in Fig. 7. As illustrated in Fig. 7,
the surface roughness of the gold deposited film was about 1
nm. It was found that the surface unevenness of the flattening
glass substrate was transcribed.

[Comparative Example 2]

The same operation as in Example 5 was carried out
except that the microwave oscillation time was 3 minutes, and
the surface of the gold deposited film was observed by AFM. As
a result, aggregation of the gold deposited particles was
recognized. This means that the gold deposited film was heated
to high temperature. A surface profile obtained by observing the

surface of the gold deposited film is illustrated in Fig. 8. As



surface of the gold deposited film was observed by AFM. A surface profile
obtained by observing the surface of the gold deposited film is illustrated in
Fig. 7. As illustrated in Fig. 7, the surface roughness of the gold deposited
film was about 1 nm. It was found that the surface unevenness of the
flattening glass substrate was transcribed, JComparative Exagple 2] The-
same operation as in Example 5 was carried out except that the microwave

e operation as in Ex : ccept thal The Micto
s DCURI o WERT A e oy B e S S e

partféles Was gaeatpizEpTHiBdhenEn ekt gerPaEsesiidmiinhighs had
hee]tc&esit lge@higmtﬂsm@@trld é @an@aﬁqléuﬁﬂ%%W@ﬁéeMﬂia@ﬂ)hy ohsepfne :[h@ki]th
surface of the gold deposi iim is jllustrated in Fig. 8. As -32- 29 Marc

200 ST Eig OB (18 RS cHincse Bl i ol Hep U
wasmpeatde shareteabggtiegafold, dbpositedyfikbdvbichdsadhnot beems still
subjagted tQ she mierowaveasgillation sTherefaim Witk sthe SRICRAYEnt
oscillation time of 3 minutes, the deposited particles were aggregated, but an
yiel A§iRIEIHerbbf Wi SAMPMERSSYthatre o depssitBa-filPiashiht
sufficsenily idefarogt dyribe conypiepsive steshot.da Rauhsenighé sresult
in ingufficient transcription of the surface ungvenness of the flattening glass
subiSte SIS IIR (o Ae  ALEla o G s tlfo SO
but ercildiztdistHarae Widlsneebckur?BastavieE xdmiblecleatidcCdispheiie
Example,d+ Qriimal conditions of the heating and the compressive load in the
microwave_heating are considered as fgllows. Whether or not the surface

unevennes2eSEh S RaltEATP G148 R 00SORE RERDE thFRBEHY o rit® tHaal
surfaca dftilo@ golef déositedtiitig gaeaily theperma pretwvwdeltbatteds ot Hee

gOldmicrowave heating are considered as follows.

Whether or not the surface unevenness of the flattening
glass substrate can be transcribed onto the surface of the gold
deposited film greatly depends on the yield stress of the gold
deposited film and the compressive stress which acts via the
flattening glass substrate. In case where the yield stress is low,
the surface unevenness of the flattening glass substrate can be
transcribed onto the surface of the gold deposited film even if
the compressive stress is low. However, in case where the yield
stress is high, the surface unevenness of the flattening glass
substrate cannot be transcribed onto the surface of the gold
deposited film wunless the compressive stress is made
considerably high. Further, as the temperature of the gold
deposited film is higher, the yield stress is lower. Particularly,
in case where the gold deposited film becomes semi-liquid, the
yield stress is extremely low.

In Example 4, the microwave was oscillated with an
output of 950 W for 5 minutes so as to flatten the gold
deposited film. The surface profile of the gold deposited film is



deposited film and the compressive stress which acts via the flattening glass
substrate. In case where the yield stress is low, the surface unevenness of
the flattening glass substrate can be transcribed onto the surface of the gold
deposited film even if the compressive stress is low. However, in case where
the yield stress is high, the surface unevepness of the flatter%gg/l%li%ﬁ%%ﬂ
substrate cannot be transcribed onto the surface of the gold deposited film
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While, in case where the oscillation output of the
microwave is raised, the gold deposited film may be semi-liquid
in short time. It is more preferable that the oscillation output is
higher in terms of a shorter processing time and mass
production of the gold deposited chips. Note that, as a
microwave oscillator for business use, there are various
commercial machines whose oscillation output is 1.5 kW or
further higher.

