; e3ex63Tx#) Device for manufacturing a silicon structure, and manufacturi ng
nmet hod thereof 5 FIELD OF THE | NVENTI ON The present invention r
processing technique for silicon material and a manufact N\MBQMW for
a silicon structure. The silicon nmaterial of the present nis
nonocrystal silicon, polycrystal silicon, silicon oxide, sr | ie®R9 i tride,
etc. The silicon structure is a SHR(IFICATIONrein silicon nEP®Fial is
i ncorporated during 10 or after manufacture. Materials t han t he
silicon material may al so be incorporated in the sili ijmwﬂ wmm
BACKGROUND OF THE | NVENTI ON A variety of processing te silicon
mat eri al have been devel oped as a variety 15 of techniques for
manuf act ur D@Gtcé n%ttfteﬁﬁag% SHRYE s&%{@facm méﬁhﬁ?]dt!ﬁﬁnx{ag héthb@thepdort hese
silicon materi a rocessi ng techni ques | ows t nuf acture not only of
sem conductors such as MOS (Metal Oxi de Sem conductors) etc., but also of a
variety of silicon structures that function as sensors, act uators, etc. At
present, it is possible to performdetail ed processing of silicon nmateri al
wi th di nensions neasured in ,umor |ess, 20 these detail ed processing
t echni quesFIBEL OSRHRINVENFIOMni ques) al | owing the nanufacture of a
m crostructure to the order of Vim (FIRST BACKGROUND TO THE IN\/EI\FI'I ON) 1
Descri bed t e to EIGS t 2 | n
manat act ur g PREENO Ve By f & poceineRefiale” souil Rakriod 8.
wher eby a srlrcon structure havr a hol | ow space 320 gehown in FIG 22) i's
manuf act ur Banufaeipeng techpigpe oy ﬁéﬂllfPB astuze- bE‘éFrr’F'B?Ol’rrH@ rial gk thenBiest above
the hol |l ow space 320. 5 First, as shown in FIG 20, a silicon oxide |ayer
308 i s f or seedifiebtiongisampnasystil sdtony pelyalystaksiican, Isilicom oxides silietre nidiide, Next ,
a silicon layer 312 is fornmed so as to cover the silicon oxide |ayer 308.
TBG si | I coprcSThélSilictrestRlROMNE id & stnldure A0heréiR sRicHE thardrial shcRpoaRIdwi@gcr i bed
above, is

10  or after manufacture. Materials other than the silicon material may also be incorporated

in the silicon structure.

BACKGROUND OF THE INVENTION

A variety of processing techniques for silicon material have been developed as a variety
15  of techniques for manufacturing semiconductors have advanced. The utilization of
these silicon material processing techniques allows the manufacture not only of
semiconductors such as MOS (Metal Oxide Semiconductors) etc., but also of a variety
of silicon structures that function as sensors, actuators, etc. At present, it is possible to
perform detailed processing of silicon material with dimensions measured in um or less,
20 these detailed processing techniques (micromachining techniques) allowing the

manufacture of a microstructure to the order of pm.

(FIRST BACKGROUND TO THE INVENTION)

1



housed wi thin an etching reaction chanber of a dry etching device. This
device to supplies gas that etches the silicon into the etching reaction
chanber, locally dry etching the silicon layer 312, as shown in FIG 21. By
this nmeans, an etching hole 318 is forned that extends to the silicon oxide
| ayer 308. As a result, a portion of the silicon oxide |ayer 308 is
exposed. TRescsib¢d moxtewih raferance te HAWS. i20 @ & 2 Bp eMagpl of nasulctwhingg hol e
318 has been 15 forned, is now housed within an etching vessel of a wet

et chi ng devhed wiliging S ilid0R HERrikNprot&LmPttechhijue, ahefedita RN difictgxanpl e,
be a diluted solution of hydrofluoric acid (dilute HF). Hydrogen fluoride

sol ution i i t. e il - t, as
Shown i n FrEaERoNsE kP S8 Tngiin 10T §nflififclined VAl pfiferhEat
etching. The silicon oxide |agyer 308 i | ayer ose purpose is to 20
finally behds @&rgﬁasaé%x&f@%&ﬁ!?e&e@ﬁiwﬁ%‘rﬂ% eé\gﬁce 320. This layer is
usually ternmed the “sacrificial layer'. By this nmeans, a hollow silicon

structure payi &%h%%iiﬁ'gidé%,%%&%n%ﬁﬁeil e%ﬁ@ﬁ@ﬁhﬂé@%gg%*ﬁ:p[?esl%giﬁéﬁkﬁn‘féﬁe may.

for exanpl'e, be utl as’an acceleration sensor. Ized as
an acceleragtion sensor, a ion A of the siljcon_ layer 312 is used as a
beam 5 oRboa st hses S0 aNexcr iedm e b BubsiEse a8 12 pYE Dinen
acceleration occurs in a direction perpendicular to a substrate face of the

si | i con sutikconaixidedayer 308e mass A noves in a direction perpendicular to the
substrate face. The novenent of the mass A is sensed by neans of sensing a

change in e electrostatjc ca Lty, between .el ectrodes,5 (,nqt . shown), this
' owt ng ¢ hE° st SRR thowa R R 4 SR BE PSRRI H .

t he beam A bends when accel eration occurs in the direction perpendicular to
t he subst rbaused Jrithinfan; efehigg |reacsionsehssberiof By etghing HeviesenHhin glevice t he
beam A i s sensed by neans of sensing a change in piezoresistance (not
shown) 10 t héupplied gué rigat techemaheIsitica igro thbadtcHing reaveion rehdmber, Becalig nised.
Further, it is also possible to 10 sense acceleration occurring in a
direction gahiah il sif@nlifRr S¥P S RE® ifFRG.Of1. BYRhR rhdah® hinSiéilg Ri1E 3382-

is formed that extends to the silicon oxide layer 308. As a result, a portion of the

silicon oxide layer 308 is exposed.

The silicone structure shown in FIG. 21, wherein the etching hole 318 has been
15 formed, is now housed within an etching vessel of a wet etching device, and is
immersed in etchant. This etchant may, for example, be a diluted solution of
hydrofluoric acid (dilute HF). Hydrogen fluoride solution etches silicon oxide, but
barely etches silicon. As a result, as shown in FIG. 22, the silicon oxide layer 308 is
removed by the wet etching. The silicon oxide layer 308 is a layer whose purpose is to
20 finally be removed so as to produce the hollow space 320. This layer is usually termed
the ‘sacrificial layer’. By this means, a hollow silicon structure having the hollow space

320 is manufactured.

This structure may, for example, be utilized as an acceleration sensor. When it is

utilized as an acceleration sensor, a portion A of the silicon layer 312 is used as a beam

2



( SECOND BACKGROUND TO THE | NVENTI ON) Descri bed next wth reference to FIGS.
23 to 26 is another exanple of manufacturing nmethod utilizing a silicon

mat eri al processing technique, whereby a silicon structure 15 having a

hol | ow space 420 (shown in FIG 26) is manufactured. This silicon structure
has a di aphragm B | ocated above the hollow space 420. First, as shown in

FI G 23, iorpmasstthassmeyes whenragerleradon eecars. yor gxample, nﬁhmaoyglmnos iocewsn
substrate 402, formng a | ower electrode 404. Nitriding is perforned on a

surface f age difectibe pérpbndi@ilarat A ubdiate $02 of {Hersilicof sabstrae3025 ihe @R A t1i de
| ayer 410. A polycrystal 20 silicon | ayer 408 is forned along a prescri bed

area ‘abovet ,J,gweféarl f;&'ﬁ%gimuﬁaﬁ"t el @¥iact e Jr;abaymanegfrg%ggébeerrrm#sl €

pol ycrysta’in st con & sactity ¢ial

silicon nitride er 4 is forped so_as to cover the stal,silicon
ayer 408 SASEHPEENLEseBes A ohnEe T BE s tapeYe nE Bk RO | con
nitride |ayer 412 along a prescribed area thereof. The upper el ectrode 406
is forrfed (nobnshewmy.cithist alloveng i enaccglergion thae hask eccymedigpebe ssensnd
silicon nitride layer 414 is forned so as to cover the upper el ectrode 406.

Et chi ng i sApemhtvetied tien Behi@ UPPBEndSi Iwhe®nadtekeratide bastes sind kRe adicecfidd at a
portion thereof not having the upper electrode 406 |ocated thereon, this

form ng anyghaicieioh: s‘hi)ﬁ{ﬁtg"ﬁce@ftt gﬁco%%uﬁﬁﬁx{té’?d)?’%ﬁlﬁ%ﬂ@{) gr&ﬂgg' ayer

408. By thi s  neans 1 on of e polycrys I con

exposed a result he ex n of. the cryst al 5|I gn Iayer
2051 ox BagL 5 PER Y R0 SETG SEER P RREACS Bl apouRl e
silicone structure obtained via the process described above is introduced
into an etdlowieg theaseglergtiomthat hascensuised Hebgeansed. divrther, diely jalse possibleita
imrersed in etchant. This 1o etchant is the previously-nmentioned diluted
sol uti on ofenky acelelationi cwcating if di diteteortparalledno thesdbsieate fhyedoOgersilicbnor i de
solution etches silicon oxide, but barely etches silicon nitride. As a
result, asggiemespn FIG 24, the natural oxide film419 is renoved by the
wet etching. Next, the silicone structure which has had the natural oxide
film419 renoved i s housed within an etching reaction chanber of a silicon
dry et chi n(fEEONDEBACKGROUND TO THE INVENTION)

Described next with reference to FIGS. 23 to 26 is another example of manufacturing
method utilizing a silicon material processing technique, whereby a silicon structure
15 having a hollow space 420 (shown in FIG. 26) is manufactured. This silicon structure

has a diaphragm B located above the hollow space 420.

