
;e3ex6$Tx#) Device for manufacturing a silicon structure, and manufacturing
method thereof 5 FIELD OF THE INVENTION The present invention relates to a
processing technique for silicon material and a manufacturing technique for
a silicon structure. The silicon material of the present specification is
monocrystal silicon, polycrystal silicon, silicon oxide, silicon nitride,
etc. The silicon structure is a structure wherein silicon material is
incorporated during 10 or after manufacture. Materials other than the
silicon material may also be incorporated in the silicon structure.
BACKGROUND OF THE INVENTION A variety of processing techniques for silicon
material have been developed as a variety 15 of techniques for
manufacturing semiconductors have advanced. The utilization of these
silicon material processing techniques allows the manufacture not only of
semiconductors such as MOS (Metal Oxide Semiconductors) etc., but also of a
variety of silicon structures that function as sensors, actuators, etc. At
present, it is possible to perform detailed processing of silicon material
with dimensions measured in ,um or less, 2o these detailed processing
techniques (micromachining techniques) allowing the manufacture of a
microstructure to the order of Vim. (FIRST BACKGROUND TO THE INVENTION) 1
Described next with reference to FIGS. 20 to 22 is an example of
manufacturing method utilizing a silicon material processing technique,
whereby a silicon structure having a hollow space 320 (shown in FIG. 22) is
manufactured. This silicon structure has a beam or mass A extending above
the hollow space 320. 5 First, as shown in FIG. 20, a silicon oxide layer
308 is formed along a prescribed area above a silicon substrate 302. Next,
a silicon layer 312 is formed so as to cover the silicon oxide layer 308.
The silicon structure shown in FIG. 20, obtained via the process described
above, is 



housed within an etching reaction chamber of a dry etching device. This
device to supplies gas that etches the silicon into the etching reaction
chamber, locally dry etching the silicon layer 312, as shown in FIG. 21. By
this means, an etching hole 318 is formed that extends to the silicon oxide
layer 308. As a result, a portion of the silicon oxide layer 308 is
exposed. The silicone structure shown in FIG. 21, wherein the etching hole
318 has been 15 formed, is now housed within an etching vessel of a wet
etching device, and is immersed in etchant. This etchant may, for example,
be a diluted solution of hydrofluoric acid (dilute HF). Hydrogen fluoride
solution etches silicon oxide, but barely etches silicon. As a result, as
shown in FIG. 22, the silicon oxide layer 308 is removed by the wet
etching. The silicon oxide layer 308 is a layer whose purpose is to 2o
finally be removed so as to produce the hollow space 320. This layer is
usually termed the `sacrificial layer'. By this means, a hollow silicon
structure having the hollow space 320 is manufactured. This structure may,
for example, be utilized as an acceleration sensor. When it is utilized as
an acceleration sensor, a portion A of the silicon layer 312 is used as a
beam 2   or mass that moves when acceleration occurs. For example, when
acceleration occurs in a direction perpendicular to a substrate face of the
silicon substrate 302, the mass A moves in a direction perpendicular to the
substrate face. The movement of the mass A is sensed by means of sensing a
change in the electrostatic capacity between electrodes 5 (not shown), this
allowing the acceleration that has occurred to be sensed. Alternatively,
the beam A bends when acceleration occurs in the direction perpendicular to
the substrate face of the silicon substrate 302, and the bending of the
beam A is sensed by means of sensing a change in piezoresistance (not
shown), this allowing the acceleration that has occurred to be sensed.
Further, it is also possible to 1o sense acceleration occurring in a
direction parallel to the substrate face of the silicon substrate 302. 



(SECOND BACKGROUND TO THE INVENTION) Described next with reference to FIGS.
23 to 26 is another example of manufacturing method utilizing a silicon
material processing technique, whereby a silicon structure 15 having a
hollow space 420 (shown in FIG. 26) is manufactured. This silicon structure
has a diaphragm B located above the hollow space 420. First, as shown in
FIG. 23, impurities are introduced locally into a monocrystal silicon
substrate 402, forming a lower electrode 404. Nitriding is performed on a
surface face of the silicon substrate 402, forming a lower silicon nitride
layer 410. A polycrystal 2o silicon layer 408 is formed along a prescribed
area above the lower silicon nitride layer 410. In this example, the
polycrystal silicon layer 408 is the sacrificial layer. An upper first
silicon nitride layer 412 is formed so as to cover the polycrystal silicon
layer 408. An upper electrode 406 is formed above the upper first silicon
nitride layer 412 along a prescribed area thereof. The upper electrode 406
is formed from polycrystal silicon, or 3   the like. An upper second
silicon nitride layer 414 is formed so as to cover the upper electrode 406.
Etching is performed on the upper silicon nitride layers 412 and 414 at a
portion thereof not having the upper electrode 406 located thereon, this
forming an etching hole 418 that extends to the polycrystal silicon layer
408. By this means, a 5 portion of the polycrystal silicon layer 408 is
exposed. As a result, the exposed portion of the polycrystal silicon layer
408 is oxidized, forming a natural oxide film (silicon oxide) 419. The
silicone structure obtained via the process described above is introduced
into an etching vessel of a silicon oxide wet etching device, and is
immersed in etchant. This 1o etchant is the previously-mentioned diluted
solution of hydrofluoric acid (dilute HF), or the like. Hydrogen fluoride
solution etches silicon oxide, but barely etches silicon nitride. As a
result, as shown in FIG. 24, the natural oxide film 419 is removed by the
wet etching. Next, the silicone structure which has had the natural oxide
film 419 removed is housed within an etching reaction chamber of a silicon
dry etching device. 



15 In this device, a gas that etches silicon but barely etches silicon
nitride is supplied into the etching reaction chamber, and dry etching is
performed on the polycrystal silicon layer 408 that comprises the
sacrificial layer. By this means, the hollow space 420 is formed. Then, as
shown in FIG. 25, contact holes 422a and 422b are formed on the upper 2o
electrode 406 and the lower electrode 404 respectively. Next, an aluminum
layer 416 that will serve as a wiring layer is formed over a surface face
of the silicone structure. Then, as shown in FIG. 26, patterning is
performed on the aluminum layer 416, forming a wiring layer 416a that makes
contact with the upper electrode 406 and a wiring layer 416b that makes
contact with the lower electrode 404. Then a sealing 4   layer 424 is
formed, sealing the etching hole 418. By this means, a hollow silicon
structure having the hollow space 420 is manufactured. This structure
functions as a pressure sensor. With this structure, a prescribed portion B
of the upper silicon nitride layers 412 and 5 414, the upper electrode 406,
and the sealing layer 424, functions as a diaphragm. The hollow space 420
is a hermetically sealed space functioning as a pressure reference chamber.
With this structure, the diaphragm B bends in response to the difference
between the reference pressure and pressure exerted on the diaphragm B.
When the diaphragm B bends, the distance between the upper electrode 406
and the lower 1o electrode 404 changes. When the distance between the two
electrodes 404 and 406 changes, the electrostatic capacity between these
two electrodes 404 and 406 changes. The magnitude of pressure exerted on
the diaphragm B can be sensed by sensing the degree of change in the
electrostatic capacity. 15 SUMMARY OF THE INVENTION In both of the
backgrounds to the invention, wet etching is performed in order to remove
silicon oxide. However, when wet etching is performed, two further
processes must be performed: the etching fluid applied to the silicone
structure must be washed 



away, and then the silicone structure must be dried. Consequently, the
manufacturing 2o process for the structure becomes complicated. Further,
when wet etching is performed, there is a danger of an occurrence of the so
called sticking phenomenon. That is, during the washing and drying
processes that follow the wet etching, the surface tension of the liquid
causes the layers surrounding the hollow space of the hollow structure to
adhere to one another. If the sticking 5   phenomenon occurs, the structure
essentially fails to function as a sensor, actuator, etc. That is, the
sticking phenomenon creates defective articles, causing a drop in yield. To
use the first background to the invention as an example, if the silicon
layer 312 that functions as the mass or beam A adheres to the silicon
substrate 302 in the structure 5 shown in FIG. 22, the degree to which the
mass A moves or the degree to which the beam A bends in response to
acceleration is considerably reduced. As a result, the structure
essentially fails to function as an acceleration sensor. To use the second
background to the invention as an example, if the upper first silicon
nitride layer 412 that functions as the diaphragm B (shown in FIG. 26)
adheres to the 10 lower silicon nitride layer 410, the degree to which the
diaphragm B bends in response to pressure is considerably reduced. As a
result, the structure essentially fails to function as a pressure sensor.
Sensors, actuators, and the like require a high degree of sensitivity and
accuracy. In order to fulfill these requirements, the tendency is to reduce
the rigidity of the structure 15 and to miniaturize the size of the
structure. However, the likelihood of the sticking phenomenon occurring as
a result of wet etching increases when the rigidity of the structure is
reduced or the size of the structure is miniaturized. Consequently, the
number of defective articles produced as a result of wet etching has
increased in recent years. 2o In other words, if the production of
defective articles is to be avoided, the structure must be more rigid and
larger in size. As a result, structures that function as highly 



sensitive or highly accurate sensors, actuators, etc. cannot be realized.
Further, in the manufacturing process of the second background to the
invention, the aluminum layer 416 enters the hollow space 420 via the
etching hole 4l8 when the 6   aluminum layer 416 is formed (see FIG. 25).
As a result, as shown in FIG. 26, a portion 416c of the aluminum that has
entered therein might not be removed after patterning, and may remain
within the hollow space 420. Aluminum 416c remaining within the hollow
space 420 will interfere with the bending of the diaphragm B when 5
pressure is exerted on this diaphragm B. That is, a structure is
manufactured that essentially fails to function as a pressure sensor, and a
defective article is produced. This type of problem does not occur if the
aluminum layer 416 can be formed before etching is performed on the natural
oxide film 419 and the silicon layer 408 (see FIG. 23). However, the
hydrogen fluoride solution used to etch the natural oxide film 419 l0 also
etches the aluminum layer 416. As a result, in the second background to the
invention, the aluminum layer 416 of FIG. 25 must be formed after the
natural oxide film 419 and the silicon layer 408 of FIG. 23 have already
been etched. Moreover, the same problem occurs with the silicon structure
of the first background to the invention. Furthermore, it is important to
reduce the sticking phenomenon not only during the t 5 manufacture of the
silicon structure, but also during use. Reducing the occurrence of the
sticking phenomenon during use would mean that the likelihood of the
silicon structures being faulty during use would be smaller. The above has
been a description of the problems occurring during wet etching, wherein
hydrogen fluoride solution, etc. is used to etch silicon oxide. To counter
these 2o problems, a device capable of dry etching silicon oxide using
hydrogen fluoride gas has appeared in recent years. The technique related
to this has been described in JP laid open paten publications of TOKKAIHEI
8-116070 and TOKKAIHEI 4-96222. However, complex action is also required
when using these devices since the silicone structure must be transferred
between an etching reaction chamber of a silicon dry 



