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Description
BACKGROUND OF THE INVENTION
1. TECHNICAL FIELD

[0001] The presentinvention relates to a switch and a
method for manufacturing the same, and a relay. Spe-
cifically, the present invention relates to a switch using a
metallic contact and a method for manufacturing the
same, and also to a relay that uses the structure of the
switch.

2. RELATED ART

[0002] A MEMS switch for bringing into contact with
and separating from the metallic contact is, for example,
disclosed in Japanese Unexamined Patent Publication
No. 2006-526267. As shown in Fig. 1, in a switch 11, an
insulating layer 13a is formed on an upper surface of a
substrate 12a, a conductive layer 14a made of Al, Cu, or
the like is formed thereon, and a plated layer 15a of Au
or the like is grown from the upper surface to the end
face of the conductive layer 14a to form a movable con-
tactportion 17. Similarly, aninsulating layer 13bis formed
on an upper surface of a substrate 12b, a conductive
layer 14b made of Al, Cu, or the like is formed thereon,
and a plated layer 15b of Au or the like is grown from the
upper surface to the end face of the conductive layer 14b
to form a fixed contact portion 18. A switching operation
is carried out between the movable contact portion 17
and the fixed contact portion 18 by moving the movable
contact portion 17 in the direction of the arrow, and bring-
ing into contact with or separating from a movable contact
16a that is a projecting region of the plated layer 15a and
a fixed contact 16b that is a projecting region of the plated
layer 15b.

[0003] An electrostatic relay is disclosed in Japanese
Unexamined Patent Publication No. 9-251834 and the
like. As shown in Fig. 2, in the electrostatic relay 21, a
lever 24a is elastically bent by applying voltage to a mov-
able comb teeth like electrode 22a and a fixed comb teeth
like electrode 23a, and at the same time, a lever 24b is
elastically bent by applying voltage to a movable comb
teeth like electrode 22b and a fixed comb teeth like elec-
trode 23b, so that a movable contact 25a formed at the
distal end of the lever 24a and a movable contact 25b
formed at the distal end of the lever 24b are in contact
with each other thereby closing between the movable
contacts 25a, 25b. The movable contacts 25a, 25b are
opened and separated by releasing the application volt-
age between each comb teeth like electrode 22a and 23a
and the movable comb teeth like electrode 22b and 23b.
In such an electrostatic relay 21, the movable contacts
25a, 25b are formed by forming a metal film on the distal
ends of the levers 24a, 24b through vapor deposition,
sputtering, and the like.

[0004] Inthe switch 11 of Japanese Unexamined Pat-
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ent Publication No. 2006-526267, a structure of bringing
into contact with and separating from the surface of the
movable contact 16a formed at the end face of the con-
ductive layer 14a and the surface of the fixed contact 16b
formed at the end face of the conductive layer 14b is
adopted. Therefore, the movable contact 16a and the
fixed contact 16b are in contact with each other at the
surfaces (plated surfaces) perpendicular to the growing
direction of the plated layer.

[0005] In the electrostatic relay 21 of Japanese Unex-
amined Patent Publication No. 9-251834 as well, a struc-
ture of bringing into contact with and separating from the
surfaces of the movable contacts 25a, 25b formed at the
end faces of the levers 24a, 24b is adopted. Therefore,
in the electrostatic relay 21 as well, the movable contacts
25a, 25b come into contact with each other at the sur-
faces perpendicular to the growing direction of the vapor
deposition film and the like.

[0006] However, the surfaces (surfaces of contacts)
perpendicular to the growing direction of such contacts
are considerably rough when viewed microscopically,
and have irregular microscopic bumps. The contacting
area of the contacts is thus small when seen microscop-
ically, and the contact resistance in the case where the
contacts are closed is large. Furthermore, the contact
resistance between the contacts tends to become un-
necessarily large since the parallelism of the surfaces of
the opposing contacts is difficult to obtain.

[0007] When performing a plating process, the grow-
ing speed of the contact is large since the electric field
intensity is high at the end face of the conductive layer
in the switch 11 as well as the end face of the lever in
the electrostatic relay 21, and hence, the gap distance
between the contacts is difficult to control. Thus, the dis-
tance between the contacts becomes difficult to narrow.
[0008] A method of smoothing the surface of the con-
tact by polishing and the like is known to resolve such
drawbacks, but this increases the polishing step of the
contact and becomes a factor in increase in cost of the
switch and the relay.