First, as shown in FIG. 23, impurities are introduced locally into a monocrystal silicon
substrate 402, forming a lower electrode 404. Nitriding is performed on a surface face
of the silicon substrate 402, forming a lower silicon nitride layer 410. A polycrystal
20  silicon layer 408 is formed along a prescribed area above the lower silicon nitride layer
410. In this example, the polycrystal silicon layer 408 is the sacrificial layer. An upper
first silicon nitride layer 412 is formed so as to cover the polycrystal silicon layer 408.
An upper electrode 406 is formed above the upper first silicon nitride layer 412 along a

prescribed area thereof. The upper electrode 406 is formed from polycrystal silicon, or



15 In this device, a gas that etches silicon but barely etches silicon
nitride is supplied into the etching reaction chanber, and dry etching is
performed on the polycrystal silicon |ayer 408 that conprises the
sacrificial layer. By this neans, the hollow space 420 is fornmed. Then, as
shown in FIG 25, contact holes 422a and 422b are fornmed on the upper 20

el ect r ode Wodikendn ppeer|seopnd sdicenmitside layoud e pioamed, &9 9s toneswer thenuppetini num

| ayer 416 that will serve as a wiring layer is forned over a surface face
of the siléleroge 406 UEtching is peitformedisn sHeawpper silidoin@itrid6 Jlaypatdtierand 4@4 asa
performed on the alum num |l ayer 416, formng a wiring |layer 416a that nakes

oL D B e e ' g

contact wi ower ctrode 404. ing 4 ’layer 4724 is
fornmed, seal.j.ng.the hing hole 418. By this.neans, haol I ow silicon
structure ?‘fﬁk‘)?g 5‘0{2’%&;&14 8%63 até)eﬁ'fzwl?'%yﬁanﬂll‘cg&alweéd@ ST%Y st%s?t’P'fPélPu? e
functions as a pressure sensor. Wth this structure, a prescribed portion B
of t he uppeartien pf thepolyceystal silicap/layes 4983s expesesl. 454 regb thperposed pUtipbde 406,
and the sealing |ayer 424, functions as a diaphragm The hol | ow space 420

i s a her nmesf thalgoyycswedl ailicspdayer #0dd bridizad, fasmingpsr estaral exidef filme@ideos hanber .
Wth this structure, the diaphragm B bends in response to the difference
bet ween t hgyjigfsapence pressure and pressure exerted on the di aphragm B.
When t he di aphragm B bends, the di stance between the upper el ectrode 406
and the |l ower 1o el ectrode 404 changes. Wen the di stance between the two
el ect r odesTHOdiliaom st@btucdabgimsd vidhehegireatss detcaibed atmapds iityodoe¢drmen ah hese
two el ectrodes 404 and 406 changes. The magnitude of pressure exerted on

the di aphr agrhBveREl d¥ea ﬁﬁé&ﬁ&i@w@ﬁ&%ﬁ% delige, ARAriC AnRbrsed aDeehdnd, THE
el ectrostatic capacity. 15 SUMVARY OF E I NVENTION I n both of the

oK Al RO e PR BIRE e 9t o

processes nmust be perfornmed: the etchi nghg fluid applied to the siljcone
structure futhe ke ﬁé@‘ﬁ’éﬁ“ fluoride solution etches silicon oxide, but barely etches silicon

nitride. As a result, as shown in FIG. 24, the natural oxide film 419 is removed by the
wet etching. Next, the silicone structure which has had the natural oxide film 419
removed is housed within an etching reaction chamber of a silicon dry etching device.
15 In this device, a gas that etches silicon but barely etches silicon nitride is supplied into
the etching reaction chamber, and dry etching is performed on the polycrystal silicon
layer 408 that comprises the sacrificial layer. By this means, the hollow space 420 is

formed.

Then, as shown in FIG. 25, contact holes 422a and 422b are formed on the upper
20 electrode 406 and the lower electrode 404 respectively. Next, an aluminum layer 416
that will serve as a wiring layer is formed over a surface face of the silicone structure.
Then, as shown in FIG. 26, patterning is performed on the aluminum layer 416,
forming a wiring layer 416a that makes contact with the upper electrode 406 and a

wiring layer 416b that makes contact with the lower electrode 404. Then a sealing



away, and then the silicone structure nust be dried. Consequently, the
manuf acturing 20 process for the structure becones conplicated. Further,
when wet etching is perforned, there is a danger of an occurrence of the so
cal l ed sticking phenonmenon. That is, during the washing and drying
processes that follow the wet etching, the surface tension of the liquid
causes t hdayey®Msissformed)ndaling theectbltihg dwlespHt Bythit meang|d bolley silicomre to
adhere to one another. If the sticking 5 phenonenon occurs, the structure
essenti al | ¥ruchiré hadiflg EMRALoWN spiSe 320 ¥ ARhufa@GfcdaTals, st@tre TliRtiohsSas 4 he
sticki ng phenonenon creates defective articles, causing a drop in yield. To
use the fi round to the invention as an exanple, if the silicon

| ayer 312 @%%ngﬁhgyions as the mass or beam A adheres to the silicon
substrate 302 in the structure 5 shown in FIG 22, the degree to which the

mass A NDV@WithQhis tshactil g agfedctib¥d béitioh B ob ERMppPeP Silicth hifrideStapRna€2 afd
acceleration is considerably reduced. As a result, the structure

tial | y4f ail [ ! i t d
backar dund! 1o A PPEEgeRitel 08, A%t B0 REFIHELH L RuRGBACES Aol o "eCO"
nitride | r 412 that functions.as th diagﬁra m B (shown in F| G 26)

adher es t% ¥ SRECE Sk ris & harmgtically spaled spagy dHnAOGINg: 45e? PEFHE TEITSRAT ch t he

di aphragm B bends in response to pressure is considerably reduced. As a
resul t, t hehagbencWitheghissstenaturg| thg diaphragn & bendstin oasposse tg thss diffeeensensor .
Sensors, actuators, and the like require a high degree of sensitivity and

accuracy. bdtwedrdgie referdndt fprdskurt RRE réseare dxeftEM b thd Gﬁﬁhﬁ@ﬂﬁBCWﬂeﬁ th® reduce
the rigidity of the structure 15 and to miniaturize the size of the

structur e-?ik@g@égﬁs l:kH&%,!thg‘%ﬂﬂtmg%e%eénhﬁgsﬁﬁp&}‘i t&@f%@%ﬁf‘t&%‘%ﬁ ng as

aresult o tching i ncreases when t ri Ity the structure is
reduced or .t he si f the,strugtute is mniaturized, Conse nt t he
narber ttor clestindE € anaes 20 {Bhdisaned ooeeR i 96 ereqtipdey S A o
increased in recent years. 20 In other words, if the production of

def ecti ve ¢hanges e dlestrogiatiecapagit et weerhdess tweceleateodas 404 pad A9 ehangesi. d and

| arger in size. As a result, structures that function as highly
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 layers surrounding

the hollow space of the hollow structure to adhere to one another. If the sticking

5



sensitive or highly accurate sensors, actuators, etc. cannot be realized.
Further, in the manufacturing process of the second background to the
invention, the alum num | ayer 416 enters the holl ow space 420 via the
etching hole 418 when the 6 alumnumlayer 416 is forned (see FIG 25).
As a result, as shown in FIG 26, a portion 416c of the alum numthat has
ent ered t hgheapmenfingiecursothelsiruetarasseentially fails pufunetion asg seasnd, 2aiyater Gtd. n

wi thin the holl ow space 420. Al um num 416c remai ning within the holl ow
space 420 Thdt s, tivt stickiag havionienbh erdar defectivaf artitles, dhdiry 2@p I WeRN 5
pressure is exerted on this diaphragmB. That is, a structure is

manuf actured that essentially fails to function as a pressure sensor, and a
def ecti ve B upecthe firss bp¢kgmm@>éo thir inyentigneas@h epamplecintlbosilicondayeodtdthat f t he
al umi num | ayer 416 can be formed before etching is perfornmed on the natural
oxi de fil nfufidtibnanad thidmass or eamh Aaidhéred €8 tHesslicon| stbstPatd 30HaEheedtructure

hydr ogen fluoride solution used to etch the natural oxide film419 10 al so
et ches & he i \ r i to the
nvent i, TR TRk REURF aferbe |SmAG ks o' Mol raiy BReERE SRR
natural oxjide fi]lma419 and the siljcon layer .408 of FI 3 hav r eady
boen ot chebbany gy bEVET rEspanieaihe SselsEiom 8 EOREHIE edueEt K5 i BRT, dbtict u e
of the first background to the invention. Furthernore, it is inportant to
reduce t hesterchuk eysgntisy failsdo dunction aban gccglgratiog senser-t 5 nanuf acture of the
silicon structure, but also during use. Reducing the occurrence of the

sti cking enonenaon_dyr.i use, woul d nean that the likelihoo f.1he

211§ con st TR SR APESsssH pp Rkt e MER AR AT (s PRRT Bt SIEBye has
been a description of the problens oqcurring during wet etching, wherein
hydr ogen f itrisie; laper 442 that dwnctient as the dipphiepgi Beshows in Fico R6p adhees tpdbeount er
t hese 20 problens, a device capable of dry etching silicon oxide using

hydr ogen flower sileomeitridedsycagp@ahe degree teewbioh theediaphraghh® bendh im gpsponsel at ed
to this has been described in JP |laid open paten publications of TOKKAI HE
8-116070 a(bdgi’é@ﬁfé' iSEondd&081Y ZeditRIC VWA a D! (BX sBGEURN edsen@ll§Ofalle @i 1 ed

when using these devices since the silicone structure nust be transferred
bet ween anﬁx‘ﬁ&t%}{e{lgaﬂr@ﬁﬁfés%Hso?.ha”ber of a silicon dry

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 larger in size. As a result, structures that function as highly

sensitive or highly accurate sensors, actuators, etc. cannot be realized.

Further, in the manufacturing process of the second background to the invention, the

aluminum layer 416 enters the hollow space 420 via the etching hole 418 when the

6



7 etching device and an etching reaction chanber of a silicon oxide dry
etching device. This action renders the manufacturing process nore conpl ex.
Further, the silicone structure is exposed to the outside air while being
transferred. This may cause defective articles to be produced during the
manuf acture of the silicon structure, or 5 cause faulty articles to becone
appar ent daininmgnubger #i6 pafarimed| (aeg FIG. %)y Ast ahesud, ias shawh on F#G. 36, ahe
natural oxide filmformed on the surface face of the silicon and the

silicone S#)dxti@h W16c ioF thd QRintifiBN ThAT hia8 Cented Theréifi Aftight Yoeb& Méhdved! dTRr
exposure of the silicone structure to the outside air may result in another

nat ural oxj ] | f r-pg@ r c . L 1o In
this nanne#a?&fédlé’kr?engm |f:e(51%l an h W&Q‘W?@o%&%iﬁ%@ §lru é}fng{ngﬁégé iréllﬁ@éhﬁ%r ate
etching devices, the above4§roblens occur, and costs increase. As a result,

the manuf aWithindhe,hollgw spase 42p vill inferfere; with, theahenging f the diaphragmeB heanner

described in the first and second backgrounds to the invention, the silicon
bei ng et chpassure ishexegiedi @o thig diapbtaghi Bg Thew iisc &, staweture He menufacomedhatle bei ng
etched in the silicon wet etching device that is widely 15 utilized

convent i ongdséntially Bfls td fusbtich/dsROsesstife deRSorPaREL M fedt Ve QRIAIOR prsduced.si npl i fy
t he manufacturing process of the silicon structure. The second purpose of

the present invention is to reduce the nunber of defective articles
produced diihis ypet dfeprablamfdocs nptoedur tifhide siumiowm layer 436 gar be dormed beétace t he
20 nunber of faulty articles appearing during use. The third purpose of the

present i nytehihg Qﬁﬁ)érfortn@d oRahd Aural Skide GOA 495 ran6 thy silidonager @08 geeds G2 hi ghly
sensitive or highly accurate sensor, actuator, etc. The present invention

ai s to sobye %Meb&?ﬁevwgo%rﬁl{&ﬁidé%\%ﬁoﬂ LR &Eich the nﬁ@ﬁf%ﬁ&é flRghyher the

silicon dry ‘etching e silicon oxide dry et

10  also etches the aluminum layer 416. As a result, in the second background to the
invention, the aluminum layer 416 of FIG. 25 must be formed after the natural oxide
film 419 and the silicon layer 408 of FIG. 23 have already been etched. Moreover, the

same problem occurs with the silicon structure of the first background to the invention.