7   etching device and an etching reaction chamber of a silicon oxide dry
etching device. This action renders the manufacturing process more complex.
Further, the silicone structure is exposed to the outside air while being
transferred. This may cause defective articles to be produced during the
manufacture of the silicon structure, or 5 cause faulty articles to become
apparent during use. In particular, if dry etching is performed on the
natural oxide film formed on the surface face of the silicon and the
silicone structure is then transferred for silicon dry etching, the
exposure of the silicone structure to the outside air may result in another
natural oxide film being formed on the surface face of the silicon. 1o In
this manner, if the silicon and the silicon oxide are etched in separate
etching devices, the above problems occur, and costs increase. As a result,
the manufacture of silicon structures is usually performed in the manner
described in the first and second backgrounds to the invention, the silicon
being etched in the silicon dry etching device, and the silicon oxide being
etched in the silicon wet etching device that is widely 15 utilized
conventionally. The first purpose of the present invention is to simplify
the manufacturing process of the silicon structure. The second purpose of
the present invention is to reduce the number of defective articles
produced during the manufacture of the silicon structure, or to reduce the
2o number of faulty articles appearing during use. The third purpose of the
present invention is to realize a silicon structure functioning as a highly
sensitive or highly accurate sensor, actuator, etc. The present invention
aims to solve at least one of the above problems. 8   Moreover, neither the
silicon dry etching device nor the silicon oxide dry etching 



device described above were devised with the intention of processing
structures that function as sensors, actuators, etc. Rather, they were
devised with the intention of 5 processing semiconductor devices such as
MOS, etc. It is frequently the case that, in the processing of
semiconductor devices such as MOS, etc., the materials that require etching
consist only of silicon or only of silicon oxide. Further, if both silicon
and silicon oxide must be etched, one of the materials (either the silicon
or the silicon oxide) is etched, then further processing is performed (for
example, crystal growth, 1o film formation, etc.). Then the other of the
materials (either the silicon oxide or the silicon) is etched. The silicon
dry etching device and the silicon oxide dry etching device described above
were devised for this type of usage. However, it is rare, when processing
semiconductor devices such as MOS etc., that one of the materials (either
the silicon or the silicon oxide) must first be etched and then the other
of the materials 15 (either the silicon oxide or the silicon) must
subsequently be etched. In view of this situation, the present inventors
have considered how a technique suitable for manufacturing silicon
structures might be realized. Their solution is to perform the silicon dry
etching and the silicon oxide dry etching in the same etching reaction
chamber. This effectively solves the problems, described above, concerning
2o the silicon structures. The device for processing the silicon material,
or the device for manufacturing the silicon structure embodied in the
present invention, are novel devices developed with the primary
consideration of manufacturing silicon structures that function as sensors,
9   actuators, etc. Further, a method for manufacturing the silicon
structures is also embodied in the present invention. First to eighth
aspects embodied in the present invention, and preferred aspects of the 5
embodiments, are described below. A first aspect embodied in the present
invention is a device for processing silicon material. This device is
provided with first gas supply members, second gas supply 



members, an etching reaction chamber, a selective connecting means, and a
gas discharging means. The first gas is a gas that etches silicon. The
second gas is a gas to that etches silicon oxide and barely etches silicon.
The selective connecting means selectively connects the etching reaction
chamber with either the first gas supply members or the second gas supply
members. The gas discharging means discharges gas from the etching reaction
chamber. According to the above aspect, connecting the first gas supply
members with the 15 etching reaction chamber by means of the selective
connecting means allows the first gas to be supplied to the etching
reaction chamber. Supplying the first gas to the etching reaction chamber
allows at least a portion of the silicon to be dry etched, and thereby
removed. The first gas can be discharged from the etching reaction chamber
by means of the gas discharging means. Connecting the second gas supply
members with 20 the etching reaction chamber by means of the selective
connecting means allows the second gas to be supplied to the etching
reaction chamber. Supplying the second gas to the etching reaction chamber
allows at least a portion of the silicon oxide to be dry etched, and
thereby removed, while any remaining silicon remains. The first gas may of
course be supplied after the second gas has been supplied. t0   According
to the above aspect, wet etching so as to remove silicon oxide does not
need to be performed. Consequently, there is no need to perform the
processes of washing away the etching fluid applied to the silicone
structure, and drying the silicone structure subsequent to this washing. As
a result, the manufacturing process for the 5 silicon structure is simpler.
Furthermore, since wet etching so as to remove silicon oxide does not need
to be performed, there is a greatly decreased likelihood of the sticking
phenomenon occurring during manufacturing. As a result, the number of
defective articles created during manufacturing can be reduced. Put
differently, the rigidity and the size of the 10 structure can be reduced
compared to the case where wet etching is performed. As a 



result, structures can be produced that function as highly sensitive or
highly accurate sensors, actuators, etc. Moreover, the silicon and the
silicon oxide can be dry etched in the same etching reaction chamber. As a
result, there is no need for the troublesome action of 15 transferring the
silicon structure between the etching reaction chamber of the silicon dry
etching device and the etching reaction chamber of the silicon oxide dry
etching device. Consequently, the manufacturing process is simpler. Since
there is no need to transfer the silicon structure between the etching
reaction chambers, the silicon structure need not be exposed to the outside
air while being transferred. In particular, 20 the problem is prevented in
which a second natural oxide film forms on the surface face of the silicon
after dry etching has been performed on the natural oxide film. As a
result, a reduction is possible in the number of defective articles
produced during manufacture of the silicon structure, or in the number of
faulty articles becoming apparent during use. 11   The above effects are
also obtained in the second to eighth aspects described below. The device
for processing silicon material of a second aspect, as in the first aspect,
is a device provided with first gas supply members, second gas supply
members, an etching reaction chamber, a selective connecting means, and a
gas discharging means. The first 5 gas is a gas that etches silicon oxide
and barely etches silicon nitride. The second gas is a gas that etches
silicon and barely etches silicon nitride. According to the above aspect,
supplying the first gas to the etching reaction chamber allows at least a
portion of silicon oxide to be dry etched, and thereby removed, while any
existing silicon nitride is not etched. Supplying the second gas to the
etching to reaction chamber after the first gas has been discharged
therefrom allows at least a portion of silicon to be dry etched, and
thereby removed, while any existing silicon nitride is not etched. The
first gas may of course be supplied after the second gas has been supplied.



The third aspect is a device for manufacturing a silicon structure. This
device 15 manufactures the hollow silicon structure by processing silicon
material, the silicon structure comprising a second silicon material formed
on a first silicon material, and a third silicon material being formed so
as to cover the second silicon material. As in the first aspect, the device
is provided with first gas supply members, second gas supply members, an
etching reaction chamber, a selective connecting means, and a gas 2o
discharging means. The first gas is a gas that causes a portion of the
second silicon material to be exposed. The second gas is a gas that etches
the second silicon material and barely etches the first and third silicon
material. Here, the first to third silicon materials are any of either
silicon, silicon oxide, or silicon nitride. The first and third silicon
materials may comprise the same material, whereas 12   the first silicon
material and second silicon material are mutually differing materials, and
the second silicon material and third silicon material are also mutually
differing materials. According to the above aspect, supplying the first gas
to the etching reaction chamber 5 and performing dry etching allows a
portion of the second silicon material to be exposed. Supplying the second
gas to the etching reaction chamber after the first gas has been discharged
therefrom allows the second silicon material to be dry etched, and thereby
removed, while the first and third silicon materials are not etched. This
allows the manufacture of the silicon structure that has the hollow space
present after the to second silicon material has been etched. The fourth
aspect is a more specific version of the device for manufacturing a silicon
structure of the third aspect. This device manufactures the hollow silicon
structure by processing a silicon structure that comprises a silicon oxide
layer formed on a silicon substrate, the silicon oxide layer being covered
by a silicon layer. As in the first aspect, 15 the device is provided with
first gas supply members, second gas supply members, an etching reaction
chamber, a selective connecting means, and a gas discharging means. 



The first gas is a gas that etches silicon. The second gas is a gas that
etches silicon oxide and barely etches silicon material. According to the
above aspect, supplying the first gas to the etching reaction chamber 2o
and locally dry etching the silicon layer allows a portion of the silicon
oxide layer to be exposed. Supplying the second gas to the etching reaction
chamber after the first gas has been discharged therefrom allows the
silicon oxide layer to be dry etched, and thereby removed, while the
silicon substrate and the silicon layer are not etched. This 13   allows
the manufacture of the silicon structure that has the hollow space present
after the silicon oxide layer has been etched. The fifth aspect is a more
specific version of the device for manufacturing a silicon structure of the
third aspect. 5 This device manufactures the hollow silicon structure by
processing a silicon structure, the silicon structure having a silicon
layer formed on a lower silicon nitride layer, the silicon layer being
covered by an upper silicon nitride layer, a hole being formed in the upper
silicon nitride layer, and silicon oxide being formed on a surface of the
silicon layer at a location thereof corresponding to the hole. As in the
first aspect, the device is 1o provided with first gas supply members,
second gas supply members, an etching reaction chamber, a selective
connecting means, and a gas discharging means. The first gas is a gas that
etches silicon oxide and barely etches silicon nitride. The second gas is a
gas that etches silicon and barely etches silicon nitride. According to the
above aspect, supplying the first gas to the etching reaction chamber 15
and dry etching the silicon oxide formed on the surface face of the silicon
layer allows a portion of the silicon layer to be exposed. Supplying the
second gas to the etching reaction chamber after the first gas has been
discharged therefrom allows the silicon layer to be dry etched, and thereby
removed, while the upper silicon nitride layer and the lower silicon
nitride layer are not etched. This allows the manufacture of the silicon 2o
structure that has the hollow space present after the silicon layer has
been etched. 



