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

apparatis.

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”
([enline], [searched on May 16, 2005], Internet URL:
http://www.spc.jp/heating/tec.002.htm).




No. 6834/ 1999 (Tokukai hei 11-6834) (Publication date:
January 12, 1999), or Japanese Unexam ned Patent

Publ i cati on No. 267834/ 1998 (Tokukai hei 10-267834)
(Publication date: Cctober 9, 1998) discloses a
production nethod of a surface plasnon resonance

sensor chip. However, a gold thin filmformed by vapor
deposition has an excessi vefzy uneven surface.
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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



filmof the nmetallic thin filmchip, placed on the

pl acenment table, in a vertical direction with respect
to the surface of the netallic thin film and heating
means for heating the netallic thin film of the
metallic thin filmchip placed on the placenent table.
Further, it is preferable to,arrange the netallic thin
film chip producing apparét%é so that the heating
reans sivedy uttesy e magrés ¢ of lauxajehlé ahipailmeansofgr cost.
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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 gencration 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 metaliic thin
film chip producing apparatus according to the present
invention, the magnetic flux generated by the magnetic flux

generation means penetrates the metallic thin film of the



The surface of the netallic thin filmheated to the
fusing point or the vicinity of the fusing point as
descri bed above becones soft. The netallic thin film

i s sandwi ched and pressed by the first insulating
substrate and the second insulating substrate, so
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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 thc metallic thin film chip produced by
high level vapor deposition.

Further, in the metallic thin film chip producing
apparatus according to the present invention, it is possible to
heat the metallic thin film of the metallic thin film chip rapidly,

so that it is possible to realize the metallic thin film chip



metallic thin filmchip by irradiation of a m crowave.
Furthernore, it is preferable to arrange the nmetallic
thin film chip producing apparatus according to the
present invention so that the heating neans is a
dielectric heater which includes mcrowave generation
means for generating the mcrowave irradiated to the
nmetallic thin filmof the mePallic thin filmchip.
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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 {ilm.

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 mcans 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
film, so that it is possible to prevent the placement table and
the pressing means [rom being heated, thereby preventing
deformation of the placement table and the pressing means.

Further, the heating means gives the following effect: in



case of heating the nmetallic thin filmof the netallic
thin film chip by irradiating the mcrowave, each of
the placenent table and the pressing nmeans made of a
materi al whose dielectric loss is small allows a

| arger quantity of the m crowave to pass
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film It is preferable to arrange the metallic thin film chip
producing apparatus according to the present invention so as to
inciude 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 deacration or inert gas exchange
carried out in a room can be avoided unlike a case where there
is provided a chamber for sealing up the metallic thin film chip

in vacuum or an inert gas atmosphere.

Further, it is preferable to arrange the metallic thin film

chip producing apparatus according to the present invention so



chi p produci ng apparatus according to the present

i nvention so -7 as to include fixation nmeans for

fixing the netallic thin filmof the nmetallic thin
filmchip with the netallic thin film sandw ched by

the second insulating substrate. On this account, it

is possible to prevent the tallic thin filmchip

and the second insulating substrate fromdeviating _
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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
that the second insulating substrate has a surface which is in
contact with the metallic thin film so that roughness of the
surface is 1 nm or less.

On this account, it is possible to transcribe the second



contact with the netallic thin filmso that roughness

of the surface is 1 nmor less. On this account, it

is possible to transcribe the second -8- insulating
substrate's surface roughness profile of I nmor |ess
onto the nmetallic thin filmof the nmetallic thin film
chip. Wen the surface roughness of the nmetallic thin
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produci ng net hod according to the present invention so .
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.

Further, it is preferable to arrange the metallic thin film
chip producing method according to the present invention so
that microwave generation means irradiates a microwave to the
metallic thin film so as to heat the metallic thin film in the step
(i1).

It is preferable to arrange the metallic thin film chip

producing method according to the present invention so that



that m crowave generation neans irradi ates a m crowave
to the netallic thin filmso as to heat the netallic
thin filmin the step (ii) . It is preferable to
arrange the netallic thin filmchip producing nethod
according to the present invention so that -9- the

steps (i) and (ii) are carrigd out in vacuumor an
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ribemsedps (nanbi §i) aecowatricd ous jpogsichiuent or preventt gas
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metallic thin filmchip according to the present .
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Fig. 3 is a surface roughness profile obtained by
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llustrating 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
surface, which is in contact with a surface of the metallic thin
film, through AFM.

Fig. 4 is a surface roughness profile obtained by observing
a predetermined straight line of a gold deposited film, which has
been flattened by the metallic thin film chip producing
apparatus according to the present invention, through AFM.

Fig. 5 is a surface roughness profile obtained by observing



film through AFM Fig. 4 is a surface roughness

profile obtained by observing a predeterm ned

straight line of a gold deposited film which has

been flattened by the netallic thin filmchip

producing apparatus according to the present
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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.