Furthermore, it is important to reduce the sticking phenomenon not only during the
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 laid-
open paten publications of TOKKAIHEI 8-116070 and TOKKAIHEI 4-96222.
However, complex action is also required when using these devices since the silicone

structure must be transferred between an etching reaction chamber of a silicon dry



devi ce descri bed above were devised with the intention of processing
structures that function as sensors, actuators, etc. Rather, they were
devised with the intention of 5 processing sem conductor devices such as
MOS, etc. It is frequently the case that, in the processing of

sem conduct or devices such as MOS, etc., the materials that require etching
consi st onétghing dsviré aahametcbing yreastionichimbar afa slliconFaridendry, etelfingydevicesi | i con
and silicon oxide nust be etched, one of the materials (either the silicon

or the silTR®MmcH¥H d@)detssth%tﬁﬂlﬂﬂactﬁﬂﬁ%npfwéishﬁbrd%@ﬁpﬁﬁ| Pérthes, fRrdikdoned (for
exanpl e, crystal growh, lo filmformation, etc.). Then the other of the

materials (g E&Srlstﬁﬁga{dhk&% Ve Qe %vﬂger %eldg ﬁrQﬂsfér? tﬁnsegnagll sg! I1con

dry etchlng evi ce & siiicon oxide I'ng devi ce ed above

wer e devi sed for thls ty of u wever, it is rar when processi ng
semi conducg‘g?c thyg\Artt E‘h P&?“R&%QB&%H%% magufgtare it ‘Pﬁé irap é?cha‘B'ée’ ©&i t her
the silicon or the S|I|con oxi de) must first be etched and then the other
of t he Srat eausalfanltySarfieles hebecdme spparens dusingdiseoln phmicslar,i i€ dry etebing is
subsequently be etched. In view of this situation, the present inventors

have consi pgfothed @4 the @b ioftide fiki foAbdEon Se §RMAVE Bt WFitRYsifi¢dn ndNthe
structures mght be realized. Their solution is to performthe silicon dry

et ohi 09 andiédie L RO0 HH e g R SIHBE ab b SATBKRIGRIHN SRGHEOD

chanber . s e ectlve y solves t e pro above, concerning
20 the silicon str ure The devjce f processing. the, silicaon terial,
or the devPERRYS L0 Hirsi Sk if My Tl Tepmofes REGER SR UMER BB APRRFS 90 he
present invention, are novel devices developed with the primary

conS|deratmﬁﬁweﬁwn@ﬁﬂwadwgnlng silicon structures that function as sensors,
9 actuators etc. Further, a method for manufacturing the silicon

structuyres aI so enbpdi ed..in th ent inventi First to eighth
2spoct 10 antsh BiEGHPRET AL it ity o B STER oxfl°Fb Piench Sowalh BBt e 5
enbodlnents are described below A first aspect enbodied in the present

i nventi on feviges dpiabever prpblsms osaly; argl GOSts iersasen e @ rasult, the mamdactis of s

provided with first gas supply nenbers, second gas supply
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 solve at least one of the above problems.



menbers, an etching reaction chanber, a selective connecting neans, and a
gas di scharging neans. The first gas is a gas that etches silicon. The
second gas is a gas to that etches silicon oxide and barely etches silicon.
The sel ective connecting nmeans sel ectively connects the etching reaction
chanmber with either the first gas supply nenbers or the second gas supply
menbers. The gas di schargi ng neans di scharges gas fromthe etching reaction
chanber. According to the above aspect, connecting the first gas supply
menbers with the 15 etching.reacgtion chapber by apns of the selective
connect i ngMREEQYEr a‘}elltg%n\ehgh‘ﬁ“r érty gjsing d{gg'ée ﬁﬁﬂgéﬁ‘ci’% OtXHE e cFichige

reacti on chanber. Supplying the first gas to the etching reaction chanber
al | ows at devicstdeacrpedtabove vfere devissid| witho thet intemtionl 0§ pecessng, steuctureh eragby
removed. The first gas can be discharged fromthe etching reaction chanber

by means ofunttih SASerdbBC AQusoRY f® aREher CaityeRre NdbvisBE wiRF BRUintkAR0S WPP! Y
nmenmbers with 20 the etchi ng reaction chanber by neans of the selective

connectd n |4 t ghi

Feact i on chaGagRe enbUiolchdr dRERETANG MOS B IR e el BRLY, L e,
allows at | east a.portion of the silicon oxjde to be dry etched, and

her eby 1 cHEBPRECSFE PSP MBTHL AYS ST BN o e el et regee rmay of
course be supplied after the second gas has been supplied. t0O  According
to the abostehinggeunsist amdy otsidiomgr smlyof siicorepwide. EurthesoH hwth gdicaw@pd not
need to be performed. Consequently, there is no need to performthe

processes gficonestdd gnBidy didirdebidonthd hidtefiaBPRith@kht QilicB8 oFi the Gditen
structure, and drying the silicone structure subsequent to this washing. As

a result, Ml&’e;b)”i?%%réﬁt{-i{ebc tRéro;?rﬁée%sings P&?or'ﬁaeﬁi 4f+r?%nﬁ‘)tler, ReAR Cli?rj)v?thSi mpl er.

Furthernore, since wet e I'ng so as enove silicon oxide es not need

to be perforned, there [s.a qreatl ecreased |ikelihood of the sticking
bhenonthor B BEiRIoHy - HEnan ot ol i grcerals{eitis, E SHief oxiifesdr e
defective articles created during manufacturing can be reduced. Put
di f f er ent | Siliconhds efchpdyi The siieon ey siching devicgeandothg tsilicon axddec dey gehingduced
conpared to the case where wet etching is perforned. As a

device described above were devised for this type of usage. However, it is rare, when

processing semiconductor devices such as MOS etc., that one of the materials (either
the silicon or the silicon oxide) must first be etched and then the other of the materials

15 (either the silicon oxide or the silicon) must subsequently be etched.

In view of this situation, the present inventors have considered how a technique
suitable for manufacturing silicon structures might be realized. Their solution is to
perform the silicon dry etching and the silicon oxide dry etching in the same etching
reaction chamber. This effectively solves the problems, described above, concerning

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 sensors,



result, structures can be produced that function as highly sensitive or
hi ghl y accurate sensors, actuators, etc. Mdireover, the silicon and the
silicon oxide can be dry etched in the sane etching reaction chanber. As a
result, there is no need for the troubl esone action of 15 transferring the
silicon structure between the etching reaction chanber of the silicon dry
et chi ng deadtwatomnetct Hartheg i methaehdan onancfeohieg thé siliten sstiuctioes exalse dry
et ching devi ce. Consequently, the nmanufacturing process is sinpler. Since
there is naniRRd ihehd prostnf Bivedtldd. silicon structure between the etching
reaction chanbers, the silicon structure need not be exposed to the outside
air while being transferred. In particular, 20 the problemis prevented in
whi ch a second natural oxide filmfornms on the surface face of the silicon
after dry etching has been perfornmed on the natural oxide film As a
result, a reduct] is possible in the nunber of defecf{ive article
produced dtiFsthg ewﬁﬂmsa% 1) P@{)Qﬁleq Hthe iPrGSERMIN¥ENEQRy ?I}deErefﬁFegﬁSqubs ‘?ﬂfﬁ%er of
faulty articles becom ng apparent during use. 11 The above effects are
al so oht ai embbdimentharsdesornbkdibglav.ght h aspects descri bed bel ow. The device
for processing silicon material of a second aspect, as in the first aspect,
is a devic rovi ded wit i.rst gas supply nmenbers, second gas s |y
oot o ot BOCHIAG: PEROARb Lheaient VGiORaE i BoVison e GRPHS R SHEOM and 2
gas discharging nmeans. The first 5 gas is a gas that etches silicon oxide
and bar el ymatetiple Shisi d¢viesnis proyidere .wu%h@rSE gavfuPphamembers, geoond [gas supiilies
silicon and barely etches silicon nitride. According to the above aspect,
suppl yi ng ibmbérs) ah eétfing @edction adhambery o seledtivencaimectngr nehhspvimdad gdasast a
portion of silicon oxide to be dry etched, and thereby renoved, while any
exi sting sj;ld hekdden ki tQ.t he
et chi ng to&]%éeac |é(;¥1nteé¢$éq‘ %r%rgf gﬁg%gg%r}afgb‘ﬂgﬁm zféhglggg&g{aggc%gfaeggs
therefromall]o at..| east. a rtiqn of silico 0 he dry etched, and
ther ebyp et Elffesir ST Riig B il eline? st Th Skt o EERmtiRg e
first gas may of course be sugplied after the second gas has been supplied.
selectively connects the etching reaction chamber with either the first gas supply

members or the second gas supply members. The gas discharging means discharges gas

from the etching reaction chamber.

