12 JAN 2004 SPECI FI CATION Device for manufacturing a silicon struct ﬁrfﬂAN 2004
and manufacturing nmethod thereof 5 FIELD OF THE | NVENTI ON The present
invention relates to a processing technique for silicon material and a
manuf acturing technique for a silicon structure. The silicon material of
the present specification is nonocrystal silicon, polycrystal silicon,

silicon oxide, silicon nitride, E(} Nicon structure is a structure
SEEFICATID)

wherein silicon material is inco ng 10 or after manufacture.
Materials other than the silicon material may al so be incorporated in the
silicon structure. BACKGROUND OF THE | NVENTION A variety of processing
techniques for silicon nmaterial have been devel oped as a variety 15 of

t echni ques for manufacturing sem conductors have advanced. The utilization

of  t hese iy deGONARItE Rl PERCAISSIREE A8AMaAURSIRINE AWshddervBNUf act ure not
only of sem conductors such as MOS (Metal Oxide Sem conductors) etc., but

al so of a variety of silicon structures that function as sensors,
actuators, etc. At present, it is possible to performdetail ed processing
of silicon material w th dinensions neasured in umor |ess, 20 these

det ai | ed processing techniques (m cromachining techniques) allow ng the
manuf ast ufBELD QF HilE B$YENEIUNe to the order of pm (FI RST BACKGROUND TO
THE INVENTION) | 1 2 JAN 2004 Described next with reference to FIGS. 20 to
22 is an exanple of manufacturin

g nethad utilizing a.silicgn. rjal
processi nd heePIssAM JBVENipR FBIIES A0 |RTRGISIEE LEROPIAE gﬁaf\l}lcﬂﬁ 'ﬂaqﬁ%%@v Aspace
320 (shown in FIG 22) is manufactured. This silicon structure

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 strocture.

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 pm or less,
20 these detailed processing techniques (micromachining technigues) allowing the

manufacture of a microstructure to the order of pm.

(FIRST BACKGROUND TO THE INVENTION)
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has a beam or mass A extendi ng above the hol |l ow space 320. 5 First, PEJANZW4
shown in FIG 20, a silicon oxide layer 308 is forned al ong a prescri bed
area above a silicon substrate 302. Next, a silicon layer 312 is forned so
as to cover the silicon oxide |ayer 308. The silicon structure shown in
FIG 20, obtained via the process described above, is housed within an
et ching reaction chanber of a dry etchi&g device. This device _10 supplies

P

gas that Beshibedtrieat svithi rederende © FHeS e2G R0 g Bedt CRERPIR AR AYER |y dry

etching the silicon layer 312, as shown in FIG 21. By this nmeans, an

et chi ng hgleg31&liziny § QNieBE ridi@ial @@&m&? tehiiipee, Sihdrenna siticoe stragtere 308. As
e

a result, a portionof the silicon oxi | ayer 308 is exposed. The
silicone structure shown j G 2l hey el hi LE sed&uftas been
15 for rred?'a‘il%g ﬁg\ﬂlﬁﬂﬁégé‘if %@ﬁh‘"&ﬂ{l EQ ?134 @3’2@%?6%?' gﬂﬁes?ﬁet ching devi ce,
and is imersed in etchant. This etchant may, for exanple, be a diluted
sol ution bés a bein of assrA extanding abiveuhehalioy Spageipdyen f1 uori de sol ution

etches silicon oxide, but barely etches silicon. As a result, as shown in

FIG 22, the silicon oxide |layer 308.i r ved by, the wet et.ching The
silicoh oXirgle ap sysyn BOHG: L0452 piligRR Om%g‘e‘éerpﬁgoplég‘émﬂ%l Ell%ngzr‘(‘)pﬁsgnréﬁ%lgf?%e
renoved so as to produce the holl ow space 320. This layer is usually terned
the " sacriabbwi flsilitay enbstraBy3hNextreasiicondayes| 118vis Spimesose at FUERYSF dh%havi ng
the hol |l ow space 320 is manufactured This structure may, for exanple, be
utilized Qg g0 ,%0Eghefadg on sensor. Wien it is utilized as an accel eration

sensor, a portion A'of the silicon layer 312 is used as a beam 2 12 JAN
2004 or mass that noves when accel eration occurs. For exanple, when
accel er at iToR sil@urssructiure shodim BCFIGHr20p ebardivia ther proeesa desiibed abeve, ate of
the silicon substrate 302, the mass A _
housed within an etching reaction chamber of a dry etching device. This device
10 supplies gas that etches the silicon into the etching reaction chamber, locally dry
etching the silicon Jayer 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 1s 1O
20 finally be removed so as to produce the hollow space 320. This layer is usvally termed
the ‘sacrificial léyar‘. 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 bear



noves in a direction perpendicular to the substrate face. The rmveniez‘nt l@fZHIM
the mass A is sensed by neans of sensing a change in the el ectrosta IJ%
capacity between electrodes 5 (not shown), this allow ng the accel eration
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 bendi ng of . th bearp A\.i s _sensed by
means of eemessthad MEvahyBen ACGEIEEIMSCWs aReleCXe e=§ﬁ6ﬁﬁf‘fe PRI °51%Dwi ng

t he acceleration that has occurred to be sensed. Further, it is also

possi bl & 4,0, 4R SPRATRIFGARMRF & b GibsoaeUfacd ofxht nilieonsubstutieGi2ptheatizslA t o t he
substrate face of the silicon substrate 302. (SECOND BACKGROUND TO THE

I NVENTI ON) Descr %3589[]%%&[3%%1}28%? Le{hg iréﬁﬁstxta?e B8 hedmo ténea® of Phedm@dsher

exanpl e ofN&hit zing a silicon material processing
techni que, whereby a silicon structure 15 having a holl ow space 420 (shown
in FIG 26 sensedhimnutanstafiseesingrhehanss }fi[e‘}%ﬁleéftfPﬁétﬂQﬁan‘ClWal%Ct‘é(eH{) aﬁﬂf%é% B

| ocat ed above the hol |l ow space 420. First, as shown in FIG 23, inpurities
are ingrodygednbQpR! s | Afowvidy e ogtcystagibnSitat cloas  osTibEdr apebdosensddor mi ng a
| oner el ectrode 404. Nitriding is performed on a surface face of the

silicon s tsetérgff%@%yfg e TbRLT '}got%nlhgv‘ﬁﬁeﬁé leRiBh t be&Rs | RY Qhe 4difkctibn

pol ycryst l"ayer ormed al ong a prescri bed area above

the lower silicon nitride layer 410. In this exagple, .the .V C al
silicon | @pmendusler &0 thesubgiedte face ioith S&%&P.S“Eﬁf%fpg@r ah?it{’]%?g“g“?/% ‘?:%‘??Eni tride
| ayer 412 is formed so as to cover the polycrystal silicon |ayer 408. An
upper el etesnds id@nsts biyanemad odlsensingt hehangpen pidzerssisents (wy SHPWALJBS| ayer
412 along a prescribed area thereof. The upper el ectrode 406 is forned

from pol y.Cag.lX. @ 1he kb 8890 PthaPhds c2cdhbll ZDB¢ sérlRed. IFuleder, Anis uispepossibleand
silicon nitri ﬁ ayer 414 1s fornmed so as to cover the upper
10 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 Jayer 410. A polycrystal
20 silicon layer 408 is formed along a prescribed area above the lower silicon nitride layer
410. In this example, the polycrystal silicon Jayer 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



el ectrode 406. Etching is perfornmed on the upper silicon nitride Iayeqszdlﬂzmm
and 414 at a portion thereof not having the upper el ectrode 406 |ocate
thereon, this form ng an etching hole 418 that extends to the pol ycrystal
silicon layer 408. By this neans, a 5 portion of the polycrystal silicon

| ayer 408 is exposed. As a result, the exposed portion of the polycrystal
silicon |ayer 408 is oxidized, form ng a natural oxide film(silicon

oxi de) 41%he Mhe Ai hpmeosecaursicvomisridbtayenél? 5 farmefespio®ectyet 8¥ciRPsEd above
is introduced into an etching vessel of a silicon oxide wet etching

devi ce, ang..i.s 4i r | ' ' e layers €2 and 414
VI ggﬁgﬁ td!Ia gggdﬁ%%gk e&?ﬁﬂ%ﬁ on tHaluppdOsiBdonhRfitle layeis82 an at a

previ ousl d solution of hydrofluoric acid (dilute HF), or

the Iike. Hydrogen fluoride solution, etches,silicon.oxide,.. y

et ches s PO ter4qtngb haugs Ahe HBRﬁrte}eci@g% RO O?arcﬁ‘id;ﬂ‘geoﬂnfh‘{)ﬁ‘;emﬁ’g‘c{ g‘# al

oxide film419 is renoved by the wet etching. Next, the_silicone structure
whi ch has ehzhing helensitSuthal extendietof therpold@ystalestinpadayes 4Q8uBadhizi means, &n
etching reaction chanber of a silicon dry etching device. 15 In this

devi ces a Gasorhd Bt a8 ik siPRy R U0g hasglote@ tahe i, theoposid pirteni s
suppl i gd I'nt o theeztbgjreﬁ%g réacti%n chanb?r, and dry etching is perforned

on the polycrystal silicon .la 408.t.ha ONpIi S Lf 181 | ayer.
By thi s moke? oher s0Gre pmBL 6 Prttpl, RRR B S BRI B e
contact holes 422a and 422b are fornmed on the upper 20 el ectrode 406 and
the | ower aidegthl8de 404 respectively. Next, an alum numlayer 416 that wl|l
serve as a wiring layer is fornmed over a surface face of the silicone
structure._ Then, as shown in FIG .26, patterning. is _petfor e

21 num [Byeriebns SropRrhohiged yea f o B3t M TRAP phcke A RaTE Mo BV,
the upper electrode 406 and a wring |ayer 416b that nmakes cont agl;t, W th
the | ower esthang vessel aftmsilicmeoride wehetchigs devico, andns mpparsed m etchant. This

10 etchant is the previously-mentioned diluted solution of hydrofluoric acid (dilute HE),
or the like. Hydrogen fluoride solution etches sificon 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 hoow space 420 is

formed.

Then, as shown in FIG. 25, contact holes 422a and 422b are formed on the upper
20  electrode 406 and the lower electrode 404 respectively. Next, an aluminum layer 416
that wil] 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 Jayer 416b that makes contact with the lower electrode 404. Then a sealing



| ayer 424 is formed, sealing the etching hole 418. By this nmeans, a hp} |JaNv2004
silicon structure having the holl ow space 420 is manufactured. This
structure functions as a pressure sensor. Wth this structure, a
prescri bed portion B of the upper silicon nitride |layers 412 and 5 414,
t he upper el ectrode 406, and the sealing |ayer 424, functions as a
di aphragm The hol | ow space 420 is a herneticallé_sealed space functioning

s

as a preshyered 2efiefaned, sehiaghke etahinghhaltidd 8s Byubisumeansy RhdionpFbeEm B
bends in response to the difference between the reference pressure and

pressure gtmﬁl%%agﬁigttlﬂg hIGR l@gﬁ’&m‘ﬂ@ is\hantdchged. driap biregoreBhbeids, astahe

di stance between t upper el ectrode 406 and the | ower 10 el ectrode 404
changes. Wen the di stance between the two el ectrodes 404 and 406 changes,
t he el ect PEsiVat Fe"8pacity between these two el ectrodes 404 and 406
changes. The nmagnitude of pressure exerted on the diaphragm B can be

sensed by,sensi.ng the degr f €1 (Re LB iESH RS idaihercaagrd Y. 15
SUMVARY d’—ﬁl%-&]ﬁ %{}WFCNP%’%&E%C? Og{i&?%edbtggkgﬁ%unds to the )ifenventi on, wet
etching is performed in order to renpve siljcon oxide. wever en wet
et chi ng i 41heht oppaelectiade #00.ta0d the,segtrgyer 42,4}u§{ncggnspaéraf|_@\£ﬁlgagmt )ﬁﬂe et chi ng
fluid applied to the silicone structure nust be washed away, and then the

silicone sbiaetspace M2Gts Haerndtedly Golsiesuuentfinctioning asenpreastren tfagnceo
process for the structure becones conplicated. Further, when wet etching is

per f or med oy LAGHE iy By aNEBLQnARIPAAURT 816801 tapose alheedifittncki ng
phenonenon. at 1s, dur ng the washing and dryi ng processes that follow
t he wet etching,

g, ,the surface tension of the |jqui the &hs
surroundi REMWEs8 the FEBRNEHBICESET 2% & F5ITF 5’\’/&/&1%?4% tt%'r gﬁg%gg@hg'r g}”t%}é one
another. If the sticking 5 1 2 JAN 2004

diaphragm B bends, the distance between the upper electrode 406 and the lower
10 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

20  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 Jayers 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 sernsgn 2004
actuator, etc. That is, the sticking phenonenon creates defective

articles, causing a drop in yield. To use the first background to the
invention as an exanple, if the silicon layer 312 that functions as the

mass or beam A adheres to the silicon substrate 302 in the structure 5

showmn in FIG 22, the degree to which the mass A noves or the degree to

whi ch t hephdpeamensn beqwis, thastressie reentadlydeitsdpdvngtirB AS f SETEBH & HATALT
reduced. As a result, the structure essentially fails to function as an

accel er at irgg i§,etﬂé%ckﬂg?pué§@m%;ﬁ@u senengefbackgrtpleadausing heiromingngld.on as an
exanple, it the upper Tirst silicon nitride |ayer 412 that functions as
the di aphragm B (shown in FIG 26) adheres to the 70 lower silicon nitride
| ayer 410Totke stefisebadkgronniab thehiavatitiapas aymaBhaifibe isdicer pendid thal
pressure is considerably reduced. As a result, the structure essentially

fails to ﬁLn%HﬁBé QR Smfbs R SREN! £ BFRE0T0 (hSRNREK SubshalelBIDmSthe andctutee | i ke

require a nigh degree of sensitivity and accuracy. In order to fulfill
these requirenents, the tendency |s to reduce the ri.qigdi f 1 ructure
75 andS t oSEAVR & BHG- @=tﬂFf’edfﬁr%"et%‘P’h’Phéhes'E“?ﬁc%lﬁoé’FS%t v@erg,g‘(yet ﬁ’ewbl?ﬁéﬁ hood of
the sticking phenonenon occurring as a result of wet etching increases
when the beghdhthends it hesporsser wcaaseleration rie donsidsrably rasaced. s afreWle & ruct ure
is mniaturized. Consequently, the nunber of defective articles produced

as a result,QhirdNakerftiaB A9 1 AfclibF ELasRdeletioRemsér. years. 20 In other
words, if the production of defective articles is to be avoided, the

structure nust be nore rigid and larger in size. As a result, structures
that functlioomeate bioghdl packzemsiditovkbe pwvemiograsyanggamplas & theewrisy &rst SUERMt or s,
etc, cannot be realized. Further, in the manufacturing process of the

second bagkghe ll'd(}/ér 1t 02 € furlcB¥RNAY BB didph@ig Al UsHowininl Fige R6Y ddheessttertbe t he
hol | ow space 420 via the etching hole 418 when the 6
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.

20  In other words, if the production of defective articles is to be avoided, the structure
must be more rigid and Jarger 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 418 when the

6



12 JAN 2004 al um num | ayer 416 is forned (see FIG 25). As a resul tl.%ajﬁN.'lﬂﬂlt

shown in FIG 26, a portion 416¢c of the alum numthat has entered erein
m ght not be renoved after patterning, and nay renmain within the hollow
space 420. Al um num 416¢ remaining wthin the holl ow space 420 w ||
interfere with the bending of the diaphragm B when 5 pressure is exerted on
this diaphragm B. That is, a structure_is manufactured that Fﬁ:ssz%mai ally
fails to dlumswioleyes 436 py drsupde(seehdGr 22href 4 T8E @ iSU8VArT dPe s
produced. This type of problem does not occur if the alum num|layer 416 can

be for med,hehara 6c eifaht RmmisuRanhiohaeehtand ttheemamighainobi dempyech#fEI9 and
the silicon |ayer 408 (seeFIG 23). However, the hydrogen fluoride

solution used to etch the j ' 38 Waindhse Alsehemain

al uni num Pai{FERNG130d ThEY éer?ée}@h’l%[h% P%X];l(ﬁ@vikcég%ﬁ background to the he
invention, the alum num|layer 416 of FIG 25 st be,.faorned after, the

nat ural owithia the mDH@‘MEBaC&r%ZOt‘N@ ier o ith é@%"é}}gﬁ'@ %ﬁhﬁﬁgﬁ%% vvéhetzrall r eady
been etched. Moreover, the sanme problemoccurs with the silicon structure

of thesfipsbsudaGkgratsadon ehis haghragemth. dFhat Byra enetoreels wanufactiigfdhdtant to
reduce the sticking phenonenon not only during the 15 manufacture of the

silicon struct . . I i aele W vreasedof the

sti cking s%s%@&ﬁ%%‘&%’?héﬂag%5&%ﬂ1r§§§n’ég‘§%?%§td@?ﬁ§“f’?’ke| a0t the
silicon structures being faulty during use would be snaller. The above has
been a deggfsippd O problelh@odsr sfloess o tslalninbyndiapérmii twen et obinedybefocher ei n
hydr ogen fluofride solution, etc. is used to etch silicon oxide. To counter

e 2 pERR € Py 4 rapathauchinfl o SlOBE Miosh lEOMOICAFIOS! g

hydr ogen f as appeared in recent years. The technique rel ated

to this has been described in _JP |aid-,. open,paten publicgtions KAl HEI
8-1 16070 2ahd1WAI‘PEPYQIPSBf2§29“‘!€1—Bﬁ%{P ?Seﬂg?rﬁf“ x‘B%é‘f"i“g% cixg‘ﬂa g%‘”rggéui red
when using these devices since the silicone structure nust be tr?}rllesferred

bet ween anlsetathesghe eduminom oy A a gesily, jie she gpgpnd background to

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
15 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
20 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 Jaid-
open paten publications of TOKKAIHEI 8-] 16070 and TOKKAJHEI 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 12 JAN 2004 etching device and an etching reaction chanber of a silicon
oxi de dry etching device. This action renders the manufacturing progesgn 1004
nore conplex. 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 becone apparent during use. In particular, .if d%ﬁo%%Ching IS

e

per f or medetohing hievinatnd ah ewshingerefidtiom dhemherdoiohsitigRn QY 4BRCtE Y% he
silicon and the silicone structure is then transferred for silicon dry

etching, e aﬁﬁ@ﬁ%‘h’ﬁ&r@i]}é hfinshéthAADPro®ty uekdlcemplext Fertbert shedsiliedne may
ot her

result in an natural oxide filmbeing formed on the surface face of

the silicon. to In this manner, if the silico Sili.can, Qxh{ge are
et ched i nSIERHREASeSMOSH Ay e TIES Al NY ﬂgb%e\]/@ g&gﬁf&e}%% gig%u@% and costs

increase. As a result, the manufacture of silicon structures is usually
per f or meddéfactiveearnaleno begsadided dluring tthe nanyigetugh af iecHhen HREET-Unds t o
the invention, the silicon being etched in the silicon dry etching device,

and the sili i Qb N cBine pParent BlgngS ide. dArpaneédulaef dhimeetctang e t hat
IS W dgl ybédfgqg\tﬂﬁ{(?gghe@cgnvgnti gﬁg?lcy. Thegsfi rst rppur pose of the present

invention is to sinplify the .mapufacturi I aShh | e

st ruct ur e PEHHEE, rﬁ‘i/ﬂ’blo deoEP”% ﬁoémﬁg eo@ gﬁ? S?ﬁ%ﬁfta%%f lithg %%l %b]lrl ggﬁgle t he
nunmber of defective articles produced during the manufact U{% of. L he

si licon ssilinetastmctuse istthen wensferedrer sixpnlinEEhngs eLIPPSPrart P& S WS Nppear i ng
during use. The third purpose of the present inventionis to realize a

silicon skiyabiy® thebekidenirngyassut iaghthyr sws] oxidefion bding frped e theat e
sensor, actuator, etc. The present invention ains to solve at |east one of

the above ol §lof the silicon.