In the first to fifth aspects, it is preferred that the first gas and the
second gas are gases that barely etch aluminum material. Examples of
aluminum material are aluminum, and aluminum alloys such as Al-Si,
Al-Si-Cu, and so on. 14   If the first gas and the second gas are gases
that barely etch aluminum material, aluminum material can be formed before
the silicon and silicon oxide are etched by these gases. As a result, the
problem is prevented in which aluminum material enters the hollow space
that has been formed by dry etching. Consequently, a reduction is 5
possible in the number of defective articles produced during manufacture of
the silicon structure, or in the number of faulty articles becoming
apparent during use. In the first to fifth aspects, it is preferred that
the gas supply members have a housing member for gas producing material,
the gas producing material being either solid or liquid. Further, it is
preferred that a gas transforming means is provided, this transforming the
solid or liquid material into gas. According to the above aspect, the gas
producing material can be stored in a solid or liquid state within the
housing member, these being easier to handle than gas. When gas needs to be
supplied into the etching reaction chamber, the solid or liquid material
can be transformed into gas and supplied therein. As a result, the device
is rendered 15 more convenient. It is preferred that the gas supply members
further have a storage member for the gas that has been transformed from
the solid or the liquid material. According to the above aspect, the gas
that has been transformed from the solid or the liquid can be stored. If a
large quantity of gas is needed for dry etching, this storage of 20 gas
allows the situation to be dealt with adequately. More specifically, the
gas supply members may have a vessel for housing solid xenon difluoride
(XeF2) or a vessel for housing solid brominetrifluoride (BrF3). ~5  



The gas transformed from the solid material stored in these vessels, namely
the gasified xenon difluoride gas or the brominetrifluoride gas, has the
property of etching silicon and barely etching silicon oxide, silicon
nitride, or aluminum materials. As a result, the gas producing raw
materials stored in these vessels produce gases suitable as the first 5 gas
of the fourth aspect or the second gas of the fifth aspect. Alternatively,
the gas supply members may have a vessel for housing hydrogen fluoride (HF~
solution, and a vessel for housing methyl alcohol (CH30H) solution or water
(Hz0). The gas produced from materials stored in these vessels, namely the
mixed gas of 10 hydrogen fluoride and methyl alcohol or hydrogen fluoride
and water, has the property of etching silicon oxide and barely etching
silicon, silicon nitride, or aluminum materials. As a result, the gas
producing raw materials stored in these vessels produce gases suitable as
the second gas of the fourth aspect or the first gas of the fifth aspect.
It is preferred that a means is provided for preventing liquid from
blocking a space 15 between a liquid housing member and the etching
reaction chamber in the case where the liquid stored within the liquid
housing member is transformed into gas and supplied to the etching reaction
chamber. According to this aspect, the liquid is prevented from blocking
the space between the liquid housing member and the etching reaction
chamber even in the case where the 2o liquid of the liquid housing member
boils up while being transformed into gas and enters piping etc. between
the liquid housing member and the etching reaction chamber. It is preferred
that the gas transforming means is a pressure reducing means for reducing
pressure within a solid housing member or the liquid housing member. 16
Further, it is preferred that the pressure reducing means is connected with
the solid or the liquid housing member via the etching reaction chamber. 



According to this aspect, the solid or the liquid within the housing member
can be transformed into a gas and the transformed gas can be guided rapidly
into the etching 5 reaction chamber. In the first to fifth aspects, it is
preferred that the interior of the etching reaction chamber is provided
with a means for preventing gas from flowing directly from gas supply holes
to gas discharge holes. Providing the preventing means allows the gas to
flow more uniformly within the 1o etching reaction chamber. In the first to
fifth aspects, it is preferred that the gas discharging means has a rapid
discharging means and a slow discharging means. Providing these discharging
means allows an efficient discharge of the gas, the gas usually being
discharged slowly, for example, and being discharged rapidly only when
necessary. 15 In the first to fifth aspects, it is preferred that an
etching completion sensing means is further provided, this sensing the
completion of etching of the silicon structure. Providing the etching
completion sensing means has the result that, even if, for example, the
size of silicon structures varies widely, more etching than necessary will
not be performed, nor will insufficient etching be performed. 2o In the
first to fifth aspects, it is preferred that a vessel for housing
organosilicic compound, a vessel for housing water, a gas producing means
for producing gas from the organosilicic compound and water housed within
these vessels, and a coating chamber connecting with these vessels are
further provided.   This aspect is a further useful technique for
preventing the occurrence of the sticking phenomenon during use of the
silicon structure. According to the above aspect, a water-repellent film
can be coated onto a surface face of the silicon structure formed as in the
first to fifth aspects. By this means, the silicon structure becomes more
water 5 repellent. This prevents the problem of liquid adhering to the
structure and the surface tension thereof causing the sticking phenomenon
to occur even if the structure is being utilized in, for example,
surroundings in which dew condensation readily occurs. As a 



result, a reduced number of defective articles become apparent during use.
Further, a connecting member, an opening and closing means, and a silicon
structure 1o conveying means of the following types may be provided. The
connecting member connects the etching reaction chamber with the coating
chamber in a manner whereby space between the two chambers is isolated from
the outside. The opening and closing means is capable of switching a
connection between the etching reaction chamber and the coating chamber
between an open state and a closed state. The silicon structure 15
conveying means is capable of conveying the silicon structure between the
etching reaction chamber and the coating chamber. Alternatively, a
preparatory chamber, a connecting member, an opening and closing means, and
a silicon structure conveying means of the following types may be provided.
The connecting member connects the etching reaction chamber with the
preparatory chamber and connects the preparatory 2o chamber with the
coating chamber in a manner whereby space between the chambers is isolated
from the outside. The opening and closing means is capable of switching a
connection between the etching reaction chamber and the preparatory
chamber, and a connection between the preparatory chamber and the coating
chamber, between an open state and a closed state. The silicon structure
conveying means is capable of 18   conveying the silicon structure between
the etching reaction chamber and the preparatory chamber, and between the
preparatory chamber and the coating chamber. According to the above aspect,
after dry etching of the silicon structure has been completed in the
etching reaction chamber, the silicon structure can be conveyed to the 5
coating chamber without its coming into contact with the outside air. As a
result, oxidization etc. of the silicon structure can be prevented.
Further, the provision of the preparatory chamber allows the silicon
structure to be transferred easily between the etching reaction chamber and
the coating chamber. A useful method for manufacturing a silicon structure
is also embodied in the present 1o invention. 



The method for manufacturing a silicon structure of the sixth aspect of the
present invention has the following processes. A second silicon material is
formed on a first silicon material. A third silicon material is formed so
as to cover the second silicon material. A silicon structure prepared by
the above processes is housed within an 15 etching reaction chamber. A
first gas is supplied into the etching reaction chamber, the first gas
locally performing dry etching so that a portion of the second silicon
material is exposed. The first gas is discharged from the etching reaction
chamber. A second gas, the second gas etching the second silicon material
and not being capable of etching the first and third silicon materials, is
supplied into the etching reaction chamber, and 2o the second gas performs
dry etching on the second silicon material. Here, the first and third
silicon materials can be any of: silicon, silicon oxide, or silicon
nitride. The first and third silicon materials may comprise the same
material, whereas the first silicon material and second silicon material
are mutually differing materials, 19   and the second silicon material and
third silicon material are mutually differing materials. In a seventh
aspect, the method for manufacturing a silicon structure of the sixth
aspect is further defined. The manufacturing method has the following
processes. A 5 silicon oxide layer is formed on a silicon substrate. A
silicon layer is formed so as to cover the silicon oxide layer. A silicon
structure prepared by the above processes is housed within an etching
reaction chamber. A first gas, the first gas etching silicon, is supplied
into the etching reaction chamber, and the first gas locally performs dry
etching so that a portion of the silicon oxide layer is exposed. The first
gas is 1o discharged from the etching reaction chamber. A second gas, the
second gas being capable of etching silicon oxide and barely being capable
of etching silicon, is supplied into the etching reaction chamber, and the
second gas performs dry etching on the silicon oxide layer. In an eighth
aspect, the method for manufacturing a silicon structure of the sixth
aspect 



15 is further defined. The manufacturing method has the following
processes. A silicon layer is formed on a lower silicon nitride layer. An
upper silicon nitride layer is formed so as to cover the silicon layer. A
hole is formed in the upper silicon nitride layer, the hole extending to
the silicon layer. A silicon structure prepared by the above processes is
housed within an etching reaction chamber. A first gas, the first gas being
capable of 2o etching silicon oxide and barely being capable of etching
silicon nitride, is supplied into the etching reaction chamber, and the
first gas dry etches silicon oxide, this silicon oxide being formed on a
portion of a surface face of the silicon layer at a location thereof
corresponding to the hole in the upper silicon nitride layer, this exposing
a portion of the silicon layer. The first gas is discharged from the
etching reaction 20   chamber. A second gas, the second gas being capable
of etching silicon and barely being capable of etching silicon nitride, is
supplied into the etching reaction chamber, and the second gas performs dry
etching on the silicon layer. In aspects 6 to 8, the gases comprising the
first gas and the second gas may selectively 5 be chosen from among gases
barely capable of etching aluminum, and a silicon structure may be housed
within the etching reaction chamber after aluminum exposed to a surface of
the silicon structure has been formed on the silicon structure. A silicon
structure having undergone the process of any of aspects 6 to 8 may have a
further process of being exposed to a mixed gas of water vapor and
organosilicic 10 compound. In the present specification, included among the
gases that etch a first material (for example, silicon) and barely etch a
second material (for example, silicon oxide), are gases for which the speed
of etching of the first material with respect to the speed of etching the
second material (i.e. an etching selection ratio) is 15. An etching
selectivity ~ 5 ratio of 20 or greater is preferred, and an etching
selectivity ratio of 30 or greater is more preferred. The second material
referred to here includes aluminum material. Moreover, gases that do not
etch the second material at all are of course included 



among the gases that barely etch the second material. 20 BRIEF DESCRIPTION
OF THE DRAWINGS Figure 1 shows the configuration of a device for
manufacturing a silicon structure of a first embodiment. 21   Figure 2
shows the configuration of an etching reaction chamber of the device for
manufacturing a silicon structure of the first embodiment. Figure 3 shows
the configuration between a methyl alcohol vessel and a dry pump of the
device for manufacturing a silicon structure of the first embodiment. 5
Figure 4 shows a portion of a first process for manufacturing a silicon
structure, this utilizing the device for manufacturing a silicon structure
of the first embodiment and a different silicon material processing
technique, sequence (1). Figure 5 shows a portion of the above
manufacturing process, sequence (2). Figure 6 shows a portion of the above
manufacturing process, sequence (3). 10 Figure 7 shows a portion of a
second process for manufacturing a silicon structure, this utilizing the
device for manufacturing a silicon structure of the first embodiment and a
different silicon material processing technique, sequence (1). Figure 8
shows a portion of the above manufacturing process, sequence (2). Figure 9
shows a portion of the above manufacturing process, sequence (3). 15 Figure
10 shows portion of the above manufacturing process, sequence (4). Figure
11 shows a portion of the above manufacturing process, sequence (5). Figure
12 shows a portion of the above manufacturing process, sequence (6). Figure
13 shows a portion of the above manufacturing process, sequence (7). Figure
14 shows the configuration of a device for manufacturing a silicon
structure of a 2o second embodiment. Figure 15 shows the configuration of a
device for manufacturing a silicon structure of a third embodiment. 22 