As described above, in order to transcribe the surface
unevenness of the flattening glass substrate onto the surface of
the gold deposited film, it is important to suitably set an
amount of supplied microwave (oscillation output and
oscillation time) and a compressive load (compressive stress).

The invention being thus described, it will be obvious that
the same may be varied in many ways. Such variations are not
to be regarded as a departure from the spirit and scope of the
invention, and all such modifications as would be obvious to

one skilled in the art are intended to be included within the



in short time. It is more preferable that the oscillation output is higher in
terms of a shorter processing time and mass production of the gold
deposited chips. Note that, as a microwave oscillator for business use, there
are various commercial machines whose oscillation output is 1. 5 kW or
further higher. As described above, in ordey,to transcribe the 7
unevenness of the flattening glass substrate onto the surface of e goPcP
depgg %f& H%l%[p(p‘g{%ﬁg%qgably set an amount of supplied

microw ve (oscillation output and oscillation time) and a compressive load
(compressive stress). The invention being thus described, it will be obvious
thatrthesgsmeIMB AP VaCAB N, MMany ways. Such variations are not to be
regarded gg a departure from the spirit and scope of the invention, and
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invention for producing the metallic thin film chip; the metallic thin film chip
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prodyeingapRanas, flattening surface roughness of a metallic thin film
formed on a first insulating substrate,



said metallic thin film chip producing apparatus comprising: a placement
table on which a metallic thin film chip is placed; pressing means for causing
a second insulating substrate whose surface roughness is lower than the
surface roughness of the metallic thin film to sandwich and press the metallic
thin film of the metallic thin film chip, plac%g on the placeme%t@fél% ixj

. o ) =35 - : h 7
vertical direction with respect to the surface of the metallic thin film; an

hea@'llgAmgns for heating only the metallic thin film of the metallic thin film
chip placed on the placement table. 2. The metallic thin film chip IEilroduci.ng
apparatis Bxcsetlisrtbhin cfaim 1ChiRerene ¢aeiner tABRAdesHontiabiertng
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the heatip??ﬂmeans incluges magnetic flux generation means for generating a
maghStL AL S SR the metallic thin film of the metallic thin film chip
placed on skedlaceatettctabtbiandfilm magnetic firrdaoseg theppetalios
thin fily, gqnggated. 3. The metallic thin film chip producing apparatus as
set forth ™" in claim 2, wherein each of the placement table and the pressing
means is aBPSERRAteFAPIFhESe HiticBR B lismEN marid Meahdatify
meapisitsed;high frequency heater which includes a coil serving as the
magnetic flu generafion means. 30: 29, Mareh 2007 4, he metalic thin, fim
producing %ppara{%és as set forthin "Qlaim i wherein the hea |r% means
heatshios enegaiiecthirpfilgh g she sierakic thiptilpheripdpoe adisgbness of

micraysayge &y1fiber mefaflicihin fladin AroduengRRRafaSAs a8l ok in
claim 4, wherein the heating means is a dielectric heater which includes

microlWh §BREMEIAIREANE i geriRimjaRed on the placement table,

in a vertical direction with respect to the surface of the metallic
thin film; and
heating means for heating only the metallic thin film of

the metallic thin film chip placed on the placement table.

2. The metallic thin film chip producing apparatus as set forth
in claim 1, wherein each of the placement table and the
pressing means is made of a material whose dielectric loss is
small, and the heating means includes magnetic flux generation
means for generating a magnetic flux penetrating the metallic
thin film of the metallic thin film chip placed on the placement
table, and the magnetic flux causes the metallic thin film to be
heated.