10 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

20  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 so}ve at least one of the above problenis.



8 12 JAN 2004 Moreover, neither the silicon dry etching device nor the
silicon oxide dry etching device described above were devised with theJAN 2004
intention of processing structures that function as sensors, actuators,
etc. Rather, they were devised with the intention of 5 processing

sem conduct or devices such as MOS, etc. It is frequently the case that, in
t he processi ng of sem conductor 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 nust be etched, one of the
materials (either the silicon or the silicon oxide) is eafﬁﬁd, H&ﬁn
further pMuzeserngeither phy SHicokdry RishingxdnpieenorcMesTITONGPYAE (1Y £ m
formation, etc.). Then the other of the materials (either the silicon oxide
or the sylii&OpdscibeEhiidvetverdievikd hetinhe yteaionhiingrodesing strapiirashidatsi | i con
oxide dry etching device described above were devised for this type of
usage. However, it is rar whe I L } e GR¥MERSosUCh as
MOS et c. ,I\Aﬁ’r‘fﬁ?“ 3ﬁe$egsf°r§’haé:?%?r%’r {,}gl g\a g’?f@@? %e?(ﬁgk\gﬁa?ggﬁqgr CiI]f‘ﬂhe silicon
oxide) nust first be etched and then the other of _the qatgrial§ at1gl(either
the si§i cprocessingeseonicarndactsr I9pwe) suhet MABsEGu it FEaRati s & 1P I ew of
this situation, the present inventors have considered how a techni que

sui tabl e fiy pridBahacifgemiegndicdrodevicat suchtasrMOSetghtthh matasialsi thelreqwifei r
solution is to performthe silicon dry etching and the silicon oxide dry

etching in the LN Slicdr£8L bhRoChRdHRes xidel Nhustief, f i€ oty slliyorsabdres t he
pr obl ens, Etcfélsn(?r?(gggtg) v%f,qglcl%({]ncernl g 20 the silicon structures. The

device for_processing the silicon erial,. .or . e fonndapEsact uri ng
the sili &BROR et THE! 'é"rrﬁ@hf’%aorleno h’@ Iﬁgtggﬁlﬁt(e’?}{r%\?/etn?e?ﬂg%& é)?ethnove devi ces
devel oped with the prinmary consideration of nanufacturin% sihicon

st ruct ur emxideatis tiched,i then Awthespsoressing is performed (for example, Trystal growth,

10 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 siliéon) 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, concernng
20  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 sensoss,



12 JAN 2004 actuators, etc. Further, a nethod for manufacturing the ?Jd”ﬁmﬁ
structures is also enbodied in the present invention. First to eighg
aspects enbodied in the present invention, and preferred aspects of the 5
enbodi nents, are described below A first aspect enbodied in the present
invention is a device for processing silicon material. This device is
provided with first gas supply nenbers, second as,supplg rrerrberfb an

et chi ng rsacitbon ehahirerer, a m@he@thVéanﬁ@éﬁﬂgnalenﬁlé‘i%’, SEHAUTES gads

di schargi ng neans. The first gas is a gas that etches silicon. The second

gas is a gas,dh04 hivat pRlsERSSvedtibd.con oxide and barely etches silicon. The
sel ective connecting neans selectively connects the etching reaction

chanber with either the first gas supply nenbers or the second gas supply
menbers. The gas di scharging neans di scharges gas fromthe etching
reacti on chanber. According to the above aspect, connecting the first gas
supply menbers with the 15 etching reaction chanber bg ans of h’he

sel ect i veFranoesglithgspestsramtodiedyis thehpresant divenigers angd PRt %‘%E?ﬁpf-@a of §% he
etching reaction chanber. Supplying the first gas to the etching reaction

chamber al} @¥Sinfhts 8des@ibe@btlban of the silicon to be dry etched, and
t hereby rénpved. The first gas can be discharged fromthe etching reaction

chanmber by nmeans of the gas discharging neans. Connecting the second gas
suppl y membérs aped @fbddieel Bt thai prgsentanenen dhardsEice HOT PERGFSSIGT SUHE
sel ective connecting neans allows the second gas to be supplied to the

etehi Ng 1 GAELIANTRRANRE is ProRled ilp e sAcapdlyomsmbas, tehendegehswply eact i on
chanber allows at least a portion of the silicon oxide to be dry etched,

and thereby rempved, Eﬂg,lfe i & LI g éét £ONNhERRE NFeantN@ndi 4 §hs gas may
of cour s&FPLHpH i feaptin, shididd 4 %egs e et guppl ied. 10
discharging means. The first gas is a gas that etches silicon. The second gas is a gas
10 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 fist 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.

10



12 J AN 2004 According to the above aspect, wet etching so as to remoye jAN 2004
silicon oxide does not need to be perforned. Consequently, there is no

need to performthe 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 sinpler. Furthernore, since wet etching so as to .renpve

silicon oatcudiiges thotabpemdsped, et ep@iigosqrad 10 F4BYYE $14C0D §Pee 0P Micr eased

| i kel i hood of the sticking phenonmenon occurring during nmanufacturing. As a

resul t, tRe TR He@brief Qﬁinisétﬁeﬁm)hitﬁélesis Goesicado phifdragthegnotasssurfi ng can
be reduced. Put differently, the rigidity and the size of the 10 structure

can be reduced co red.to the cas ere. i.ng, | r ; As a
esul't,  SPRUBIEIEY Bar Bt aaRa Rt FEE rEhAl fod BB bOGIRhe ",

hi ghly accurate sensors, actuators, etc. Mreover, the silicon and the
silicon oxrueureambirguentytocthisheaihing. tiiea EaWD BE dRITNGRCUPIIECRIOETSS Bﬂ% er. As a
result, there is no need for the troubl esone action of 15 transferring the
silicopn stiiugt 4hRnbletyeeplet.he etching reaction chanber of the silicon dry
etching device and the etching reaction chanber of the silicon oxide dry
etching device. Consequently, the manufacturing process is sinpler. Since
there i s Worthaasbré,osinder @arsbehing fve asi {0 omwvstslisonurdda decierti #9sd t8tRhi ng
reaction chanbers, the silicon structure need not be exposed to the

out si de aipErf hdde deleng tr gfé%fl I 4R fhasddN liRAMHobE UbATthe A0icking phenbinemn s
prevented’in I ¢h a second natural oxide filmforns on the surface face

f the sili ft d t chi - id
fiim as acSpagbing St irbR s 3 ed8s oS R SR trdte

articles produced during manufacture of the_si iQo%gstrHchuree o
nunber of dieing manafaciuemesap e apducgd B iaRpthy (R Hg'djygne the size o

10 structure can be reduced compared to the case where wet etching is performed. As a

hén t he

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



| 3 12 JAN 2004 The above effects are also obtained in the second to eighth
aspects described below. The device for processing silicon material of o JAN 2004
second aspect, as in the first aspect, is a device provided with first gas
supply menmbers, second gas supply nenbers, an etching reaction chanber, a
sel ective connecting neans, and a gas discharging neans. The first 5 gas is
a gas that etches silicon oxide and barely etches silicon nitride. The
second ga¥ht sbowa edfeststaheals@pbtamed g1 the senend el eighihaspecss darebediie¥on nitri de.
According to the above aspect, supplying the first gas to the etching
reaction chanber allows at |east a _&orti on of silican oxide to tb% adry
etched, aRhie opdeefy Dresassing sUiGH Paleria i} asernd; 35BE 45 R 4 1t 39958 P not

et ched. Supplying the second gas to the etching 10 reacti on chanber after
the first deaee prasideaentidiiscmrsgpply nieatbefst szvond pasmippty theralrs,zn ehawis on of
silicon to be dry etched, and thereby renoved, while any existing silicon
nitride is _not etched. fLr 0 o dnedriaf frer t he
econd gatcdrien SRS e Sl ool ER MBhs nd A R R T
manufacturing a silicon structure. This devjce, 15 r.raguf ctures targe hol | ow
silicof sBRUSEESS U elet BENRyids and B3relyEieRss slicon mEds THE SR 84545 ur e
conprising a second silicon material formed on a first silicon material,
and a t hiargds siak ewhes stidomrandlbatedy eighes oiliveningmdeas to cover the second
silicon material. As in the first aspect, the device is provided with

first gas supply nenbers, second gas suppl menhers, .an etchi reaction
chanber, dcseiding jo/8e @BAYPRFHgSHRPAIRE, thﬁrﬁdgéaga‘é%%@tﬂ?’%%%‘?wa%@%s. The

first gas is a gas that causes a portion of the second silicon material to
be exposediloWhet keaangbrgas of silieorgaddd tudte dtychded; dndl bercbndermovedcwhilérat er i al
and barely etches the first and third silicon material. Here, the first to

th: rd siliGon fmherdtbi frRied8Ynd®ict@lebN8ip@iihg GRS sefdnldl £RMONIedRChing

silicon
10 reaction chamber after the first gas has been discharged therefrom allows at Jeast 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 fhe 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
20 discharging means. The first gas is a gas that causes a portion of the se;ond silicon
materjal to be exposed. The second gas is a gas that etches the second siicon 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



nitride. The first and third silicon materials may conprise the sane
material, whereas 12 12 JAN 2004 the first silicon material and second? JAN 2004
silicon material are nutually differing materials, and the second silicon
material and third silicon material are also nutually differing materials.
According to the above aspect, supplying the first gas to the etching
reaction chanber 5 and perform ng dry etchi ng‘l al | OW?] gj@go_rti on of. the
second si tlechst sicer materiab aksh SRPO SEGOD ASHIA) iareg Muually S e RateP St he
etching reaction chanber after the first gas has been discharged therefrom
al | ows t hgn® arondosd lsilieon nimérad iaad thied bicolr ynaedrizhart, alsmdhwtyailgrdfigringenoved,
while the first and third silicon materials are not etched. This allows

t he manufacture of the silicon structure that has the holl ow space present
after the™%"Second silicon material has been etched. The fourth aspect is
a nore specific version of the device for manufacturing a silicon

structure \to iy NhE ShrBRct, TBpBiraKe G TR delaas, kbaidiodokesi | i con
y p i

structure ocessing a Iconstructure that conprises a silicon oxide

| ayer formed on_a siljcon .substrate, the silicon (e - hej covered
by a sfli @Bh Heaf%%u.ng@i%di% PV B%‘;S@Bt?fl &% %"‘ﬁ%’?‘gég’i‘e’%‘éqffﬁ&'ﬁ)&?g@i ed with
first gas supply nenbers, second gas supply nmenbers, an etchi reaction
chanber, axpekécSupplyinpihesetoniggardaribe et @gdeﬁfé§“dih§@h§rﬁleﬁéh%£§h§?s The
first gas is a gas that etches silicon. The second gas is a gas that etches

silicon gxigenanehRace therataneBowd fhecetondailzoh atateridt eobeldngettheds ard above
aspect, supplying the first gas to the etching reaction chanber 20 and

ocally diyegl grg:i 0968, 15iR1 thE B0R ahd¥iifa Bl ha@rifl0bid R Rhelinenishitdwen oxi de

| ayer to B ppl yrng the second gas to the etching reaction

chanber after the first gas. has been di scha d.therefromal.l e
silicon o%h@j@alﬂa?éwlrﬁ Sflﬁlge SHSP L BLECEYC tg}ﬁtdhas the oniow space preséht after thd)

10 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 Jayer formed on a silicon
substrate, the silicon oxide layer being covered by a silicon Jayer. 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
20 and Jocally dry etching the silicon Jayer 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



t hereby renoved, while the silicon substrate and the silicon |ayer are not
etched. This 13 12 JAN 2004 al | ows the manufacture of the silicon strucdti/AN 1004
that has the holl ow space present after the silicon oxide |ayer has been
etched. The fifth aspect is a nore specific version of the device for
manuf acturing a silicon structure of the third aspect. 5 This device
manuf actures the hollow silicon structure b procﬁfq?]i ng a silicon

st r uct ur e allowhthesmnganturetof ibs silieornsiiche shat hps hrholgyeiPasortsssdt 4% | ower

silicon nitride layer, the silicon |ayer being covered by an upper silicon

nitride | gydfilicod dxdegafgihngbdeareraddi n the wupper silicon nitride |ayer, and
silicon oxide being forned on a surface of the silicon |ayer at a |ocation
t hereof corresponding to the hole. As in the first aspect, the device is 10
provi ded Viiht Hiffti aglecigasa soppbgecifEntesien of shrodeyigtafor SUBPIAEIHEEDR SHCOTHN
etching reaction chanber, a selective connecting neans, and a gas
dischargi@ﬁuaﬁ thgﬂ%ﬂﬁkp§ﬁ. 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 figst Tgasddvicetfgusicelicthe hedowisiinon bandere bylFocassing r silieon Mirvajurche
silicon oxide forned on the surface face of the silicon |ayer allows a

portion ofyd B L&A IBYEE o MR 18P a5k HPRIWENMIicORGiBEC Ry GRe 1O Lhe

et chi ng on chanber after the first gas has been discharged t her ef rom

allows the silicon layer to be dry et.ched, .and th .While th
upper sil isﬂjé;%n :]ﬁYF’E peias %%Vé?d Bhep “E%é S#%%P“%ﬁﬁ%%naeh?@ﬁ%@%é@%‘r m‘gﬁ% ﬁot ©

etched. This allows the manufacture of the silicon 20 structure_that has
t he hol | owpppasibicqr sigrdet layers end siheonsoiide being syraedmasa sudirectfcthe dllicem t he
first to fifth aspects, it is preferred that the first gas and the second
gas are gages at b RhtidRiRlenf esedtpahding i aleeAk il the Exarppees, thé dadiaens num

material ar'e al um num and
10 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 15

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
Jayer 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

20  structure that has the hollow space present after the silicon Jayer 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 alsminum, and

aluminum alloys such as Al-Si, Al-53-Cu, and so on.

14



al um num al | oys such as Al-Si, Al-Si-Cu, and so on. 14 12 JAN 2004 If TE%N 2004
first gas and the second gas are gases that barely etch alum num materl al,

al umi num materi al can be formed before the silicon and silicon oxide are
etched by these gases. As a result, the problemis prevented in which
alum num material enters the holl ow space that has been forned by dry

et ching. Consequently, a reduction is 5 possible in the nunber of  defective
articles pf aguéed gsrandgtheeseadmt gay ercogasehahai parelyretchs gpyp dnatgiidly n t he
nunber of faulty articles becom ng apparent during use. In the first to

fifth aspggts, htmisridl’ &haler B9mbd R ok ehedaBconlpial sllideandedes ateastehed housi ng
menber for gas proc}um ng material, the gas producing material being either

solid or liquid- Further, [t i referre hat - . 171 ans is
or ovi ded, s €asez0 e aatistlor ALPTE S Bter et o Mo A b bR BT
According to the above aspect, the gas producing material can be stored in
a solid otthe holpw dpsteathat kst beien fotmechby dihetchigrbepnsegusly, BAPFleAdt er to
handl e than gas. Wien gas needs to be supplied into the etching reaction

chanbeg, Hf]ﬁ?silﬁg g Hlxsq{unlbieﬂb'f %fé@ﬁ@ fak@des pradudee dufing sfaanfaedrd of the ghisorand
a

supplied erern. result, the device is rendered 15 nore convenient.