Figure 16 shows a first variation of the configuration between the methyl
alcohol vessel and the dry pump. Figure 17 shows a second variation of the
configuration between the methyl alcohol vessel and the dry pump. 5 Figure
18 shows a third variation of the configuration between the methyl alcohol
vessel and the dry pump. Figure 19 shows a fourth variation of the
configuration between the methyl alcohol vessel and the dry pump. Figure 20
shows a portion of a conventional manufacturing process of a first silicon
l0 structure, sequence (1). Figure 21 shows a portion of the above
manufacturing process, sequence (2). Figure 22 shows a portion of the above
manufacturing process, sequence (3). Figure 23 shows a portion of a
conventional manufacturing process of a second silicon structure, sequence
(1). 15 Figure 24 shows a portion of the above manufacturing process,
sequence (2). Figure 25 shows a portion of the above manufacturing process,
sequence (3). Figure 26 shows a portion of the above manufacturing process,
sequence (4). PREFERRED EMBODIMENTS FOR PRACTICING THE INVENTION 20 (FIRST
EMBODIMENT) FIG. 1 shows the configuration of a device for manufacturing a
silicon structure (hereafter referred to as `structure manufacturing
device') of a first embodiment. Since 23   this device can be used for the
entire processing of silicon material, it may equally well be referred to
as a silicon material processing device. That is, the term `structure
manufacturing device' used below may equally well be replaced with `silicon
material processing device.' 



5 The structure manufacturing device of the first embodiment is provided
with a xenon difluoride vessel 20, a sublimated gas storage vessel 21, a
hydrogen fluoride vessel 30, a methyl alcohol vessel 31, an etching
reaction chamber 10, a dry pump 42, a toxic substance removal device 49, a
turbo-molecular pump 40, a rotary pump 41, and a control member 502, etc.
1o Solid xenon difluoride XeFz is housed within the xenon diffuoride vessel
20. The xenon difluoride is solid at regular temperature and at atmospheric
pressure. Xenon difluoride gas that has been sublimated from the solid
state XeF2 is temporarily stored in the sublimated gas storage vessel 21.
Pressure within the xenon difluoride vessel 20 is reduced by the dry pump
42, or the like, this sublimating the solid xenon difluoride 15 within the
vessel 20, and thereby gasifying the xenon difluoride gas. Hydrogen
fluoride (HF) solution is housed within the hydrogen fluoride vessel 30.
Methyl alcohol (CH30H) solution is housed within the methyl alcohol vessel
31. The dry pump 42 reduces the pressure within the etching reaction
chamber 10 and the vessels 20, 30, and 31. The toxic substance removal
device 49 detoxifies the exhaust gas discharged 2o from the dry pump 42.
The turbo-molecular pump 40 and the rotary pump 41 reduce the pressure
within the etching reaction chamber 10 and the vessels 20, 30, and 31 more
rapidly than the dry pump 42. 24   The control member 502 has a CPU 504, a
ROM 506 that stores a control program or the like, a RAM 508 that
temporarily stores data etc., an input port 510, an output port 512, and so
on. Piping between the etching reaction chamber 10 and the xenon difluoride
vessel 20 is 5 provided with a third valve 23, a first flow meter 27, and a
sixth valve 26. Between the etching reaction chamber 10 and the sublimated
gas storage vessel 21 there is piping provided with a fourth valve 24, the
first flow meter 27, and the sixth valve 26, as well as piping provided
with a fifth valve 25. Piping between the etching reaction chamber 10 and
the hydrogen fluoride vessel 30 is 



10 provided with a second flow meter 32 and a seventh valve 34. Piping
between the etching reaction chamber 10 and the methyl alcohol vessel 31 is
provided with a third flow meter 33 and an eighth valve 35. Piping between
the etching reaction chamber 10 and the turbo-molecular pump 40 is provided
with a ninth valve 43. Piping between the etching reaction chamber 10 and
15 the dry pump 42 is provided with a first throttle valve 91 and a tenth
valve 44. A first pressure meter 11 is connected with the etching reaction
chamber 10. A first vacuum meter 12 is connected with the etching reaction
chamber 10 via a twelfth valve 13. A nitrogen gas supply member 93 is
connected with the etching reaction chamber 10 via a second valve 14. 20 An
etching completion sensor 97, for sensing when etching of a silicon
structure is complete, is provided on the etching reaction chamber 10. The
etching completion sensor 97 may either use some means to sense that
etching is complete on the portion of the silicon structure requiring
etching, or may identify the completion of etching on the basis of some
provided condition. However, the preferred technique is that 25   developed
by the present inventors and set forth in Japanese Laid Open Patent
Publication TOKKAI 2001-185530. The control member 502 is electrically
connected with the valves 13, 14, 23 to 26, 34, 35, 43, and 44, pressure
meters 11 and 22, the flow meters 27, 32, and 33, the pumps 5 40 to 42, the
first vacuum meter 12, the toxic substance removal device 49, and the
etching completion sensor 97, etc. The function of the control member 502
is to monitor and control the actions of these members. As shown in FIG. 2,
the etching reaction chamber 10 has provided therein: a silicon structure
table 80, a shower plate 82, and double blocking sheets 83. 10 The silicon
structure table 80 is capable of having placed thereon a silicon structure
81 that is to be manufactured into a structure by means of dry etching. It
is preferred that a surface face of the silicon structure table 80 is
provided with grooves or a small 



number of minute protrusions formed in a radiating shape. The provision of
these grooves or protrusions prevents a pressure difference from appearing
between the two 15 sides of the silicon structure 81. By this means, damage
is prevented even if the silicon structure 81 is formed from fragile
material. Further, the silicon structure 81 is thereby prevented from
making close contact with the surface face of the silicon structure table
80. The shower plate 82 is formed in a disc shape, a lower face thereof
having a plurality 20 of gas supply holes 82a. It is preferred that the
shower plate 82 is attached to a rotating axis such that the shower plate
82 is capable of rotating. Furthermore, a connecting portion that connects
the rotating axis and the disc is preferably a dynamic seal that allows the
disc to oscillate. Allowing the disc to rotate or oscillate permits gas to
be showered almost uniformly across the entirety of the etching reaction
chamber 26   10. Moreover, it is preferred that gas supply piping and the
rotating axis are formed separately. If the gas supply piping is formed
from soft piping, and the connecting portion that connects the soft piping
and the disc is a fixed seal, gas can reliably be prevented from leaking.
Further, since there is no need to be concerned that gas may 5 leak from
the connecting portion of the rotating axis, the structure of the dynamic
seal can be simplified. Moreover, it is preferred that the soft piping is
wound around the central axis of oscillation. The two double blocking
sheets 83 prevent gas from flowing directly from the gas supply holes 82a
of the shower plate 82 to gas discharge holes 10a. Providing the 1o
blocking sheets 83 allows the gas to be dispersed in a variety of
directions within the etching reaction chamber 10. As a result, the gas can
be supplied almost uniformly to the entirety of the silicon structure 81
within the etching reaction chamber 10. Providing the blocking sheets 83
allows the silicon structure 81 to be etched almost uniformly even in the
case where gas is continuously supplied so that etching is 15 continuously
performed. 



As shown in FIG. 3, three blocking sheets 85 are installed in a maze
structure within the methyl alcohol vessel 31. The provision of the
blocking sheets 85 prevents the methyl alcohol solution from directly
entering the piping in the case where the methyl alcohol solution suddenly
boils up when the dry pump 42 or the like has reduced the 2o pressure
within the methyl alcohol vessel 31. Consequently, the methyl alcohol
solution is prevented from blocking a filter 84 within the piping. Next, a
method for manufacturing a silicon structure having a hollow space 120,
such as for example that shown in FIG. 6, is described with reference to
FIGS. 4 to 6. This utilizes the structure manufacturing device, configured
as described above, and the 27   silicon material processing technique of
the first embodiment. The silicon structure has a beam or mass A extending
above the hollow space 120. The manufacturing method therefor is in
contrast to that for the first background to the invention, shown in FIGS.
20 to 22. 5 First, a device different from the structure manufacturing
device of the first embodiment performs the following processes. First, a
silicon oxide layer 108 is formed by means of CVD (Chemical Vapor
Deposition), or the like, along a prescribed area above a silicon substrate
102 (see FIG. 4). Next, a silicon layer 112 is formed by, for example, CVD,
or the like so as to cover the silicon oxide layer 108. to The silicon
structure shown in FIG. 4, obtained via the process described above, is
housed within the etching reaction chamber 10 of the structure
manufacturing device of the first embodiment (shown in FIG. 1) . The
following processes are performed within the structure manufacturing
device. First, the xenon difluoride gas, which etches silicon, is supplied
into the etching 15 reaction chamber 10, and the silicon layer 112 is
locally dry etched. The xenon difluoride gas is capable of etching silicon
(Si: this encompasses both polycrystal silicon and monocrystal silicon),
but barely etches silicon oxide (Si02), silicon nitride (SiN: typically
Si3N4), or aluminum (Al). Specifically, silicon is etched by the xenon 