According to the above aspect, connecting the first gas supply members with the
15  etching reaction chamber by means of the selective connecting means allows the first
gas to be supplied to the etching reaction chamber. Supplying the first gas to the
etching reaction chamber allows at least a portion of the silicon to be dry etched, and
thereby removed. The first gas can be discharged from the etching reaction chamber by
means of the gas discharging means. Connecting the second gas supply members with
20  the etching reaction chamber by means of the selective connecting means allows the
second gas to be supplied to the etching reaction chamber. Supplying the second gas to
the etching reaction chamber allows at least a portion of the silicon oxide to be dry
etched, and thereby removed, while any remaining silicon remains. The first gas may of

course be supplied after the second gas has been supplied.
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The third aspect is a device for manufacturing a silicon structure. This
devi ce 15 manufactures the hollow silicon structure by processing silicon
material, the silicon structure conprising a second silicon material forned
on a first silicon material, and a third silicon material being forned so
as to cover the second silicon material. As in the first aspect, the device
i s provi dedcedrdingftortbe above appgsl wetrstehingsso setorrmaygssilingppixjdendedsenrcs, an
etching reaction chanber, a selective connecting nmeans, and a gas 20

di schar gi ngeede@nbe pdtférnidd! TonGasently, ahdtdss nbadees at gREfoemnaE tprevesek dfhe
second silicon material to be exposed. The second gas is a gas that etches

t he second Siy:l j g ! t e I i L Ll icon
mat eri al . @%@g%ﬂ% §£¢ﬂ{§oﬁ1§kﬁ?ﬁﬁggwf@gﬁnﬁg “Lét?'i%glflﬂse’ %%de(ﬂg%%tt%% glfgclot%her
silicon, silicon oxide, or silicon nitride. TFe first and third_silicon

Tt erial s PO HPTgEent (Bis washiBg oS B TeSilh IRE anyBCtung Progass FOTGihE] con
mat eri al and second silicon material are nmutually differing materials, and
t he secbndsili¢dn stmetwraiisesingler. and third silicon material are also nutually
differing materials. According to the above aspect, supplying the first gas
to the etcpiﬁlgereacti.on chanber 5 and performng dry etchin alaéowi a

por 1 on of PUREErTBEG S01eG ot OIS0 AF P FEBOBE SLRGR S8l 5 195 migd Ehee aecond
gas to the etching reaction chanber after the first gas has been discharged
t her ef r om p¢rfasmeds rhergetsondgreatly cloereasgt elikadihoed afethgr gtickingh @hienamanonher eby
removed, while the first and third silicon materials are not etched. This
al I ows t heocowntiigadiirtingemaiufhdiering. |Asco resal) the tnubbei bAtefbeivet diticiBotleasdspace
present after the to second silicon material has been etched. The fourth

aspect is g r’%gmt GlifihE cHERS FAc. %hﬁifﬁ?éﬂtﬁ?tﬁeqfig'&@g%ﬁﬁcﬁgk%"é‘& theSi |1 con

structure o Ird aspect. This vi ce manufactur hol | ow silicon
structuyre b rocessing,a silicon . structure . that conprises sil.i con oxide
Cayer Fr nithOHELRE Pe teuited SBRpHER Lo e eess hert et e ppuforiet 8 Bover ed
by a silicon |layer. As in the first aspect, 15 the device is provided with
first gas ESpIb Sjructirerean besproduceddhat fnefian as lighly sensitie it highly gceusatet i on
chanber, a selective connecting neans, and a gas di schargi ng neans.

sensors, actuators, etc.

Moreover, the silicon and the silicon oxide can be dry etched in the same etching
reaction chamber. As a result, there is no need for the troublesome action of
15  transferring the silicon structure between the etching reaction chamber of the silicon
dry etching device and the etching reaction chamber of the silicon oxide dry etching
device. Consequently, the manufacturing process is simpler. Since there is no need to
transfer the silicon structure between the etching reaction chambers, the silicon
structure need not be exposed to the outside air while being transferred. In particular,
20 the problem is prevented in which a second natural oxide film forms on the surface face
of the silicon after dry etching has been performed on the natural oxide film. As a
result, a reduction is possible in the number of defective articles produced during
manufacture of the silicon structure, or in the number of faulty articles becoming

apparent during use.

11



The 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 chanber 20
and locally dry etching the silicon |ayer allows a portion of the silicon
oxi de layer to be exposed. Supplying the second gas to the etching reaction
chanber afTherabomeeffictsare glse obtanedde thedieswideto gighth aspeess deseribed balewt he
silicon oxide |ayer to be dry etched, and thereby renoved, while the

silicon sypstrate and the siljicon |ayer_are not etched. This 13 ., allows
The. manu SEIE Ak BECSng SUROR TRISCHLY oRaRe HRECh REmiihy PishagBst & br asent
after the silicon oxide |ayer has been etched. The fifth aspect is a nore
speci fi c wievise provaded: with fiest gasesupply memhers seeonidrggs supply ingwherst angiching of t he
third aspect. 5 This device manufactures the hollow silicon structure by

processi Ngredctivinl cha@bers i kel€dtive oniding rehs0 Bnba BakCdisihar didvinBghsaThé fikseon
| ayer forned on a |lower silicon nitride |layer, the silicon |ayer being

cover o4 by PRI SHE e bH0fd A echel Aicortfiitg TY WBthd fustibe Upper

silicon ni r, I'con oxI de” bel ng on a surtace of the
silicon |ayer ocation thereof corresgﬁgging to the hole. As in the

t a.l
first asp %“}Stﬁﬁ&t%‘éw o1y and-farely efehessticp 9rst gas supply nembers,

second gas supply nenbers, an etching reaction chanber, a selective

connect i NOA FRARE degg{éaa%ggﬁgsyg{:? g@;ﬁ%@;&gﬁaﬁs td Bife eftiéﬂeiﬁé rédfor Shanpgps t hat

etches silicon o% Fcon nitri The second gas is a
gas that etches silicon .and_barely .etches . sili.cqn njtride. Accardi to the
Sbove aspetEweat fry i RereBRar ira Syt o BF ieerasinmml, bielg Ve 2hBE, | 25
and dry etching the silicon oxide fornmed on the surface face of the silicon
| ayer al | oWy exigsingt siinenonitridgeis snatj etehied| Sypplying the sesqndsgas. tosthepttohing t he
second gas to the etching reaction chanber after the first gas has been

di scharoyedrehdtivnedhantenbftavhetfiret gisl hasbech aliseharged dereffom allokedt lasdat her eby
removed, while the upper silicon nitride |layer and the | ower silicon

nitride | aygfiolof siiebn 86 HRedly eldhed, ald Hl‘é%b?f}@mﬁﬁé&!ﬂfvﬁﬁl%%n AstihPRilRbA 1 CON 20
structure that has the holl ow space present after the silicon Tayer has
been et Cherﬂtride is not etched. The first gas may of course be supplied after the second gas has

been supplied.

The third aspect is a device for manufacturing a silicon structure. This device
15  manufactures the hollow silicon structure by processing silicon material, the silicon
structure comprising a second silicon material formed on a first silicon material, and a
third silicon material being formed so as to cover the second silicon material. As in the
first aspect, the device is provided with first gas supply members, second gas supply
members, an etching reaction chamber, a selective connecting means, and a gas
20 discharging means. The first gas is a gas that causes a portion of the second silicon
material to be exposed. The second gas is a gas that etches the second silicon material

and barely etches the first and third silicon material.

Here, the first to third silicon materials are any of either silicon, silicon oxide, or silicon

nitride. The first and third silicon materials may comprise the same material, whereas

12



In the first to fifth aspects, it is preferred that the first gas and the
second gas are gases that barely etch alum num material. Exanples of

al umi num material are alum num and alum num al |l oys such as Al -Si,

Al -Si-Cu, and so on. 14 If the first gas and the second gas are gases
that barely etch alum num material, alum num material can be forned before
t he sili cche dind sdliconguvatenintiand sacandesilidomdmbngrialnare enuyualbysdiffegngamatesialss | t he
problemis prevented in which alum num material enters the holl ow space
that has hganhé Qedond sicodiatefifl indOchir@QNEOA URdtbdial .ar@ als€ A LAlBNdikfSrifg

possi ble in the nunber of defective articles produced during manufacture of
t he siIicg_HagMycture or in the nunber of faulty articles becom ng
apparent durrng use. In the first to fifth aspects, it is preferred that
the gas supply nenbers have a housing nmenber for gas producing nmaterial,

the gas prAeedingtoTilcabba adpedt)upplyinpethe F@éti gds € tHel slicHinl reattidéeambet | S
preferred that a gas transform ng rreans is provided, this transformng the

solid aqr r t e gas
pr odum%ng na?%é?foric%n? hl%ubeellcgl'%l i n g((iﬂql gp the? Fécg %Hfse%‘gtrgﬁ\%ﬁ htlnnf){]

housi ng member hese bej ng easier to handle than as, Wen gas needs to be
suppl i ed e SUBR Iapg H eeand BEntocthe rhding Fepget qxaalbsrrafrqrdﬁ? frshgter | al
can be transformed into gas and supplied therein. As a result, the device

i s render diks beemdischarged vherefeom allpws the sseerfdesilicod material tdbe gasetsluqﬂp pyd nenber s
further have a storage nenber for the gas that has been transfornmed from
the solid thérebfferhdv@d, Whileghe firdland ARied kil or0mhteribll arealn \eeched PERib alldhe gas
that has been transformed fromthe solid or the liquid can be stored. If a

l'arge quangb tyafifaclRs df Qg@ ?@E’&f Stfl‘ﬁ{tlt]l%r ﬂ‘lateﬁﬁhih@grloHBW acd B aﬁ“{er %He gas

al | vvsthe situation to equately Nbesem ically, the
gas supp na e .ave for housing solid xenon difluoride
(XeF2) or sgcg;gjsb@éqong#eqﬁﬁg Wﬁngf?‘f: bromi netrifluoride (BrF3). ~5

The fourth aspect is a more specific version of the device for manufacturing a silicon

structure of the third aspect. This device manufactures the hollow silicon structure by
processing a silicon structure that comprises a silicon oxide layer formed on a silicon
substrate, the silicon oxide layer being covered by a silicon layer. As in the first aspect,
15  the device is provided with first gas supply members, second gas supply members, an
etching reaction chamber, a selective connecting means, and a gas discharging means.
The first gas is a gas that etches silicon. The second gas is a gas that etches silicon

oxide and barely etches silicon material.

According to the above aspect, supplying the first gas to the etching reaction chamber
20  and locally dry etching the silicon layer allows a portion of the silicon oxide layer to be
exposed. Supplying the second gas to the etching reaction chamber after the first gas
has been discharged therefrom allows the silicon oxide layer to be dry etched, and

thereby removed, while the silicon substrate and the silicon layer are not etched. This

13



The gas transfornmed fromthe solid material stored in these vessels, nanely
the gasified xenon difluoride gas or the bromnetrifluoride gas, has the
property of etching silicon and barely etching silicon oxide, silicon
nitride, or alumnummmaterials. As a result, the gas producing raw
materials stored in these vessels produce gases suitable as the first 5 gas
of the foulibwsdbpemnufactutenef thesitinon stactae thitchas ithe hollospsppice prdsensratige i vel v,
the gas supply nenbers nay have a vessel for housing hydrogen fluoride (HF~

sol ution, @adilisoy658€layéHas Bedsdidxeanet hyl al cohol (CH30H) sol ution or water
(Hz0). The gas produced frommaterials stored in these vessels, nanely the

m xed gas of 10 hydrogen fluoride and nethyl al cohol or hydrogen fluoride
and wat er , Theafifth laspget apa more spedifia érsign gifl the daviox fatemamifadtening ¢ sdicemi ng
silicon, silicon nitride, or alumnumnmaterials. As a result, the gas

produci ng drAai¥@befeahisd adpeéted i n these vessel s 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
bl ocki rig aTkip dewcel Mamdaciaes the Hollqwi silicden strbetyrentesnprocesaing atsilison sahétngg,
reaction chanmber in the case where the liquid stored within the liquid

housi ng mefe&NicoR siri@rf ViRt silidon 8Rs fantedsopRllower diliconhtitride ddyenghé eact i on
chanber. According to this aspect, the liquid is prevented from bl ocki ng

t he space | L. O i . q{yggq i
chanber evgéﬁ&:ﬁﬁ%té’gi@%gé%‘g'?gg‘?ﬁ%ﬁ%ﬂfe%ﬁ%@%@y ‘%Ihhg hﬁeqw ogrﬁgcﬂrr\lgtﬂ?renber
boils up while bheing.transforned.into.gas and enters piping c. .bet ween
the |iqui dUIRSHSHAGD ﬁ%‘%‘e@ygnaﬁﬁ*@% eﬁaﬁge%g%w%o‘bﬁéﬁﬁéﬁﬁ. Otle'tL"eisé}lcﬁli1 eferred
that the gas transform ng neans is a pressure reduci ng means for reducing
pressure wayériah adocatipn thereof spiespaading ko die holee Asiigthedirsisrichgherderieis 16
Further, it is preferred that the pressure reducing neans is connected with
the soig d plovideé Wwitlyufirst Bsusipply mesmibers, weeoridhgase sugplyn gnenshecs, i annetchiagber .
reaction chamber, a selective connecting means, and a gas discharging means. The first

gas is a gas that etches silicon oxide and barely etches silicon nitride. The second gas is

a gas that etches silicon and barely etches silicon nitride.