SUMMARY

[0009] The present invention has been devised to
solve the problems described above, and an object there-
of is to provide a switch capable of smoothly forming a
contacting surface of a contact without performing pol-
ishing, and the like and a method for manufacturing the
same, as well as, a relay that uses the structure of the
switch.

[0010] In accordance with one aspect of the present
invention, a switch according to the present invention re-
lates to a switch including a plurality of contacts that bring
into contact with or separate from each other, wherein a
surface parallel to a growing direction when forming a
conductive layer for forming the contacts is a contacting
surface of the contacts.

[0011] Inthe presentinvention, the contacting surface
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of the contact can be formed smooth without performing
polishing and the like of the contact since the contacting
surfaces of the contacts are surfaces parallel to the grow-
ing direction of the conductive layer. The contact resist-
ance in the case where the contacts come into contact
with each other thus becomes small. If the contacting
surfaces of the contacts are smooth, the contacts come
into contact with each other evenly, and hence the con-
tact contacting portion is less likely to break. As a result,
the open/dose lifespan of the switch becomes longer,
and the distance between the contacts can be narrowed.
[0012] Inthe one aspect of the switch according to the
present invention, the contacting surface of the contact
is a surface contacting a mold portion for defining a form-
ing region of the conductive layer when growing the con-
ductive layer. According to such an aspect, the contacting
surface of the contact can be formed smooth since the
contacting surface of the contact can be formed using
the surface of the mold portion.

[0013] In accordance with another aspect of the
present invention, a method for manufacturing a switch
according to the present invention relates to a method
for manufacturing a switch including a plurality of con-
tacts that bring into contact with or separate from each
other, the method comprising the steps of forming a mold
portion of a predetermined pattern on an upper side of a
substrate, growing a conductive layer in a thickness di-
rection of the substrate in a plurality of regions excluding
a region formed with the mold portion at the upper side
of the substrate, removing the mold portion and having
a surface contacting a side surface of the mold portion
of the conductive layer as contacting surfaces of the con-
tacts, and dividing the substrate into plurals in accord-
ance with the plurality of regions formed with the conduc-
tive layer.

[0014] According to the method for manufacturing the
switch of the present invention, the contacting surface of
the contact can be formed smooth without performing
the polishing and the like of the contact since the con-
tacting surface of the contact can be molded by the side
surface of the mold portion when forming the conductive
layer. The contact resistance in the case where the con-
tacts come into contact with each other thus becomes
small. As the contacting surfaces of the contacts become
smooth, the contacting positions of the contacts are dis-
persed, and the contact contacting portion becomes less
likely to break. As a result, the open/dose lifespan of the
switch becomes longer, and the distance between the
contacts can be narrowed.

[0015] In one aspect of the method for manufacturing
the switch according to the present invention, both side
surfaces of the mold portion for forming the opposing
contacts are formed parallel to each other. According to
such an aspect, the contacting surfaces of the contacts
can be made parallel to each other.

[0016] In the method for manufacturing the switch ac-
cording to the present invention, the conductive layer
may be grown on the upper side of the substrate through
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an electrolytic plating or a non-electrolytic plating, or may
be grown on the upper side of the substrate through a
deposition method such as vapor deposition and sput-
tering. In the case of the deposition method, the material
of the conductive layer deposited on the mold portion can
be removed with the mold portion in the step of removing
the mold portion.

[0017] A relay according to the present invention in-
cludes the switch according to the present invention, and
an actuator for moving one part of the contact in a direc-
tion perpendicular to the contacting surfaces of the con-
tacts to bring into contact with or separate from the con-
tactseach other. In the relay of the present invention, the
contact resistance in the case where the contacts come
into contacts with each other can be reduced since the
contacting surfaces of the contacts can be formed
smooth. If the contacting surfaces of the contacts are
smooth, the contacts come into contact with each other
evenly, and hence the contact contacting portion is less
likely to break. As a result, the lifespan of the relay be-
comes longer.