Figs. 1(a) and 1(b} are cross sectional views each of which
schematically illustrates the metallic thin film chip producing
apparatus according to the present invention. As illustrated in
Fig. 1(a), the metallic thin film chip producing apparatus
according to the present invention includes, in a vessel
(chamber) 9, pressing means 13 having an insulating substrate

3 and a pressing member 4, a chip placement table 5, and a



Figs. 1(a) and 1(b) are cross sectional views each of

which schematically illustrates the metallic thin
filmchip producing apparatus according to the
present invention. As illustrated in Fig. 1(a), the

metallic thin filmchip producing apparatus according
to the present invention includes, in a vessel

(chamber) 9, pressing neans 13- havi ng an i nsul ati ng
bsteratrR atdh@iean By eSshagin@rbesil47 amdhi poplcacenenie 8
table 5, and a - 11 heater (heating ans) 12 havi.ng
4oz os NP PLEAE anp@mnéiém&@%re%rtos& Bl §RThglapgnetic~flux
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neration nmeans vesse , a vacuum punp
(cﬁihauembausma:amns médn$)r kkHaorstergaast imygnatie frasnnel h is
vessel a provided. In the netallic thin filmchip
pi?%)dfdpgapparatus a netallic thin filmchip 10

obt ai ned #he foErANG: atmﬁt &l cclhiy nprddibe tus, a
insulating substrate 2 (first i nispulngtl ng Sljgbg??p@ra
Taibg thin

plnatt@kilcort ihefiohi phin ddemdriained| By SorpEng pustet
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I's sa
pﬁl@%@@doﬁy‘tﬂdﬁehgﬁslmapbmbkﬁl As ﬁlmdatdﬁs in Fig. 1(bj,
ressi ng neans At this e allic thi.n
D amme et B melkR Ca PR W@?ﬁ‘@h@% for aigk Ripgement
conjiacs W é%dw&le&% aligegubstital ehdy (ﬁlaheﬁmnt table
pressi ng neans 13. that, the” netallic th film
15 e ahdvpms@dngndepnesb%dAb)thn&élmﬁs mhatmﬁgalhc thin film

bstrate 2 d th
tsﬂé%t{ﬁ%?ﬁ? e B ERCR D PRPES (b Gipa kgl e
J] M ik %lilﬂb%til&té"@ sNthe ﬁﬂe@@ﬁﬁ%%ehhg chi Mote that, the

acenent™ table 5 is heated e heater 12, The .
hlemtaﬂld_zhus fdasdrlso@@lndWCh@ﬂI«’m\@ prwesfddpy the insulating

LR SIS B s dagmane pover source
flux. Fhlﬁtlﬁdﬂ@ matakthie tpmesséﬁl mmlhcpmhducﬁn@ 1 of the
Rar i &1t Homherap! 1& THHEN T PGP tHe bifp Flebcent
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
film 1 in this manner, an eddy current is induced in the
metallic thin film 1 due to magnetic induction. The metallic thin
film 1 is heated until the metallic thin film 1 reaches its fusing
point due to the eddy current.

A surface of the metallic thin film 1 heated to the fusing
point becomes soft. Further, the metallic thin film 1 is

sandwiched and pressed by the insulating substrate 2 and the



the nmetallic thin filmchip 10 placed on the chip

pl acenent table 5. When the magnetic flux penetrates
the netallic thin film21l in this nmanner, an eddy
current is induced in the netallic thin filml due to
magneti c i nduction. The netallic thin filml is
heated until the netallic thin filml reaches its
fusing point due to the eddy? current. A surface of

tihe TBtidld LGpbkhiatefd | 8 khheal edriard PeofiksbNghedaisnlating
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destileneythh o eulaing S YESARE & PBLY Tfrciauid fain filw 1
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metallitc thin filml oftherretalllcthlnfllm
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t hafraceUrdaaensouah &ﬁ%snﬁtanhe tmaﬁ aum q tﬂm@mebm mproving
thereby inproving the surface roughnes

of
ntaskréacchiraughngss. of Fhe aaetalbier g1 F\@nnét ém ¢%5¢ Rere
il b, tilﬁcorgﬁgl Qym){agor dﬁﬁ‘?ﬁ!ﬁ&' & Jdr SR8 on, its

roughness 'S m and the surface’roughness "of the
| igthaati ﬂ@ughbstssaﬁseSSnmmy dvel ahlei snafddey resghassisond the

as it f h
S et RRITHERCe 17 1A DFoFBRARETG, Sehe et aces ot
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nges from2 nmto 1 nm nore preferably is | nmor
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of f| | m | or.. Lover 1] S
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and xed on the _surface, through AFM (atqmforce .
nr@m@gngﬁsé)o%ﬁ]@et metpilie thin film 1 t© 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 arc not heated. Therefore, in the metallic
thin film chip producing apparatus, it is possible to heat only
the metallic thin film 1, so that it is possible to prevent
deformation caused by heat of the insulating substrate 2 and
the insulating substrate 3.

Further, the vessel 9 is internally vacuumed by the
vacuum pump 11, thereby preventing the metallic thin film 1 of

the metallic thin [ilm chip 10 from being detericrated Dby



Note that, each of the insulating substrate 2 and the

i nsul ating substrate 3 is made of insulating material.
Thus, even if the magnetic flux penetrates them no
eddy current is induced, so that they arc not heated.
Therefore,, in the netallic thin filmchip producing
apparatus, it is possible to heat only the netallic
thin film1l, so that it is‘p]o%Si ble to prevent
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respecti ers are described as ows. The

nehadlilsi pradded by ltmecpressiogi memobepérticularly linmted
as 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
insulating substrate 3 is not particularly limited as long as the
material is an insulating material, but it is preferable to use a
material which is hardly softened by heat generated when 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, it is possible



long as the chip is obtained by formng the netallic
thin film1, produced by a conventional thin film
producti on nethod, an the insulating substrate 2. An
exanpl e of the chip is an inexpensive chip obtained

by formng the netallic thin filml on the insulating
substrate 2 by vapor deposit zgn or sputtering. A

mat eri al of each of the |nsJIat|ng substrate 2 and the
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insulating substrate 3, so that heat of the coil. 7

redmpsTabRperel Uhe of StbRLNAS SISy s thseF athe Angpilating
thebs{]ral{ aé,l Which meay 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
invention is not limited to this. The metallic thin film 1 may be
heated at temperature which allows the metallic thin film 1 to
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



substrate 3, which may result in defornation of the
insulating substrate 2 or the insulating substrate 3
upon being pressed. Particularly, as the nmaterial of
the pressing menber 4 and the chip placenent table 5,

it is preferable to use a material whose dielectric
loss is small. In the present_enbodi nent, the netallic
thin filml of the netallic3Ahin fI|mChIp 10 is
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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
and the placement table 5, in case where the metallic thin film
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 damage the insulating substrate 2 and the



film1, so that it is possible to suitably set the
frequency of the alternating current in accordance
with the material of the netallic thin film1l of the
metallic thin filmchip 10. The heating tinme of the
metallic thin film1l of the netallic thin filmchip