According to the above aspect, supplying the first gas to the etching reaction chamber
15 and dry etching the silicon oxide formed on the surface face of the silicon layer allows
a portion of the silicon layer to be exposed. Supplying the second gas to the etching
reaction chamber after the first gas has been discharged therefrom allows the silicon
layer to be dry etched, and thereby removed, while the upper silicon nitride layer and
the lower silicon nitride layer are not etched. This allows the manufacture of the silicon

20  structure that has the hollow space present after the silicon layer has been etched.

In the first to fifth aspects, it is preferred that the first gas and the second gas are gases
that barely etch aluminum material. Examples of aluminum material are aluminum, and

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

14



According to this aspect, the solid or the liquid within the housi ng nenber
can be transforned into a gas and the transformed gas can be guided rapidly
into the etching 5 reaction chanber. In the first to fifth aspects, it is
preferred that the interior of the etching reaction chanber is provided
with a neans for preventing gas fromflowing directly fromgas supply hol es
to gas di dfhbe diesthgaseand @eosccondh@as laee |gases ehati bayelyeetols ahinhioyw materigas t o
flow nore uniformly within the 1o etching reaction chanber. In the first to

fifth aspegirfinuit mhterifl’ @hese’ RFmbd defdrd enddsificdd SfNaAlid@n"Ekide arsSetbas By r api d
di schargi ng neans and a sl ow di schargi ng neans. Providing these discharging

nmeans al | an_effi cient, discharge.o S S . i.ng

di schar gegﬂgﬁecﬁﬂsv; AFS& regg}&ﬂ%? g,r(%é%g ’Soéfiekg‘ﬁ%‘??cﬁg}rcgga‘ ra%r#dﬁaﬁuéﬂnle?& en
necessary. 15 In the first to fifth aspects, it is preferred that an

etchi ng cdhpheliow spacerbat basnkesn orned by drestching, arsgquentlysa Jedstipg i he
conpletion of etching of the silicon structure. Providing the etching
conpl etsi orpossiblgiimthemmabsr bfdefedtive metanldstprothaed detieg mahyfaétore eficherpilieon t he
size of silicon structures varies widely, nore etching than necessary wl|

not be pergQeiRé or iPthe Wulnber s¥siilfy £iti€Bs bRbiiMg¥ppRRnP@irky y¥ed. 20 In the
first to fifth aspects, it is preferred that a vessel for housing

organosilicic conpound, a vessel for housing water, a gas produci hg nmeans
f or produdnrbe fwss td fiihnaspestsp itgs predértddctihat he igps suppliamdmbers daveabiousingyi t hi n
t hese vessels, and a coating chanber connecting with these vessels are

further prgahsigdor gasTbxioﬂuéiﬁ?Qﬁteﬁﬁ, the fed§ phatucing ahatbridl iy eitier k6lid or
preventing the occurrence of the sticking phenonenon during use of the

il : =0t di b : - il
oan bo conl i oh it 801 pRorrdl (RS, 80PACAMRGing It B prBRRbACR 1M

first to fifth aspects.. By this neans, the silicon structure becones nore
wat er ¥ r a8 ogmﬂ%tﬁwchd#%é\ggmxgatpﬂ WP &P -em of |iquid adhering to the

structure and the surface tension thereof causing the sticking phenonenon
to occur exedihe | OYE iy, kife BRI gH8ditid MZRHall din HeQltor2d 3TRIsEld or
sur roundi ngs |rn %\,h?gﬁségew c%{]dénsa%%oﬂr% reac# 'y o‘?:curs.e As a

liquid state within the housing member, these being easier to handle than gas. When

gas needs to be supplied into the etching reaction chamber, the solid or liquid material

can be transformed into gas and supplied therein. As a result, the device is rendered

15 more convenient.

It is preferred that the gas supply members further have a storage member for the gas

that has been transformed from the solid or the liquid material.

According to the above aspect, the gas that has been transformed from the solid or the
liquid can be stored. If a large quantity of gas is needed for dry etching, this storage of

20 gas allows the situation to be dealt with adequately.

More specifically, the gas supply members may have a vessel for housing solid xenon

difluoride (XeF,) or a vessel for housing solid brominetrifluoride (BrFs).

15



result, a reduced nunber of defective articles becone apparent during use.
Further, a connecting nenber, an opening and closing neans, and a silicon
structure 1o conveying neans of the followi ng types may be provided. The
connecti ng nmenber connects the etching reaction chanber with the coating
chanber in a manner whereby space between the two chanbers is isolated from
t he out si dEhe gsdrapsformerhfremdhasadidinmagenin atosed m thesoaviosselsphargaly thergasifiedy
connection between the etching reaction chanber and the coating chanber

bet ween anx<apg Aiffilofite gador theWromarRtrihatibe ﬁm &ha§ thd FroPery bf.létbmhg silieon
conveying neans i s capable of conveying the silicon structure between the

or epar ot or § SR AR SieBR Al AR pbfe AR I A Syt A ana

a silicon structure conveying neans of the follqQwi ng types nmay be provided.
The connec#3 rf{jo‘&%lffﬁﬁe‘iawc@ﬁtﬁ%‘g storefeindiess; YegsalseRrovesrBaseatyiable s the fifse
preparatory chanber and connects the preparatory 20 chanber wth the

coat i ng chgasiod the fourth aspentcor thesecoby gapeifabe Bihwepeat.t he chanbers is i sol ated
fromthe outside. The opening and closing neans is capable of switching a

connecti on, petween the etching reacti on chanber, and the preparator.
oo ARG ARG, b6 sl TlebBos ey S0 avaret BT ntshacEon et at i ng

chanber, between an open state and 'a closed state. The silicon structure
conveyi ng @Banwhitionc apdilal eessdl fai8 housinghmethyhglcoha €H;0dHnsodutionceruwatebet ween
the etching reaction chanber and the preparatory chanber, and between the
pr epar at or gH,chanber and the coating chanber. According to the above aspect,
after dry etching of the silicon structure has been conpleted in the
etching reaction chanber, the silicon structure can be conveyed to the 5
coating chihbhens pradweest fons maerinlsstoned on dbefeavessaly, mamelyethe mikedigagiof. As a
result, oxidization etc. of the silicon structure can be prevented.

Furt herg tinelrggen\flusiide and methgl glccphonhpdrygahfudide aad haves, lidsehs propean
structure to be transferred easily between the etching reaction chanber and

the coatingr eRafResilicdh 6xfkUAnd BhRABH ef HingMBiES A CikonNGitddeS | &d GRMiRiH UCt ure
is also enbodied’in the present 1o i nvention.
materials. As a result, the gas producing raw materials stored in these vessels produce

gases suitable as the second gas of the fourth aspect or the first gas of the fifth aspect.

It is preferred that a means is provided for preventing liquid from blocking a space
15  between a liquid housing member and the etching reaction chamber in the case where
the liquid stored within the liquid housing member is transformed into gas and supplied

to the etching reaction chamber.

According to this aspect, the liquid is prevented from blocking the space between the
liquid housing member and the etching reaction chamber even in the case where the
20  liquid of the liquid housing member boils up while being transformed into gas and
enters piping etc. between the liquid housing member and the etching reaction

chamber.

It is preferred that the gas transforming means is a pressure reducing means for

reducing pressure within a solid housing member or the liquid housing member.
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The nethod for manufacturing a silicon structure of the sixth aspect of the
present invention has the follow ng processes. A second silicon nmaterial is
formed on a first silicon material. Athird silicon material is formed so
as to cover the second silicon material. A silicon structure prepared by

t he above processes is housed within an 15 etching reaction chanber. A
first gas Husthsypipisipeefeired that the pe¢sstmierrgducingemeans ic banmetied withethe isolid ogas

| ocally performing dry etching so that a portion of the second silicon
material ithe BpR@HBEking MEmMbdr a4 the *ching Whdio2haaserf r om t he et ching reaction
chanber. A second gas, the second gas etching the second silicon materi al
and not being capable of etching the first and third silicon nmaterials, is
suppl i ed iAdcorditg tethikiasgect, ehe tsolih oc hlzarbquid veittdn 2lee honsingemembergesmn per f or ns
dry etching on the second silicon naterial. Here, the first and third
silicon matfkfornsd GRG aRs any tif tranStormE@Bas &dnl beCONdQKFaBRIlY Ro Hel di&iffy
nitride. The first and third silicon materials nmay conprise the sane

materi al , first silicon material and second silicon materi al
are rrut%ualr%&{%ﬁ??%ﬂl ng materials, 19 and the second silicon material and
third silicon material are mutually differing materials. In a seventh
aspect, tha fetfliiadid Gfth MBpettat W pregerfedSthal GRNintdriod (futhe eéhinigh eeadtiont h
aspect is further defined. The manufacturing nethod has the foll ow ng

D FESe e Pt B PIIS YR B PR STy RS 1,

structure prepared by the abovye processes is housed within an etching
reaction Hﬂ@g‘PESAOé?Sr&Chﬁ%?fmleﬁe first gas etching silicon, is supplied

into the etching reaction chanber, and the first gas locally perforns dry
et ching S Cprh0RingtrBYrbliing 'mddlE bk GRE Bkl Do hiRhre IuifGoRY SFthin ThE 11 St
gas is 1lo isch?rgegﬁ%f%ﬂ$gﬁgz%té%?ng reéﬁtioﬁlchgﬁggﬁé sgcondnggg, t he
second gas_hei ng capahbl e, of etching silicon oxide and barely being capable
of etchind® '?gg%ﬂyﬁvgmgﬁﬁblied into the etching reaction chanber, and the
second gas perfornms dry etching on the silicon oxide layer. In an eighth

22822% , I B do fiith £8P, A€ lsUrbfatred thdt!the Rk 8kENAGEiHE Shehs hddCa Pdpid h

(=1

discharging means and a slow discharging means. Providing these discharging means
allows an efficient discharge of the gas, the gas usually being discharged slowly, for

example, and being discharged rapidly only when necessary.