[0018] The means for solving the problems in the
present invention have characteristics in which the con-
figuring elements described above are appropriately
combined, where the present invention includes a great
number of variations obtained by combining the config-
uring elements.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

Fig. 1is an enlarged cross sectional view of a switch
disclosed in Japanese Unexamined Patent Publica-
tion No. 2006-526267;

Fig. 2 is a perspective view of an electrostatic relay
disclosed in Japanese Unexamined Patent Publica-
tion No. 9-251834;

Fig. 3 is a cross-sectional view showing a structure
of a switch according to a first embodiment of the
present invention;

Figs. 4A to 4D are schematic cross-sectional views
describing the method for manufacturing the switch
of the first embodiment;

Figs. 5A to 5D are schematic cross sectional views
describing another method for manufacturing the
switch of the first embodiment;

Fig. 6 is a plan view showing an electrostatic relay
according to a second embodiment of the present
invention;

Fig. 7 is a perspective view showing area A of Fig.
6 in an enlarged manner; and

Fig. 8 is a schematic cross-sectional view taken
along line B-B of Fig. 6.

DETAILED DESCRIPTION

[0020] Hereinafter, preferred embodiments of the
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present invention will be described with reference to the
drawings. The present invention is not limited to the fol-
lowing embodiments, and various design changes can
be made within a scope not departing from the gist of the
present invention.

[First embodiment]
(Structure)

[0021] Fig. 3is across-sectional view showing a struc-
ture of a switch according to a first embodiment of the
present invention. The switch 31 includes a fixed contact
portion 33 and a movable contact portion 34. The fixed
contact portion 33 is fixed to an upper surface of a base
substrate 32 through an insulating film 42, and the mov-
able contact portion 34 moves in a direction (direction
indicated with outlined arrow) parallel to the upper sur-
face of the base substrate 32 by a drive mechanism or
an actuator. For instance, the switch of the present in-
vention can be used in a MEMS switch having the struc-
ture dislosed in Japanese Unexamined Patent Publica-
tion No. 2006-526267.

[0022] Thefixed contactportion 33 is obtained by form-
ing an insulating 43 and a base layer 44 on the upper
surface of a fixed contact substrate 41, and forming a
conductive layer 45 thereon. The movable contact por-
tion 34 is obtained by forming an insulating 53 and a base
layer 54 on the upper surface of a movable contact sub-
strate 51, and forming a conductive layer 55 thereon. The
conductive layers 45, 55 are formed by growing a con-
ductive material in the thickness direction (direction of
arrow in Fig. 3) through electrolytic plating and non-elec-
trolytic plating, vapor deposition, sputtering and the like,
where the respective opposing side surfaces become a
fixed contact 46 (electrical contacting surface) and a
movable contact 56 (electrical contacting surfaces). The
material of the conductive layers 45, 55 may be Pt, Au,
Pd, Ir, Ru, Rh, Re, Ta, Pt alloy, Au alloy and the like. The
fixed contact 46 and the movable contact 56 are smoothly
formed parallel to each other. Therefore, when the mov-
able contact portion 34 is parallel moved so that the fixed
contact 46 and the movable contact 56 bring into contact
with each other to close the contacts 46, 56, the contacts
46, 56 are in contact with over substantially the entire
surface.

[0023] The opposing portions of the conductive layer
45 and the conductive layer 55 respectively project out
from the end face of the fixed contact substrate 41 and
the movable contact substrate 51, and the opposing sur-
faces of the fixed contact substrate 41 and the movable
contact substrate 51 are both inclined to retreat toward
the lower surface side. Therefore, when moving the mov-
able contact portion 34 to bring contact the movable con-
tact 56 into contact with the fixed contact 46, the fixed
contact substrate 41 and the movable contact substrate
51 are not in contact with each other thereby inhibiting
the contact of the movable contact 56 and the fixed con-
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tact 46.