difluoride gas at a speed of approximately 4600 /min, silicon oxide is
etched at a 2o speed of approximately 0 /min, silicon nitride is etched at
a speed of approximately 120 ./min, and aluminum is etched at a speed of
approximately 0 /min. However, these values can vary according to differing
conditions. Methods of performing local dry etching may be, but are not
restricted to, supplying gas while all but the portion on which etching is
desired is masked with a resist, or 28   supplying gas locally to the
portion on which etching is desired. Any method of performing local dry
etching is acceptable. If masking with a resist is employed, the resist
must be a material that is barely etched by gas (in this example, xenon
difluoride gas). By this means, an etching hole 1l8 is formed that extends
to the silicon oxide 5 layer 108 (see FIG. 5). As a result, a portion of
the silicon oxide layer 108 is exposed. Then, the xenon difluoride gas is
discharged from the etching reaction chamber 10. Next, a mixed gas,
consisting of methyl alcohol and hydrogen fluoride, is supplied into the
etching reaction chamber 10, and the entirety of the silicon oxide layer
108 is dry etched. The mixed methyl alcohol and hydrogen fluoride gas is
capable of etching l0 silicon oxide (Si02), but barely etches silicon (Si:
this encompasses both polycrystal silicon and monocrystal silicon), silicon
nitride (SiN: typically Si3N4), or aluminum (Al). Specifically, the silicon
oxide is etched by the mixed methyl alcohol and hydrogen fluoride gas at a
speed of approximately 1000 /min, silicon is etched at a speed of
approximately 0 /min, silicon nitride is etched at a speed of approximately
10 /min, 15 and aluminum is etched at a minute value, at a speed below
approximately 1 /min. However, these values can vary according to differing
conditions. The silicon oxide layer 108 is a layer whose purpose is to
finally be removed so as to produce the hollow space 120, as shown in FIG.
6. This layer is usually termed the `sacrificial layer.' By this means, a
silicon structure having the hollow space 120 is 2o manufactured (see FIG.
6). This structure may, for example, be utilized as an acceleration sensor.
When it is 



utilized as an acceleration sensor, a portion A of the silicon layer 112 is
utilized as a beam or mass that moves when acceleration occurs. For
example, when acceleration occurs in a direction perpendicular to a
substrate face of the silicon substrate 102, the 29   mass A moves in a
direction perpendicular to the substrate face. The movement of the mass A
is sensed by means of sensing a change in the electrostatic capacity
between electrodes (not shown), this allowing the acceleration that has
occurred to be sensed. Alternatively, the beam A bends when acceleration
occurs in the direction 5 perpendicular to the substrate face of the
silicon substrate 102, and the bending of the beam A is sensed by means of
sensing a change in piezoresistance (not shown), this allowing the
acceleration that has occurred to be sensed. Further, it is also possible
to sense acceleration occurring in a direction parallel to the substrate
face of the silicon substrate 102. 10 Next, the above processes performed
by the structure manufacturing device of the first embodiment are described
in more detail with reference to FIG. 1. First, every valve is closed. In
the processes described below, all control may be performed by the control
programs, etc. of the control member 502, or an operator may perform a
portion thereof by hand. 15 First, the first throttle valve 91, the tenth
valve 44, the sixth valve 26, and the third valve 23 are opened, the dry
pump 42 is started, and pressure is reduced in the etching reaction chamber
10 and in the xenon difluoride vessel 20. The xenon difluoride is
sublimated at a pressure at or below 3.8 Torr. The solid xenon difluoride
housed within the xenon difluoride vessel 20 is sublimated by this pressure
reduction process, 20 becoming a gas. The xenon difluoride gas is
introduced into the etching reaction chamber 10 by the suction pressure of
the dry pump 42, and is also discharged via the dry pump 42. By this means,
gas etc. that has remained within the etching reaction chamber 10 is
expelled. After discharge, the tenth valve 44, the sixth valve 26, and the
third valve 23 are closed. 



30   Next, the second valve 14 is opened, nitrogen gas is supplied into the
etching reaction chamber 10 from the nitrogen gas supply member 93, and
atmospheric pressure is established within the etching reaction chamber 10.
In this state of atmospheric pressure, a door of the etching reaction
chamber 10 is opened and the silicon structure 5 81 (as shown in FIG. 2) is
placed on the silicon structure table 80. After the silicon structure 81
has been placed thereon, the door is closed and the second valve 14 is
closed. Next, the first throttle valve 91, the tenth valve 44, the third
valve 23, and the sixth valve 26 are opened, the dry pump 42 is started,
and pressure is reduced in the etching to reaction chamber 10 and in the
xenon difluoride vessel 20. As a result, the solid xenon difluoride housed
within the xenon difluoride vessel 20 is sublimated and becomes a gas, and
is introduced into the etching reaction chamber 10. The pressure within the
etching reaction chamber 10 is monitored by the first pressure meter 11,
and when a prescribed pressure is attained the third valve 23 and the sixth
valve are closed and the 15 xenon difluoride gas is enclosed within the
etching reaction chamber 10. The xenon difluoride gas locally etches the
silicon layer 112 (see FIG. 5) of the silicon structure 81 within the
etching reaction chamber 10, forming the etching hole 118. The formula ( 1
) showing the reaction for the etching is as follows: 2XeFz + Si ? 2Xe +
SiF4 (1) 2o When the etching completion sensor 97 senses that the xenon
difluoride gas has completed etching the portion of the silicon layer 112
that requires this process, the tenth valve 44 is opened, and the xenon
difluoride gas is discharged from the etching reaction chamber 10 via the
dry pump 42 and the toxic substance removal device 49. 31   



However, it is equally possible that an etching completion sensor 97 is not
provided. For example, the control member 502 may equally well utilize
computed or stored data concerning etching periods, an etching period being
the period between initiation of etching and the estimated (taking
prescribed conditions into account) completion time 5 thereof. This data
may either be computed while the device is being operated, or may be
computed in advance and stored. `Prescribed conditions' refers, for
example, to the size of the silicon structure, the quantity of gas supplied
to the etching reaction chamber, the type of gas, etc. Next, the first
throttle valve 91, the tenth valve 44, the eighth valve 35, and the seventh
to valve 34 are opened, and the dry pump 42 performs evacuation. Thereupon,
the methyl alcohol solution within the methyl alcohol vessel 31 is
volatilized and the hydrogen fluoride solution within the hydrogen fluoride
vessel 30 is volatilized. The third flow meter 33 monitors the flow of the
volatilized methyl alcohol gas, adjusting this flow as required. Further,
the second flow meter 32 monitors the flow of the volatilized 15 hydrogen
fluoride gas, adjusting this flow as required. The mixed methyl alcohol and
hydrogen fluoride gas, the flows thereof having been adjusted, is supplied
into the etching reaction chamber 10. Then, the eighth valve 35 and the
seventh valve 34 are closed, and the mixed methyl alcohol and hydrogen
fluoride gas is discharged from the etching reaction chamber 10. By this
means, gas etc. that has remained within the 2o etching reaction chamber 10
is expelled. Next, the ninth valve 43 is opened, and the turbo-molecular
pump 40 and the rotary pump 41 create a high vacuum within the etching
reaction chamber 10. Then, the ninth valve 43 is closed, the tenth valve
44, the eighth valve 35, and the seventh valve 34 are opened, and the dry
pump 42 performs evacuation, this volatilizing the methyl alcohol 32
solution within the methyl alcohol vessel 31 and the hydrogen fluoride
solution within the hydrogen fluoride vessel 30. The third flow meter 33
monitors the flow of the volatilized methyl alcohol gas, adjusting this
flow as required. Further, the second flow 



meter 32 monitors the flow of the volatilized hydrogen fluoride gas,
adjusting this flow 5 as required. The mixed methyl alcohol and hydrogen
fluoride gas, the flows thereof having been adjusted, is supplied into the
etching reaction chamber 10. The pressure within the etching reaction
chamber 10 is monitored by the first pressure meter 11, and the first
throttle valve 91 is adjusted, this maintaining a prescribed pressure. By
this means, the silicon oxide layer 108 (see FIG. 5) of the silicon
structure to is etched by the mixed gas. In this case, reactions shown by
the following formulae (2) and (3) occur, wherein `M' represents methyl
alcohol. M + 2HF ? HFZ + MH+ SiOz + 2HFZ + 2MH+ 2 SiFa + 2Hz0 + 2M (2) (3)
When the etching completion sensor 97 senses that the mixed gas has
completed 15 etching the silicon oxide layer 108, the eighth valve 35 and
the seventh valve 34 are closed, and the mixed methyl alcohol and hydrogen
fluoride gas is discharged from the etching reaction chamber 10 via the dry
pump 42 and the toxic substance removal device 49. It is possible in this
case also that the data concerning etching periods computed or 2o stored by
the control member 502 is utilized, and the etching completion sensor 97 is
not utilized. In the above process, the turbo-molecular pump 40 and the
rotary pump 41 may be used continuously, instead of the dry pump 42, as a
high speed pressure-reducing 33   means to reduce the pressure in the
etching reaction chamber 10, the methyl alcohol vessel 31, the hydrogen
fluoride vessel 30, the xenon difluoride vessel 20, etc. In that case, the
ninth valve 43 is opened, instead of the tenth valve 44, when pressure is
to be reduced. 5 Next, a method for manufacturing a silicon structure
having a hollow space 220, as 



shown in FIG. 13, is described with reference to FIGS. 7 to 13. This
utilizes the structure manufacturing device of the first embodiment, and a
different silicon material processing technique. The silicon structure has
a diaphragm B located above the hollow space 220. The manufacturing method
therefor is in contrast to that of the 10 second background to the
invention, shown in FIGS. 23 to 26. First, a device different from the
structure manufacturing device of the first embodiment performs the
following processes. First, impurities are introduced locally into a
monocrystal silicon substrate 202, shown in FIG. 7, to form a lower
electrode 204. Nitriding is performed on a surface face of 15 the silicon
substrate 202 to form a lower silicon nitride layer 210. A polycrystal
silicon layer 208 is formed, by means for example of CVD or the like, along
a prescribed area above the lower silicon nitride layer 210. In this
example, the polycrystal silicon layer 208 is the sacrificial layer. An
upper first silicon nitride layer 212 is formed so as to cover the
polycrystal silicon layer 208. An upper electrode 206 is formed above the
2o upper first silicon nitride layer 212 along a prescribed area thereof.
The upper electrode 206 is formed from polycrystal silicon, or the like. An
upper second silicon nitride layer 214 is formed so as to cover the upper
electrode 206. Then, as shown in FIG. 8, contact holes 222a and 222b are
formed on prescribed areas of the upper electrode 206 and the lower
electrode 204 respectively. Next, as shown in 34   FIG. 9, an aluminum
layer 216 that will form a wiring layer is formed over a surface face of
the silicon structure. Next, as shown in FIG. 10, patterning is performed
on the aluminum layer 216, forming a wiring layer 216a that makes contact
with the upper electrode 206, and a wiring layer 216b that makes contact
with the lower electrode 5 204. Then, as shown in FIG. 11, etching is
performed on the upper silicon nitride layers 212 and 214 at a portion
thereof not having the upper electrode 206 located thereon, this forming an
etching hole 218 that extends to the polycrystal silicon layer 208. By this
means, a portion of the polycrystal silicon layer 208 is exposed. As a 