It is preferred that the gas ly.. ers.fu r st orage nenber
for the ga¥UCHEAETHHYeHUE ve?ﬁ@Pyo%Hﬁrﬁgg%%m%@%g%]nf g&\g& ltgﬁ'e l'i quid
material. According to the above aspect, the gas that has been transforned

fromthe %Rghedﬁ,%'i g Rfin aL]%e%IHE,Sq i gfhfa’?ecﬁtthﬂtr @d-gab bupbl} alegPeuUant athpusiig gas i s

needed for dry etching, storage of 20 gas ‘allows the situation to be

dealt with adequately. NMore specifically, the. r.§;d@y have a
vessel  f ormABR R a5 Prafusian JPAST | o%af\’/é’éﬁ‘%‘%g‘f’a%gﬁg‘l"%"ggﬁ?f%lr‘ housi ng
solid bromnetrifluoride (BrF3). i . . .

liguid. Further, it is preferred that a gas transforming means is provided, this

10 transforming the solid or liquid material into gas.

According to the above aspect, the gas producing material can be stored in a sohd 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 convemnent.

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 (XeFs) or a vessel for housing solid brominetrifluoride (BrFs).

15




15 12 JAN 2004 The gas transformed fromthe solid material stored in thesi
vessel s, nanely the gasified xenon difluoride gas or the 17 JAN 7004
brom netrifluoride gas, has the property of etching silicon and barely
etching silicon oxide, silicon nitride, or alumnumnmaterials. 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 s&&gnd %rof t he

1 e 1% B

fifth asp@oe gagdramsforated sy thetspbid gaterial ppred eV eSSy A sSel for
housi ng hydrogen fluoride (HF) solution, and a vessel for housi ng nethyl

al cohol ( CH3QHNfsOhaH '%égrerhe WedrihetrifliR0de Jave hgase propuyeef dtehong sl i al s
S,

stored in these vesse nanely the m xed gas of 10 hydrogen fluoride and
met hyl al cohol or hydrogen fl.uori. il @S riateiaRr AR dedult, ®e €t chi ng
silicon oﬁP‘HEm&ﬁ’oet ef C‘E’t%’ﬂﬁ?‘héﬂg&i’ ﬁ{glgdnem%é?[ul con rrlllsatr%ade, or al um num
materials. As a result, the gas producing raw materials st@red ien tthese
vessel s pgadpceucygses majemaglsg$tereg1§ntthréeéfé%;ﬂélﬁdﬂlg@gce(ﬁfaseéﬁ@“? &t % Sect or

the first gas of the fifth aspect. It is preferred that a neans is

provi ded fﬁiopﬂ@\ﬁmﬂ Belti (uhdlsdcomdydl afaks fifth aspeprace 15 between a |iquid
housi ng még er and the etching reaction chanber in the case where the

liquid stored wwthin the liquid housing nmenber is transfornmed intao gas and
suppl i ed Alerasiivelt tieigag supphcmewhers Ifmidg’évf? a xeser 8T RePsis ltw%eaﬂg}e’d‘i’, t he
liquid is prevented from bl ocki ng the space between the |[|iquid housing

- menber ar{f’[ﬁé@%}tﬁ’foﬁhhﬁw ahRaG ifeMhehasbeethey alohal (HROEAsewivere whier 20
liquid of 't It qui d housi ng nenber boils up while being transformed into
gas and eg@&SS pi ping etc. between the liquid housing nmenber and the

et chi ng rddeon  chanber. 1t is preferred that the gas transform ng neans
is a:pressure reduci ng neans for

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 merber 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
20 liquid of the lignid 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 liguid housing member.

16



reduci ng pressure within a solid housing nenber or the liquid housing

menber. 16 1 2 JAN 2004 Further, it is preferred that the pressure 12 JAN 2004
reduci ng neans is connected with the solid or the |iquid housing nenber

via the etching reaction chanber. According to this aspect, the solid or

the liquid within the housing nenber can be transfornmed into a gas and the
transforned gas can be guided rapidly into the etchi nq%%dS_reaction chanber .

In the fiFsithdroitfid prefereesipbartihe presstre reshiema npeags isregnnedied pitpahs $HI9AT  he
etching reaction chanber is provided with a neans for preventing gas from

fl owm ng dj 'ﬁ?ﬁb SHRRE ¥tchRb @&action eRsmidr schar ge hol es. Provi di ng
t he prevehaﬁ%k%%{r?g@a ovcvg the gas to flow nore uniformy wthin the 10

etching reaction chanber. In the first to fifth aspects, it is preferred

that the gasdiRChAnE: BgetRans sblason ealjuid vdinic Her gousggmpemberatd B sl ow
di schargi ng neans. Providing these discharging neans allows an efficient

di scharge of the gas, th NG Sé;,i'@é" d98eids/ @i the eketing

exanpl e, Eﬁ&SfB’éP%‘gmg‘? Eéﬁi?‘geg#g’%@gwﬁ’%%sy J\Ihgn rllecesglalrajy. 15 In the first

to fifth aspects, it is preferred that an etching conpletion sensing neans

is fufthesacpeoehareetr this sensing the conpletion of etching of the silicon

structure. Providing the etching conpletion sensing neans has the result

that, even if, for |l e, the size qf.si|.C r res: ' i dely,
more et chithdPE st Wegégggﬁeg‘itswlﬁ f prﬁget”e eth%[le# ofra%é%} drﬁ%vﬁ%“@?ﬁ?ﬁ??%ci ent
etching be perfornmed. 20 In the first to fifth as %cts, it i.s preferred
that a vesbahbéros phovididnyith rgaeansifes Eﬁ%ent@érﬁﬁémg SWV&%‘&CHM&)%%& ng
wat er, a gas produci ng means for producing gas from the organosilicic
conpound afgpiyAbRE hpasdsthdgemokest hese vessel s, and a coating

Providing the preventing means allows the gas to flow more uniformly within the

10  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

farther 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.

20 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.

17



chanmber connecting wth these vessels are further provided. 17 12 JAN 2004
This aspect is a further useful technique for preventing the occur rendd &N 2004
the sticking phenonenon during use of the silicon structure. According to
t he above aspect, a water-repellent filmcan be coated onto a surface face
of the silicon structure fornmed as in the first to fifth aspects. By this
nmeans, the silicon structure becones nore water 5 repellent. This prevents

the probl qmspgsggg[qy G ARREIERY dcBniy b it prendnlng tirnekctirenceLofitae stickiinsi on

t hereof causing the sticking phenonenon to occur even if the structure is

being wutilized in, for exanple, .surroundings..i [ I on
readi | y o®beposnensg @““%e@ﬁlgP”§ ?@ﬁ@c%ﬂmﬂﬁﬁbgF&%Pﬂgéﬁgg?ﬁ%%%gggﬁgﬁgi becone
apparent during use. Further, a connecting nenber, an opening_and,cl osing
means, anevalersicheReanfili cancheiccatedlmite o swidaceriererid AbkssiFon: SHECHIE) fosmEhes t ypes
may be provided. The connecting nenber connects the etching reaction

chamber wit fy, ! ' i fbire be feteweater t he t wo
ui Iﬂ?e gﬁ%t ?@@thﬁ]é@ﬁe@%mé hegnd RN Ghco@RRbYte bep@ns r

chanbers i solate ut st de. The opening and closing neans is

capabl e of switching a connectiqn between .i he | ' er and
t he codti mepedBBinidis Hié‘ffi%setrlileel)ﬁo'g"d@ﬁ?ilﬂ'ﬁﬁé’dﬁ?{ﬁlggt%gﬁ%ggud& @?%ﬁlg%ﬁgﬁ? licon
structure 15 conveying neans is capable of conveying the silicaon structure
bet ween t henstdroiiertof cammgtthe stidivanenomenbn e cewatvend (B SiFpapre 1s bemng
Alternatively, a preparatory chanber, a connecting nenber, an opening and

cl osing ed ﬂﬁ%&aedéiﬂ Lec QS dittels Uh VHEPIURY tht@lensaeian seadily bheurs.ohd owi ng
types nay be provided. 'F @ connect1ng menber connects the etching reaction

chamber with the preparator amber . SorcqRar atory 20

chanber mﬂ?ﬂﬂ%ﬁémgﬁﬁﬁPHE£?H§H%§FHP%a%E@gﬁﬁgg&ﬁﬁﬁgghg space between t he

chanbers is isolated fromthe outside. The opening and cl osing neans is

capabl e Oanere}Cph%@tingc%gﬁ% AR pPREhYGRA cldiRgabedtt hdr esititomstraharber  and
a chanber,” and a

t he preparatory
10  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
5  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
20  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



connection between the preparatory chanber and the coating chanber, be{pean 2004
an open state and a closed state. The silicon structure conveying neans is
capable of 18 1 2 JAN 2004 conveying the silicon structure between the

etching reaction chanber and the preparatory chanber, and between the
preparatory chanber and the coating chanber. According to the above aspect,
after dry etching of the silicon structure has been _ conpleted k?éthe

et ching r eamovéyimg dhandigop sthectisel bevisems tthe ctiGiBE CEACtNS CBAIRY Pt PG he 5
coating chanmber without its comng into contact with the outside air. As a

result, %gﬂjréabi QBnBEEL an@betRen Bel fréParsiy dhainbeeandane beatipg ekmmbeed.

Furt her, provision of the preparatory chanber allows the silicon
structure to be transferred easily between the etching reaction chanber
and the cogtdoninghanerabode ugrtylafiertdnpdichory ofithef idonr stnigtuge diak ibgem
structure is also enbodied in the present 10 invention. The nethod for

manuf act ur | %‘%ﬁ‘il‘f}rt@% ?{g\}}ﬁ] gga(\thgﬁ ghﬁf}be},hﬁ\e §ﬂ15(§rhs(§ﬁﬁpﬁ’e karPbe Edbepiemand

i nvention %% processes. second silicon material is forned
on a first silicon material. Athird silicon material.is.foynmed as to
cover tshe ¢satipgdhambsrcyiihouiaisefqrang ’%Eos?qqt%cénw’gfaﬁ%P%F‘é]epqnep&r”gde%@’ t he
above processes is housed within an 15 etching reaction chanber. A first

gas is supplilliegtionndte dfhke slicdn smgcneactn bnpenentbd Furthie the progisiaiaf thecal | y
perform ng dry etching so that a portion of the second silicon material is

exposed. léf%p%xjﬁ{ecﬁic dér%u%ﬁﬁka{iﬁ%@l drueiirt e betiahimeed eaglitenvehanber . A

second ¢ econd gas etching the second silicon material and not

bei ng capabl e of etchin t he rﬁ_‘i rst. angﬁt ird silicon materials, is

suppl i ed iﬁﬁ%‘ngh@cﬁ?‘&ﬁag‘ﬁ’q%%f‘c f 6REANBEP" and 20 the second gas perforns
dry etching on the second silicon material. Here, the first and third

silicon majerdah e BF nARYaQbringh!sIROR sridihiC s XndRdiedrin $hd prssmt

10 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

20  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,
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nitride. The first and third silicon materials may conprise the sane JAN 7004
material, whereas the first silicon material and second silicon nater‘%l
are nmutually differing materials, 19 12 JAN 2004 and the second silicon
material and third silicon material are nutually differing materials. In a
seventh aspect, the nmethod for manufacturing a silicon structure of the
sixth aspect is further defined. The manufacturing nmethod has the

f ol | owi Ng apd OBESHeLsnd Aillosi hiesinl and dbird ayieoni mafecelmedt onteallyi diffeane
substrate. A silicon layer is formed so as to cover the silicon oxide

| ayer. A silic?n structure prepared by the above processes is housed

wi thin an @ﬁi%g reaction chanber. A first gas, the first gas etching
silicon, is supplied into the etching reaction chanber, and the first gas

locally pgpf ¥spebl GRE NELt5R FdakhamufB@bting® R @licohhgneidre adnhexixde | ayer
IS exposegl%rl #E%%P?{ s%pegés is 10 di scharged frggm the etching reaction

chanber. A secon as,. Lh cond gas. bein e i i 14 con
oxi de and aB%FrcéIlSyg’S h eﬁ%@aﬁﬁg 5 Ci%ﬂggmgs'&ih?:‘@g%mﬁ fso(ﬁéﬁ"g{gﬁc ?[Ieoggssﬁght% t he
etching reaction chanber, and the second gas perfornms dry_etching on the
si | i con oxiliden loaiderlayelr s émrr@ﬁngmththe%llb§U'ittﬁeRr‘ﬁétCH6éPstbﬂs foEmEd é%?’ﬁn“i’ ng a
silicon structure of the sixth aspect 15 is further defined. The

manuf act urdoRer MRtARGnBSdd Agerd Al biowinngryenee gsgesed By shd alwon pragessesiis f or med
on a lower silicon nitride [ayer. An tipper silicon nitride |ayer is forned

SO B3 dgol O‘égd {yﬂﬁmsaiﬁl)e}t%%&)éﬁén clﬁ%n%%{.eAifEstf £ "R a53 LiecHRB&Mic8h, i con

ending to the si 9 don r. Asilicon
structure prepared by the above processes s hqused within an etchjng
reacti on cHaplsdr intg\ the eighinga geactipny charpher, @5@ ”E)"el%ﬁﬁ @éﬁ&ﬁ% %ef‘%fﬁ]s eﬂ[]rghi ng
silicon oxide and barely being capable of etching silicon nitride, is
suppl i ed idwtigng tshethat chpogioneaf: theosilichm e, Japardist ¢rpoped. sTheg S5t 835 18t ches
silicon oxide, this silicon _
10  discharged from the etching reaction chamber. A second gas, the second gas bemng
capable of etching silicon oxide and barely being capable of etching silicon, is supphied

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 Jayer. 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
20 etching silicon oxide and barely being capable of etching silicon nitride, is supplied nto
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 Jayer 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



oxi de being fornmed on a portion of a surface face of the silicon Iayqrz AN 7004
| ocation thereof corresponding to the hole in the upper silicon nitride

| ayer, this exposing a portion of the silicon layer. The first gas is

di scharged fromthe etching reaction 20 12 JAN 1004 chanber. A second gas,

t he second gas being capable of etching silicon and barely being capable

of etching silicon nitride, is supplied into the etching_reac&iﬁn chanber

and the segonstrgassaqend aasyehelsgcoat cdas rrgingncapplde $if (et ing PASAr 209 B8 pect s 6
to 8, the gases conprising the first gas and the second gas may sel ectively

5 be chosgn, b9 bﬁ’é’BP&cﬂiﬂg%ﬁmmhﬁ!id’e, crpablial Hio elechitngg slaomomdimmtend a
silicon stru€ture nmay be housed within the etching reaction chanber after

al um num exposed to a s rfac(g_&of t he s J-ucture has been formed on

e
the silic@nd gersgeqnsrgss PATRITY ﬁt%l{“v%&d’t‘h? I&‘ﬁ??og{%g%r

0 undergone the process of
any of aspects 6 to 8 may have a further process of being exposed to a

m xed gas t[ﬁ %?P\,Ie\%itsﬁé(’;ﬁo\ljggg]gg %aasgsdc&h%e ﬂ%:lih!ﬁ I56dr Gas 11 GOIRAWAGas hiay tsBlectpeBsent

specifica nong ses tfat etch a first material (for

exanpl e, silicon) and barely etch a secqnd terial, (f.or ex l ey..silicon
oxi de) 5 ate chpseedTom amGHC BASEHAEHL SAPEHE é’?ﬁqﬁ‘? 3*“91’%”6“# F'I?dg% grlé%ozlri al

with respect to the speed of etching the second material (i.e. an etching
sel ect i on sk@tiuR) ma$ bd housdd eitiiMiirgetsiehe ceacon ghapBer aft¢roaleminagl Birogidkat er i s
preferred, and an etching selectivity ratio of 30 or greater is nore

preferred. TG, nfrf]&qge BLES diRkrrehardees fdredonend dkdondaacaraini num materi al .
Mor eover, ‘gases at do not etch the second material at all are of course

i ncluded anong the gases that barely etch the second material. 20 BRI EF
DESCRI PTI QN s{Bo 7 kiFu dRAWaNGS vhlgigore thegitousss bhanycordspepss At Snmay baVCdevi ce
for manufacturing a silicon structure of 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 eich 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
15 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

Fioure 1 shows the configuration of a device for manufacturing a silicon structure of a

first embodiment.



first enbodiment. 21 12 JAN 2004 Figure 2 shows the configuration Ofi¥hJAN2M4
et ching reaction chanber of the device for manufacturing a silicon

structure of the first enbodi nent. Figure 3 shows the configuration between

a nmet hyl al cohol vessel and a dry punp of the device for manufacturing a
silicon structure of the first enbodinent. 5 Figure 4 shows a portion of a
first process for manufacturing a silicon structure, this utilizing the

devi ce foFigmadf sietwsr iegeamfigiration f snreiching eeastion lwbamberse! deisisdiceddt and a
different silicon material processing technique, sequence (1). Figure 5

shows a p%liel'niuf’aratu‘?{ng:a%gicgﬁQﬂ'ﬁctWtﬁé:ﬁféf ERGodfREESS, sequence (2). Figure 6

shows a portion o ove manufacturing process, sequence (3). 10 Figure
7 shows a portion of a second process for nmanufacturing a silicon

structur e,Fi%d?ES shetvk lthe Evdhghhgiod @étvee nfomerghuit sigt] wessebaral sidhy ponp sfructure
of the first enbodi nment ang a different silicon material processing

hni : 1), Fi. - ' . b
manut act uiPege drobpu el St MRS PRl Lo dRACIOT o he above

manuf acturing process, sequence (3). 15 Figure 10 shows portion of the
above @Hmiﬁ@frE Ur dHa%s R SESS of 3 SHMERBEesE 4dr mafih B&thAngl 3 sBRONG AR, thion of
n

t he above ufacturing process, sequence (5). Figure 12 shows a portion

of the above manufacturin rocess, sequence (6)....Fi.qure. 13.

portion of" %egéﬂb@@mﬁ&ha3E§W§PPHag6P§@8§é?“%éﬁﬁ%ﬁ%%ﬁggfﬁmégﬂﬁggw@hgshoms
the configuration of a device for manufacturing a silicon structure of a 20
second entbiféremerailicomingpierial pRICeysBIRd cemitueottareifedd) on of a device for

manuf acturing a silicon structure of a third enbodi nent.