[0024] (First manufacturing method) The switch 31 is
formed using a MEMS (Micro Electrical-Mechanical Sys-
tems) technique. The manufacturing method shown in
Fig. 4A to Fig. 4D forms the conducive layers 45, 55 by
electrolytic plating. Fig. 4A shows that in which an insu-
lating layer A3 such as SiO, and a plated base layer A4
are formed on a substrate A1 made of Si, and a mould
portion A2 is formed on the plated base layer A4. The
plated base layer A4 becomes a plated electrode and
has two-layer structure including the lower layer Cr / up-
per layer Au, and has the function of enhancing the ad-
hesiveness (stripping strength) of the insulating layer A3
and the conductive layer A5. The mold portion A2 uses
a material that has resistance to plating solution and that
is selectively etching removed without corroding the con-
ductive layer A5in the subsequent mold portion removing
step. For instance, the mold portion A2 may be formed
by exposing a photoresist applied on the upper surface
of the plated base layer A4 through an exposure mask,
and patterning by etching. Alternatively, the mold portion
A2 may be obtained by forming an oxide film (SiO,), a
nitride film (SiN), an alumina film (Al,O5), and a metal
film of a type different from the conductive layers 45 and
55 on the upper surface of the plated base layer A4, and
then patterning such films using the photolithography
technique. The mold portion A2 is thus formed in the re-
gion other than the region to form the conductive layers
45, 55, and both side surfaces of the mold portion A2
patterned between the regions to form the conductive
layers 45, 55 become parallel to each other and also
smooth. Although not shown in Fig. 4A, the entire lower
surface of the substrate A1 is fixed to the upper surface
ofthe base substrate 32 including an Si substrate, aglass
substrate, or the like through the insulating film 42 such
as the SiO,.

[0025] The substrate A1 is then immersed in a plating
bath and electrolytic plating is carried out with the plated
base layer A4 as the plating electrode, so that the plating
metal particles such as Pt gradually precipitate on the
surface of the plated base layer A4 and the conductive
layer A5 grows in the thickness direction of the substrate
A1, as shown in Fig. 4B. The plating metal particles do
not precipitate at the region covered by the mold portion
A2. The non-electrolytic plating (chemical plating) may
be performed instead of the electrolytic plating.

[0026] After cleaning the substrate A1 taken out from
the plating bath with water, the mold portion A2 is re-
moved by etching, so that a cavity A6 forms at the area
where the mold portion A2 existed between the regions
to form the conductive layers 45, 55, as shown in Fig.
4C. One conductive layer A5 separated by the cavity A6
becomes the conductive layer 55, and the side surface
facing the cavity A6 becomes the movable contact 56.
The other conductive layer A5 separated by the cavity
A6 becomes the conductive layer 45, and the side surface
facing the cavity A6 becomes the fixed contact 46.
[0027] Then, as shown in Fig. 4D, etchant is infiltrated
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from the cavity A6 to sequentially divide the plated base
layer A4 and the insulating layer A3 into two. Further-
more, the substrate A1 is etched from the lower surface
side or etched from the cavity A6 side to divide into two,
where one becomes the base layer 54, the insulating
layer, 53 and the movable contact substrate 51 and the
other becomes the base layer 44, the insulating layer 43,
and the fixed contact substrate 41.

[0028] One of the blocks thus becomes the fixed con-
tact portion 33 where the fixed contact substrate 41, the
insulating layer 43, the base layer 44, and the conductive
layer 45 are stacked. The fixed contact portion 33 is fixed
to the upper surface of the base substrate 32 through the
insulating film 42. The other block becomes the movable
contact portion 34 where the movable contact substrate
51, the insulating layer 53, the base layer 54, and the
conductive layer 55 are stacked. The movable contact
portion 34 is separated from the base substrate 32 by
lastly removing the insulating film at the lower surface
through etching, whereby the switch 31 (MEMS switch)
is formed.

(Second manufacturing method)

[0029] The switch 31 may be formed through steps
shown in Figs. 5A to 5D. This manufacturing method
forms the conducive layers 45, 55 by vapor deposition,
sputtering, and the like. Fig. 5A is a step corresponding
to Fig. 4A, but a adhesion layer A7 (e.g., two-layer struc-
ture of lower layer Cr/ upper layer Au) for enhancing the
adhesion strength (stripping strength) of the insulating
layer A3 and the conductive layer A5 is formed in place
of the plated base layer A4 on the insulating layer A3. In
the step of Fig. 5B, the metal material such as Pt is de-
posited on the adhesion layer A7 through vapor deposi-
tion, sputtering, and the like. The conductive layer A5 is
also deposited on the mold portion A2 as shown in Fig.
5B according to the deposition method through vapor
deposition, sputtering, and the like, but the conductive
layer A5 on the mold portion A2 is simultaneously re-
moved when removing the mold portion A2 through etch-
ing if the mold portion A2 has sufficient height (lift off
method).