result, the exposed portion of the polycrystal silicon layer 208 oxidizes,
forming a 1o natural oxide film (silicon oxide) 219. The silicon structure
shown in FIG. 11, obtained via the process described above, is housed
within the etching reaction chamber 10 of the structure manufacturing
device of the first embodiment (shown in FIG. 1) . The following processes
are performed within the structure manufacturing device. 15 First, the
mixed gas, consisting of methyl alcohol and hydrogen fluoride, is supplied
into the etching reaction chamber 10 of the structure manufacturing device,
and the natural oxide film (silicon oxide) 219 (shown in FIG. 11) is dry
etched. As described above, the mixed methyl alcohol and hydrogen fluoride
gas is capable of etching silicon oxide, but barely etches silicon
(polycrystal silicon and monocrystal silicon), silicon 20 nitride, or
aluminum. As a result, a portion of the silicon layer 208, this
constituting the sacrificial layer, is exposed. Then, the mixed methyl
alcohol and hydrogen fluoride gas is discharged from the etching reaction
chamber 10. Next, xenon difluoride gas is supplied into the etching
reaction chamber 10, and the silicon layer 208 (shown in FIG. 11 ) is dry
etched. By this means, the state shown in FIG. 12 is attained. As described
35   above, the xenon difluoride gas is capable of etching silicon
(polycrystal silicon and monocrystal silicon), but barely etches silicon
oxide, silicon nitride, or aluminum. Then, a sealing layer 224 (as shown in
FIG. 13) is formed by a device different from the structure manufacturing
device of the first embodiment, sealing the etching hole 5 218. By this
means, a silicon structure having the hollow space 220 is manufactured.
This structure functions as a pressure sensor. With this structure, a
prescribed portion B of the upper silicon nitride layers 212 and 214, the
upper electrode 206, and the sealing layer 224 functions as a diaphragm.
The hollow space 220, this having been formed by the removal of the silicon
oxide layer t o 208 that comprised the sacrificial layer, is a hermetically
sealed space that functions as a pressure reference chamber. With this
structure, the diaphragm B bends in response 



to the difference between the reference pressure and pressure exerted on
the diaphragm B. When the diaphragm B bends, the distance between the upper
electrode 206 and the lower electrode 204 changes. When the distance
between the two 15 electrodes 206 and 204 changes, the electrostatic
capacity between these two electrodes 206 and 204 changes. The magnitude of
pressure exerted on the diaphragm B can be sensed by sensing the degree of
change in the electrostatic capacity. Next, the above processes performed
by the structure manufacturing device of the first embodiment are described
in more detail with reference to FIG. 1. First, every valve is 2o closed.
In the processes described below, all control may be performed by the
control programs, etc. of the control member 502, or an operator may
perform a portion thereof by hand. First, the first throttle valve 91, the
tenth valve 44, the eighth valve 35, and the seventh valve 34 are opened,
the dry pump 42 performs evacuation, this volatilizing the methyl 36
alcohol solution within the methyl alcohol vessel 31 and the hydrogen
fluoride solution within the hydrogen fluoride vessel 30. The third flow
meter 33 monitors the flow of the volatilized methyl alcohol gas, adjusting
this flow as required. Further, the second flow meter 32 monitors the flow
of the volatilized hydrogen fluoride gas, adjusting this 5 flow as
required. The mixed methyl alcohol and hydrogen fluoride gas, the flows
thereof having been adjusted, is supplied into the etching reaction chamber
10. Then, the eighth valve 35 and the seventh valve 34 are closed, and the
mixed methyl alcohol and hydrogen fluoride gas is discharged from the
etching reaction chamber 10. By this means, gas etc. that has remained
within the etching reaction chamber 10 is expelled. 10 Moreover, if a
vacuum below 1 x 10' 2 Pa is required within the etching reaction chamber
10, the tenth valve 44 is closed, the ninth valve 43 is opened, and the
turbo molecular pump 40 and the rotary pump 41 create a vacuum. Next, the
ninth valve 43 and the tenth valve 44 are closed, the second valve 14 is
opened, nitrogen gas is supplied into the etching reaction chamber 10 from
the N gas 



15 supply member 93, atmospheric pressure thereby being established within
the etching reaction chamber 10. In this state of atmospheric pressure, the
door of the etching reaction chamber 10 is opened and the silicon structure
81 (as shown in FTG. 2) is placed on the silicon structure table 80. After
the silicon structure 81 has been placed thereon, the door is closed and
the second valve 14 is closed. 20 Next, the ninth valve 43 is opened, and
the turbo-molecular pump 40 and the rotary pump 41 create a high vacuum
within the etching reaction chamber 10. Then, the ninth valve 43 is closed,
the tenth valve 44, the eighth valve 35, and the seventh valve 34 are
opened, the dry pump 42 performs evacuation, this volatilizing the methyl
alcohol solution within the methyl alcohol vessel 31 and the hydrogen
fluoride solution within 37   the hydrogen fluoride vessel 30. The third
flow meter 33 monitors the flow of the volatilized methyl alcohol gas,
adjusting this flow as required. Further, the second flow meter 32 monitors
the flow of the volatilized hydrogen fluoride gas, adjusting this flow as
required. The mixed methyl alcohol and hydrogen fluoride gas, the flows
thereof 5 having been adjusted, is supplied into the etching reaction
chamber 10. The pressure within the etching reaction chamber 10 is
monitored by the first pressure meter 11, and the first throttle valve 91
is adjusted, this maintaining a prescribed pressure. As a result, the
natural oxide film (silicon oxide) 219 (see FIG. 11) of the silicon
structure 81 is etched by the mixed gas. 1o When the etching completion
sensor 97 senses that the mixed gas has completed etching the natural oxide
film 219, the eighth valve 35 and the seventh valve 34 are closed, and the
mixed methyl alcohol and hydrogen fluoride gas is discharged from the
etching reaction chamber 10 via the dry pump 42 and the toxic substance
removal device 49. 15 It is possible in this case also that the data
concerning etching periods computed or stored by the control member 502 is
utilized, and the etching completion sensor 97 is not utilized. 



Next, the first throttle valve 91, the tenth valve 44, the fifth valve 25,
the fourth valve 24, and the third valve 23 are opened, the dry pump 42 is
started, and pressure is 2o reduced in the etching reaction chamber 10, the
sublimated gas storage vessel 21, and the xenon difluoride vessel 20. Since
the xenon difluoride is sublimated at a pressure at or below 3.8 Torr, this
process sublimates the solid xenon difluoride housed within the xenon
difluoride vessel 20. Next, the third valve 23 is closed, and the xenon
difluoride gas that has been sublimated in the sublimated gas storage
vessel 21 and the etching 38   reaction chamber 10 is discharged. By this
means, gas etc. that remains within the sublimated gas storage vessel 21
and the etching reaction chamber 10 is expelled. After discharge, the tenth
valve 44, the fifth valve 25, and the fourth valve 24 are closed. Next, the
first throttle valve 91, the tenth valve 44, the fifth valve 25, and the
fourth 5 valve 24 are opened, and the dry pump 42 is started, reducing
pressure in the etching reaction chamber 10, the sublimated gas storage
vessel 21, and the xenon difluoride vessel 20. After pressure has been
reduced, the fifth valve 25 is closed and the third valve 23 is opened. In
this manner, a state is attained whereby the fifth valve 25 is closed, and
the third valve 23 and the fourth valve 24 are open. By this means, the 1o
sublimated gas storage vessel 21 and the xenon difluoride vessel 20 are
mutually connected in a pressure-reduced state. As a result, the solid
xenon difluoride housed within the xenon difluoride vessel 20 is
sublimated, and the sublimated xenon difluoride gas is stored within the
sublimated gas storage vessel 21. The pressure within the sublimated gas
storage vessel 21 is monitored by the second pressure meter 22, and 15 when
a prescribed pressure is attained the tenth valve 44 and the third valve 23
are closed, the fifth valve 25 is opened, and the xenon difluoride gas is
introduced from the sublimated gas storage vessel 21 into the etching
reaction chamber 10. The pressure within the etching reaction chamber 10 is
monitored by the first pressure meter 11, and when a prescribed pressure is
attained the fifth valve 25 is closed, and the xenon 2o difluoride gas is
enclosed within the etching reaction chamber 10. The xenon difluoride 



gas dry etches the polycrystal silicon layer 208 (see FIG. 11), this
constituting the sacrificial layer, of the silicon structure 81 within the
etching reaction chamber 10. When the etching completion sensor 97 senses
that the xenon difluoride gas has completed etching the silicon layer 208,
the tenth valve 44 is opened, and the xenon 39   difluoride gas is
discharged from the etching reaction chamber 10 via the dry pump 42 and the
toxic substance removal device 49. After discharge, the fourth valve 24 and
the fifth valve 25 are again opened, and the xenon difluoride gas is
supplied into the etching reaction chamber 10. 5 However, it is possible in
this case also that the data concerning etching periods computed or stored
by the control member 502 is utilized, and the etching completion sensor 97
is not utilized. In the present embodiment, the polycrystal silicon layer
208 (sacrificial layer) can be etched by the method termed pulse etching,
whereby the actions of supplying the 1o xenon difluoride gas into the
etching reaction chamber 10, maintaining it therein, and discharging it
therefrom are repeated. However, a method is equally possible whereby the
gas is supplied continuously while being monitored by the first flow meter
27, and etching is performed continuously. The use of the pulse etching
method allows a lesser quantity of xenon difluoride gas to be utilized. 15
In the structure manufacturing device of the first embodiment, described
above, wet etching so as to remove silicon oxide does not need to be
performed. Consequently, there is no need to perform the processes of
washing away the etching fluid applied to the silicon structure, and drying
the silicon structure following this washing. As a result, the
manufacturing process for the silicon structure is simpler. 2o Furthermore,
since wet etching so as to remove silicon oxide does not need to be
performed, there is a greatly decreased likelihood of the sticking
phenomenon occurring during manufacturing. As a result, the number of
defective articles created during manufacturing can be reduced. Put
differently, the rigidity and the size of the 