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 2

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 ofa

20 second embodiment.

Figure 15 shows the configuration of a device for manufacturing a silicon structure ofa

third embodiment.



22 1 2 JAN 7004 Figure 16 shows a first variation of the configuratiof? JAN 2004
bet ween the nethyl al cohol vessel and the dry punp. Figure 17 shows a

second variation of the configuration between the nethyl alcohol vessel

and the dry punp. 5 Figure 18 shows a third variation of the configuration
bet ween the nethyl al cohol vessel and the dry punp. Figure 19 shows a

fourth variation of the configuration between the nethyl al cohol vessel

and the dgyyRUNY.shEvgWr Brs2 GasRess oft tiRo Lo ifigurasibn shecoeanetiti motly} aohel act uri ng
process of a first silicon 10 structure, sequence (1). Figure 21 shows a

portion of the ove manufacturing process, sequence (2). Figure 22 shows
a porti onveéfeqtaﬂa%fb‘ﬁ\yguﬂlgnuf acturing process, sequence (3). Figure 23 shows

a portion of a conventional manufacturing process of a second silicon

St ruct ur eg; SEAeRES 2 Xecohd \Fa}i%r%a?ﬂleSMYngan&%étm@n ofe hleehynbluiw]

manuf act uri°ng process, sequence ( Figure 25 shows a portion of the
above manuf acturing process, sequence (3). Figure 26 shows a portion of
the abovevesatl@ndenedTy RY™Br ocess, sequence (4). PREFERRED EMBODI MENTS FOR
PRACTI CI NG THE | NVENTI ON 20 (FI RST EMBODI MENT) FIG 1 shows the

confi gurati on devi ge {for . f ' S bdrGR St HetHdt Qlcokdier eaf ter
referred ]Guﬁes%s&?ﬁ’gtauﬁ'éldng%ﬁggjg;blgﬁﬁ%gggﬁe%}r%é&)!)O?Qa f]? rst Hglnbodi ment .
Since 23 12 JAN 2004

vesse] 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

10 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
(hereafier referred to as ‘structure manufacturing device’) of a first embodiment. Since

23



this device can be used for the entire processing of silicon naterizl,%éﬂzmu
may equally well be referred to as a silicon material processing d Ji .
That is, the term structure nanufacturing device' used bel ow nmay equally
wel |l be replaced with “silicon material processing device.' 5 The
structure manufacturing device of the first enbodinent is provided with a
xenon difluoride vessel 20, a sublinatedggas storage vessel 21, a hydrogen

f1uoride thisdelce3@n be asetebhylic alticopoicessmg ©é(siligan materiat, dhinay equatly Hedn
chanber 10, a dry punp 42, a toxic substance renoval device 49, a

turbo-mol g¢ %f@ﬁg@#?ﬁ%?? giéi@g(ﬁ QhREr¥al Wg&&sﬁﬂg delide aThAORL (Rl tefRMRRECIDR2, etc.

10 Solid Xenon eF2 1s used Within the xenon difl uoride vessel

20. The xenon difluoride is solid at requl ar, tenperature .and at .
atnnspherﬂﬁnﬁ@@§§ﬁ&Q?W%bd@ﬁfH@PWd@?f8@”ﬁg§§ ﬁWdFHﬁ8§?Hﬁén“@ﬁW“P%§?gd from
the solid state XeF2 is tenporarily stored in the sublinmated gas storage
vessel 2lprocesimulesiced’t hin the xenon difluoride vessel 20 is reduced by
the dry punp 42, or the like, this sublimating the solid xenon difluoride
15 within the vessel 20, and thereby gasifying the xeno gitluoride gas.
Hydr ogen Thuswiesre ppmmfacieing deyire; &h%@é@é&wgww ﬂ%@oﬁig‘a &R FFU8r i de
vessel 30. Methyl alcohol (CH3CH) solution is housed within the nethyl

al cohol vegmetid8lessdil?®, 8rybliptng 2 staregiuvase]l iga pydogen Buarideniessel B@, et chi ng
reacti on chanber 10 and the vessels 20, 30, and 31. The toxic substance

renoval devi 4 i.fias : les QhakgRd pifh f.f[zqrﬁlttob{ﬁ; dry
punp 42. hné&ﬁ)}r %&%Pé%%llsgf a%tla?n% ?%E%mtgﬁ]zan?dgt ary pu?ﬂg 4f reduce the

pressure within the etching reaction chanber 10 ,and the vesse].s .. 30, and
31 nore PHistaics remary tdl"“rélcgr“g’ ﬁdH@OﬁPE'ﬁlﬂgﬁmﬁlﬁﬁ%Qad&gﬁ@“{;“Bn " (#Qr?enber
502 has a CPU 504, a ROM 506 that stores a control program or

control member 502, etc.

10  Solid xenon difluoride XeF; i;s housed within the xenon difluoride 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 XeF; 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
(CH;0H) 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

20  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.



the like, a RAM 508 that tenporarily stores data etc., an input port Stzg 2004
an output port 512, and so on. Piping between the etching reaction ch éN

10 and the xenon difluoride vessel 20 is 5 provided with a third valve 23,

a first flow neter 27, and a sixth valve 26. Between the etching reaction
chanmber 10 and the sublimated gas storage vessel 21 there is piping

provided with a fourth val ve 2 t first flow neter 27 . i Xth

val ve 26, Thescqmrgl mezbep i Ay %)éBVii@gda%icﬁ\ﬂ Q043 SPPTGRE ¢ m&@%gqgig%ﬁr?g bet ween
the etching reaction chanber 10 and the hydrogen fluoride vessel 30 is 10
provi ded Hetlie 22 RAGOSS tHaovenymh &ily 32ranidtaetsesempht pert §E),30 OUPUHPAY bet ween
the etching reaction chanber 10 and the nethyl al cohol vessel 31 is

provi ded g\bt ani‘s%ghrd flow meter 33 and an eighth val ve 35. Piping between
the etching’reacCtion chanber 10 and the turbo-nol ecular punp 40 is

provided with a ninth valve 43. Piping between the etching reaction chanber

10 and 1§ip§r%ebéﬂﬁv¥erpﬂﬁﬂzté}ﬁlg Salioovdhdatieii@ Bnatiei xeson difhotite eessell Aeis91 and a
tenth valve 44. A first pressure nmeter 11 is connected with the etching

reaction chanper .10. A fjrst kS & Péiherd e et ching
reactibn ng[r’gg,grwz%a thied Vﬁfvt%\/\zlgl’ g?ﬁ&ymét@ﬁ%%%ﬂhﬁisﬁggggﬁ& ggsmstuppl y nember
93 is connected with the etching reaction chanber 10 ? secaond val ve
14. 20 Anciehipgirazrtionfbrapsrold éﬁ%rwb}rf}’a%ﬁa%&ﬁéﬁgﬁgveﬂﬁlh éﬁedﬁi’snﬁp%‘ﬁ a
silicon structure is conplete, is provided on the etphin% reacti on chanber
10. The epgivided wiohpftritovelvesBh sier fird7flomayneirt Ao andide sshualiedhastrlsense
that etching is conplete on the portion of the silicon structure requiring

et chi ng, ; |-dentd nbhgrcanelsti on of etching on the basis of sone
provi ded g%ﬂ%?%ﬁgﬁﬁ However, the preferred technique is that 25 12 JAN 2004

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 1s 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.

70 An etching completion sensor 97, for sensing when etching of a silicon structure s
complete, is provided on the etching reaction chamber 10. The etching completion
sensor 97 may ejther 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



devel oped by the present inventors and set forth in Japanese Laid Open

Patent Publication TOKKAl 2001-185530. The control nenmber 502 is 12 JAN 2004
el ectrically connected with the valves 13, 14, 23 to 26, 34, 35, 43, and

44, pressure neters | 1 and 22, the flow neters 27, 32, and 33, the punps 5

40 to 42, the fast vacuum neter 12, the toxic substance renoval device 49,

and the etching conpletion sensor 97, etc. The function..of. th ont r ol

menber 50&velpPed bynBiei PHsEENBVEBHS H1d ﬁ?{el%éﬁ’t b A&PagEse; ?r@’éie RE’?TgDea(rE%n? As

shown in FIG 2, the etching reaction chanber 10 has provided therein: a

silicon piduste BOKXAI€2080,1885%hower pl ate 82, and doubl e bl ocki ng sheets
83. |0 The silicon structure table 80 is capable of having placed thereon a

silicon structure 81 that is to be manufactured into a strgctlireﬁﬁy nmeans
of dry etThé agtrdl imeimbepp@F srelastiicelneonngcted vridicee valyes bt 18hé3 &9 KPcd
structure table 80 is provided with grooves or a small nunber of mnute

protrusi 0§ f200Ld4 | fheduf@fk@is NoarEEehe e iRty 23] 8 aadl 3Bhew@ugsooves or
protrusi ons pfevents a pressure difference from appearing between the two

15 sides of t ilicon structur . B ' bS ent ed
even i¥ tﬁ%t%ggi ajﬁrfnﬁs‘t’arcﬂgwge%iz’%eft%)ér{?ré‘@s arnggn?#}rﬁ%‘éa??ga grrif4 g’r iarg méFurther,
the silicon structure 81 is thereb prevented from nmaki ng close. contact
with the ewhihgo@nipgonosensere 9%, ﬁpcﬁhe Jungiiep R lethe aEAnE© @?eﬂ%ﬁﬁé%éhﬁvx‘& pl ate
82 is formed in a disc shape, a |ower face thereof having a plurality 20 of

gas suppl yoh@besmddatrol theiastigis@f eesethethats. t he shower plate 82 is attached
to a rotating axis such that the shower plate 82 is capable of rotating.

Furthernore, a connecting portion that connects the rotating axj.s and the
disc i s pAsfsbowbliy FBGd¥nteieschingerpctiqiaghambeb il hlaﬁé’r?ﬁ“i“@ &6”68& .
Allowing the disc to rotate or oscillate pernmits gas to be showered al nost
uni f or M’y s@6d %S ablB 80 h tiowek ylaof 82, led dowie bigckisgshdetmdXhanber 26

10 The silicon structure table 80 is capable of having placed thereon a silicon structure g1
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 js formed from fragile material. Further, the silicon structuore 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 lJower 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
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12 JAN 1004 10. Moreover, it is preferred that gas supply piping and HQFJAN2M4
rotating axis are forned separately. If the gas supply piping is fornmed
fromsoft piping, and the connecting portion that connects the soft piping
and the disc is a fixed seal, gas can reliably be prevented from | eaking.
Further, since there is no need to be concerned that gas may 5 | eak from

the connecting portion of the rotating axis, the structure of the dynam c

seal Canl@guéiéapéﬂ, fii 18 GrefMPEE theeToas kipplyspipingfaribe rotating eXie asoformpd pi ng i s

wound around the central axis of oscillation. The two double bl ocki ng

sheets 83 prevent s fromflow.ng.dir. I I ; g WeRhactine! es 82a
of the sh%%@‘fat%('altf gﬁ%ﬁaﬁ 8“163% p\c{#us'%ﬁsa;oé@gig%{) (la]fls S?%]Jflﬁ%%’oéﬁid[ihﬁg the 10 -

bl ocki ng sheets 83 allows the gas to be di,sp_ersfed in a vari e{ﬁ/. bqf b

di r ect i onpomtion hhat aomeectethehsodgpipadcandahe dianbaries sedls 88 FALIHRYY Phe gas
can be supplied alnost uniformy to the entirety of the silicon structure

81 wi t hi nytlened Fx@hﬂﬂaﬁiﬁ@cﬁdrﬂi&r,oﬁi&&ﬁbﬁ&e 10no né¥donoi b ognctimed thad gR$ MFYsheet s
83 allows"the silicon structure 81 to be etched alnmost uniformy even in

t he case re S i s continuousl i.ed: .St i h8mic kBal
contin%ougggﬁﬁggﬁﬁfﬂﬂﬁxgﬁépg 5wﬁﬁ¥ﬁ§§?%¥@§$”tﬁFé@%E?ﬁiﬁ?ﬁgg§ﬂeets 85 are
installed in a maze structure wthin the nethyl alcohol vessel 3&. The
provi si oncaf be siephified Kippo¥eredt 1§ reefesdvihthe $HEPPHE Ky O HPBREI $61 uti on
fromdirectly entering the piping in the case where the nethyl al cohol

sol uti on sgigesky oPedciimtiop. when the dry punp 42 or the like has reduced the
20 pressure within the nethyl alcohol vessel 31. Consequently, the nethyl

al cohol solution is prevented fromblocking a filter. 84 wthin the piping.
Next. a ndhhdwof drubleablotking sheatsy 83 ReYeNE 85 g?%ﬁ?‘ﬁ% digotindrom ﬂbﬁ FBw space
120, .such as for exanple that showm in FIG 6, is described with reference
to FIGS. 4upfly Boledtg2s ofulht Ishzesr phe 82 nogrudischapehalss U0 nBrayiding e

configured as descri bed above, and the
10 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 18

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
alcoho] solution suddenly boils up when the dry pump 42 or the like has reduced the
20  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 10 FIGS. 4 to 6. This

utilizes the structure manufacturing device, configured as described above, and the

27



27 12 JAN 2004 silicon material processing technique of the first

enbodi nent. The silicon structure has a beamor mass A extendi ng abé\ZeMNn@m
hol | ow space 120. The nmanufacturing 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 fromthe structure manufacturing device of the
first enbodinment perforns the follow ng processes. First, a silicon oxide

| ayer 108sjiison fhaxerBichrbsessingreshoifuvihe Gesreinbatlimenpofhepdisedistieiie hasr t he

| i ke, along a prescribed area above a silicon substrate 102 (see FIG 4).

Next, 2O§i%:bie%ﬁe%rlsnl"i‘a?§§5ﬂx é)gtgndl@eg VARG Blow §jfiice §2@MPhemakiMBitufing fregholdi ke so

as to i con oxl ayer 108. 10 The silicon structure shown in
FIG 4, obtained via the process descri bed above, .is _.ho | £k the
et chi ng r 88EapoI mﬁ@ﬁfﬁéﬂm@ab@wﬁéw%g@f&% FPaﬁ’ﬁf"&‘&“f’ﬂ?‘i‘%%g‘g’é% igfew‘of t he
first enmbodi ment (shown in FIG 1) . The follow ng processes are perforned
within thegsépacture manufacturing device. First, the xenon difluoride

gas, which etches silicon, is supplied into the etching 15 reaction chanber
10, and the silicon layer 112 is locally dry etched. The. xe%on 'ftl uori de
gas i s5cafaht ea oflevetec iiffegensi friogbrbg Sﬁtrzucg{lﬁ‘? SIRREHAS Ve A j'lgls’ yst al
silicon and nonocrystal silicon), but barely etches silicon oxide (Si02),

silicon Nigthb@hent PeNorrhy phec doliowis Iedessesr Fastura silioor( Ak 1gpsclds &al |y,

silicon is etched by the xenon difluoride gas at a speed of approximtely

4600 A/inin Ll con | j . t Riosper thofikeaRRHAI fbad O
Almn, si If?f@gﬁ irﬁ?%"(sﬂg}(lbg@e{%gg&g?qg&s%gpe% lgf p’approxi mat e?y Iﬁ%o Am n, and

aluminumis etched at a speed of a [ ely 0O..Am Jbhese
val ues camrsiabpvedSBEeR ﬁ@sfrétedll%f?‘f(é%pﬁgfémﬂti %ﬁ’g?orl\}éw{gﬂ\gq%g Ther ?Jgr i ng
| ocal dry etching nmay be, but are not restricted to, supgl yi ng

for example, CVD, or the like so as t0 COVer the silicon oxide layer 108.

10 The silicon structure shown in FIG. 4, obtained via the process described above, 18
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 (Si0-), silicon nitride
(SiN: typically SisNa), or aluminum (Al). Specifically, silicon is etched by the xenon
difluoride gas at a speed of approximately 4600 A/min, silicon oxide is etched at a
20  speed of approximately 0 A/min, silicon nitride is etched at a speed of approximately
120 A/min, and aluminum is etched at a speed of approximately O A/min. However,

these values can vary according to differing conditions.