10, that is, the tine in which the alternating

current is supplied to the=d&it 7 is influenced by the
heatilagngt en’petmtara odtéhahis tcorglipossi e ptressure load
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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 metellic 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 (1))

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 atmosphcre is

introduced into the vessel 9. It is possible to generate the



arranged so that: a direction in which the pressing
menber 4 exerts a pressure load is regarded as an
upward direction, and the netallic thin filmis

sandwi ched in a horizontal direction (a direction
vertical to the upward direction). Next, the foll ow ng
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pparat us”accorting to the present invention and the
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
chips, cach 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 s
possible to obtain reproducible data.

In the present invention, the heating means is not
particularly limited as long as it is possible to heat the metallic

thin film of the metallic thin film chip placed on the placement



nmet hod according to the present invention for

producing the netallic thin filmchip, the netallic

thin filmof the netallic thin filmchip obtained

t hrough sinple and i nexpensive vapor deposition is

heated by the coil in a short tine while being

pressed by the pressing neans, so that it cost nuch

less to carry out these st “than the case where
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el'ectrons are nore actively oscillated in
thee&un;anmythbdﬂbelguﬁﬁagenetahhe metallic thin film
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extremely thin (nm order), such as the gold deposited chip,
which can be applied to the metallic thin film chip producing
apparatus of the présent 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
metallic thin film becomes semi-liguid.

Further, also in casc 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 clectrical discharge}. However, in the metallic thin

film chip producing apparatus of the present invention, the



free electron oscillation, a subsequent m crowave

cannot enter the netallic thin film so that the
mcrowave is likely to be reflected by the surface of
the metallic thin film(shielding effect).

Furthernore, when the oscillation of free electrons in
the wvicinity of the surface is excessively active,

some free electrons fly out? or junmp to anot her
subskangentsasaallat ehecheiddilc tidnsiiharge)he Themllitheéin
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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 mecans, and then recaches the metallic thin film.
Therefore, it is possible to obtain such an effect that a heating
efficiency of the metallic thin film is improved.

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 fluorine. In case of using the
polymer material such as silicon resin, polystyrene,
polypropyrene, and fluorine, particularly in case of arranging

the metallic thin film chip producing apparatus so that the



el ectric discharge. Further, it is preferable that

each of the pressing nmeans and the replacement table

is made of material whose dielectric loss is small.

In case where the dielectric loss is large, Iess

m crowave passes through the naterial. In addition,
irradiation of the m crowave, heats the first

i nsul ating substrate and th second insul ati ng
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gbAshespprex t(hegisyermd (tr@@ﬁmeé’ ®lesaddnd K} 1§ Regsible 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
microwave irradiation.

In case of heating with the high frequency induction
heater, when the atmosphere has oxygen, the surface of the
metallic thin film is likely to be oxidized. Therefore, in case of
heating with the high frequency induction heater, it 1is
preferable to heat the metallic thin film in vacuum or an inert

gas. However, in case of heating through the microwave



allows a large part of the m crowave to pass
therethrough and its dielectric loss is small. The
mcrowave, is partially absorbed. However, the
dielectric | oss of the pyrex (registered trademark)
glass is large, so that the irradiation of the

m crowave does not raise the tenperature. Therefore,

a large part of the irradi ated” m crowave penetrates
tihea e st noghareansocand o hesph acementg palpeteash tbfat it is
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casecubare threpecilktpoovirdadenisy ehanbee ¢epillation 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 f{requency
whose maximum acceptable radiation value is free from any
limit as an ISM frequency band, and is open so as to be applied
to various industrial, scientific, medical, or home tools or
devices. Currently, an industrial oscillator whose frequency is
higher than that frequency is being developed. This oscillator is
referred to as “gyrotron”. An example of the oscillator is an
oscillator whose oscillation frequency is 28 GHz or an oscillator

whose oscillation frequency is 100 GHz. However, the oscillator



shutting the netallic thin filmchip in vacuumor in

an inert gas atnosphere, it is possible to obtain

such an effect that a trouble such as deaeration or

i nert gas exchange carried out in a room can be
avoided. In this case, it is necessary to provide a
chanber for bl ocking the m crowave so that the

m crowave does not |eak to<44e outside. Further, in
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oscillation output for a single metallic thin film chip. In case of

}a?ti$%gohutput is an

simultaneously heating several metallic thin film chips, it is
necessary to use an oscillation output obtained by multiplying
the foregoin'g 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
accordance with the oscillation frequency or the oscillation
output of the microwave or other various conditions, but it is
preferable to set the oscillation time to 0.1 to 10 minutes.