structure can be reduced compared to the case where wet etching is
performed. As a 40   result, structures can be produced that function as
highly sensitive or highly accurate sensors, actuators, etc. Moreover, the
silicon and the silicon oxide can be dry etched in the same etching
reaction chamber 10 (see FIG. 1). As a result, there is no need for the
troublesome 5 action of transferring the silicon structure between the
etching reaction chamber of the silicon dry etching device and the etching
reaction chamber of the silicon oxide dry etching device. Consequently, the
manufacturing process is simpler. Since there is no need to transfer the
silicon structure between the etching reaction chambers, the silicon
structure need not be exposed to the outside air while being transferred.
As a result, a 10 reduction is possible in the number of defective articles
produced during manufacture of the silicon structure, or in the number of
faulty articles becoming apparent during use. In particular, the problem is
prevented in which another natural oxide film forms on the surface face of
the silicon after dry etching has been performed on the natural oxide film.
15 The xenon difluoride gas and the mixed methyl alcohol and hydrogen
fluoride gas barely etch aluminum material. Consequently, the aluminum
layer 216 (shown in FIG. 9) can be formed before these gases are used to
etch the silicon oxide layer 219 that is the natural oxide film and the
silicon layer 208 that comprises the sacrificial layer (see FIG. 11). As a
result, the aluminum 216 can be prevented from entering the hollow 2o space
220 (shown in FIG. 12) formed after the silicon layer 208 is removed by dry
etching. Consequently, a reduction is possible in the number of defective
articles produced during manufacture, or in the number of faulty articles
becoming apparent during use. (SECOND EMBODIMENT) 41  



FIG. 14 shows a structure of a device for manufacturing a silicon structure
of a second embodiment. Descriptions are generally omitted below when
content is identical with the first embodiment. The structure manufacturing
device of the second embodiment has the configurational 5 elements of the
structure manufacturing device of the first embodiment, and in addition
thereto is provided with a coating chamber 50, an organosilicic compound
vessel 60, a water vessel 61, etc. Liquid organosilicic compound is housed
within the organosilicic compound vessel 60. The liquid organosilicic
compound may utilize, for example, tridecafluoro-1, 1, 2, 2,  1o
tetrahydrooctyl trichlorosilane (CsF,3H4SiC13), octadecyl trichlorosilane
(C,gH3~S1C13), etc. Water (H20) is housed within the water vessel 61. A
third pressure meter 51 is connected with the coating chamber 50. A second
vacuum meter 52 is connected with the coating chamber 50 via an eleventh
valve 53. A nitrogen gas supply member 94 is connected with the coating
chamber 50 via a twelfth 15 valve 54. The coating chamber 50 is connected
with the organosilicic compound vessel 60 via a thirteenth valve 62. The
coating chamber 50 is connected with the water vessel 61 via a fourteenth
valve 63. The coating chamber 50 is connected with a turbo-molecular pump
40 via a fifteenth valve 45. The coating chamber 50 is connected with a dry
2o pump 42 via a throttle valve 92 and a sixteenth valve 46. A control
member 502 is electrically connected with the valves 45, 46, 53, 54, 62 to
63, and 91, the third pressure meter 51, the second vacuum meter 52, etc.
The function of the control member 502 is to monitor and control the action
of these members. 42   After the structure manufacturing device of the
second embodiment has performed the same actions as the structure
manufacturing device of the first embodiment, the following processes are
performed. 



First, the twelfth valve 54 is opened, nitrogen gas is supplied into the
coating chamber 5 50 from the nitrogen gas supply member 94, and
atmospheric pressure is established within the coating chamber 50. Next, a
silicon structure is moved from the etching reaction chamber 10 to the
coating chamber 50 and the silicon structure is fixed on a silicon
structure table of the coating chamber 50. The silicon structure, in
detail, is a silicon structure as shown in FIG. 6, wherein dry etching has
been completed and the 10 silicon structure is in a state whereby it has a
silicon beam or mass structure A. Alternatively, the silicon structure is a
silicon structure as shown in FIG. 12, wherein dry etching has been
completed and an etching hole 218 thereof is in an as yet unsealed state.
The configuration within the coating chamber 50 is approximately the same
as the configuration within the etching reaction chamber 10 shown in FIG.
2. 15 Next, the twelfth valve 54 is closed, the fourteenth valve 63 is
opened, the water in the water vessel 61 is volatilized and is introduced
into the coating chamber 50, and a surface face of the structure comes into
contact with the water vapor. Next, the thirteenth valve 62 is opened, the
organosilicic compound within the organosilicic compound vessel 60 is
volatilized and is introduced into the coating chamber 50, and 20 the
surface face of the structure comes into contact with the organosilicic
compound gas. By this means, the surface face of the structure comes into
contact with a mixed gas consisting of water vapor and organosilicic
compound. As a result, a condensation reaction occurs between the hydroxyl
group and a reactive group of the organosilicic 43   compound, thereby
coating the surface face of the structure with a water-repellent coating.
Details of the water-repellent coating process described above, and
developed by the present inventors, are set forth in Japanese Laid Open
Paten Publication TOKKAI 11 5 288929. The structure manufacturing device of
the second embodiment has the effects set forth in the description of the
structure manufacturing device of the first embodiment, and in 



addition thereto effectively prevents the sticking phenomenon from
occurring while the silicon structure is being used. A water-repellent film
can be coated onto the surface 1o face of the silicon structure of the
present structure manufacturing device. By this means, the silicon
structure becomes more water repellent. Consequently, this prevents the
problem of liquid adhering to the structure and the surface tension thereof
causing the sticking phenomenon to occur even if the structure is being
utilized in, for example, surroundings in which dew condensation readily
occurs. As a result, a reduced number 15 of defective articles become
apparent during use. (THIRD EMBODIMENT) FIG. 15 shows a configuration of a
device for manufacturing a silicon structure of a third embodiment.
Descriptions are generally omitted below when content is identical with the
first and second embodiment. 2o The structure manufacturing device of the
third embodiment has the configurational elements of the structure
manufacturing device of the second embodiment, and in addition thereto is
provided with a preparatory chamber 70, first and second connecting members
75 and 76, first and second opening and closing means 98 and 99, a silicon
structure conveying means 96, etc. 44   The first connecting member 75
connects the etching reaction chamber 10 with the preparatory chamber 70 in
a manner whereby space therebetween is isolated from the outside air. The
second connecting member 76 connects the preparatory chamber 70 with a
coating chamber 50 in a manner whereby space therebetween is isolated from
5 the outside air. The first opening and closing means 98 is capable of
switching the space between the etching reaction chamber 10 and the
preparatory chamber 70 between an open state and a closed state. The second
opening and closing means 99 is capable of switching the space between the
preparatory chamber 70 and the coating chamber 50 between an 10 open state
and a closed state. 



The silicon structure conveying means 96 is capable of conveying a silicon
structure between the etching reaction chamber 10 and the preparatory
chamber 70, and between the preparatory chamber 70 and the coating chamber
50. A fourth pressure meter 71 is connected with the preparatory chamber
70. A third 15 vacuum meter 72 is connected with the preparatory chamber 70
via a seventeenth valve 73. A nitrogen gas supply member 95 is connected
with the preparatory chamber 70 via an eighteenth valve 74. The preparatory
chamber 70 is connected with a turbo-molecular pump 40 via a nineteenth
valve 47. The preparatory chamber 70 is connected with a dry pump 42 via 20
a twentieth valve 48. After the structure manufacturing device of the third
embodiment has performed the same actions as the structure manufacturing
device of the first embodiment, the following processes are performed. 45
First, the nineteenth valve 47 is opened and the turbo-molecular pump 40
and a rotary pump 41 create a vacuum within the preparatory chamber 70. The
pressure within the preparatory chamber 70 is monitored by the fourth
pressure meter 71, and when a prescribed pressure is attained the silicon
structure conveying means 96 moves the 5 silicon structure along the first
connecting member 75 from the etching reaction chamber 10 to the
preparatory chamber 70. After a prescribed period, the silicon structure
conveying means 96 moves the silicon structure along the second connecting
member 76, from the preparatory chamber 70 to the coating chamber 50. Then
processing is performed of the type described for the structure
manufacturing device of to the second embodiment (see FIG. 14). The
structure manufacturing device of the third embodiment has the effects set
forth in the description of the first and second embodiments. In addition
thereto the following effect can be obtained. After dry etching of the
silicon structure has been completed in the etching reaction chamber 10,
the silicon structure can be conveyed to the coating 



15 chamber 50 without its coming into contact with the outside air, thus
preventing the silicon structure from being oxidized etc. Further, the
provision of the preparatory chamber 70 allows the silicon structure to be
transferred easily between the etching reaction chamber 10 and the coating
chamber 50. The embodiments described above merely illustrate some of the
possibilities of the 2o present invention and do not restrict the scope of
the claims. The art set forth in the claims encompasses various
transformations and modifications to the embodiments described above. In
the above embodiments, example descriptions were given of manufacturing
methods for the hollow silicon structure having the mass or beam A
configuration shown in 46   FIG. 6, and for the hollow silicon structure
having the diaphragm B configuration shown in FIG. 13. However, these
structures merely illustrate the structures capable of being manufactured
by the structure manufacturing device of the present embodiments. The
silicon material processing device, the device for manufacturing a silicon
structure, 5 and the manufacturing method of the present invention are
suitable for the manufacture of a variety of structures that include at
least silicon and silicon oxide in their manufacture. Further, instead of
the xenon difluoride (XeF2) gas utilized in the present embodiments,
brominetrifluoride (BrF3) gas may also be utilized. 10 Further, instead of
the mixed gas of methyl alcohol (CH30H) and hydrogen fluoride (HF) utilized
in the present embodiments, a mixed gas of water vapor (H20) and hydrogen
fluoride (HF) may also be utilized. Further, instead of utilizing methyl
alcohol and water vapor, a gas may instead be utilized that forms HFZ when
mixed with hydrogen fluoride (HF). 15 In addition to the gases mentioned
above, any other gas may of course be utilized as long as the gas fulfills
the requirements of the claims. Furthermore, the configuration of FIG. 3,
the purpose of which is, for example, to 



prevent methyl alcohol solution that has boiled up within the methyl
alcohol vessel 31 from blocking the piping, can instead be embodied in the
following manners. 20 (FIRST VARIATION) As shown in FIG. 16, a cord heater
86 may be attached to the piping and the etching reaction chamber 10, this
heating the piping and the etching reaction chamber 10 and 47   thereby
gasifying the liquid that has entered the piping from the methyl alcohol
vessel 31 as a result of boiling up. (SECOND VARIATION) As shown in FIG.
17, a reserve tank 87 may be provided between the methyl alcohol 5 vessel
31 and the filter 84, the methyl alcohol being entirely gasified within the
reserve tank 87, and then the gas being supplied to the etching reaction
chamber 10. (THIRD VARIATION) As shown in FIG. 18, a reserve vessel 88 and
a control valve 89 may be provided in front of the methyl alcohol vessel
31, additional methyl alcohol being supplied thereto ~o from the reserve
vessel 88 in accordance with the volatilization rate of the liquid within
the methyl alcohol vessel 31, the flow rate of the raw material from the
reserve vessel 88 being regulated by the control valve 89. (FOURTH
VARIATION) As shown in FIG. 19, the liquid within the methyl alcohol vessel
31 has a sponge or 15 fibers 90, or the like immersed therein, this
preventing the surface face of liquid from boiling up and thus preventing
the liquid from boiling up when the dry pump 42 performs evacuation.
Furthermore, the technical elements disclosed in the present specification
or figures may be utilized separately or in all types of conjunctions and
are not limited to the 2o conjunctions set forth in the claims.
Furthermore, the art disclosed in the present specification or figures may
be utilized to simultaneously realize a plurality of aims or to realize one
of these aims. 