[0030] The cavity A6 forms after the mold portion A2
is removed as shown in Fig. 5C, and the conductive layer
A5 is separated to the conductive layer 55 and the con-
ductive layer 45, which is the same as the step of Fig.
4C. Furthermore, as shown in Fig. 5D, the etchant is in-
filtrated from the cavity A6 to sequentially divide the ad-
hesion layer A7 and the insulating layer A3 into two, and
furthermore, the substrate A1 is divided into two, where
one becomes the base layer 54, the insulating layer, 53
and the movable contact substrate 51 and the other be-
comes the base layer 44, the insulating layer 43, and the
fixed contact substrate 41, which is the same as the step
of Fig. 4D.
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(Effects)

[0031] In the switch 31 of the present invention, the
contacting surface can be smoothly molded with the side
surface of the mold portion without performing polishing
and the like since the contacting surface of the fixed con-
tact 46 and the contacting surface of the movable contact
56 are parallel in the growing direction of the conductive
layer A5. The parallelism of the contacting surfaces of
the contacts 46, 56 can be enhanced. The contact resist-
ance in the case where the contacts 46, 56 are in contact
with each other thus becomes small.

[0032] Sincethe accuracy of the gap distance between
the contacts 46, 56 can be enhanced while reducing var-
iance, the gap distance between the contacts can be nar-
rowed and the movement distance of the movable con-
tact 56 by the actuator can be reduced. Furthermore, the
contacting positions of the contacts are dispersed since
the surfaces of the fixed contact 46 and the movable con-
tact 56 are smooth, and hence the contact contacting
portion is less likely to break and the open/close lifespan
of the switch 31 becomes longer.

[Second embodiment]

[0033] The structure of the electrostatic relay 31A for
high frequency according to a second embodiment of the
present invention will now be described. Fig. 6 is a plan
view showing the structure of the electrostatic relay 31A.
Fig. 7 is a perspective view showing area A of Fig. 6 in
an enlarged manner. Fig. 8 is a schematic cross-section-
al view taken along line B-B of Fig. 6.

[0034] The electrostaticrelay 31A has the fixed contact
portion 33, the movable contact portion 34, a fixed elec-
trode portion 35, a movable electrode portion 36 for sup-
porting the movable contact portion 34, an elastic spring
37, and a supporting portion 38 for supporting the elastic
spring 37 arranged on the upper surface of the base sub-
strate 32 including the Si substrate, the glass substrate,
or the like.

[0035] As shown in Fig. 8, the fixed contact portion 33
has the lower surface of the fixed contact substrate 41
made of Sifixed to the upper surface of the base substrate
32 by the insulating film 42 (SiO,). The insulating layer
43 including an oxide film (SiO,), a nitride film (SiN), or
the like is formed on the upper surface of the fixed contact
substrate 41, the base layer 44 including the lower layer
Cr/upperlayer Auis formed on the upper surface thereof,
and the conductive layers 45a, 45b of Pt and the like are
formed on the base layer 44.

[0036] As shown in Fig. 6 and Fig. 7, the fixed contact
substrate 41 extends in the width direction (X direction)
at the end on the upper surface of the base substrate 32,
where a bulging-out portion 41a projecting out towards
the movable contact portion 34 side is formed at the cen-
tral partand pad supporting portions 41 b, 41 b are formed
at both ends. The conductive layers 45a, 45b are wired
along the upper surface of the fixed contact point sub-
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strate 41, where one of the ends of the conductive layers
45a, 45b are arranged parallel to each other on the upper
surface of the bulging-out portion 41 a, and the distal end
faces of the portion projecting out from the end face of
the bulging-out portion 41a are positioned within the
same plane to become the fixed contacts 46a, 46b (elec-
trical contacting surface), respectively. The other ends
ofthe conductive layers 45a, 45b have metal pad portions
47a, 47b formed on the upper surface of the pad sup-
porting portions 41 b, 41 b.