15  In the first to fifth aspects, it is preferred that an etching completion sensing means is

further provided, this sensing the completion of etching of the silicon structure.

Providing the etching completion sensing means has the result that, even if, for
example, the size of silicon structures varies widely, more etching than necessary will

not be performed, nor will insufficient etching be performed.

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.
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15 is further defined. The manufacturing nmethod has the foll ow ng
processes. A silicon layer is formed on a lower silicon nitride |ayer. An
upper silicon nitride layer is forned so as to cover the silicon layer. A
hole is formed in the upper silicon nitride |ayer, the hole extending to
the silicon layer. A silicon structure prepared by the above processes is
housed wi tHiimaspactes @Hfriberrusaill teshnighe fivenreveating thet oggarrenaeref the stickingas bei ng
capabl e of 20 etching silicon oxide and barely being capable of etching

si | i con nipghehdtgenonsduiingphseest thet gilidohesticaite nYctraiag i tonthe hdohehspeat)th t he
first gas dry etches silicon oxide, this silicon oxide being forned on a
portion ofy, fe

correspondi eﬁgﬁf{é@él?e&?ﬁ]&?f@ l%n t Eﬁ il hg%ck?éc/cgn ﬂhsﬁlfégg%ﬁh&tg& fo?ﬁ%l &seggex posi ng
a portion of tﬁﬁ Si L. on | a qg The flr S is dISCE ed fromthe
etching rdAdkg tfbﬁﬂ 3y W‘%E’E’Hﬁd 2B 1CONRErUCHIKE, REC Bt Rpabl e
of etching silicon and barely bei ng capabl e of etching silicon nitride, is
suppl i &d irppedlentadhistpsenents the arablesm of liquih adhering do theestasbsndnd e syefa¢or ns dry
etching on the silicon layer. In aspects 6 to 8, the gases conprising the

first gas temgbr thered LeARitig YasstitRing phkRahdnoalty obclteved Fsksthuchife ¥ Byige gases
barely capable of etching alum num and a si licon structure may be housed

Wi t hin th%tm&sdﬁmn%rr&aﬁgteogjeen gh\gg umfaﬁ "L PR b&Qufs. zw& ace of

the silicon strutture ned on t e sil1con structure si|licon

t t ha f ts 6t 8 h
Furt hor - prbaie & bR EPHEE oSSR R aen bestimg adPastm ABOEE "eapor and

organosilicic 10 conpound. In the present specification, included anong the

gases thatpﬁmeh aacdnhéaﬁlgrfﬁérﬂseraén bpAinLXRMDbEng Mehh AR aasﬁlﬁoﬁ%fr'ﬁkﬁﬁr tch a

second material (for exanple, silicon oxide), are gases for whic e speed
of etching of the first t res ect t eed of etchi ng t he
secon %m?cgr.%mg( 4, TR, B fipeclebs, RS A% ot 850 e g

selectivity ~ ratio of 20 or greater is preferred, and an etching
sel ecti Vi t“}‘i’np%fﬁ the sfching @PCtQW‘eC&E‘ @ber, WithheeCqsting haraher “Théﬂ%lé@fo\‘iherﬁ%)t eri al

referred to here includes alum nummmaterial. Mreover, gases that do not
et ch t he spaariztwednghe &vo ahampbdrs mrilaéd Gronrthe ohtstdeuﬂlhdopening and closing

means is capable of switching a connection between the etching reaction chamber and
the coating chamber between an open state and a closed state. The silicon structure
15  conveying means is capable of conveying the silicon structure between the etching
reaction chamber and the coating chamber. Alternatively, a preparatory chamber, a
connecting member, an opening and closing means, and a silicon structure conveying
means of the following types may be provided. The connecting member connects the
etching reaction chamber with the preparatory chamber and connects the preparatory
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
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anong the gases that barely etch the second material. 20 BRI EF DESCRI PTI ON
OF THE DRAW NGS Figure 1 shows the configuration of a device for

manuf acturing a silicon structure of a first enbodi nent. 21 Figure 2
shows the configuration of an etching reaction chanber of the device for
manuf acturing a silicon structure of the first enbodi ment. Figure 3 shows
t he confi gigmseyieg) thetsikicon atrugtuiey betsjeenhibie ¢tehiog| regetipna champbesupgpd dhe t he
device for manufacturing a silicon structure of the first enbodinent. 5

Figure 4 SWat@ryparatﬂbeﬂ a8l bexvickh Hie REsERD8y dhambePdtdf the touting@hambdr] i con
structure, this utilizing the device for manufacturing a silicon structure
of the first enbodinment and a different silicon material processing

t echni que, Aecordingide thd )abow gspeet, Sifteh gy etchingr of the gilicoanhsirugbiso dhas been

manuf act uri ng process, sequence (2). Figure 6 shows a portion of the above

manuf act ur¢ongplgre® BEHe etchin@#edeeion CRambet AhEkilitarestrichlie van Be poriveyedtoahe a
second process for manufacturing a silicon structure, this utilizing the

devi ce § of cJiRAYCARHL BindheSid LRy SHGUEIIE Wi thE ol i oG PR and a

di fferent on material processtng technique, sequence (1). Figufe 8
shows a port.ion.of th bave nuf act urj n roc .sequence. (2).. Figure 9
shove a portitigticRrers 48 B SUETRAGREE A b frelPBEE SDrendE dHERGEistoR of e IH Gur e
10 shows portion of the above manufacturing process, sequence (4). Figure
11 shows aprpparatosy clamben allewdihe shinonrssRcs £ bp tapsfeed sasdlhidatvecenshe Fi gure
12 shows a portion of the above manufacturing process, sequence (6). Figure
13 shows aetpliing reactisif cliahbepdoiae oeaingabambérng process, sequence (7). Figure
14 shows the configuration of a device for manufacturing a silicon

structure of a 20 second enbodi nent. Figure 15 shows the configuration of a
devi ce forArissiut grethodifagmanufactiging, a silicor stgueursris glsp embgdisein daeprgsent 22

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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Figure 16 shows a first variation of the configuration between 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 between the nethyl al cohol

vessel and the dry punp. Figure 19 shows a fourth variation of the

confi gur at arsh theetsewond silinmenateyial sind othol sibege imataridl tane routyalfyu differibg gur e 20
shows a portion of a conventional nanufacturing process of a first silicon
| 0 struct upgterisiequence (1). Figure 21 shows a portion of the above

manuf acturi ng process, sequence (2). Figure 22 shows a portion of the above
manuf acturi ng process, sequence (3). Figure 23 shows a portion of a

convent i onkl arraventi@spact,nie pnesbed Jo maaufaetwoingl assili¢amostrustura cafuthe, sixtequence
(1). 15 Figure 24 shows a portion of the above manufacturing process,

sequence (apectFik Funtifer 2finéD VEhedmBRITAdt@ingOMethod AR ANE foTRME BEJEEEsBE AT OCESS,
sequence (3). Figure 26 shows a portion of the above manufacturing process,

sequence ( PRE I ; : l (FI RST
ENBOD! Mo TSP TR T s RV R e el A il e s MR S skl (g o
silicon structure (hereafter referred to as “structure nanufacturin
devi cer) ofovar i sttt ek A Sibstpiptire mirRarsib by (B EOHeHUotEd For t he
entire processing of silicon material, it may equally well be referred to
as a sili chopspdmvathingan ¢ieiing seaction ekapmbee. A Tisitgah,sthe fing gas etehingtsiligon,uis
manuf act uri ng devi ce' used bel ow may equally well be replaced with “silicon
mat eri al psupplabiimg tle\steting reaction chamber, and the first gas locally performs dry

etching so that a portion of the silicon oxide layer is exposed. The first gas is

10 discharged from the etching reaction chamber. A second gas, the second gas being
capable of etching silicon oxide and barely being capable of etching silicon, is supplied

into the etching reaction chamber, and the second gas performs dry etching on the

silicon oxide layer.

In an eighth aspect, the method for manufacturing a silicon structure of the sixth aspect
15 is further defined. The manufacturing method has the following processes. A silicon
layer is formed on a lower silicon nitride layer. An upper silicon nitride layer is formed
so as to cover the silicon layer. A hole is formed in the upper silicon nitride layer, the
hole extending to the silicon layer. A silicon structure prepared by the above processes
is housed within an etching reaction chamber. A first gas, the first gas being capable of
20  etching silicon oxide and barely being capable of etching silicon nitride, is supplied into
the etching reaction chamber, and the first gas dry etches silicon oxide, this silicon
oxide being formed on a portion of a surface face of the silicon layer at a location
thereof corresponding to the hole in the upper silicon nitride layer, this exposing a

portion of the silicon layer. The first gas is discharged from the etching reaction
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5 The structure manufacturing device of the first enbodi nent is provided
with a xenon difluoride vessel 20, a sublinmated gas storage vessel 21, a
hydrogen fluoride vessel 30, a nethyl al cohol vessel 31, an etching
reacti on chanber 10, a dry punp 42, a toxic substance renoval device 49, a
turbo-nol ecul ar punp 40, a rotary punp 41, and a control nenber 502, etc.
1o Solid xehobediAlsacoriddgasXétiez sacond gas belingicapable phetchimgosilicinf fndobarelg vessel
20. The xenon difluoride is solid at regular tenperature and at atnospheric
pressure. p&ROBapgdblk! JfRidHRY dRcont MeideNRSUPFIRA ifteDinE BRIGE feh&@iont dHambey, i d
state XeF2 is tenporarily stored in the sublimted gas storage vessel 21
Pressure w thi i £l I el I.S.reduced by the dry punp
42, or th\g"f‘ﬂk'g?%ﬁ?é@ﬁﬁ“ﬁ%’%@hﬁ%b@ﬁ%g@%Jél‘ci’grl]d 8Cdi fluoride 15 within the
vessel 20, and thereby gasifying the xenon difluoride gas. Hydrogen
fluoride (hFﬁsFé@J; 8td @Nthe Fakta o Apritng Mhafirshgashind tROGR0Ad BB miesaIRsisay 30.
Met hyl al cohol (CH30H) solution is housed within the nethyl al cohol vessel

31. Thedr 4 e S i L i e ' react

chanber® 10O RAeToRCBIFEE shllR BiERCUIFE! 4 LpRruGh i SR B
device 49 detoxifies the exhaust gas discharged 20 fromthe dry punp 42.
The t ur bo- HHICHYEMRAY WP&S%%W&R@ tb%sw#lglﬁar?@ctﬁgﬁbamﬁerraé%e Wﬁ?‘g%*&ngr e
within the etching reaction chanber 10 and the vessels 20, 30, and 31 nore
rapi dl y t htom susace pfjthgsiigon struckure hayheendformedodn the sihieen §0turas a CPU 504, a
ROM 506 that stores a control programor the |like, a RAM 508 that

tenporari l tores data etc., an input port 510, an output port 512, and so
on. | Pi pi ngPpRIRASHRERE bAveng dnferong the ok Abary BasAREs (e L BHBIRH 21 vor i de
vessel 20 is 5 provided with a third valve 23, a first flow neter 27, and a
si xt h val viurther pReesteehbeing capessdrig @ sniked gas ehavabasr vapor and organosiliici mat ed
gas storage vessel 21 there is piping provided with a fourth valve 24, the
first 16 owoemp@ind27, and the sixth valve 26, as well as piping provided

with a fifth valve 25. Piping between the etching reaction chanber 10 and

t he hydrogen fluoride vessel 30 is _
In the present specification, included among the gases that etch a first material (for

example, silicon) and barely etch a second material (for example, silicon oxide), are
gases for which the speed of etching of the first material with respect to the speed of
etching the second material (i.e. an etching selection ratio) is 15. An etching selectivity
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