Methods of performing local dry etching may be, but are not restricted to, supplymg

oas while all but the portion on which etching is desired is masked with a resist, or
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gas while all but the portion on which etching is desired i s masked wiltZnJAN 2004
resist, or 28 12 JAN 2004 supplying gas local]y to the portion on which
etching is desired. Any nmethod of performng local dry etching is
acceptable. If masking with a resist is enployed, the resist nmust be a
material that is barely etched by gas (in this exanple, xenon difluoride

gas). By this_ neans, an etching hole 118 js fornmed .t e 0.4 he

si i con” oXiPgbIng |8é§/é?caﬂ®80(§‘€e€qﬂl@ O Wg]ﬁb cipng &y & ?Q%%p(;%)r%&i @gﬁgp (%f{he
silicon oxide layer 108 is exposed. Then, the xenon difluoride gas is

di schar gegerforatng heaetighitrigng eamcemable hmeskingowith Rgzist & emplegdghs,

consi sting of nethyl alcohol and hydrogen fluoride, is supplied into the

etching reag blgﬁtel%]ﬂﬁﬁgerriaiﬁl’at AnrdiNEchal by SdsY(uPihisd H@niple, ke diRisilel ayer

108 is dry e m xed met hyl al cohol and hydrogen fluoride gas is

s drf™etcl i xed ety i uoride gas i s
i o oncoBfas SudmRgpRIBG EREE SPie LIS habeh i heRsy e ar TR i >

silicon nitride (SIN: typically Si3N4), or alum num g’AI). Speci fi éél ly,
the siji chigerolifd@et E1@t Dhad abysuithe poitsaadofibe BiFOmPESh veral{l¥ ByapeEen
fluoride gas at a speed of approximately 1000 ,/mn, silicon is etched at a

speed of Tﬂﬁpftﬂéix%%ﬁldmu%riéé Yok B diS4Hak G@NGAntihe @ehing etaledclambar $peed of
approximately 10 A/mn, 15 and aluminumis etched at a minute value, at a

speed bel Qw approxinmately.l. Alm n Hes - :

accor di ng-¥8b & PFES By C8ﬁsﬁstﬁllnt=i°gh§3 th‘\'lﬁ‘gx\@iﬁ&ggk&g’g%g@%’lﬁé}sﬁggﬂﬁﬁi? | ayer

whose purpose is to finally be renpbved so as,to _produce theéggli:ggw space
r

120, as sHwwiching Feactios charphes 10agast the eniyeeta Pf theysdicon @x{dgdayer i al
layer.' By this nmeans, a silicon structure having the hollow space 120 is
20 manuf aetche®@dThs etixdd Getlf) alcBholsast hydrogemedneryde gasr isesepalle @f Behingi|ized
as an acceleration sensor. Wen it is wutilized as an accel eration sensor,
a portjonf-of okide @ibHCoon baungrerchdd slidon($il kS dn@npsses both polycrystal

silicon and monocrystal silicon), silicon nitride (SiN: typically SiNa), or ajluminum

(Al). Specifically, the silicon oxide is etched by the mixed methyl alcohol and hydrogen

fluoride gas at a speed of approximately 1000 A/min, silicon is etched at a speed of

approximately 0 A/min, silicon nitride is etched at a speed of approximately 10 A/min,

15  and aluminum is etched at a minute value, at a speed below approximately 1 A/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 holow space 120, as shown in FIG. 6. This layer is usually termed the
‘sacrificial Jayer.” By this means, a silicon structure having the hollow space 120 is

20  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 Jayer 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



beam or mass that noves when accel erati on occurs. For exanple, when
acceleration occurs in a direction perpendicular to a substrate facel Z)f]AN 2004
the silicon substrate 102, the 29 12 JAN 2004 mass A noves in a direction

per pendi cular to the substrate face. The novenent of the nmass A is sensed
by neans of sensing a change in the electrostatic capacity between

el ectrodes (not shown), this allow ng the accel erati th urred to
be sensedmassabBRYEALH @erwloﬂ’%rﬂ?@gﬁ?&r %ﬁﬂgu@ﬁ@ﬁe %E%e &r'd |68{r;é?]§8€@(rés in the
direction 5 perpendicular to the substrate face of the silicon substrate
102, and Hhes hendemegd of héwes obeamsing 4 shaege dethebsleamesintic 6APASENSIEHYA change

i n piezoresistance (not shown), this allow ng the acceleration that has

occurred erownh’ i the B¢ QamIS8iaPhR d@urSERs Be demed.er ati on
occurri nggieﬁtp(gdeéﬁﬁitcﬁogﬁy’ﬁg?aHP‘g?ntgto tahe sabstrate face of the silicon

substrate 102. ]0 Next, the above praqcesses.perfor by t ure
manuf act uiegaEEely.c hof beae A %%‘Eds éﬁl‘r’é‘dia AU Ogg‘gré r%{rbe@gi ﬁhr[;%{r&e] det ai |
with reference to FIG 1. First, every valve is closed. In the processes
descri dedpbgkmiiculal fo thesthsohterfase dfthpeiitonr sabdtrpy HReansothe bending PhHieanms,
etc. of the control nenber 502, or an operator nmay performa portion

thereof b i ' tsher fenkisis at dhaddd inepivadrvssidite (hdresHoemd hthisal ve 44,
t he si xt h%Sa \%]SZ%?SéEn%f%rﬁg St hi red %al ve 31“2% opened, the dry punp 42 is

started, apd pressure is.reduced in_t t.chi t 0 and in
t he xenonagl‘?‘f’mﬁdﬁ? G%Pelféaé‘é?gltﬁﬁ 25 Phe! gﬁtgﬁoecﬁr‘g?#ﬁbﬁ@g&% %%%ﬁﬁ??@é%‘tiee% at a
pressure at or below 3.8 Torr, The solid xenon di f‘)uori gg h?u]?ed. W thin
t he xenon seiist |agoelérdbon eealingpm 4 direcyioninsealiebiopihershbitralf B8e of &0 BUTR i on
process, 20 becom ng a gas. The xenon difluoride gas is introduced into the

et chi ng r eagdiiaenioxhanber 10 by the suction pressure of the dry punp 42,
and is al so discharged via the

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.
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dry punp 42. By this neans, gas etc. that has remained within the etchin
reaction chanber 10 is expelled. After discharge, the tenth val ve 44) Ztﬁ)él 2004
sixth valve 26, and the third valve 23 are closed. 30 12 JAN 2004 Next,

t he second valve 14 is opened, nitrogen gas is supplied into the etching
reaction chanber 10 fromthe nitrogen gas supply nenber 93, and

atnospheric pressure is established within the etching reaction chanmber

10. I'n t hNexisthe sccond xelip dhhreppeaed,priaassn ias 1sugahsd Bio 8‘ﬁe¢t%‘ﬂ%feﬁ8'°r“eacti on
chanmber 10 is opened and the silicon structure 5 81 (as shown in FIG 2) is

pl aced ongjidighes! 10 GO Sl pitbpée ghablpplBthembbit 88, dinkasndspbait psswuwcisure 81

has been pl aced thereon, the door is closed and the second valve 14 is

cl osed. Next..,.the first. thraqt val ve % ithird
val ve 23, e%tﬂlsi’ﬁ‘g \gllﬂ}%’f hthe veatl vugeé %%acg]%) }é %%@R%%?St E‘gr}g{ayé{%{i rrgf %gn?sghf% arted,
and pressure is reduced in the etching 10 rgacti on ch(ﬁg%erﬂ. 10 ﬁnq in the
xenon di f pressurdea deersdithoerching reacHian ghamber g 1S epqngd 2a SUEOPISHBE P e housed
w thin the xenon difluoride vessel 20 is sublimted and beconmes a gas, and
is intsodgceds khdwn WhBI@t Dhis placee ant the vilicthastoerturkOtable ). piftes Sbe sllicgn hin t he
etching reaction chanber 10 is nonitored by the first pressure neter 11,

and when a_ Dreseri [ F Ged & Lipgdt Mdr the @bt adveandl ig he
si xth val \gl%u%{élee g?ggggee&nﬁﬁ%ﬁe&i%éggﬁgnogfﬁ uoride gas is enclosed within
the etching reaction chanber 10. The xenon difluoride gas locally etches

the silic6®s¢hyer 112 (see FIG 5) of the silicon structure 81 within the
etching reaction chanber 10, formng the etching hole 118. The formula (1)

0
showi ng t eactd chi i {0k heOWRrd akRF23 *andi the siife + Si F4
(1) 20 W r?XE’h%]ge %MOS{‘%B%@&@ﬁqg’éthé'éﬁ‘%g“?’sdénses that the xenén

di fluori d%a%‘é‘szehaaé opened, the dry pump 42 is started, and pressure is reduced in the etching

10 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:
2XeF, + 517 2Xe + SiF, (1)

20 When the etching completion sensor 97 senses that the xemon 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.



conpl eted etching the portion of the silicon |ayer 112 that requires Ffﬁ?AN2M4

process, the tenth valve 44 is opened, and the xenon difluoride gas i's

di scharged fromthe etching reaction chanber 10 via the dry punp 42 and
the toxi c substance renoval device 49. 31 1 2 JAN 2004 However, it is
equal |y possible that an etching conpletion sensor 97 is not provided. For
exanpl e, the control nmenber 502 may equally well utilize conputed or stored
data congemeivag itsh ehily fessibledaat areteftinhicomplesen schsePhds nfieprpErEdd
between initiation of etching and the estimted (taking prescribed

condi 1 ongel B AE AU AERLE! @k (R LWbE ARl oot oamyas ther e

conput ed evice I's being o ted, or may be conputed in advance
and stored. "Prescribed conditions' refers,. for exa to.the. size of

the silicopncsipngechag nenedy anetekipe @Fﬂ‘@%g’e%ﬁé‘? P@éﬂrﬁohg%”ﬁ‘é“ &lgﬁfoﬁlgéffeact i on
chanber, the type of gas, etc. Next, the first throttle valve 91, the tenth

val ve 44, etchgainghhdestmharel @Bkingupcestiitedsevditivhs intaccalnie cmplEtien 5E¥ned, and
the dry punp 42 performs evacuation. Thereupon, the nethyl al cohol solution

LD N €N BBl his BLEANR citie? ;:,%Pgnéuéea Wifkeahd biéaedisanhetdpRrdialropgaiy

f1uoride SBTTTI ON WREhi en fluoride vessel 30 'is volatilized.
The third flow neter 33 nonjtors the f]ow of..the vol atdj| ]

al cohol g&8 comapedin adyants and ?t‘é}\'ﬁﬁa resrcﬁh‘iﬁ%oélg?uoﬁﬁrrteﬁeésr’ ,fbrt %@@éﬁ%? e:‘ | ow
meter 32 nonitors the flow of the volatilized 15 hydrogen fluori de gas,

adj ust i ngstzhi &f fHeosilian stegpuineedbe Thantity 08 Ragesppliedal Sifo IR TH§%¥iogen
fluoride gas, the flows thereof having been adjusted, is supplied into the
et chi ng r eashbh&@Nihe cadQtc. Then, the eighth valve 35 and the seventh
valve 34 are closed, and the mixed methyl al cohol and hydrogen fl uoride
gas is discharged fromthe etching reaction chanber 10. By this ans, gas
etc. that Neaxs thefist tedttinivelve?1t the ted valve frd.ribe tisbidtiabis SonabdF S4YF}
expel | ed.

10 valve 34 are opened, and the dry pump 42 performs evacuation. Thereupon, the methyl
alcohol solution within the methy! 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 alcoho! 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

20  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 aleohol

32



Next, the ninth valve 43 is opened, and the turbo-nol ecul ar punp 40 aﬂc? 44{%2““4
rotary punp 41 create a high vacuumw thin the etching reaction chanber

10. Then, the ninth valve 43 is closed, the tenth valve 44, the eighth

val ve 35, and the seventh valve 34 are opened, and the dry punp 42

perforns evacuation, this volatilizing the nethyl alcohol 32 1 2 JAN 2004
solution within the nmethyl alcohol vessel 31 and the. hydro fluoride

sol ution WiﬂvhiplhWltﬁﬁ@%%@éé‘ﬁﬂ‘?h@ﬁ%ﬁ\ﬁé"géléq ﬁg@pg%u%ﬁlppgﬁﬂpgwlﬁe er 33
monitors the flow of the volatilized nmethyl alcohol gas, adjusting this

flow as reguibj@dgednshdy yesséle3ts eBendirfil fiow noesered3 3putors thoritov oé the ow of

the volatilized ﬁydrogen fluoride gas, adjusting this flow 5 as required.

The m xed ﬁﬁg@]ﬁ’éggﬁée@%?éohéﬂgapslt‘lx(ggalﬂag%{fs Q" dsHeq s, FbhRer! dhewsconaioaof

havi ng beé 'S Su to the etching reaction chanber 10. The
pressure within the etching reaction chanber 10 is..nonitored -t first
pressure Dpaserel2 mpaniterh et fiaw P?F@t" ar‘ﬁ]%‘?cﬁ'@r%n ogqe gas, g&uﬁg}ggﬁl’s f{&ﬁvl s

mai ntai ning a prescribed pressure. By this means, the silicon oxide |ayer
108 (see Rk GequiedoTht hexad hietyh akbhelcandr kydregensiiusrigh s bije tiloavsnibgieaf gas. 1 n
this case, reactions shown by the followi ng fornmulae (2) and (3) occur,

wher ei n ‘ga@g_@agﬁgg@%%li@ SRNBE ctcMnk rédtioR chim@ber 10MH  (2) Si 02 + 2HF2

+ 2MH+ ? When the etching conpletion sensor 97 senses
that the m xed gas has conpleted 15 etching the silicon oxide |ayer 108,
t he ei ght hrpeairvguAbwanid thdetchiny esuchion aharsbe84 0as movitersddy thinfirst pesyked

nmet hyl al cohol and hydrogen fluoride gas is discharged fromthe etching

reaction CIJHT%EP% 10 Yﬁcﬁp}éﬁ%ﬂﬁb{e RHAE AA2isaifuddf th@xinGin&iisd anpesdredval
device 49. Tt is possible in this case also that the data concerning

et ching peprrles%grse. C))(t ils{tm%gns?lihe silicon oxide layer 108 (see FIG. 5) of the silicon structure

10 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 ? HF,” + MH" (2)
Si0, + 2HF,” + 2MH" ? SiF, + 2H,0 + 2M 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 40,

It is possible in this case also that the data concerning etching periods computed or
20  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
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20 stored by the control nenber 502 is utilized, and the etching conplie? ijoN 2004

sensor 97 is not utilized. In the above process, the turbo-nol ecul ar punp

40 and the rotary punp 41 may be used continuously, instead of the dry

punp 42, as a high speed pressure-reducing 33 1 2 JAN 2004 neans to reduce

the pressure in the etching reaction chanber 10, the nethyl alcohol vessel

31, the hydrogen fluoride vessel 30, the xenon diflugrigde ves , etc.
dﬂgftg‘f HEEIYZ%CH%

In that %8s 10 FREusR HEPIGHPFeN4he PEhB8dRREION; hamRy, val ve 44,
when pressure is to be reduced. 5 Next, a method for manufacturing a
silicon stgddeltn Qh&ﬁydrﬂganaﬂdwidlemsspm:,eheiﬂzonaﬁﬂucs’w@wmﬁehﬁ@él - In3hatj s
described with reference to FIGS. 7 to 13. This utilizes the structure

manuf act uring, devl AN I B AINE 2 GiHeh §F@Bire $9 doi teon

mat eri al C%Srgotéjgsnéétﬁga]?%g?rﬁﬁecgf{fég&ﬂsgé@i i@%n structure ha? a di aphragm B

| ocat ed above the holl ow space 220. The manufacturing nethod therefor is
in contraseduced-t hat of the 10 second background to the invention, shown in

FIGS. 23 to 26. First, a device different fromthe structure nmanufacturing

device_of _the first enbodi nent perfaorns the fol | a0 Fid St
i mpuri ti e%\FeéFea Fﬁf’}ﬂ& 8’6@5’“%&%’% 4 anasglﬁ%tﬁ]cr)%rh éﬁﬁ%?g‘%ﬂoy‘gﬁég%gt %S;t e 202,
shown in FIG 7, to forma |ower electrode 204, Nitrirhgi q\?l [ s.PZerformed on
a surf ace shawe IG5 1Bhés desciibashvathiysterence 10RGD £ & ta PEWETZET H%on
nitride |layer 210. A polycrystal silicon |ayer 208 is forned, by neans for

exanpl e ofstGMBredomakitecthiifedevideighafipr eabsdiment, anda diffepow licor matsyiel
silicon nitride layer 210. In this exanple, the polycrystal silicon |ayer

208 is th Jfici awer . L sty alabhiGom Bi fochide dvayerhe?2l?2 is
f or med so%ég&g%hé égé/hgjquu%hgﬁ%os @g?;@pg{miih{a?caon aFaygﬂrih 208. An upper

el ectrode h%(ﬁgwl s;spa]::g 558.dT é) %%u%agt%ring 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 Jayer 210. A polycrystal silicon
Jayer 208 is formed, by means for example of CVD or the like, along 2 prescribed area
above the lower silicon nitride layer 210. In this example, the polycrystal silicon layer
208 is the sacrificial laver. An upper first silicon nitride layer 212 is formed so as to
cover the polycrystal silicon Jayer 208. An upper electrode 206 is formed above the
20 upper first silicon nitride layer 232 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 clectrode 204 respectively. Next, as shown in

34



20 upper first silicon nitride layer 212 along a prescribed area thereof.
The upper electrode 206 is fornmed from pol ycrystal silicon, or the‘leJ#Nhl%m
An upper second silicon nitride layer 214 is formed so as to cover e
upper el ectrode 206. Then, as shown in FIG 8, contact hol es 222a and 222b
are formed on prescribed areas of the upper electrode 206 and the | ower

el ectrode 204 respectively. Next, as shown in 4 12 JAN 2004 F , an
al unmi num FAGeP, 21 QIUTHRIM (GYEY 21‘%9}1"1‘ é{“u/vi?‘?r%@ W“é%?’y?rs‘s ff“@éwdov&]/earéug acs:t%r face
face of the silicon structure. Next, as shown in FIG 10, patterning is
per f or med faq §fhae sisitormicnicrort ayen, KlGowhon Gl (p paiterning i§ peréarmed @4 thhat
makes contact wth the upper electrode 206, and a wiring |ayer 216b that

makes contact. W th I - 1 that! HBRes &SntH&RGWH tHR 11,
et chi ng isa?uﬂglpyglr]%%hzglr{?’ ?@“ﬁ%?@*@?%ﬁ%ﬁ%gﬁft rai de eSI ayers 212 an p2@[14 at a
portion thereof not having the up this

r el ectrode 206 |ocated t
form ng arelestiodr R§on#Idea 2ENg kAYET gi@bﬁﬁé npakes (RNAG) V@? ?%et %Weé !%ﬁ’%cgrgﬁe | ayer
208. By this nmeans, a portion of the polycrystal silicon layer 208 is
exposed. Am4aThesssd thovirhin BXpobkcetphung iisoperdirmed eorptieyenpps sHICOBNYigen | ayer
208 oxidizes, formng a 10 natural oxide film(silicon oxide) 219. The

silicon st 4% 5diGon HereOPAAI MEH A uppe BeasrRS2MEeRcsteded
above, is 15%3%22% a\ﬁ\n@?hwi@ntthg etrcl:hi r{S reacti or% chaﬁger 10 of the structure

manuf act uri ng devi c of the first i.ment i : . e

fol | owi ng tbﬁf&@@&éﬁ&?@ﬁ&@ﬁ%ﬁ%ﬂ?ﬁa‘t% emsj% ?‘E%@J}U Ar%%sél?:‘%" Gr]?);r%g
device. 15 First, the m xed gas, consijsti n? of nethyl al cohol (ﬂg&i hydr ogen
fluoride, 208.Rypplis ewaisacpartien of dhi pelypeaEl FUFOE RaFHEPE BoSPOS¢he St ruct ur e
manuf acturing device, and the natural oxide film(silicon oxide) 219

(shown in Ekh, thd)expssedr porgibs edhe Aolydpsei ishiedn 1abo 268 axitbzesi fadingethyl
al cohol and hydrogen fluoride gas is capable of etching silicon

10  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 aicohol and hydrogen fluoride, is supplied
into the etching reaction chamber 10 of the structure manufacturing device, and the
patural 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  mitride, or aluminum. As a result, a portion of the silicon layer 208, this constituting the
sacrificial layer, is exposed. Then, the mixed methy! 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 Jayer 208 (shown in FIG.