In addition, the compressive load exerted by the pressing
means can be suitably set in accordance with the strength of
the metallic thin film. In case where the metallic thin film is so

soft that the metallic thin film is likely to be deformed, the



practical to adopt an oscillation frequency of 5.8 G&
or lower. Thus, it is particularly preferable that
the frequency of the mcrowave applicable to the
present invention ranges from2.45 to 5.8 GHz.
Further, as will be described in Exanples, when the
mstalllc thin filmwas heated at an oscillation out put
of 950 W the netallic thir@dilm becanme seni-|iquid
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oseidndtinemlating solteiirate grap av ndeewrgadh E&ﬂl@r?f%’ﬁ, it is

L BT RO DTS RS, eaptogping

accor ance w
t he oty aéhg@stfmm ®|11 m> IhMRse where the netall | c
|t |h|k2| {,Il\.fflt({;‘neljgpgglff tl haemtlgsovr.rrgxtfgl (l)slccllltart]{o% ffjrtlacanuia%cy is
set to 2.45 GHz, the oscﬂlatlon 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
condition, so that the pressing means can deform the surface of
the metallic thin film with a less compressive load (compressive
stress). Therefore, it is possible to more easily transcribe the
surface profile of the second insulating substrate onto the
surface of the metallic thin {ilm.

Further, a circumstance in which the metallic thin film is

pressed and heated through the microwave irradiation heating



-23- conpressive |load may be decreased. Further, in

case where the tenperature is so |ow that the

nmetallic thin filmis hard to deform it is necessary
to exert a higher conpressive load. As wll be
described in Exanples, in case of heating through the

m crowave irradiation, the netallic thin filmwas

heated to the wvicinity of‘?¥%‘fusing poi nt, so that

tike pet phliieuldily tichiveechne msemwhieuirdaditusy byating
exerting the conpr.essive |oad of .0.30 Mra,
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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
chip.

The following Examples will detail preferable modes of the
present invention, but these Examples are mere references to
explain the present invention, so that tkllc present invention is
not limited to them. Person with ordinary skill in the art can
change, modify, and vary these Examples so as not to depart

from the scope of the present invention.



Further, a circunstance in which the netallic thin
filmis pressed and heated through the m crowave
irradiation heating -24- is not particularly limted.
The m crowave irradi ation heating may be carried out
in aroomair, an inert gas, or vacuum As descri bed
above, a netallic thin filmchip produci ng apparatus
according to the present i nvehtion includes: a
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magnetic flux generation neans for generating a
nagnétic flux penetrating the netallic thin film of

the megal gh?hél@s@nft' lﬁ%&ﬁ;ﬂcpl aced +an %H?gs@l acenphl oold

t abl e, net ux’ causes t metallic thin
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byvtveé;eersse FE&(%[Eplre% %B?ntmﬂ ?ncriscfaenr ENCeSit e 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 {lat.

As indicated by the surface profile of Fig. 2, a distinct
difference between the point C and the point D of the surface of
the gold deposited film is found. A vertical distance between the
point C and the point D was measured. As a result of the
measurement, the vertical distance was about 50 nm. The point
D was the position in which the glass substrate was exposed, s0
that the thickness of the gold deposited film was 50 nm.

[Example 2: Measurement of surface roughness of a flattening



explain the present invention, so that the present
invention is not limted to them Person with
ordinar-y skill in the art can change, nodify, and
vary these Exanples so as not to depart fromthe
scope of the present invention. -25- The foll ow ng
Exanple is given by illustrating a gold deposited
chi p, obtained by depositiné*bold on a glass substrate
(gerkesposdiang) to the insulating. substrate 2) by

vapor _deposition or s tering, tallic thin.
1Tm i Ghaometheic JortidepBEPE 4818 PRICOATES RS SLBe 0
tt:;l‘ﬁa ﬁ%@khltcin% i ﬂ,l g‘ﬁi%tt?:@iﬁ Phe sl slYBagteMiBbd0ds the
t he I ckness of the go deposited filn] In the
piresdatiriEx amilsératet Beh i lnedacofwiivg goldin depdsict egith

fi.lmof .the d de 1 ted chi S nmeasuned.. A - -
lTsoLeiieoRol d depasict ed i, des TRsUER i i cnip
deRei@dce GhRIWaS sSehat ghedumth tweezers so that

the gl ass substrate was exposed, and the_ surface

! of .
the golrdthepositeair € idlasaasi OB EL Ve B HfatsitPores 10
MLELOSGORS LARM: SHirfcd b LUR! IBLERIR (BUTAES 1 of the
roughness profil e obtal ned by observing a
prredeties nihad Slmai ghip | i 0e wdst bessurédcedyofAFNe dgoigd 3

deposited filmby AFM A point th f f .
RBIGOR it SHTTRRE FPHBANRG Chr el & PLArtSR o fapeving 2

\I':‘ﬁ%%ﬂ%ér?a?ﬂg%%ﬁ Q?Fa%gﬁ@ natLchednbysitBcetdelZeiSittening %lass

_ poi nt I ndicates a surface shape in whic
t sebbtsukawiigh ssibsferat wag Wasosxpos &d thythe saréatn gl the

t he urface with the. tweezers. .Not ty: ] L.Ou: .
xm‘ﬂaﬁ&%tt n;ﬁrﬂi Jr‘eE' on @f’tlﬂeplg? e%e%gr?ﬁlﬁéégb{? r%llIéﬁpon
| bnetiod thedswsfaaeedf sthaghgolithaeppsihed ffatkemirgndglass
i ndicates a vertical direction under _such condition

t habstiricsustaéecorviid jolig aepbatt sdth tha shrfare of the
SHATHR PRSI Tl £ S0 Gt o et i e
pei1bh &radididhehpaithie Buofadehel slue flledeening 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 1s more uneven.