[0037] The movable contact portion 34 is arranged at
a position facing the bulging-out portion 41a. As shown
in Fig. 8, the movable contact portion 34 has the insulat-
ing layer 53 including the oxide film (SiO,), the nitride
film (SiN), or the like formed on the upper surface of the
movable contact substrate 51 made of Si, the base layer
54 including the lower layer Cr / upper layer Au formed
on the upper surface thereof, and the conductive layer
55 of Pt and the like formed on the base layer 54.

The end face of the conductive layer 55 facing the con-
ductive layers 45a, 45b projects out from the front surface
ofthe movable contact substrate 41 and is formed parallel
to the fixed contact 46a, 46b, whereby the relevant end
face becomes the movable contact 56 (electrical contact-
ing surface). The movable contact 56 has a width sub-
stantially equal to the distance from the edge on the outer
side of the fixed contact 46a to the edge on the outer side
of the fixed contact 46b.

[0038] The movable contact substrate 51 is supported
in a cantilever manner by a supporting beam 57 project-
ing out from the movable electrode portion 36. The lower
surfaces of the movable contact substrate 51 and the
supporting beam 57 are floating from the upper surface
of the base substrate 32, and can move parallel to the
length direction (Y direction) of the base substrate 32
with the movable electrode portion 36.

[0039] Inthe electrostatic relay 31A, a main circuit (not
shown) is connected to the metal pad portions 47a, 47b
of the fixed contact portion 33, where the main circuit can
be closed by bringing the movable contact 56 into contact
with the fixed contacts 46a, 46b, and the main circuit can
be opened by separating the movable contact 56 from
the fixed contacts 46a, 46b. The opposing surfaces of
the bulging-out portion 41a and the movable contact sub-
strate 51 are inclined to retreat towards the lower side,
and the fixed contacts 46a, 46b are projected out than
the bulging-out portion 41 a and the movable contact 56
is also projected out from the movable contact substrate
51, and hence the bulging-out portion 41 a and the mov-
able contact substrate 51 are not in contact when closing
the contacts thereby preventing the movable contact 56
and the fixed contacts 46a, 46b from causing contact
failure.

[0040] The actuator for moving the movable contact
portion 34 is configured by the fixed electrode portion 35,
the movable electrode portion 36, the elastic spring 37,
and the supporting portion 38.

[0041] Asshownin Fig. 6, a plurality of fixed electrode
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portions 35 is arranged in parallel to each other on the
upper surface of the base substrate 32. In plan view, the
fixed electrode portion 35 has a branch-like electrode
part 67 of a branch-shape extending in the Y direction
from both surfaces of a rectangular pad portion 66. The
branch-like electrode part 67 has a branch portion 68
projecting out so as to be symmetrical to each other, the
branch portion 68 is lined at a constant pitch in the Y-
direction.

[0042] AsshowninFig. 8, the lower surface of the fixed
electrode substrate 61 is fixed to the upper surface of the
base substrate 32 by the insulating film 62 in the fixed
electrode portion 35. In the pad portion 66, the fixed elec-
trode 63 is formed by Cu, Al, and the like on the upper
surface of the fixed electrode substrate 61, and an elec-
trode pad layer 65 is arranged above the fixed electrode
63.

[0043] As shown in Fig. 6, the movable electrode por-
tion 36 is formed to surround each fixed electrode portion
35. The movable electrode portion 36 includes a comb
teeth like electrode portion 74 formed so as to sandwich
each fixed electrode portion 35 from both sides (branch-
shape by a pair of comb teeth like electrode portions 74
between the fixed electrode portions 35). The comb teeth
like electrode portion 74 is symmetric with each fixed
electrode portion 35 as the center, where a comb teeth
part 75 extends from each comb teeth like electrode por-
tion 74 to a clearance between the branch portions 68.
Furthermore, each comb teeth part 75 has the distance
with the branch portion 68 positioned on the side close
to the movable contact portion 34 adjacent to the comb
teeth part 75 shorter than the distance with the branch
portion 68 positioned on the side distant from the movable
contact portion 34 adjacent to the comb teeth part 75.
[0044] The movable electrode portion 36 includes a
movable electrode substrate 71 of Si, where the lower
surface of the movable electrode substrate 71 is floating
from the upper surface of the base substrate 32. The
supporting beam 57 is arranged in a projecting manner
at the center of the end face on the movable contact side
of the movable electrode portion 36, and the movable
contact portion 34 is held at the distal end of the support-
ing beam 57.