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

first embodiment.
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10 provided with a second flow neter 32 and a seventh val ve 34. Piping

bet ween the etching reaction chanber 10 and the nethyl al cohol vessel 31 is
provided with a third flow neter 33 and an eighth val ve 35. Piping between
the etching reaction chanmber 10 and the turbo-nol ecular punp 40 is provided
with a ninth valve 43. Piping between the etching reaction chanber 10 and
15 t he dryFigure? 4ibwssther configection toifi aa dtchisg redetion tchemberl afeth® Ideaied far t ent h
valve 44. A first pressure nmeter 11 is connected with the etching reaction
chamber 10mafysichirily /@O RIRURY ofkie fist EMBAEREARD Wi th the etching reaction
chanmber 10 via a twelfth valve 13. A nitrogen gas supply nenber 93 is
connected with the etching reaction chanber 10 via a second valve 14. 20 An
et chi ng cdrigiret3 sihowsahs oonfighrativarbesweseni ppethiybalcetiad vessgl afd adsi pumspnf
structure is conplete, is provided on the etching reaction chanber 10. The
et chi ng cappletitor pRnsRttuldg ABicet §thRkurd E (AR didAiNd®. sense that
etching is conplete on the portion of the silicon structure requiring
etching, or may identify the conpletion of etching on the basis of sone
provi ded cligaietd showsHopatien of aHestpprefess ferdmasuthetigeg a isgicomatrubre, thisvel oped
by the present inventors and set forth in Japanese Laid Open Patent

Publ i cat i ogiliZ¥Hhe d&@&lfoik%ﬁﬁ%ﬁctuiﬁh% aGiiabh StrudrerERsTth® ARt embediaRht Arkled | Y
connected with the valves 13, 14, 23 to 26, 34, 35, 43, and 44, pressure

neters 11 apd. ';Ctotﬂ%Jt%rﬁd‘gp{%ﬁ@gu@g@%geaGalcg3})rthe punps 5 40 to 42, the

first vacuum nete nte 'r eno device 49, and the
et ching conpl etion sensor 97, etc. The function of the control nenber 502

i's to nonikigiredWho®oatpostion dfeha@siove Mandfactufing Pravesd) eéquendds2phown in FIG 2,
t he etching reaction chanber 10 has provided therein: a silicon structure

table 80, a shower plate 82, and double bl ocking sheets 83. 10 The silicon
st ruct ur e Figated ows ¢ porirnm ishoabaya wanyfastuging drogees; sesercesd).i con structure
81l that is to be manufactured into a structure by neans of dry etching. It

Ipf O\F;ir 3 gr C\Flg“}e??%8g’ézl%:9}t?ojle r?gﬁ%eon%fpr%geess %rl r{lz?n%?ac%r{nléce} S Ec%ntst?rgclzt%reff i$ S

utilizing the device for manufacturing a silicon structure of the first embodiment and a

different silicon material processing technique, sequence (1).

Figure 8 shows a portion of the above manufacturing process, sequence (2).

Figure 9 shows a portion of the above manufacturing process, sequence (3).
15  Figure 10 shows portion of the above manufacturing process, sequence (4).

Figure 11 shows a portion of the above manufacturing process, sequence (5).

Figure 12 shows a portion of the above manufacturing process, sequence (6).

Figure 13 shows a portion of the above manufacturing process, sequence (7).

Figure 14 shows the configuration of a device for manufacturing a silicon structure of a

20 second embodiment.

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

third embodiment.
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nunber of mnute protrusions fornmed in a radiating shape. The provision of
t hese grooves or protrusions prevents a pressure difference from appearing
between the two 15 sides of the silicon structure 81. By this neans, danmage
is prevented even if the silicon structure 81 is fornmed fromfragile
material. Further, the silicon structure 81 is thereby prevented from

maki ng cl d9gureolft sltwsna tfirstt ariasion fafctbe fanbgurhtiom betsveen abe msdthylctleahel t abl e
80. The shower plate 82 is forned in a disc shape, a | ower face thereof

havi ng a plewephid the 4By pfmglas 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. Furthernore, a connecting portion that connects
t he rot at iFiguraxi7sshawd a $esontl sariationmfahe canfignraiionyhesween theahethylatlccdibl ows t he
disc to oscillate. Allowing the disc to rotate or oscillate permts gas to
be shower egsa| ambthe dpy pudhprl y across the entirety of the etching reaction
chanber 26 10. Moreover, it is preferred that gas supply piping and the
rotating axis are fornmed separately. If the gas supply piping is forned
from séft pgwenky shoves ahbird yariasm oftheoeanfiguratibmtbetwaenabe snathy aafhvl pi pi ng
and the disc is a fixed seal, gas can reliably be prevented from I eaking.
Furt her, s\jemeaﬁd’meer}ipum need to be concerned that gas nmay 5 | eak from

t he connecting portion of the rotating axis, the structure of the dynamc
seal can be sinplified. Mreover, it is preferred that the soft piping is
wound ar odfigireH® sheniisr afouasly varistion o ithg genfighratipn et weendidia bheshyl| aleghiohg
sheets 83 prevent gas fromflowng directly fromthe gas supply hol es 82a
of the showegel pdathe dBPpimp.gas di scharge hol es 10a. Providing the 1o

bl ocki ng sheets 83 allows the gas to be dispersed in a variety of
directions within the etching reaction chanber 10. As a result, the gas can
be suppl i dHSHEAIsthowisia pathpYy of @ qomsensionaly wanpfagtuningeprocesscafp Gt gidicent e 81

wi thin the etching reaction chanmber 10. Providing the bl ocking sheets 83

al | ows10t hestmicture,gequencaiCiure 81 to be etched al nbost uniformly even in the
case where gas is continuously supplied so that etching is 15 conti nuously

perfornmed._, . )
Figure 21 shows a portion of the above manufacturing process, sequence (2).

Figure 22 shows a portion of the above manufacturing process, sequence (3).

Figure 23 shows a portion of a conventional manufacturing process of a second silicon

structure, sequence (1).
15  Figure 24 shows a portion of the above manufacturing process, sequence (2).
Figure 25 shows a portion of the above manufacturing process, sequence (3).

Figure 26 shows a portion of the above manufacturing process, sequence (4).

PREFERRED EMBODIMENTS FOR PRACTICING THE INVENTION
20 (FIRST EMBODIMENT)

FIG. 1 shows the configuration of a device for manufacturing a silicon structure

(hereafter referred to as ‘structure manufacturing device’) of a first embodiment. Since
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As shown in FIG 3, three bl ocking sheets 85 are installed in a nmaze
structure within the nethyl alcohol vessel 31. The provision of the

bl ocki ng sheets 85 prevents the nethyl alcohol solution fromdirectly
entering the piping in the case where the nmethyl al cohol solution suddenly
boils up when the dry punp 42 or the |like has reduced the 20 pressure

Wi thin t hethisslehipe can bovesH forts entigpro@ssisg qlishednymatetia, inenayydquallycwelb|
solution is prevented fromblocking a filter 84 within the piping. Next, a

net hod f orpenPafétfaCidlas Asifcon nheefial pidcHGing! Geviay IThgt &, B kaw Spaectird 20,
such as for exanple that shown in FIG 6, is described with reference to

FIGS. 4t uf@t’ﬁn%g“&e‘v é,l Zﬁ?edtﬁ}%éw%bg%ﬁy ng@gp ?xfﬁlébreh %thdes‘l‘ﬁc&? ma]fléi‘{}i' gur ed

as descri be ove processi ng ni que of
the first enbodl Jhe silicon structure has a beamor mass A extending
above thelﬁ8?ﬁﬁﬁggﬁﬂgé 120. The manufacturing method therefor is in
contrast to that for the first background to the invention, shown in FIGS.

20 to 22. i f n
fovi ce 2o aeithieture KRG delEL B tnc filf b %%“%3%@%@2‘2@%2%@%? a
silicon o Cheni ca

Poposi 11 ondilbesidgtsef ?‘i@ Suaf"aﬂfgﬁéaﬁg%ﬁvsga 2 SPoEEGR 1G0Ede PRSH Wubst 1 at e

102 (see FIG 4). Next, a silicon layer 112 is fornmed by, for exanple, CVD,
or the Iikemsthyhalcoholcisssst 3ihen stiching graction dbambsrel0, POgY pusnprAe, sitedieon
structure shown in FIG 4, obtained via the process described above, is
housed wi tdubstahdeereatovhl m}/ideew;td anrbe-haidvatar pPampf 40, herasiny ysimp €1, and a

manuf act uri ng device of the first enbodi mnent (shown in FIG 1) . The

foll ow ng RIAeERERBer(2, el formed within the structure manufacturing
device. First, the xenon difluoride gas, which etches silicon, is supplied
into the etchlng 15 reaction chanber 10, and the silicon Iayer 112 is

| ocal | w0 drSolilt xehenl diffibedexKnByis Hodsed ovithitethg asnorsdifleqréde] vessel 2@t Thei xegosi | | con
(Si: this enconpasses both polycrystal silicon and nonocrystal silicon),

but bar el yyifhsiess sild éi‘?é‘gu%'t&ﬁ druf2dnd a"'t'a'tm&s‘iiﬂeﬁlé preksige. 0(&indh difoptiaal | y
Si 3N4), or al um num ( SpeC|?|caIIy silicon is etched by the xenon
gas that has been subhmated 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
(CH30H) solution is housed within the methyl alcohol vessel 31. The dry pump 42
reduces the pressure within the etching reaction chamber 10 and the vessels 20, 30,
and 31. The toxic substance removal device 49 detoxifies the exhaust gas discharged
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.
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di fluoride gas at a speed of approximately 4600 /mn, silicon oxide is
etched at a 20 speed of approximately O /mn, silicon nitride is etched at
a speed of approximately 120 ./mn, and alum numis etched at a speed of
approximately O /m n. However, these values can vary according to differing
condi tions. Methods of perfornlng | ocal dry etching may be, but are not
restri ct edTheocongioppeybergdams wille 564, a BUM b thgbstorasra emirphproigrasn ohi ng is
desired is masked with a resist, or 28 supplying gas locally to the
portion onhwhikeh EAWSO&lhht&eﬂhgﬁiah%topeﬂﬁatﬁ%t&% mﬁutﬁ)@hfﬂl()”hlﬂGutE@Q@irt dry
etching is acceptable | f ing wwth a resist is enployed, e resist
must be a tgd ]]ihat is barely etched by gas (in this exanple, Xxenon
di fl uoride gas§ y this means, an etching hole 118 is fornmed that extends
to the silicon oxide 5 | ayer 108 (see FIG 5). As a result, a portion of
the sili copipingibdevden)the etbRilg irSactisp @hftber Tidehd thb &encnaifluskidd veasdl 4o igas is
di scharged fromthe etching reaction chanber 10. Next, a m xed gas,