[Example 3: Flattening of the gold deposited film by the metallic
thin film chip producing apparatus according to the present
invention]

The gold deposited film was flattened by using the metallic
thin film chip producing apparatus. As illustrated in Example 1,
the thickness of the gold deposited film was 50 nm. Further, an
area size of the gold deposited film was 3 mm x 5 mm = 15 mm?.

Note that, the flattening glass substrate used in Example 2 was



the gold deposited filmis found. A vertical distance
between the point C and the point D was neasured. As
a result of the nmeasurenent, the vertical distance
was about 50 nm The point D was the position in

whi ch the gl ass substrate was exposed, so that the

t hi ckness of the gold deposited filmwas 50 rim

[ Exanpl e 2: Measurenent of “suf face roughness of a
fliatdoni nige 126utHtdsg substreat €] In the netallic thin

film produci ng apparatus accarding to t t
i nvent { 88L& fsluéfg%‘hiq{gt%?a% ds dersed Egggr‘gésetn%téserved

| nsid 8t ngrspbstibat § J1hagacsutf age i Chowaisnk8s profile
contact with th& surface of the metallic thin film of
t betatetedl b ohservingmaciiedetThaisadf adeaigdighiessof the

was asured. In.the fl-atten] g e; .t

SEPECE Wini o emd 4ol S GRS Fh i R g x
Tg{cﬁbbtt@sbtehl ﬂirg,‘btim‘ﬂ oif thbepregtadrimic:dchi straidim dhiep of a

was observe y AFM Fig. 3 illustrates a surface,

r SuGiNeesan pv oG @%Qt‘é{?ﬁe@e%}s%@@ela\ﬂ(i@ Jél‘icates a vertical
pr; erm trakgh 13 f f ey

N R e S R
caopasitedi tifirh hénsutfeacetrafgh helinmet whbi dlathi MHd | surface

Note that, in Fjg. 3,.x indicates irection of t
PSR BFAT nEHO&"T d'g 'ﬁgg1 i#:es%?wtshéﬁfﬁ?a?t éﬁf%gceglrgé‘lsgr}leness
SUbB{d af ehe %ﬂﬁfﬁﬁoéﬁﬁ%&fﬁlﬁﬁi& gonhAact with the

surface of the netallic thin film21, and z jndicates .

a ver t Foatheli,r set ifon nissent exemulenditate SHats graterials

f f the.flatteni b
THE-E P P&t ey i Rub oL AR SO efe ¥Rlp pBegment
r guglRnessovakues ofiattee that genl nipmidssd stibst réde ithak, a

nm Note that, the surface roughness val ue
copransonts 1erd Frertii DYdithe ePERSe BIVRERRCH Ak igngold

gL RIS aocns 19 606k 8\mtorimtbousuapel A Thc

vali€ei sf Itmegme,sséhéa suaf avades merune&@gggﬂng?t%maﬁng
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
touch with hands. This means that only the gold deposited film
was heated by the coil 7. Alsc, this means that an eddy current
generated in the coil 7 resulted in a smaller total heat value of
the gold deposited film.

The surface of the gold deposited film subjected to the
foregoing treatment was observed by AFM. Each of Figs. 4(a)

and 4(b) illustrates a surface roughness profile obtained by



[ Exanple 3: Flattening of the gold deposited film by

the nmetallic thin filmchip produci ng apparatus
according to the present invention] The gold

deposited filmwas flattened by using the netallic

thin filmchip producing apparatus. As illustrated in
Exanple 1, the thickness of the gold deposited film

was 50 rim Further, an are# size of the gol d

dsipesivied fi bredeirdrimadk Sraant- lite: MiRthe Nobdathabf the

{5 L LENL00, AL RS IR fate WeR RIS, Sty
%E{dlééﬁesof t@ﬁea%% dﬁpas'[;iréaetéﬂrmﬂ@& obsesedine of the

roug Fig. 5 illustrates a surface roughness
mlmfﬁalce obbtwi meddbgcpbsiEed figma pnedet erdiasdds a vertical
ht I|n surface, of e |
f(ﬁﬁrlfﬁc nAElvl ?lécgh%&néj thor}:%aatg:tn% ggf)d gi g)%%?tsedt ﬁgm was
dméfctlon o&hthe pr edet er m ned stralght line of a
surface on ich gold was deposited, and z indicates
vertle&ﬁ1H@ﬁﬁ@@ﬁ@oﬁlﬁﬁﬁeﬂf@uéhsﬁﬁ%ﬂ¥%WQﬁb¥%%§SF uc of the

lfdactfe %?k?& ?,ﬁh’g +4epegi t‘tﬁﬂ fid midnaihe %ﬁfr&a' ﬂWn chip

e surface oughness profile Fi g.
sdsndmsmgn atprarstinkagecooliginées shev alraec of mheng@tnd was 1

Si edfll was 5 nm Furth in the
Erhpfeh € it HCelmheRT ] KPENC i echeh R [ surface
%hﬂls@%‘é@ﬁ& 4 ad Mhes GhistPhaceneat in @il pde 20 This
as to flatten the gold deposited film Note that, a

conpwessiate th@a@lwﬁeﬁueﬁidﬁypt‘ thﬁlﬁp péd¥icnglarenbabsirals was

(1o 80 e S200 Sl LIS S8t gL DS B ROIPLEREI Ao,

vaekuBurahdhan talt @uﬂi&fclenlgrof(ﬁl&rdiﬁtﬁe (gfold. degdidtadsilm was
supplied to the cojl 7, and the gold deposited film

wHarHdar @@ Brlose [RIcORE@CCFurther, in the present
exanpl g H6199tds dep ¢ochip @Qé’eéé'i@elfyl Ad&RNGortion

gl ass substrate were ?ﬁgtg'mnth a scotch tape as a
fwaisnpuredriar thes suatacobf tthebeoldede ppeidelr bimeddte surface
olz(glgéhness 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]