[0045] The supporting portion 38 is made of Si, and
extends long in the X direction at the other end of the
base substrate 32. The lower surface of the supporting
portion 38 is fixed to the upper surface of the base sub-
strate 32 by the insulating film 39. Both ends of the sup-
porting portion 38 and the movable electrode portion 36
(movable electrode substrate 71) are connected by a pair
of elastic springs 37 formed symmetrically by Si, where
the movable electrode portion 36 is horizontally support-
ed by the supporting portion 38 by way of the elastic
spring 37. The movable electrode portion 36 is movable
in the Y direction by elastically deforming the elastic
spring 37.

[0046] In the electrostatic relay 31A having the above
structure, a DC voltage source is connected between the
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fixed electrode portion 35 and the movable electrode por-
tion 36, and the DC voltage is turned ON and OFF by the
control circuit and the like. In the fixed electrode portion
35, one terminal of the DC voltage source is connected
to the electrode pad layer 65. The other terminal of the
DC voltage source is connected to the supporting portion
38. The supporting portion 38 and the elastic spring 37
have conductivity, and the supporting portion 38, the
elastic spring 37, and the movable electrode substrate
71 are electrically conducted, and hence the voltage ap-
plied to the supporting portion 38 will be applied to the
movable electrode substrate 71.

[0047] When the DC voltage is applied between the
fixed electrode portion 35 and the movable electrode por-
tion 36 by the DC voltage source, an electrostatic attrac-
tive force is generated between the branch portion 68 of
the branch like electrode part 67 and the comb teeth part
75 of the comb teeth like electrode portion 74. However,
the electrostatic attractive force in the X direction acting
on the movable electrode portion 36 becomes balanced
since the structure of the fixed electrode portion 35 and
the movable electrode portion 36 is formed symmetric
with respect to the center line of each fixed electrode
portion 35, whereby the moveable electrode portion 36
does not move in the X direction. Since the distance with
the branch portion 68 positioned on the side close to the
movable contact portion 34 adjacent to the comb teeth
part 75is shorter than the distance with the branch portion
68 positioned on the side distant from the movable con-
tact portion 34 adjacent to the comb teeth part 75, each
comb teeth part 75 is attracted to the movable contact
portion side, and the movable electrode portion 36 moves
in the Y direction while bending the elastic spring 37. As
a result, the movable contact portion 34 moves to the
fixed contact portion 33 side, and the movable contact
56 come into contact with the fixed contacts 46a, 46b
thereby electrically closing the fixed contact 46a and the
fixed contact 46b (main circuit).

[0048] Whenthe DC voltage applied between the fixed
electrode portion 35 and the movable electrode portion
36 is released, the electrostatic attractive force between
the branch portion 68 and the comb teeth part 35 disap-
pears, whereby the movable electrode portion 36 moves
backward in the Y direction by the elastic returning force
of the elastic spring 47 thereby separating the movable
contact 56 from the fixed contacts 46a, 46b and opening
the fixed contact 46a and the fixed contact 46b (main
circuit).

[0049] Such electrostatic relay 31A is formed through
the following steps. First, the Si substrate (another Si
wafer having conductivity) is joined to the upper surface
ofthe base substrate 32 (Si wafer, SOl wafer, etc.) having
the entire surface covered with the insulating film, and
the metal material is vapor deposited on the upper sur-
face of the Si substrate to form the electrode film. The
electrode film is then patterned by the photolithography
technique, and the fixed electrode 63 is formed on the
upper surface of the fixed electrode substrate 61 at the
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pad portion 66 by the electrode film.

[0050] Thereafter, the insulating layer, the base layer,
and the conductive layer are stacked on the upper sur-
face of the Si substrate from above the electrode film.
The conductive layer is then patterned to form the con-
ductive layers 45a, 45b of the fixed contact portion 33,
the conductive layer 55 of the movable contact portion
34, and the electrode pad layer 65 of the fixed electrode
portion 35. The conductive layers 45a, 45b and the con-
ductive layer 55 are removed through etching leaving the
base layer and the insulating layer at the lower surface,
where the base layers 44, 54 are formed by the remaining
base layer and the insulating layers 43, 53 are formed
by the remaining insulating layer.