11) is dry erched. By this means, the state shown in FIG. 12 is attained. As described
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oxi de, but barely etches silicon (polycrystal silicon and nonocryst al
silicon), silicon 20 nitride, or alumnum As a result, a portiom PUANZW
silicon layer 208, this constituting the sacrificial |ayer, is exposed.
Then, the m xed met hyl al cohol and hydrogen fluoride gas is discharged
fromthe etching reaction chanber 10. Next, xenon difluoride gas is

supplied into the etchi,. reaction_chanmber 10 t B Ll - r 208
(shown i n2kP¥s thelﬁnqnsé‘ﬁg : %ﬁﬁela.ca%a}?% ﬂfgmﬁ@gn@%}gp #Eglg(fs‘g%tgpg'ﬁcodvr\lmaﬁiﬁn FI G
12 is attained. As described 35 12 JAN 2004 above, the xenon difluoride gas
i s capabl endocatrhiiticpng] bt barely(gdiey sitipen axidsisilicenRitEged OF AYAYRTY st al
silicon), but barely etches silicon oxide, silicon nitride, or alum num

Then, a sealing layer 224 (as shown in FIG. 13) is fornmed by a ice
di f f er ent Theana sedbiag é@ﬁh@?‘gﬁ% shawama&iQr ilﬁglS é’%')weéibyofr deYiee ?ﬁgéetn{jgr\é odi ment ,
sealing the etching hole 5 218. By this nmeans, a silicon structure_ having

t he hol | owhs paeRuR2HamFadraminy aoticer efithe fiti embadimenty sealingimks PRwE 29l
pressure sensor. Wth this structure, a prescribed portion B of the upper

sili Cog P'%}rg'r %géhﬁﬁt{aﬁ%.zalﬁli%dstru%%?e h&\hﬁg BRI §faké Q0@ i?Rbnufaddrethe

sealin unct’ions as a diaphragm The hollow space 220, this

havi ng been forned by the renpoval of the silicon oxide |layer 10 208 t hat
conpr i sed FHestsuEye fAncHigns 3SARFSSUSSeR P ar met i cal |y seal ed space t hat
functions as a pressure reference chanber. Wth this structure, the

di aphragm B. bends.in re ! ' repRee shednesetibers ei 2aghce
pressure a‘ﬁ ggB’égsrB‘r: é]reéégj(r??%g‘b%&ng?#}lgﬁ %ngﬁr‘?g’m‘e% When tehgﬁéi aphragm B

bends, the distance between the per el ectr 206 and

el ect r ode 2Id4 thenumge slectygrisn 4on an &@tsﬁﬂﬁ‘éq%f %ggrfur{cﬁgns[ %/oa E@S%ljlag}g{te‘riﬁg%es 206
and 204 changes, the electrostatic capacity between these two . el ectrodes
206 and 20bllohasges 220bisthagmigthede fomesr esthgremexarafdhe SHeemexige B agm B
can be sensed by sensing the degree of change in the electrostatic
capaciqgy. 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
20 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
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Next, the above processes performed by the structure manufacturing device
of the first enbodinent are described in nore detail wth reference to

FIG 1. First, every valve is 20 closed. In the processes descri bed J8 80,
all control nmay be perforned by the control progranms, etc. of the control
menber 502, or an operator may performa portion thereof by hand. First,

the first throttle valve 91, the tenth valyve 44, thg ei gllill;[‘;]h .%gl \flgt 35, and
t he sevengliohaiaplusiosavidunsthe meand alcohed Vesse! pLiAs Us hydraegH ARORYE M Yon, this
volatilizing the nethyl 36 12 JAN 2004 al cohol solution within the nethyl

al cohol  vesgs t}éjhgéln%eh R ohYe v agarsol Mhonhickfisw| meteod3 munithisnthe Hlewhgfdr ogen
fluoride vessel 30. he third flow nmeter 33 nonitors the flow of the

volatili Zgﬁje %ﬁ%\ﬂﬁﬁ%%ﬁ@?ﬁ@%l%%%ﬁ&?ﬁ?j#ﬁ}é& pﬁ% biBb/Sas TE QRS FLRE BRGecdndr t her,

t he secon noni w of the volatilized hydrogen

fluoride gas, adjusting this 5 flow as requjred. The m xed net hyl ..al cohol
and hydr odlew metgos? a@ng%,thq flew of gigsvolathige & Bydrpgkn fﬂ&@ééﬁ“"%ﬁﬁﬁ@’&@% is
supplied into the etching reaction chanber 10. Then, the eighth valve 35
and the sewentd rv@linee. Fhe anived Inwsied,alamd] ik hyilrogen rfiorige gas.cdrolowsand
hydrogen fluoride gas is discharged fromthe etching reaction chanber 10.

By this , i h0&fe VichiHeNehdiRnahabag10.EReh] ON
chanber 18&3’%&&3%%%bgegga%a%g’r]gggpe@?@?t a E\:/a(‘::uur%ﬁ gel 0\]/1v 1 X]0-2 Pa is
required within the etching reactio chanber 10, .the tenth I IS

cl osed, t hke ¢ighhyalig :\ﬁea"@’o‘g? §e"85@n"é‘§’,‘°’ Hrje tcﬁ’éecil’d’lngéﬁe %)fegc]ﬂ?téﬁ ag‘ﬂ"r}r‘éﬁm and
the rotary punp 41 create a vacuum Next, the ninth valve 43 and the tenth
val ve 44 ané hytogen flutrie gpe dodischardederom thesetchipg ragtiomthandige A0 gRE g
supplied into the etching reaction chanber 10 fromthe N gas 15 supply

menber 93,,&LE0SPRE! ot RAsGSHEIned Wraihehy etoRing geaesibabhirsteedOus ¢ipelied he
etching reaction chanber 10. In this state of atnospheric pressure, the
door of the etching . . , .

10  Moreover, if a vacuum below 1 x107* 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 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.

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 alcoho) vessel 31 and the hydrogen fluoride solution within
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reacti on chanmber 10 is opened and the silicon structure 81 (as shown in
FIG 2) is placed on the silicon structure table 80. After the silquﬂ 200
structure 81 has been placed thereon, the door is closed and the seconH
valve 14 is closed. 20 Next, the ninth valve 43 is opened, and the
turbo-nol ecul ar punp 40 and the rotary punp 41 create a high vacuumw thin
t he etching reaction chanber 10. Then, the ninth valve_ﬁg i.s cl agd, t he
tenth val vke lydrogeie flugride Kessall 3 8%, thyf diavh eedayShpwniggs /e 3™ Pg opened,
the dry punp 42 perfornms evacuation, this volatilizing the nethyl alcohol

sol ution whlahiifedtheheidyb] gdscadjodtingesis @bwak raquret hButthyedy hgeeconl dlori de
solution within 37 1 2 JAN 2K! the hydrogen fluoride vessel 30. The third

flow nmeter 33 Lf. f - Atk la t by, @lowgas,
adi ust | ng RS TS et pEMeobiged 1RY ich thgfite B Sk Ry
nmonitors the flow of the volatilized hydraogen fl uaoride as, adj.usting this
flow as megeduisd. Timanixed awthyd ekgholarddherogsa dlueyds @@%% ?I@gﬁitﬁge s, the
flows thereof 5 having been adjusted, is supplied into the etching

reacti gn ¢haRp®eenldljusidts igwuppliad ietonhe kiching heaceibt hbargber déict i on chamber 10 is
nonitored by the first pressure neter 11, and the first throttle valve 91
is adjusted, this maintaining a prescribed ressure. As a result, the

nat ural oxXihgepréssing Withip itheoricling a@)ctnzqgha(n@t@élgllfc{nomgr%%w PPN
structure 81 is etched by the m xed gas. i0 Wen the etching conpletion
sensor 97 5@ases, hiBthd hisst mhocede galse HHsiscaliptet, abis eeiohinmg @ peswabed al

oxide film 219, the eighth valve 35 and the seventh valve 34 are cl osed,

and the m thy. I oy Tdod Uvidle 2985 séeSFIG. SOhafgre from
the etchi n%g?ﬁégiéoﬁégﬁ’g%gram%% é\}?fa I:H%g&élﬁy pur]%?42 Z(?ld t he tgxi c

subst ance renoval deyjce 49 1%“. :ﬁ%“ ossible in this case al so that the
e

data concePKPRSIBEE Hys SEPFY Y Nedhg “or
10 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 methy] 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 18

not utilized.

Next, the first throttle valve 9], the tenth valve 44, the fifth valve 15, the fourth valve
24. and the third valve 23 are opened, the dry pump 42 is started, and pressure is
20 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 Tort, this process sublimates the solid xenon diflucride 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 2] and the etching
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stored by the control nenber 502 is utilized, and the etching conpletion
sensor 97 is not utilized. Next, the first throttle valve 91, 12:? Aﬁ?@l'
valve 44, the fifth valve 25, the fourth valve 24, and the thir \‘} 23

are opened, the dry punp 42 is started, and pressure is 20 reduced in the
etching reaction chanber 10, the sublinmated gas storage vessel 21, and the

xenon di f téﬁ%bﬁ%g%ﬁééeio 204isFlaned. Bhanxenemsdihd ver ke reSaatblinmted at a

pressure at 8 Tory, thi§ process sublimtes the soli d xenon

di fl uoride hous Wi thin the d|fluor| third
val ve 23 publismabehaps SEﬂﬁﬁﬂetYFése)lg)rﬁ ﬂ]efeltcthg}glrggc 1o&a§§|ﬂ1ﬁ 5 el’(\ﬁeen $Ubl i mat ed
in the sublimted gas storage vessel 21 and the etching 38 12 JAN 2004
reaction disaidree, tidtenth diecHatipdifth ®yvet 39, endhiharfeurtlysavet aretPeeedr emai ns
within the sublinmated gas storage vessel 21 and the etch| ng reaction
chanber 10 is expelled. After _djschar e fifth

val ve 25, Neati thedrst seftle \ehye 31, 3ke %“Qb}%g%ee%if :}/"?erag'ﬁ tp‘h?%ﬁhl e val ve
91, the tenth valve 44, the fifth valve 25, and the fourth 5 valve 24 are

openeds awdivelre @lé ypgedpantthe sirg pamp dd, is stedcnturnguq@mgpmsﬂuee imtheteéch#igc hi ng
reacti on chanber 10, the sublimted gas storage vessel 21, and the xenon

i F1UOT | dgeacyiBR REhmidh- 1NALTHRBEREAR sidfedeaicl B R e kb Bilbéxideal ve 25
is closed and the t valve 23 is opened In this manner, a state is

attai ned where th yal,ve 25 i t 23 and
the fourt e8] 2@ ‘éﬁeraqrgssdbe Has hsen T |”§§%§%§iﬁ?u r?‘e“%P% S{}% tF-inattngd}{@aﬁs?le‘ist or age
vessel 21 and the xenon difluoride vessel 20 are nmut ual | y edin a

conne
pr essur e- vetyacd issengned. Ingthis aggr.ta stelsels sFpingd k’ﬁ]%‘fpycﬁhﬂf{)j@r Y¥ ﬁ%dssed
wi thin the xenon difluoride vessel 20 is sublimted, and the subli mated
xenon di f lcliged dend @ashird valve 28 candi thé ifourthheslwu B4 ianfat)pdlgﬁ)stm!t oragfe theessel
21. The pressure within the sublinmated gas storage vessel 21 is nonitored
by thg,SsecanhRESSAY sPordBd 98ssé221 @Rd the xenon difluoride vessel 20 are mutnally
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
20  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



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 xeno

difluoride gas is introduced fromthe sublimted gas storage veggeJMbZLﬂm
into the etching reaction chanber 10. The pressure wthin the etching
reaction chanber 10 is nonitored by the first pressure neter 11, and when
a prescribed pressure_is attained th .fifth,vaLve 25 is ¢losed, and the
xenon 20 @ﬁhPQ@FB&%mé%§hW§e%§@l I8 FIGREHFHFUCRE @P@%iHbW?@EH§WéW“Ph er 10.
The xenon difluoride gas dry etches the polycrystal silicon | ayer 208 (see
FIG_ 11), ah#itise oeisubdtarice ngmd ek dewec4 9. affiec idakhdrge; éhe foofthivalye S aind de
structure 81 within the etching reaction chanber 10. Wen the etching

conpl etio e 7,. S e '8 i @R et ed
et chi ng tﬁgﬁs?ﬁgégg ?a&@?ﬁZ E?@§%5Qfgﬁt vgﬁ$g&%§ki%ﬁoggﬁggﬁ§gﬁﬁpthe xenon
39 1 2 JAN 2004 difluoride gas is discharged fromthe etching reaction
chamber 1Gtehing lieﬁ%m(’}rc\?a'ﬁ?ﬁ‘?fpl 42 and the toxic substance renoval device 49.
After discharge, the fourth valve 24 and the fifth valve 25 are again

opened, and the xenon di.fluoride gas,is [ i Eetchlie Heigad eaction
chanber 18—_fiouéev \}%rp,og?ﬂ?le ilg %%S%a?, Iaégoi tnﬁtl E\?és dglgs‘l'edhtgﬁ? g&t %tgﬁﬁ]g e dat a
concerning etching periods conputed or_stored by the cont.rol nber 502 is
utilized, cam@tesorst AR By ROFRNIS! MsHbesairsis r”“gf?e‘%Y §DEH’F *‘iﬁ&?% Q%FBWSIC‘I‘%“ t he
present enbodi nent, the polycrystal silicon [ayer 208 (sacrificial |ayer)
can be etselved 98ys adrantiizédod t er ned pul se etching, whereby the actions of
supplying the 10 xenon difluoride gas into the etching reaction chanber 10,

maintaining it therein, and discharging. it ther é m afe .repeat ed
However  dithe BERSCNCTRsdANTY, 6 SONSTBIAIRBFebAYeE AeS (Ferficaldalie] Fabe
continuously while being nonitored by the first flow neter 27, and etching
i s perfor rachedoy irrumatioy. tefihel psise cichiige wherehy dectitings wtshprlyag thés a
| esser
10 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 Jesser

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 1s simpler.