The inventors of the present invention studied also a
method in which a gold deposited insulating substrate was
heated without being pressed and aggregation of gold deposited
particles on the insulating substrate was promoted so as to
flatten the uneven surface of the gold deposited {ilm. When the

insulating substrate was heated at a temperature exceeding a

recrystalliiation temperature of gold (in the vicinity of 200°C],



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 touch with hands. This neans that
only the gold deposited film was heated by the coi

7. Also, this neans that an eddy current generated in
the coil 7 resulted in a smedder total heat val ue of

t fte: ggbtt depesisied! f pemicHwe gwwacerofighheagatagation by

deposited fi| msubjected to the . foregoing treatngnt
Wi ﬂ%@,grwaﬂw AENITSEaER 6f CEIGES i@%e, %ﬁd}ﬁeﬁyﬁﬁe gold
[géﬁé%i%@&esﬁﬁnsuﬁgég d oughness,pELS | ewoltai nad bieating

serving a predeterm ned straight |ine of the .
surhaeeabird trehighl thdépesiaBogfiupstrptakMcoNae e sofat This

in Figs. 4(a nd 4(b), X .Jndicat Lr.ecti f.a:.:
et daitnay B argnitemtnlldr TR o FabEFy e Rt i
gakgegiengsid edt fthkmeafid gztemnpé caties @ uefepatature lower
di rection under such conditio tﬂgt th% ol d geposite

f i wa9 0 aleolke P YRt 8 BIEH)g. ThLYy, tACSARPSRETS
r INLS al,u - epasi f4 s eat e bW as
t%glgfhﬁg(?a?#cgt Erll%ﬁﬁ(?%nc%?%%}gr oduc Cﬁg aclipEJ arsgesfg

ageowdi thgolgslt hegpegsitan innvetttignhedsed tingmenTherature to
surface roughness value is equal to the surface
r@@@hﬁess val ue of the glass substrate used in Exanple

2. Thi g Showent hdle Haed i @sssised face pref Heated th600°C
gl ass substrate was transcribed onto the surface of |
t he ayokte ddpb8Ptedht iTwrtiriusiten hogding dhgage kkhd cppsited

surfacg profile of_. ' '

CFaror e 1 it RS e r YAS RO B LT B2 Q fovrs o
FBO. W)k, @ndexieessilvel goldneepnspeidt icdrip wass frovhed i a
the surface of the gold deposited film The surface

r DRQHINERTB PEER HeT DR BhER S0P LOR @ 2 nm This may be
e ! DA R Tl v d oo
t Bacgolat dépesidl@d aehidp Gib) 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
roughness profile of the gold deposited film kept at 500°C for 30
minutes.

As illustrated in Figs. 6(a) and 6(b), a surface roughness
value of an aggregated portion {a surface area of F in Fig. 6(a)
and a surface region of H in Fig. 6(b)) was 2 nm. While, a
surface roughness value of a portion which had not been

aggregated (a surface region of E in Fig. 6(a) and a surface



the tinme 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 inproved by increasing the
conpressive | oad. [Conparative Exanple 1] The

i nventors of the present invention studied also a

met hod in which a gold deposited insulating substrate
waesgioheaf €dimiRipotiblhevayg Pressds andsadgriegess douokd that

gql d deposited . rticl.es on the insul ating_sahstr.ate
nie phaRpc ey L PartFa LB eSS T TaLe By eold
t Aepgsitdddapaskted fHiomghWagirrehetionndyl e¢tthge the heating
substrate was heated at a tenperature

xceedi n ,

r tanpstalkie e 96 CenpeFase el efe §of &ﬁﬂrﬂqw%ﬁ iAm yas
of . ' Q) a2, Lh 0Sjrt i W, ‘e
CheBbaTang Bt bad batoRook o Ryl elgeate parycles
diviewi ig-ther gerorsotdchahanhe goladwidepodia gdld idemdsetzahélm
flat.. However, en t heatin tenperature s high,
tHeS el 48k g @gﬁg& R SEtords s (e TS “65E Tt £01d
?hk?%&@e g0id vWepasigedof idm hoube, fthat hepedsalbysiocally
it s necessary to set the heating tenperature to a

t eopermdyrent owene pHAOBOC (6Pt @Higrgepbrht llofs expected

gl.ass),,. Thus. the inventaqr ri et i
IR e ST s Ry A T, Spofi g i N e
agtciegi EoBni (mhs&tﬁﬂfﬁgeltﬂgﬁldg}aaéémgahﬁemmiﬂhber% rMm) in case
5 . I'n vacuu the g eposited chip was.heated to
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g 0Si [ t g d [ - chi k -
R R S e S
delpesitedehipiaas cdodleegoid depooba tidnpesattlvat atrage at

rate of 100C/ sur.face of .the cold deposited,film
Wi 16§séége0&/ (ﬁm\ﬁsﬁ cﬁaﬁ?lcgsgéyer(?( %ﬁga%%)was low,
| ishrales e sHrdiaeerrughness profile obtained by

observing a predeterm ned straight |ine of
[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
mim?.

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
compressive-load poise (pressing means), a pyrex {registered
trademark) glass plate was used. Further, adjustment for
increasing/decreasing the compressive load was carried out by
changing the number of pyrex (registered trademark] glass

plates.