3. The metallic thin film chip producing apparatus as set forth
in claim 2, wherein each of the placement table and the
pressing means is made of a material whose dielectric loss is
small, and the heating means is a high frequency heater which

includes a coil serving as the magnetic flux generation means.



microwave irradiated to the metallic thin film of the metallic thin film chip. 6.
The metallic thin film chip producing apparatus as set forth in claim 1,
wherein each of the placement table and the pressing means is made of a
material whose dielectric loss is small. 7. The metallic thin film chip

producing apparatus as set forth in any 9?% of claims 1 to 6 %Q'M%‘}iériu%@?
chamber for sealing up the metallic thin film chip placed on the placement
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apparatus as set forth in claim 1, 7, or 8 comprising fixation means for fixing
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the Wﬁtalﬁfrﬁhic flilm is made of gold. 12. The metallic thin film chip producing
appara{hs as set forth in any one of claims 1 to 11, wherein the second
insulating substrate has a surface which is in contact with the metallic thin
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chip producing apparatus as set forth in any one of claims 1 to 12, wherein
theph%aﬁ%%im%a}rﬁ)spﬂ]&%em each of they placement table and the

pressing means is made of a material whose dielectric loss is

small.

7. The metallic thin film chip producing apparatus as set forth
in any one of claims 1 to 6 comprising a chamber for sealing up
the metallic thin film chip placed on the placement table in

vacuum or in an inert gas atmosphere.

8. The metallic thin film chip producing apparatus as set forth
in any one of claims 1 to 6 comprising a chamber for shutting
the metallic thin film chip placed on the placement table in a

same atmosphere as a room air.

9. The metallic thin film chip producing apparatus as set forth
in claim 1, 7, or 8 comprising fixation means for fixing the
metallic thin film of the metallic thin film chip with the metallic

thin film sandwiched by the second insulating substrate.

10. The metallic thin film chip producing apparatus as set forth

in claim 4 or 5, wherein each of the placement table and the



the metallic thin film until the metallic thin film becomes semi-liquid. 14. A
metallic thin film chip producing method for flattening surface roughness of a
metallic thin film formed on a first insulating substrate, said method
comprising the steps of: (i) causing a second insulating substrate Whose
surface roughness is lower than the surfz e roughness of th§9'WF

film to sandW|ch and press the metallic thin film in a vertical direction Wlt
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met I|ct ntilm. 15. The met iIm pro ucing method as set for
clairdass stiRiagghetic flux generation means generates a magnetlc qux
penetrating the metallic thin film so as to heat -38- 29 March 2007 the

metallic thin film in he te 16, The metallic thin film producin
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of clalms 14 t6 16, wherein the steps (i) and (ii) are carried out in vacuum or

an inert gas atmosphere or in a same atmosphere as a room air. 18. The
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substrate has a surface which is in contact with the metallic

thin film so that roughness of the surface is 1 nm or less.

13. The metallic thin film chip producing apparatus as set forth
in any one of claims 1 to 12, wherein the heating means heats
the metallic thin film until the metallic thin film becomes

semi-liquid.

14. A metallic thin film chip producing method for flattening
surface roughness of a metallic thin film formed on a first
insulating substrate,

said method comprising the steps of:

(i) causing a second insulating substrate whose surface
roughness is lower than the surface roughness of the metallic
thin film to sandwich and press the metallic thin film in a
vertical direction with respect to the surface of the metallic thin
film; and

(ii) heating only the metallic thin film.

15. The metallic thin film producing method as set forth in
claim 14, wherein magnetic flux generation means generates a

magnetic flux penetrating the metallic thin film so as to heat
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the metallic thin film in the step (ii).

16. The metallic thin film producing method as set forth in
claim 14, wherein microwave generation means irradiates a
microwave to the metallic thin film so as to heat the metallic

thin film in the step (ii).

17. The metallic thin film producing method as set forth in any
one of claims 14 to 16, wherein the steps (i) and (ii) are carried
out in vacuum or an inert gas atmosphere or in a same

atmosphere as a room air.

18. The metallic thin film producing method as set forth in any
one of claims 14 to 17, wherein the metallic thin film is formed

by deposition.