20 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
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gquantity of xenon difluoride gas to be utilized. 15 In the structure

manuf acturing device of the first enbodi nent, described above, wet h Q' g
so as to renove silicon oxide does not need to be perforned. Cbnseh&g ﬁ|@ﬂ
there is no need to performthe processes of washing away the etching fluid
applied to the silicon structure, and drying the silicon structure
followng this washing. As a result, the manufacturing process for the
silicon stesuittsmetures einrhsl peduced thar A GROISIZY ﬁ'f’:@“Wétorﬁil%}HY AEFEHCas to
renove silicon oxide does not need to be perfornmed, there is a greatly
decr easedgdnkkR] ddpeRsksOdict he sticking phenonenon occurring during

manuf acturing. As a result, the nunber of defective articles created

during manufacturing can be reduced. Put differently, the rigidity and the
si ze of th@resvercthar glicanandethe eslicoe doxsdmpar bel dro etched dmslhe savey 8ICRBE et chi ng
is perfornmed. As a 40 12 JAN 2004 result, structures can be produced that

function L | bV BICPr 1)Niagh Yes@E CUERLE S ERSOISs tRClrodi@bme et C.
l\/breover,?et% Qérg?“lla?f%%ﬁqg)n etTf?lle si)l I con oxide can be dry etched in the sane

etchin reaction chanmber 10 (see FI 1). [ - i need
for the tROIMB %@Eﬂﬁ’é‘gg“ﬁé’? B‘ﬁcéﬂ Stﬂﬁﬁﬂgpg}‘%ﬁeﬂgﬁf“t %‘éh’g‘?’ F%a%%cr’\ﬁ S rnﬁoglf él; gﬁbet ween
the etching reaction chanber of the silicon dry etching device and the

et chi ng r eificari dry etohimpalevise anfdhe pichingreastionechamper et bR SFogMdeedry
Consequently, the manufacturing process is sinpler. Since there is no need

to transf efchinBeiesicki Comkegidnug] the andrfavasmgtpiecest ishiimpler.cfintd durechawber s,
the silicon Structure need not be exposed to the outside air while being

transferred,, &S ﬁr%sfc?ﬁ%%s&lgzgg sé'gctﬁx%d&é%ééﬁthe SR S4B LRarkifigs, Ik ERIonOf

defgctivengF{Fb E5hro ring manufacture- of the silicon structure,
par | cul SETRAE BEBECLRS FPBFLICHE 24T Uh O TRk Har b fine #3d 1 m
rorm 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 materjal. 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 Jayer 208 that comprises the sacrificial layer (see
FIG. 11). As a result, the aluminum 216 can be prevented from entering the hollow
20  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)
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on the surface face of the silicon after dry etching has been perfornmed on
the natural oxide film 15 The xenon difluoride gas and the n’ixed,l ﬁhﬁ%m
al cohol and hydrogen fluoride gas barely etch alum nummaterial .
Consequently, the alum num|ayer 216 (shown in FIG 9) can be forned
before these gases are used to etch the silicon oxide |ayer 219 that is

the natural oxide filmand the silicon_ | 208 1. i

sacri fi ci BiC-118@pwe s"e'*émml‘i{e@{]al‘i%v.’ce ! B]aplgféﬁhu,%g ?ﬁﬁe] @fﬂﬁ'ﬁ%‘?{ﬁéei@ﬁ be
prevented fromentering the hollow 20 space 220 (shown in FI G 12) forned
after theegbddimen. Dryenptpes aiesgenerstly ehitigd belgw wheargomient coHEBUGRR My a
reduction is possible in the nunber of defective articles produced during

manuf act u (g d}i@ (hunber of faulty articles becom ng apparent during
use. (SEC%%BI%\‘;&%I ﬁr) 41 12 JAN 2004 FIG 14 shows a structure of a
device for manufacturing a silicon structure of a second enbodi nent.

Descri pt | Ppssi@bQueenen@duyrirenddvicedfbbd evond embodimeriniasi the orfiauraipnal t h
the first enbodi ment. The structure manufacturing device of the second

enbod ;gfﬂ%lpﬁgﬁﬁto??hecﬂ%hg% gﬁbﬁﬂ&ﬁ%m BeBtEMRAL Sire Erbb@nihi, 468 B £ddition

manuf g devi ce Irst enbodinent, and in addition thereto is
provided with a coatjing chanber 50, an_arganosili.cic ¢ Q 60, a
wat er vesHeretg1s pyvided Mitha soagpg,a%g?qrégi QAR ?()sn?ﬁ@l?ge S%/éh?tﬁﬁ?in t he
organosilicic conpound vessel 60. The liquid organosilicic conpound nmay
utilize, faterexspblketd.ri decafluoro-1, 1, 2, 2, 10 tetrahydrooctyl
trichlorosilane (CsF13H4 ,Sid 3), octadecyl trichlorosilane (Cl8H3, Si d 3),

ste. vt eiiq(uli_ld2 g?galngsﬂ?é)ig gglgpggn%r}é Qm;[sgg wvi\ﬁlsnetrhe\{)ef‘gsa%géiligg' compound vessel 60.

The liquid organosilicic compound may utilize, for example, tridecafluoro-1, 1, 2, 2, -
10 tetrahydrooctyl trichlorosilane (CgF13HaSiCly), octadecyl trichlorosilane (C,sH3,SiCls),

etc. Water (H,O) is housed within the water vesse] 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 6] 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

20  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 vacvum meter 52, etc. The function

of the control member 502 is to monitor and control the action of these members.
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A third pressure neter 51 is connected with the coating chanber 50. A
second vacuum neter 52 is connected with the coating chanber 50 vif?aaN 2004
el eventh valve 53. A nitrogen gas supply nmenber 94 is connected with the
coating chanber 50 via a twelfth 15 valve 54. The coating chanber 50 is
connected with the organosilicic conpound vessel 60 via a thirteenth valve
62. The cqati hanber LS., t i ; fpea a
Four t eont ARGL B eniighifg BERE Bt idsopd LR e gD

turbo-nol ecular punp 40 via a fifteenth val ve 4f5. The cgg’t?hn ch@‘n‘oer 50

i s connecsaE wctipnsaagiithe sgoctytpmpanviagiuEng depice: ¢ dey 4ish & ‘éﬁﬁt’a i xt eent h
val ve 46. A control nenber 502 is electrically connected with the val ves

45, 46, 5%lloP4ng PdctRes Hdpedmdnedl, the third pressure neter 51, the second
vacuum neter 52, etc. The function of the control nenber 502 is to nonitor
and control the action of these nenbers. 42 1 2 JAN 2004 After the

st ruct ur e Firstn tHeaovelfth yRJved® iscwendd, niiwozse ganig seprlisdiperihe FRRAMB&PaaPeted t he
sanme actions as the structure manufacturing device of the first enbodi nent,

the fol | guififn PRORBDSES g SappBr memb@M4, Rhd stmospherid prebdurd isveskablisied i s
opened, nitrogen gas I's supplied into the coating chanber 5 50 fromthe

nitrogen gas.s |y nmenber. 94 a ' r e £Smakt akhinghed

Wi thint hg:@%ﬂfeﬁ%%%,a%%rpbgoﬂl@é}[t,, Lgﬁgﬁli@%l&%l}%ga@t UCr e 1's noved fromthe
etching reaction chanber 10 to the coatjng chanher 50 and the silicon

st r uct ur eT¢astipn ghambss 19 toghe F%Wgﬁﬁﬁé?rtﬁ’oeg’fda@figﬁ’(‘}fm SHRECEIS irﬁﬁﬁég Rdnber 50.
The silicon structure, in detail, is a silicon structure as shown in FIG
6, wher ei gilidsy setahicngblaad the evating mbphwberddtaihetsilison Gtraetnres dh deteduture i s
in a state whereby it has a silicon beamor mass structure A

Al ternati \ghyn strh@ul dsi hOWnSh FUG! 6r@hdréin @rys biching has bedictanietad ashawn i n
FIG 12, wherein
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 m 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 nto 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
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dry etching has been conpleted and an etching hole 218 thereof is in an as
yet unsealed state. The configuration within the coating chanber i
approximately the same as the configuration within the etching rbhdh 3%4
chanber 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

I I d d d th ' ) f
ace of t HAMGTHe AUV OHLCE Bt 0 0 B8t CM P e el iy 3 SaRp PeRien " Re®

thirteenth valve 62 is opened, the organosilicic conmpound within the
or ganosi | ¢@tmg. conpound vessel 60 is volatilized and is introduced into the
coating chanber 50, and 20 the surface face of the structure cones into

contact with the organosili.cic conpound as y . this n t yrface
face of tﬂém§§Pﬁé@hWémE6ﬁ§§mﬁﬁP6“%£HF§8¥ ?ﬁmg %%dmggggaéﬁﬁgﬁ%ﬁan of
wat er vapor and organosilicic conmpound. As a result, a condensation
reaction pestmsnteatomsene sddohly dr iapghesg LoidpOpendPaien Bublicatien §8JpAbI 1t he
organosilicic 43 12 JAN 2004 compound, thereby coating the surface face of
the styucbgygdgwith a water-repellent coating Details of the water-repellent
coating process descri bed above, and devel oped by the present inventors,
are set forth in Japanese Laid Qpen Paten Publication TOKKAJ 11- 5 288929.
The st r uctrh¢ ero@or @etudadiningievice @ offe bendsastmiimentindieesffectsaet fid ef f ect s
set forth in the description of the structure manufacturing device of the

first emp %@%@Em il ﬁoknae B ﬁﬂnm&ﬁﬁwd@uﬁée%tthyﬁisyeﬁbeamhts ahdn

sti cking enomen rom occurring whil | con structure is being

used. Avvaé [-r eIIe |¢mcanb coted onto J0:kage of the
silicon s?‘ﬁﬂ?% r%peﬁﬁgWEyéggﬁpmtg? é%W%PW%ﬁEﬁ %?@néggéﬁFceh E% this
means, the silicon structure becones nore water repellent nse entIy,
thi s preveliegn structure is being used. A water-repellent film can be coated onto the surface
10 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.

20 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, fust and second
connecting members 75 and 76, first and second opening and closing means 98 and 99,

a silicon structure conveying means 96, etc.
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the problemof liquid adhering to the structure and the surface tension

t hereof causing the sticking phenomenon to occur even if the structUug e AN00
being utilized in, for exanple, surroundings in which dew condensati on
readily occurs. As a result, a reduced nunber 15 of defective articles
beconme apparent during use. (TH RD EMBODI MENT) FIG 15 shows a

configuration of a device for manufacturi n? a silicon,st ucmre otfhea third
enbodi menThe s cianpeqlinasIemer gBh e THIEFY BHiEtchalg T5a 6w hRERET Lhedl the s
identical wth the first and second enbodi nent. 20 The structure

manuf act upjepsratyiciembdr A0hi@ d M evibotl wpatt thagbet Weercisrisalajed Foiohal

el enents of the structure manufacturing device of the second enbodi nent,

and in  agdiilon WRE'El Bl G REGHe dRLnith R QrREADAEAhHaGARERAI/ G0 T Tt

and secon onnecti ng nmenbers , first and 'second ‘openi ng and
closing neans 98 and 99, a_silicon structure conveyi means ic. 44 1
2 JAN 200%itiHecoatngchamhiierd iy D}?B%'e‘f’hef%byc%’ﬁﬁ%@}ﬁééﬁeﬁgee&t‘% ﬁf’ﬁge%r%gilu on
chanber 10 with the preparatory chanber 70 in a nanner whereby space

t her ebet Bt side 30l ated fromthe outside air. The second connecting
menber 76 connects the preparatory chanmber 70 wth a coating chanber 50 in
a manner whereby space therebetween is isolated from 5 the outsi&g air.
The first Thpdnitrpening aaf 6lrmg mMeaan S8 9Bcapable HEANIENBE thadrachPHYCEhE s pace
between the etching reaction chanber 10 and the preparatory chanber 70

bet ween astchpgnreadtivinechagiber &0 ahdsled pepamry Thamiye cdhbetypeimgrehéiakél osi ng
nmeans 99 is capable of switching the space between the preparatory chanber

70 and the, £0ah)R8 sChAMRR seeChdEiMERNmMTIosky ABAR X Ricepandopswiladigd st at e.

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.
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The silicon structure conveying neans 96 is capable of conveying a silicon
structure between the etching reaction chanber 10 and the preparatory? JAN 2004
chanber 70, and between the preparatory chanber 70 and the coating chanber
50. A fourth pressure neter 71 is connected with the preparatory chanber

"70. Athird 15 vacuummneter 72 is connected with the preparatory chanber

70 via a seye ' j - I d Poth
roovas d%\%é’tt ﬂ{eﬁﬁﬁ&&mﬁ’ MVe47 Yé%e'g%gﬂrd ﬁggﬁbﬂﬂﬁolﬁémﬁ PhnfEADEId P Eothis

€ preparatory via an eighteenth valve 74. The
preparatory chanber 70 is connected with a turpo-yl.ecul ar p 40 via a
ni net eent RUMAIN TEE aTRELH B BPWPGW&WQ’E’?EGWﬁﬁﬁ@é@f@g%\%ﬁ%%ﬁ dry
punp 42 via 20 a twentieth valve 48. After the structure manufacturing

devi ce of pieperadryrchagibodd remwonitasedpsyr fher fvedhtivessuxcametendti end Wisn tthe
structure manufacturing device of the first enbodinent, the follow ng

pr Ocessesgfae{sgri%t%%ﬁgsrﬁ?g is Hoaided AANIZPRAufukfust cohSiny Neiess movad viee 47 i's

opened an e bo- nol ecular punp 40 and a rotary punp 41 create a

vacuum wi thin the preparatory_chanber .70. The S Wi f hi -

pr epar &t oﬁlyc‘é‘hé%%ﬁ“re?@%i“ﬁ ﬁ)ﬁnfﬂrﬁbFBH‘eﬁg}ﬂﬁ ety oeﬁﬁi%ﬁ%eggeure Ieclmn tlteerIa alloﬂ and
when a prescribed pressure is attained the silicon_structure conveying
means 96 whamisert e t6 the Ipreparatetyr denber 78] SdgT thpresenited RES9Aets AYCHenber 75
fromthe etching reaction chanber 10 to the preparatory chanber 70. After

a prescri ReAcRRY iddeyihd Metd 9CMBvesThe Eilitdir @nooue @jingghereansd BGnmewonmess t he
silicon structure along the second connecting nenber 76, fromthe

pr epar at or. arher I AEGh 2TPEE RE- cobliRY chRMB&ESS Mher S
per f or med %@%@ﬁﬁyﬁpélgdgggcéﬁa@erg@%fﬂ%ﬁe struct ureconan%f acturing device of
10 the Se%?gc%ssemng)i%%eg%%cd( osfetﬁe tFJp%ideslc?’r}aéd for the structure manufacturing device of

10  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
20  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.

Tn the above embodiments, example descriptions were given of manufacturing methods

for the hollow silicon structure having the mass or beam A configuration shown
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The structure manufacturing device of the third enbodi nent has the effects

set forth in the description of the first and second enbodi nents. In-

addition thereto the following effect can be obtained. After dry etghiANg0Bé

of the silicon structure has been conpleted in the etching reaction

chanber 10, the silicon structure can be conveyed to the coating 15 chanber

50 without its comng into contact with the outside air hu%. reventing
AR

the siliEih 61 endfar thef hadlombeiingn sxrdpiEckrviRs:the pljaRRzgm {°%i on of
the preparatory chanber 70 allows the silicon structure to be transferred

easi |y betmReNntME. 98 ChbRever! 8R&d itarnghanbely ikstandht keuaors icappbishefnber  50.
The enbodi nents descri bed above nerely illustrate sone of the possibilities

of the 20 present invention and d trl . Rentsl ai ns.
The art sg"tlﬁﬁ B?QPH%aFW"f the SURG uweﬁ%@%b%‘i@%s&\yggiogﬂge I??%ﬁg?lgigorgau?i ‘ons and
nodi fications to the enbodi nents described above. In the above

enbodi menThe sigzammateridbpror¢sing dascadbedeyiceehr BRIVAFHNTEE SHFH,STHSt HEds f or
the hollow silicon structure having the mass or beam A configuration shown

in 46 4 2a0d\WNe2RRhffch$BingOmetand of Ok préenthinvdnoion siel suitable Strrthe manefa¢iyid ng t he
di aphragm B configuration shown in FIG 13. However, these structures

merely illystrat q%/t&e stsrﬁcgllﬂ%g Uh& ; %?ﬂﬁl@b}ite]e%t sif&nnandra bR cixitdeeth Byent he

st ruct ur e “hEndfaet ur' ng device o e present enbodi nents. The silicon
mat eri al processing device, the device for manufacturing a silicon

st ruct ur eMaBURSHT¢-he nanufacturing method of the present invention are
suitable for the manufacture of a variety of structures that include at

I t sili nd. si:l i ' [ ' i - imeng! ead of
the: xenon TN PragPIad of ERpsbh dokfla) PEEp pIPPRATUiCpRH LB ETS) ead ©

brorninetrifluoride (BrF3) gas may al so.be utilized.
brominetriﬂuorige (BrFs) fgas may a){soa\)e utilized.

10 Further, instead of the mixed gas of methyl alcohol (CH;OH) and hydrogen fluoride
(HF) utilized in the present embodiments, a mixed gas of water vapor (H,O) 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 HF, 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
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10 Further, instead of the m xed gas of nethyl alcohol (CH3OH) and hydrogen
fluoride (HF) utilized in the present enbodi nents, a m xed gas of waf €1AN 2004
vapor (H20) and hydrogen fluoride (HF) may al so be utilized. Further,
instead of utilizing nmethyl alcoho 1 and water vapor, a gas may instead be
utilized that forms HF2 when m xed with hydrogen fluoride (HF). 15 In
addition to the gases nentioned above, a ot her ma f. cour e
utilized aberebyagiameiheligyd thajbes FW&TCPHBX PRYH ’Egﬂgﬁ? Q’eﬁfy? ?%8’?%‘%?%?{2 .
Furthernore, the configuration of FIG 3, the purpose of which is, for
exanpl e, t3 asprewensf bwidaylp. al cohol solution that has boiled up within the
nmet hyl al cohol vessel 31 from bl ocking the piping, can instead be enbodi ed
in the followi ng manners 20 (FI RST VARI ATION) As shown in FIG 16, a cord
heat er 86 (FELOIED MARIKEEON)o t he piping and the etching reaction chanber
10, this heating the piping and the etching reaction chanber 10 and 47 1 2

JAN 7004 thereby gasifying the liqupd that has..e red t.he pi pi fromthe
Tet hyl al CORBIONEER0 1. Becsaecutl £ g e T GCUEE B RHObR) A
shown in FIG 17, a reserve tank 87 may be provided between the nethyl

al cohols  Sveges Séland theafilr Bhetht intetlzd aBaholtteengnantirgly gasilecehwithiphagsade i rel y
gasified within the reserve tank 87, and then the gas being supplied to

the et chingny ?@,(%tnh(?ﬁbn(%h@@meiﬁ%)supﬁﬂ_dﬂ {BRnY/ABHAT rMioMshasttevn0i n FIG 18, a
reserve vessel 88 and a control valve 89 may be provided in front of the

met hyl al cohol vessel 31, additional nethyl alcohol being supplied thereto
to fromt hR@EHIBIEVARINEION) 88 in accordance with the volatilization rate of
the liquid within

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
10 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
20  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.
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t he nethyl al cohol vessel 31, the flowrate of the raw material fromthe
reserve vessel 88 being regulated by the control valve 89. (FOURTH

VARI ATION) As shown in FIG 19, the liquid within the nmethyl al cohol] v&B6&4
31 has a sponge or 15 fibers 90, or the like imersed therein, this
preventing the surface face of liquid fromboiling up and thus preventing
the liquid fromboiling up when the dry punp 42 perforns evacuation.
Furthernore, the technical elenments disclosed in the present specification
or figures_nmay be utilized separately or in all types of conjunctions and
are notIiGHﬁ%ﬁkE% the 20 conjunctions set forth in the clains.