In a room air, a microwave is irradiated to the gold

deposited film, thereby flattening the gold deposited film. The



the surface of the gold deposited filmthrough AFM

Note that, in Figs. 6(a) and 6(b), x indicates a
direction of the predeterm ned 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 filmwas flat. Fig. 6(a)
illustrates a surface roughﬁ%%é profile of the gold
d:aﬁ)zcxs:ivtr@de fdelmarakient ratab80Cafion {1€qhenry, ofaﬁd4$i@Hz and
6(b) bustrates a surf?gﬁ V% G@Pness roflle of the
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was 2 nm Wiile, a surface roughness val ue

o‘?sg(ﬁuﬁg‘nﬂzr\) 55 %hi ch had not been aggregated (a surface
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when t 'thgzok)‘}esgﬁpoékatlﬁﬁlé' IR %)gygrﬁﬁre%%ggfas carried out

aggregation by setting the heat tenperature to
5004 €r $nchasendieor thet gdia deposessdel idan wass BEp? N

for 30 hours, regation d de 03|ted

p&PTR T eegsswﬁvasga[?gﬁ heV2pr o@tj?tésdq\/[%ﬁbw sefherBIYRYAVE
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r g satubstrach whe tg&)ﬂlslcnibpdSI ted particles were
a[%qre gat ed. | ow, %\]hi ch resulted in higher cost.
omparative Example

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
illustrated in Fig. 8, the surface roughness of the gold deposited
film was greater than that of the gold deposited film which had
not been subjected to the microwave oscillation. Therefore, with
the microwave oscillation time of 3 minutes, the deposited
particles were aggregated, but an yield stress thereof was still

high, so that the gold deposited film was not sulfficiently
deformed by the compressive stress of 0.30 Pa. This might



[ Exanpl e 41 The netallic thin filmchip producing
apparatus of the present invention was used to

flatten the gold deposited film An area size of the
gol d deposited filmwas 13 nmx 10 mm = 130 MW. The

gol d deposited fil mwas sandw ched by a flattening

gl ass substrate (second insul ati ng substrate) whose
surface roughness was | nmdt -1 ess, and a conpressive

| ead was inveffficcaht )‘tr@ﬂ@dﬁzﬁpdldrpofﬁheg@hdfa@%paﬁiebeﬂness of

film Note that,_ as a con‘presswelo oi e .
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aRgI sgbatrter oxyavie: tosasttidbtdoonteo mbe Afitferce of the 0old
f attening the gold Sl\gposnedfllm t.h surfacefof the
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such condition at the c npresswe oad was 39.2
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surface of the gold deposited filmis illustrated in
Filye cpmpecsdivesttreseds ilawrigowgyer, 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 unless the compressive stress is made
considerably high. Further, as the temperature of the gold
deposited film is higher, the yicld 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
illustrated in Fig. 7. In Example 4, the surface unevenness of
the flattening glass substrate was transcribed onto the gold
deposited film merely with the compressive stress of 0.30 Pa.
Thus, it is considered that the gold deposited film became
semi-liquid by heating with the microwave. While, in case where
the microwave was oscillated for 3 minutes as in Comparative

Example 2, as illustrated in Fig. 8, the surface unevenness of



the surface roughness of the gold deposited fil mwas
about I rim It was found that the surface unevenness
of the flattening glass substrate was transcri bed.

[ Conpar ati ve Exanpl e 2] The sanme operation as in

Exanple 5 was carried out except that the m crowave
oscillation tinme was 3 mnutes, and the surface of

the gol d deposited filmwas bserved by AFM As a
resdiflattagi@gdikonsabstihgegalad deposufieciepatst itchescribed

was recogni.zed. This means. that the gol d .deposited
{P71 viaS HUSt SEPOFGC R IGRE rEHBor 3 GPEIDRCSTF AEaess of 0.0

gpég.f s Qﬁéﬁi&e%a@édo@ﬁ eh fb@lddﬁﬁ}_g §é'éi§@1€r‘i’sl‘ﬁfe thepephtire

posited filmis illustrated in Fig. 8. _
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panpreyeihaer faggregabetssout thg sple drrasited filHer eof
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di scharge did not occur. Based on Exanple 4 and
Conpaunatiove Ekatipt eg2ld ostdnesitetonbinsonyobe that, as a

heati ng and the.c ressi l in. the IL.Gronwave. . .
LT G A e CONUAGEY l s SFOTToU, e HALTEr ha FREoue
sebinaserainevennesscef wihesd lajdigntiog @lass seb$tF ak® or
can be transcribed onto the surface of the gold

depdsier eighierm greatly depends on the yield stress of
the gohd dggeﬁ%'eldeddtﬁdem andotde- GOMRELSSEMB SRS urface

whi ch ‘acts via the attening gl ass substrate. In

casevehersstdietlyd dladtenires glass sbidstrate 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

scope of the following claims.

INDUSTRIAL APPLICABILITY

The method according to the present invention for
producing the metallic thin film chip, the metallic thin film chip
producing apparatus according to the present invention, and