[0051] The fixed electrode 63, the conductive layers
45a, 45b, and the conductive layer 55 may be simulta-
neously formed through procedures different from the
above.

[0052] Thereafter, a photoresist is applied on the con-
ductive layer 45a, the conductive layer 55, the fixed elec-
trode 63, and the like to form a resist mask, the Si sub-
strate is etched through the resist mask, and the fixed
contact substrate 41 of the fixed contact portion 33, the
movable contact substrate 51 of the movable contact por-
tion 34, the fixed electrode substrate 61 of the fixed elec-
trode portion 35, the movable electrode substrate 71 of
the movable electrode portion 36, the elastic spring 37,
and the supporting portion 38 are formed from the Si
substrate remaining in each region.

[0053] Lastly, the insulating film of the region exposed
from the Si substrate and the insulating film at the lower
surfaces of the movable contact portion 34 and the mov-
able electrode portion 36 are removed through etching,
and then cut to individual electrostatic relay 31A.
[0054] In the manufacturing step of the electrostatic
relay 31A, the movable contact portion 34 and the fixed
electrode portion 35 are formed through steps similar to
the steps shown in Fig. 4 or Fig. 5, and hence the fixed
contacts 46a, 46b of the fixed contact portion 33 and the
movable contact 56 of the movable contact portion 34
become side surfaces parallel to the growing direction of
the conductive layer, and a contact having satisfactory
smoothness and parallelism can be obtained without per-
forming polishing and the like. Effects similar to the switch
31 of the first embodiment thus can be obtained in the
electrostatic relay 31A as well.

Claims

1. A switch (31) including a plurality of contacts that
bring into contact with or separate from each other,
characterized in that:

a surface parallel to a growing direction when
forming a conductive layer (45, 45a, 45b, 55) for
forming the contacts is a contacting surface of
the contacts.
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The switch (31) according to claim 1, characterized
in that:

the contacting surface of the contact is a surface
contacting a mold portion for defining a forming
region of the conductive layer (45, 45a, 45b, 55)
when growing the conductive layer (45, 45a,
45b, 55)

A method for manufacturing a switch including a plu-
rality of contacts that bring into contact with or sep-
arate from each other,

the method being characterized by comprising the
steps of:

forming a mold portion of a predetermined pat-
tern on an upper side of a substrate,

growing a conductive layer (45, 45a, 45b, 55) in
a thickness direction of the substrate in a plural-
ity of regions excluding a region formed with the
mold portion at the upper side of the substrate,
removing the mold portion and having a surface
contacting a side surface of the mold portion of
the conductive layer (45, 45a, 45b, 55) as con-
tacting surfaces of the contacts, and

dividing the substrate into plurals in accordance
with the plurality of regions formed with the con-
ductive layer (45, 45a, 45b, 55).

The method for manufacturing the switch (31) ac-
cording to claim 3, characterized in that:

both side surfaces of the mold portion for forming
the opposing contacts are formed parallel to
each other.

The method for manufacturing the switch (31) ac-
cording to claim 3, characterized in that:

the conductive layer (45, 45a, 45b, 55) is grown
on the upper side of the substrate through an
electrolytic plating or a non-electrolytic plating.

The method for manufacturing the switch (31) ac-
cording to claim 3, characterized in that:

the conducive layer (45, 45a, 45b, 55) is grown
on the upper side of the substrate through a dep-
osition method such as vapor deposition and
sputtering.

The method for manufacturing the switch (31) ac-
cording to claim 6, characterized in that:

the material of the conductive layer (45, 45a,
45b, 55) deposited on the mold portion is re-
moved with the mold portion in the step of re-
moving the mold portion.
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8. Avrelay (31A) being characterized by comprising:

the switch (31) according to claim 1, and
an actuator for moving one part of the contact
in adirection perpendicular to the contacting sur-
faces of the contacts to bring into contact with
or separate from the contacts each other.
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