Furthernore, the art disclosed in the present specification or figures may

be utilized to. si I taneousl rea lura of ainms or to realize
one of thelse}‘ 9?8"@%‘355’93& eﬂfﬂwg‘% df"lc'%\c?fé?/'im&'b'for processi ng
silicon naterlal the devi ce conpr|5|ng a first gas supply nenber, a

second gas, ﬁgpgg SUBTD BEmeal aEbl e’ B0 ehaitbaE ]hmésréca%oxp@rfafnﬁéf“ ng gas

et chi ng, a 86 ng nea gas gl ng neans,

wherein the first gas is capable of etching silicon, ecaond gas is
capabl & of OéPélFfPW% RS Lehing)d %@C%YFOC%HT’%]I"? MEARHBPE a&F'S g‘?éﬁf 51%7"?56 on,

the sel ective connecting neans connects the etching reaction chanber wth
sel ecti velwheré¢lh either the first gas supply nmenber or the second gas supply
nmenber, and the gas discharging neans di scharges the gas fromthe etching

reacti on chanber, wherein the gas discharging neans conprises a rapid
di schar gi nie Sesirgas isfapable pheiching silicon,

the second gas is capable of etching silicon oxide and barely capable of etching silicom,

the selective connecting means connects the etching reaction chamber with selectively

10 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,
wherein the gas discharging means comprises a rapid discharging means and a slow

discharging means.
2. A device for processing silicon material, the device comprising:

15  a first gas supply member, a second gas supply member, an etching reaction chamber
for performing gas etching, 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,

20  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
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di scharging neans. 2. A device for processing silicon material, the device
conprising: 15 a first gas supply nenber, a second gas supply nenber, 1enJAN 2004
etching reaction chanber for performng gas etching, a selective

connecting nmeans, and a gas- discharging neans, wherein the first gas is
capabl e of etching silicon oxide and barely capable of etching silicon
nitride, 20 the second gas is_capable of etchi s%hlcon ﬂg%cqﬁhﬁk capabl e

of et chi nihesgasi dsphaging i Means dispbargss dhg igos Hoph AR EIAPENER ct's the
etching reaction chanber with selectively either the first gas supply

menber or whbRis 8eofd dehagiuphganerdsriseandapid dighdhig2neanstand gHew
di schargi ng neans di scharges the gas fromthe etching reaction chanber,

wherein tae as._di E rgi ng means conprises a rapid discharging neans and a
slow dis ﬁ%‘%@%‘ﬂg“?‘?é %s. 3. A device for manufacturing a hollow silicon
structure froma silicon structure 5 having a first silicon material, a

second si bi CANGERLEFbRlnahdasBEnOR KdIwS kilisdn SirbdiGieniromt £1siiabn amdctaret hi r d
silicon material covering the second silicon naterial, the device

conprising: .a first gas supply nenber, .a second, .g I P [ o

et chi ny rgé‘(’}’ﬂﬁ én%héﬂ‘ﬁ‘éﬁ’ m%%ﬂa}{’p*érs?%oflﬂi %Coﬁarggtgg%lhfo%%]?&%% sté g?tgilb §fé@on '
connecting neans, and a gas discharging neans, 10 wherein th!ge)e first gas is
capabl e ofnateiabiand aathirdrsilicon rodtenid] coverdgnthesierondopllisan WateRpl the Y Cexposed,
the second gas is capable of etching the second silicon nmaterial and barely
capabl e otomprising:

a first gas supply member, a second gas supply member, an etching reaction chamber
for performing gas etching, a selective connecting means, and a gas discharging means,

10  wherein

the first gas is capable of causing a portion of the second silicon materijal to be

exposed,

the second gas is capable of etching the second silicon material and barely capable of

etching the first and third silicon material,

15  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,
wherein the gas discharging means comprises a rapid discharging means and a slow

discharging means.
20 4. A device for processing silicon material, the device comprising:

a first gas supply member, a second gas supply member, an etching reaction chamber
for performing gas etching, a selective connecting means, a gas discharging means, 2

vessel for storing organosilicic compound, a vessel for storing water, 3 gas
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etching the first and third silicon material, 15 the selective connecting
means connects the etching reaction chanber with selectively either tfﬁ
first gas supply nenber or the second gas supply nenber, and the gas1 AN 2004
di schargi ng neans di scharges the gas fromthe etching reaction chanber,
wherein the gas discharging nmeans conprises a rapid discharging nmeans and a
sl ow discharging neans. 20 4_ A device for_ processing siJicogcggterial,

t he devi ceransiopningimegns,a ddarisg chpasbes, AgsinpetidaRIMbeR WQNSAAR G4 P8l y
menber, an etching reaction chanber for performng gas etching, a

sel ec“Ven?é%l%ea%ia@ﬁicﬁﬁ@@@otu@cﬁﬂﬁeﬂg&ﬁéﬂé,@m@eman& a vessel for storing
organosi |l icic ‘conpound, a vessel for storing water, a gas 50 12 JAN 2004

transform ng nmeans, a coating chanber, a connecting nenber, an opening and
closing nEafst g&e cépablel dfemhirgtsilicohur e conveyi ng nmeans, wherein the first
gas is capable of etching silicon, the second gas is capable of etching
silicon oxide and barely capable of etching silicon, 5 the selegtive
connect i ngheremnad gasis eapiabletdfetabingtsiliogn paide and harglysapble o SLHIRESIUCOD; vel y
either the first gas supply nmenber or the second gas supply nenber, the gas

di schargi ng neans di scharges the gas from.the etchi eacti : er, the
gas t rénsﬂg¢ ﬁ?lPFéWFréQW??CW%H?P’&ﬁ"rPémF‘ﬁ%”l‘}reé%{w&ﬁamqrb&%g'hﬁ'oﬁ%%@mﬂ@ﬂ?ﬁpt he
vessel for storing organosilicic conmpound and water within the vessel for
storing waditger thetfiest gdOsupaly, mérheer oo dltd sagorshgasisepply Rembtluces t he gas

transforned by the gas transform ng nmeans, the connecting nenber connects

the etching reaction chanber with the coati nl%he hanbert.i .2 gnner that a
space bet iBegat diecharsing mepne Sischarges Bk BFHIEP M APRCIFHEE Feaction ,

the gas transforming means transforms the organosilicic compound within the vessel
for storing organosilicic compound and water within the vessel for storing water into

10 gas,
the coating chamber introduces the gas transformed by the gas transforming means,

the connecting member connects the etching reaction chamber with the coating
chamber in a manner that a space between the etching reaction chamber and the

coating chamber is isolated from the outside,

15  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. -
20 5. A device for processing silicon material, the device comprising:

a first gas supply member, a second gas supply member, an etching reaction chamber

for performing gas etching, a selective connecting means, a 2as discharging means, a
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coating chanber is isolated fromthe outside, 5 the opening and cl osing

nmeans i s capable of switching a connection between the etching reactquAszM
chanber and the coating chanber between an open state and a closed stat

and the silicon structure conveying neans i s capable of conveying the

silicon structure between the etching reaction chanber and the coating

chanber . 2\%5?&] f%rdﬁtohﬁg Bmanfgﬂ%?ceﬁ@h&%uﬁal ' CQQS PRUS! 'si%nqu%té}evd %%s

conprising:"a fi 'sécond gas

et chi ng reactlon chanber for perfornlng gas etching, a selective connectlng
means, a ga@smmmgamga Aeaiing, chamber, 3 2oDNRKIDD TRMPEL $8|0PEHAL §F‘$Fﬁ0ﬁ§g
organosilicic conpound, a vessel for storing water, a gas transformng

neans, a GaadnsNghdandR strudruedEdifeing theBTM@Esein openi ng and cl osi ng
means, and a silicon structure conveyi ng neans, wherein the first gas is

capable of etching silicon oxide and barely capable of etching silicon 5
nitride, tthe fssicgrds gapbiesotetphibg eiliobn etidaiang irtly copabdndf bahsgsilicapabl e of
etching silicon nitride, the selective connecting neans connects the
et chi ng reggldeon chanber with selectively either the first gas supply
menber or the Second gas supply nmember, the gas dischargi ng neans
di scharges the gas fromthe etching react i on chanber, 10 the gas
t r ansf or mithg semad gat isanpdbde obetthing aligarositarely capabl&rmdurcdiing/isﬂiabn nithde, vessel
for storing organosilicic conpound and water within the vessel for storing
water into_ gas, .the coating chanber introduces the gas transf rned by the
gas transf@pﬁﬁh@lwgwmﬁéﬂ%ﬁﬁwmg ¢retvhisg re%ﬁeégém‘?%wé} ?%@eweact. on
chanber with the coating

either the first gas supply member or the second gas supply member,

the gas discharging means discharges the gas from the etching reaction chamber,

10  the gas transforming means transforms the organosilicic compound within the vessel
for storing organosilicic compound and water within the vessel for storing water into

gas,
the coating chamber introduces the gas transformed by the gas transforming means,

the connecting member connects the etching reaction chamber with the coating
15 chamber in a manner that a space between the etching reaction chamber and 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

20  the silicon structure conveying means is capable of conveying the silicon structure

between the etching reaction chamber and the coating chamber.

6. A device for manufacturing a hollow silicon structure from a silicon structure

having a first silicon material, a second silicon material formed on the fust silicon
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15 chanber in a manner that a space between the etching reaction chanber
and the coating chanber is isolated fromthe outside, the opening and JAN 2004
closing neans is capable of switching a connection between the etching
reacti on chanber and the coating chanber between an open state and a cl osed
state, and 20 the silicon structure conveying neans is capable of conveying
the silicon structure. between th chi 8 i hastbes coating
chanber. &3514,aY) 3et%fr8r£]}?ﬁﬂd?%{%rt’agrcsﬁe&mémﬁgls go&vtdm ioglon st r]’ug?gdregia?r om a
silicon structure having a first silicon material, a second silicon

mat eri al ftompadngn the first silicon 52 12 JAN 2004 material and a third
silicon material covering the second silicon material, the device
conprising: a first gas supply mepber, a second gas, supply... an

et chi ng r @dusl g5 SRR IREMDEr.GF S§5aP 6?%%@13'9‘3%“’%%%‘? ﬁtéf‘mg r%eﬁ‘lggﬁﬂ%b“
connecting neans, a gas discharging nmeans, a 5 vessel for storing

or ganosi | ifei perfenieug etching essiectifocomieamgmeanat ®as iSgUEging MEARS 8r ni ng
means, a coating chanber, a connecting nenber, an openi ng and cl osing

means, sand,.a.sigi GO rdfg&ﬂé%ﬁcﬁo@dﬁﬁp(dd?ﬂ, R aREse] WOET stbiing Reatd,r stgagas i s
capabl e of causing a portton of the second silicon material to be exposed,

10 the second gas is capable of etching the. | efidsfb and
barel y caﬁ’élﬁ‘f%g'ﬂ]i"g TREAR 2 2 e CHATRRET aa(%)dm %ﬁi}“gg’ﬁ%{‘]ﬁ%ﬁ?&éﬁ%&?@;@g o Ee
sel ective connecting nmeans connects the etching reaction chanber wth
sel ect i velmeangianf @rsiliche strpqtete cgaveYEppaps,HEP or the second gas supply

menber, and the gas di scharging neans di scharges the gas fromthe etching

reaction %Eg r%&rgas is capable of causing a portion of the second silicon material to be

exposed,

10 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,

15  the gas transforming means transforms the organosilicic compound within the vessel
for storing organosilicic compound and water within the vessel for storing water into

gas,
the coating chamber introduces the gas transformed by the gas transforrming means,

the connecting member connects the etching reaction chamber with the coating
20  chamber in a manner that a space between the etching reaction chamber and the

coating chamber is isolated from the outside,
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15 the gas transform ng neans transforns the organosilicic conpound wthin
the vessel for storing organosilicic conpound and water within the VP?§§W2m4
for storing water into gas, the coating chanber introduces the gas
transforned by the gas transform ng nmeans, the connecting nenber connects

t he etching reaction chanber with the coating 20 chanmber in a manner that

a space between the etching reaction chanber and the coating chaqﬁgr IS

i sol at ed fthompehieg caniseldsipg 58eapg iy Appablroaf SWiclipe @i pRIIEHETC PENEAY eans i s
capable of switching a connection between the etching reaction chanber and

the coati ch&{%f@gaﬁonbﬁia%@f‘ aRNthHe R R ikt @ambainkkrde] A5Egkn stitatand aaided he
C

silicon stru re conveyl ng neans i s capable of conveying the silicon

structure 5 between the etching reaction chanber and the coating chanber.
7. A devi c¥&@et forth in aim4, 5 or 6, the device further conprising
a preparatory chanber, wherein the connecting nenber connects the etching

reaction C‘F%gﬁﬁé n \é&'ory%}uw%oﬁ\geﬁ@grﬁgé}ﬁyis & o C@mﬁgﬁnﬂg%&(hhgnﬂf@@ar atory

chanber wi ing C r'irn a mahner 10 that the spaces between
t he chanbers are isolated fromthe ou‘i ide air, the opening and cl osing
means i5s dpatandhe plehiRRIeanteg charpk g E%Fcﬁ?aﬁ’é& Wk he et ching reaction
chanber and the preparatory chanber, and a connection between the

pr epar at or hanber and the iyn . . 0 aberand a
cl osed styat’g,d%‘o’lﬁﬁa? %et?ﬂ%ﬁéq ¢g§%4, 3 fﬁﬁg?gv’ggﬁkﬁf%ﬁﬁéa% Pg%bcapa le of
conveying the silicon structure between the etching reaction chanber and
t he prepardeobgr, dgider, and bet ween the

the connecting member connects the etching reaction chamber with the preparatory
chamber and connects the preparatory chamber with the coating chamber in a manner

10 that the spaces between the chambers are isolated from the outside air,

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

15  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.
8. A method for manufacturing a silicon structure comprising:
a step of forming a second silicon material on a first silicon material,
20  a step of forming a third silicon materjal so as to cover the second silicon material,

a step of forming aluminum material on a surface of a silicon structure being prepared

by the above steps,
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preparatory chanber and the coating chanber. 8. A nethod for manufacturing

a silicon structure conprising: a step of forming a second silicon niileliNal00é
on a first silicon material, 20 a step of formng a third silicon materi al
so as to cover the second silicon material, a step of form ng al um num
material on a surface of a silicon structure being prepared by the above
steps, 54 12 JAN 2004 a step of housing the silicon structure having the

al uni num retter PAhoestgothedslicont syaicluse haype ther Hlamaupy agieriat ¢XRoseR B B ng
prepared by the above steps, within an etching reaction chanber, a step of

suppl yi ng s@rfhdel She Gfigon Rir@cthREbERE Mirdj@radene theombavhantysy within koetdhing gas
etching 5 so that alumnummaterial is barely etched and a portion of the

second sili Cﬁn r’rﬁtetréé al is exposed, a step of discharging the first gas
fromthe SFEHPAG'TEY¥Eti on chamber, and a step of supplying a second gas,
t he second gas being capabl e of etching the second silicon material and

bei bar gl ifof j st i bt | teedhi 10
S, U AP S e O st o i

0 as etching the second silicon material. 9. A
met hod for nmanufacturin

a.silJicon structure co i.sing: 4 an: .. § orm ng
a second §PI‘P%§@A“TH’HP’§'HP§F”%AS Jéar{e]iyreé egiapé egﬂrt%%tbéaf%}“%gd %glg%ﬁg}af%lg{ ning a
third silicon material so as to cover the second silicon material, a step
of housi ngs expeistd,con structure being prepared by the above steps within an
15 etching reaction chanber, a step of supplying a first gas into the

oL 10, SR SRl L LoeaLL 92805 S0 afablha portion of e

a siep of supplying a second gas, the second gas being capable of etching the second
silicon material and being barely capable of etching the first and third silicon materials

10  and aluminum material, for gas etching the second silicon material.
9. A method for manufacturing a silicon structure comprising:
a step of forming a second silicon material on a first silicon material,
a step of forming a third silicon material 50 as to cover the second silicon material,

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 into the etching reaction chamber for locally gas etching

so that a portion of the second silicon material is exposed,
" astep of discharging the first gas from the etching reaction chamber,

a step of supplying a second gas, the second gas being capable of etching the second
20 silicon material and being barely capable of etching the first and third silicon materials,

for gas etching the second silicon material, and
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a step of discharging the first gas fromthe etching reaction chanber1ZHAN2m4
step of supplying a second gas, the second gas being capable of etching th
second 20 silicon material and being barely capable of etching the first

and third silicon materials, for gas etching the second silicon material,

and 55 12 JAN 2004 a step of exposing the silicon structure being prepared

by the above steps to a m xed gas of water vapor and organosilicic

conpound. 56tep of exposing the silicon structure being prepared by the above steps Lo & mixed

gas of water vapor and organosilicic compound.
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