the metallic thin film according tc the present invention are



the surface unevenness of the flattening glass
substrate can be transcribed onto the surface of the
gol d deposited filmeven if the conpressive stress is
| ow. 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 filmuni¥éss the conpressi ve stress
Ia@pmaﬁaﬂ@omﬁtdemaplu)higheaEurhngnhnaSethﬁztemn@@abumeup
of the gold depaosit filmis higher, the
d13d8g g40p i ?@m% fgf is |b@s§éis%nm%g%erqq}élr§&ﬂ dhe
e [ ekd.s
et y T Ton P Esiah o Y e, o tee s a
dasefkaﬂedﬁmnth an out put of 950 Wfor 5 mnutes so
as to flatten the gold deposited film The surface
profile of the gold deposited filmis illustrated in
Fig. 7. In Exanple 4, the surface unevenness of the
flattening gl ass substrate was transcribed onto the
gold deposited filmnerely with the conpressive
stress of 0.30 Pa. Thus, it is considered that the
gol d deposited filmbecane serni-liquid by heating
with the mcrowave. Wile, in case where the
m crowave was oscillated for 3 mnutes as in
Conparative Exanple 2, as illustrated in Fig. 8, the
surface unevenness of -33- the flattening gl ass
substrate was not sufficiently transcribed onto the
gol d deposited filmw th the conpressive stress of
0.30 Pa. This may be based on the follow ng reason:
The tenperature of the gold deposited fil mwas
slightly low, and the yield stress was still high as
descri bed above. Thus, by raising the conpressive
stress over the yield stress, it is possible to
i nprove the surface roughness of the gold deposited
film Wiile, in case where the oscillation output of
the mcrowave is raised, the gold deposited film may
be sem -liquid in short tine. It is nore preferable
that the oscillation output is



higher in terns of a shorter processing tine and nmass
production of the gold deposited chips. Note that, as
a mcrowave oscillator for business use, there are
vari ous conmmrercial machi nes whose oscillation output
is 1.5 kWor further higher. As described above, in
order to transcribe the surface unevenness of the
flatteni ng gl ass substrate-chto the surface of the
gohdigeposited film it is inportant to suitably set
an anount of supplied nm crowave (oscillation qutput,
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9. The metallic thin film chip producing apparatus as set forth
in claim 1, 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.

3. The metallic thin film chip producing apparatus as set forth
in claim 2, wherein the heating means is a high frequency

heater which includes a coil serving as the magnetic flux

generation means.
4. The metallic thin film producing apparatus as set forth in
claim 1, wherein the heating means heats the metallic thin film

of the metallic thin film chip by irradiation of a microwave.

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



said nmetallic thin filmchip produci ng appar at us
conprising: a placenent table on which a netallic thin
filmchip is placed; pressing nmeans for causing a
second insulating substrate to sandw ch and press the
nmetallic thin filmof the nmetallic thin filmchip,

pl aced on the placenent table, in a vertical direction
with respect to the surface &f “the netallic thin film
and eahi ng weensirf ohechéatdthge t heamet bl dcdidibotdic | heater
of the, n?tallic_thin filn1chi€.placed on. t he :
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POCLE Bl appafEalidy 85 88! herdlic itRig! almm bf whenskallic
the heating nmeans includes magnetic flux generation
médnsfifrorclygnerati ng a magnetic flux penetrating the
nmetallic thin filmof the netallic thin filmchip

pl aced on the placenent table, and the magnetic fl ux
causes theamet abihcritAi ehifd idrodtieibe depdedus3asThéet forth
metallic thin filmchip_producing apparatus as set
fioy £RY me Afglaims Wierei Whae hegcamg! rBardlacement fhnle
fLgquency, Qs&l%&na@@hghs' pelydes @ £abdrigervhpge aficldigric
negneti c FFax eneration neans. 4. The netallic thin
flidsm iprscadi.ng apparatus as set forth in claiml,
wherein the heating neans heats the netallic thin film
of the netallic thin filmchip by irradiation of a
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chi p producing apparatus as set forth in any one of
claims | to 5, wherein each of the placenent table

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

pressing means has a property which allows the microwave to

pass therethrough.

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

in any cne of claims 1 to 10, wherein the mectallic thin film 1is



and the pressing neans is nmade of a material whose
dielectric loss is small. 7. The netallic thin film

chi p produci ng apparatus as set forth in any one of
claims | to 6 conprising a chanber for scaling up the
metallic thin filmchip placed on the placenent table

in vacuumor in an inert gas atnosphere. 8. The
metallic thin filmchip proditing apparatus as set

f@rdde Ofgoamy one of clainms | to 6 conprising a

chanber tor shutting the netallic thin filmchip

pl aced on the placenent table in a sanme atnosphere as
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metallic thin filmis _37_ nade of gold. 12. The
n&e 8BSt hin film chip. producing apparatus as set

forth (in aecOhmShigiBide t@epd ofwherein the
second I nsulating substrate has a surface which is in

cont act) wauisinger wetahti msulpiting isihsseatchie seaubhitds end
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14. The metallic thin film producing method as set forth in
claim 13, wherein 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).

15. The metallic thin film producing method as set forth in
claim 13, wherein microwave generation means irradiates a

microwave to the metallic thin film so as to heat the metallic

thin film in the step (11).

16. The metallic thin film producing method as set forth in any
one of claims 13 to 15, wherein the steps (i) and (ii) are carried
out in vacuum or an inert gas atmosphere or in a same

atmosphere as & room air.

17. The metallic thin film producing method as set forth in any



press the netallic thin filmin a vertical direction
Wth respect to the surface of the netallic thin
film and (ii) heating the nmetallic thin film 14. The
metallic thin filmproducing nmethod as set forth in
claim 13, wherein magnetic flux generation neans
generates a nmagnetic flux penetrating the netallic
thin filmso as to heat the’fetallic thin filmin the
stap dfl t)eimlkb13The Ifetahkreirt hha mickailjar odircifiign metthoched
as set faorth in claim13, wherein m crowave
gBR&tRGBH Oeans irradiates a microwave to the
metallic thin filmso as to heat the netallic thin
filmin the step (ii) . 16. The netallic thin film
produci ng nethod as set forth in any one of clains 13
to 15, wherein the steps (i) and (ii) are carried out
i n vacuum or an inert gas atnosphere or in a sane

at nosphere as a roomair. 17. The netallic thin film
produci ng nmethod as set forth in any -38- one of
claims 13 to 16, wherein the netallic thin filmis
formed by deposition.