48   CLAIMS 1. A device for processing silicon material, the device
comprising: a first gas supply member, a second gas supply member, an
etching reaction chamber, a selective connecting means, and a gas
discharging means, wherein 5 the first gas is capable of etching silicon,
the second gas is capable of etching silicon oxide and barely capable of
etching silicon, the selective connecting means connects the etching
reaction chamber with selectively either the first gas supply member or the
second gas supply member, and the gas discharging means discharges the gas
from the etching reaction chamber. 1o 2. A device for processing silicon
material, the device comprising: a first gas supply member, a second gas
supply member, an etching reaction chamber, a selective connecting means,
and a gas discharging means, wherein the first gas is capable of etching
silicon oxide and barely capable of etching silicon nitride, 15 the second
gas is capable of etching silicon and barely capable of etching silicon
nitride, the selective connecting means connects the etching reaction
chamber with selectively either the first gas supply member or the second
gas supply member, and the gas discharging means discharges the gas fiom
the etching reaction chamber. 3. A device for manufacturing a hollow
silicon structure from a silicon structure 2o having a first silicon
material, a second silicon material formed on the first silicon material
and a third silicon material covering the second silicon material, the
device comprising: 49   a first gas supply member, a second gas supply
member, an etching reaction chamber, a selective connecting means, and a
gas discharging means, wherein 



the first gas is capable of causing a portion of the second silicon
material to be exposed, 5 the second gas is capable of etching the second
silicon material and barely capable of etching the first and third silicon
material, the selective connecting means connects the etching reaction
chamber with selectively either the first gas supply member or the second
gas supply member, and the gas discharging means discharges the gas from
the etching reaction chamber. l0 4. A device for manufacturing a hollow
silicon structure from a silicon structure having a silicon substrate, a
silicon oxide layer formed on the silicon substrate and a silicon layer
covering the silicon oxide layer, the device comprising: a first gas supply
member, a second gas supply member, an etching reaction chamber, a
selective connecting means, and a gas discharging means, wherein 15 the
first gas is capable of etching silicon, the second gas is capable of
etching silicon oxide and barely capable of etching silicon, the selective
connecting means connects the etching reaction chamber with selectively
either the first gas supply member or the second gas supply member, and the
gas discharging means discharges the gas from the etching reaction chamber.
20 5. A device for manufacturing a hollow silicon structure from a silicon
structure having a lower silicon nitride layer, a silicon layer formed on
the lower silicon nitride layer and an upper silicon nitride layer covering
the silicon layer, a hole being formed in 50   the upper silicon nitride
layer, and silicon oxide being formed on a surface of the silicon layer at
a location thereof corresponding to the hole, the device comprising: a
first gas supply member, a second gas supply member, an etching reaction
chamber, a selective connecting means, and a gas discharging means, wherein
5 the first gas is capable of etching silicon oxide and barely capable of
etching silicon nitride, the second is capable of etching silicon and
barely capable of etching silicon nitride, 



the selective connecting means connects the etching reaction chamber with
selectively either the first gas supply member or the second gas supply
member, and 1o the gas discharging means discharges the gas from the
etching reaction chamber. 6. A device as set forth in any of Claims 1 to 5,
wherein the first gas and the second gas are barely capable of etching
aluminum material. 7. A device as set forth in any of Claims 1 to 5,
wherein the gas supply members comprise: 15 a housing member for storing
solid or liquid gas producing material, and a gas transforming means for
transforming the solid or liquid material into gas. 8. A device as set
forth in Claim 7, wherein the gas supply members further comprise a gas
storage member for storing the transformed gas. 9. A device as set forth in
Claim 7, wherein the gas supply members comprise a vessel 2o for housing
solid xenon difluoride (XeF2) or brominetrifluoride (BrF3). 51   10. A
device as set forth in Claim 7, wherein the gas supply members comprise a
vessel for housing hydrogen fluoride (HF~ solution and a vessel for housing
methyl alcohol (CH30H) solution or water (H20). 11. A device as set forth
in Claim 7, the device further comprising: 5 means for preventing liquid
from blocking a space between the housing member for storing the liquid
material and the etching reaction chamber in the case where the liquid is
transformed into gas and supplied to the etching reaction chamber. 12. A
device as set forth in Claim 7, wherein the gas transforming means is a
pressure reducing means for reducing pressure within the housing member for
storing the solid 10 or liquid material, and the pressure reducing means is
connected with the housing member via the etching reaction chamber. 13. A
device as set forth in any of Claims 1 to 5, wherein the etching reaction
chamber is provided with a means for preventing gas from flowing directly
from gas supply holes to gas discharge holes. 



15 14. A device as set forth in any of Claims 1 to 5, wherein the gas
discharging means comprises a rapid discharging means and a slow
discharging means. 15. A device as set forth in any of Claims 1 to 5, the
device further comprising an etching completion sensing means for sensing
the completion of etching of the silicon structure. 20 16. A device as set
forth in any of Claims 1 to 5, the device further comprising a vessel for
housing organosilicic compound, a vessel for housing water, a gas
transforming means for transforming the organosilicic compound and water
housed within the vessels into gas, and a coating chamber connecting with
these vessels. 52   17. A device as set forth in Claim 16, the device
further comprising a connecting member, an opening and closing means, and a
silicon structure conveying means, wherein the connecting member connects
the etching reaction chamber with the coating chamber in a manner that a
space between the etching reaction chamber and 5 the coating chamber is
isolated from the outside, the opening and closing means is capable of
switching a connection between the etching reaction chamber and the coating
chamber between an open state and a closed state, and the silicon structure
conveying means is capable of conveying the silicon structure between the
etching reaction chamber and the coating chamber. 10 18. A device as set
forth in Claim 16, the device further comprising a preparatory chamber, a
connecting member, an opening and closing means, and a silicon structure
conveying means, wherein the connecting member connects the etching
reaction chamber with the preparatory chamber and connects the preparatory
chamber with the coating chamber in a manner 15 that the spaces between the
chambers are isolated from the outside, the opening and closing means is
capable of switching a connection between the etching reaction chamber and
the preparatory chamber, and a connection between the preparatory chamber
and the coating chamber, between an open state and a closed 



state, and 2o the silicon structure conveying means is capable of conveying
the silicon structure between the etching reaction chamber and the
preparatory chamber, and between the preparatory chamber and the coating
chamber. 19. A method for manufacturing a silicon structure comprising: 53
a step of forming a second silicon material on a first silicon material, a
step of forming a third silicon material so as to cover the second silicon
material, a step of housing a silicon structure being prepared by the above
steps within an etching reaction chamber, 5 a step of supplying a first gas
into the etching reaction chamber for locally dry etching so that a portion
of the second silicon material is exposed, a step of discharging the first
gas from the etching reaction chamber, and a step of supplying a second
gas, the second gas being capable of etching the second silicon material
and not being capable of etching the first and third silicon materials, for
to dry etching the second silicon material. 20) A method for manufacturing
a silicon structure comprising: a step of forming a silicon oxide layer on
a silicon substrate, a step of forming a silicon layer so as to cover the
silicon oxide layer, a step of housing a silicon structure being prepared
by the above steps within an 15 etching reaction chamber, a step of
supplying a first gas, the first gas being capable of etching silicon, into
the etching reaction chamber for locally etching the silicon layer so that
a portion of the silicon oxide layer is exposed, a step of discharging the
first gas from the etching reaction chamber, and 20 a step of supplying a
second gas, the second gas being capable of etching silicon oxide and
barely being capable of etching silicon, into the etching reaction chamber
for dry etching the silicon oxide layer. 



54   21. A method of manufacturing a silicon structure comprising a step of
forming a silicon layer on a lower silicon nitride layer, a step of forming
an upper silicon nitride layer so as to cover the silicon layer, a step of
forming a hole in the upper silicon nitride layer, the hole extending to
the 5 silicon layer, a step of housing a silicon structure being prepared
by the above steps within an etching reaction, a step of supplying a first
gas, the first gas being capable of etching silicon oxide and barely being
capable of etching silicon nitride, into the etching reaction chamber for
10 dry etching silicon oxide, this silicon oxide being formed on a portion
of a surface of the silicon layer at a location thereof corresponding to
the hole in the upper silicon nitride layer, this etching exposing a
portion of the silicon layer, a step of discharging the first gas from the
etching reaction chamber, and a step of supplying a second gas, the second
gas being capable of etching silicon and 15 barely being capable of etching
silicon nitride, into the etching reaction chamber for dry etching the
silicon layer. 22. A method for manufacturing a silicon structure as set
forth in any of Claims 19 to 21, wherein the first gas and the second gas
are chosen from gases barely capable of etching aluminum material, and the
silicon structure after aluminum exposed to a 20 surface of the silicon
structure has been formed on the silicon structure is housed within the
etching reaction chamber. 55   23. A method for manufacturing a silicon
structure as set forth in any of Claims 19 to 21, further comprising a step
of exposing the silicon structure to a mixed gas of water vapor and
organosilicic compound. 
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