const sty noBligBB Ll ik ool 2@%%&%&@7119&4 8] AP HeREkeythe the

etchlng reaction c entiret n oxli yer
108 is dr t.ched. .Th |.cohal and h dro fluoride .gas is
capabl e ofCHEHEh FAGT AL R O U STRUTOR B HorBs SV LIS SmwtDn (S
this enconpasses both pol ycrystal silicon and nonocrystal silicon), silicon

nitride (mvideq pitha foyrtisvana 24, the fiest flawnuetey AT,)and Shsikthi valve| 26, ag Well si | i con
oxide is etched by the m xed nmethyl al cohol and hydrogen fluoride gas at a
speed of agpigg privided wWitlOOfiftlvalye 33.1 i con is etched at a speed of
approximately O /mn, silicon nitride is etched at a speed of approxinmately
10 /min, 15 and alum num i s etched at a mnute val ue, at a speed bel ow

appr oxi rmat BPPE berwien the pking Feactippchambsr 1@ and the hydragen dlueride V@SQI@Ods ffering

conditions. The silicon oxide |layer 108 is a | ayer whose purpose is to
final | 10 beproeided exitis 8 sesonkloflqw aattiere32 hrd lacdelvenh sz|ahzee3412mping$emmhé n FI G
6. This layer is usually ternmed the "sacrificial layer.' By this neans, a

silicon stétuﬁh%lf&ch&vamﬁeh@o had k&wnémpaﬁc&;%@vesﬁe@ Renoviddd Wit d thisge FI G

6). This structure may, for exanple, utilized as an accel erati on sensor.

When it 1 Sgow meter 33 and an eighth valve 35.

Piping between the etching reaction chamber 10 and the turbo-molecular pump 40 is
provided with a ninth valve 43. Piping between the etching reaction chamber 10 and

15 the dry pump 42 is provided with a first throttle valve 91 and a tenth valve 44.

A first pressure meter 11 is connected with the etching reaction chamber 10. A first
vacuum meter 12 is connected with the etching reaction chamber 10 via a twelfth valve
13. A nitrogen gas supply member 93 is connected with the etching reaction chamber

10 via a second valve 14.

20  An etching completion sensor 97, for sensing when etching of a silicon structure is
complete, is provided on the etching reaction chamber 10. The etching completion
sensor 97 may either use some means to sense that etching is complete on the portion
of the silicon structure requiring etching, or may identify the completion of etching on

the basis of some provided condition. However, the preferred technique is that
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utilized as an acceleration sensor, a portion A of the silicon layer 112 is
utilized as a beam or mass that noves when accel eration occurs. For
exanpl e, when acceleration occurs in a direction perpendicular to a
substrate face of the silicon substrate 102, the 29 mass A noves in a
direction perpendicular to the substrate face The novenent of the mass A
is sensed dgvelapad byothes prasemginsentprsnael iset farth én dapanesst daidc Opap dteny

bet ween el ectrodes (not shown), this allow ng the accel eration that has

occurred tpubiRatsHTPORK AN J0on n&553®l y, the beam A bends when accel eration
occurs in the direction 5 perpendicular to the substrate face of the
silicon substrate 102, and the bending of the beam A is sensed by neans of
sensi ng a thaegurdl mepiber 502 isiedactrively cormected avirk) the vhlives 83,1 1dw2a go 2634,

accel eration that has occurred to be sensed. Further, it is also possible

to sense agfef3gamd 4Dpregats metes 11nandl 2P, KIRCHdW Mnapsts 27) 3, ahe 3BNthe Pubgpsr at e
face of the silicon substrate 102. 10 Next, the above processes perforned

by the gt rh'@h?'ﬁ? (]ﬁ%&aﬁcﬁﬁﬂrﬂﬂet&eg é\ﬁe 23x1%§1ﬂ>sidn&é?erﬁc§%?qkﬂ€é‘ﬁ9a£ @gscri bed

in nore detai reference to rst, ever ve i'S osed. In
t he processeémdescrlbed bel ow,_ al | & ntro %e erf he contro
o ot

progr ans FOMPIRHOBLT5Y| O Tresth 6'2“0“8? PHP ﬁgkf Brith

portion thereof by hand. 15 First, the first throttIe vaI ve 91, the. tenth
val ve 44, mositerandicopapltbe agionsafithesememberd. val ve 23 are opened, the dry
punp 42 is started, and pressure is reduced in the etching reaction chanber

10 and in he, xenon vVess 2 non difluoride is,.

Lo 0 ARSI e LB FinheRa T e 10 SRl B lonor e
housed wi t hin the xenon difluoride vessel 20 is sublimated by this pressure
reduct i on PresEEssablod0 mehgmenplae §aand dewblstlagkingisheptis$di de gas is

i ntroduced into the etching reactlon chanber 10 by the suction pressure of

the dry, pu 4 n (?l sch tq}wa the gli 42. By thi,s neans,
gas et d0 7t Bk e Pichite BCHT b BESEhalR pRBa e T B ureubed
expel l ed. After discharge, the tenth vaIve 44 the sixth val ve 26, and t he
third val vEabis tqbs n@ngga@@red into a structure by means of dry etching. It is preferred that
a surface face of the silicon structure table 80 is provided with grooves or a small
number of minute protrusions formed in a radiating shape. The provision of these
grooves or protrusions prevents a pressure difference from appearing between the two
15  sides of the silicon structure 81. By this means, damage is prevented even if the silicon
structure 81 is formed from fragile material. Further, the silicon structure 81 is thereby

prevented from making close contact with the surface face of the silicon structure table

80.

The shower plate 82 is formed in a disc shape, a lower face thereof having a plurality
20  of gas supply holes 82a. It is preferred that the shower plate 82 is attached to a
rotating axis such that the shower plate 82 is capable of rotating. Furthermore, a
connecting portion that connects the rotating axis and the disc is preferably a dynamic
seal that allows the disc to oscillate. Allowing the disc to rotate or oscillate permits gas

to be showered almost uniformly across the entirety of the etching reaction chamber
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30 Next, the second valve 14 is opened, nitrogen gas is supplied into the
et ching reaction chanber 10 fromthe nitrogen gas supply nenber 93, and

at nospheric pressure is established within the etching reaction chanber 10.
In this state of atnospheric pressure, a door of the etching reaction
chanmber 10 is opened and the silicon structure 5 81 (as shown in FIG 2) is
pl aced on oh&Maedveroin isprefartedrthatt gdsl sapply . pigihg and theercsatingcaxis arerfoohed e 81
has been pl aced thereon, the door is closed and the second valve 14 is

cl osed. Nexparafelje 1f itHeS%ast ﬂprgfgt glgmﬁ% Bk fibREsdfe Plpihgy ahd 8hé fondebnd hi rd

val ve 23, anhd the sixth va are opened, the dry punp 42 is started,
and pressure.is,.reduced in the et.ching, to.reacti.on chanmber 10 a i n the
xenon d {1 af GTEf e she \oE oFLanf i ¢RER G SRCHE 0P FeBPR housed
within the xenon difluoride vessel 20 is sublinmated and becones a gas, and
i s i ntrodurEeventedt fiom deakinge Fusthery sineq there smenased ta be copcerpdetdatugas MY hi n t he
etching reaction chanber 10 is nonitored by the first pressure neter 11,

and when degk fesmthdathnpatimgortion of the raiatieglaxifighd ktruaiurealfviee @paaridseahe si xt h
val ve are closed and the 15 xenon difluoride gas is enclosed within the

et ching r eaf e QimpIIRADRorddVer, iR preftprdd dhdtl MO sbASIMAS id W6dhd Yrodh& RS the
silicon layer 112 (see FIG 5) of the silicon structure 81 within the

et chi ng reacttilon.ca?an%ﬁrt. 10, formng the etching hole 118. The formula ( 1
) show ng CREVARBEFOBH O™ t he et chi ng is as follows: 2XeFz + Si ? 2Xe +
SiF4 (1) 20 Wien the etching conpletion sensor 97 senses that the xenon

di f1 uori derigagyd) asutl® BRICRING khkts W3Ngrebdif® JaQtdn® MoRingt Bigectly! rGiRAfihé a¥er 112
that requires this process, the tenth valve 44 is opened, and the xenon

o 11 vor | BB e AU L MAD S L AR AR GRSl b 2 (e
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 is

15  continuously performed.

As shown in FIG. 3, three blocking sheets 85 are installed in a maze structure within
the methyl alcohol vessel 31. The provision of the blocking sheets 85 prevents the
methyl alcohol solution from directly entering the piping in the case where the methyl
alcohol solution suddenly boils up when the dry pump 42 or the like has reduced the
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 to FIGS. 4 to 6. This

utilizes the structure manufacturing device, configured as described above, and the
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However, it is equally possible that an etching conpletion sensor 97 is not
provi ded. For exanple, the control nenber 502 nay equally well utilize
conput ed or stored data concerning etching periods, an etching period being
the period between initiation of etching and the estimted (taking
prescribed conditions into account) conpletion time 5 thereof. This data
may ei t hersilisengeptgsial procedsinggectmiqug e’ itheetitss emeedigenspdhe sidieon grucky hae
conputed in advance and stored. "~Prescribed conditions' refers, for

exanpl e, tpbdapCosind® Afextefdingiabdwothe Sbllowtspie, 1200 hg uadhufacyuridg rad@kod uppl i ed
to the etching reaction chanber, the type of gas, etc. Next, the first

throttle tﬁér\éfor?slm Joﬂﬁa&%‘? tf\f;(ﬂ‘l tﬁ@ﬁr‘bi‘baéﬂ@?%lﬁfd ?f{b b on3Ehovl ﬁlﬁlﬁésevem h

to valve 34 are opene or s evatuati on reupon,
the met hyl_al c hoI solution within the met hyI al cohol vessel 31 is

vol ati | i ze® Qi t he hydrogen fluoride solution wthin the hydrogen fluoride
vessel 30 is volatilized. The third flow meter 33 monitors the flow of the

vol ati lg 23&&%%&@4 dB%fzf n9%m Ak Usthidige! fﬁ&tﬁi’i’n SqdvRRUbf Efle ﬁg{ther,

t he secon l'ow et er nmoni tors t he Iow 0 e vo atl Ized 15 hydrogen

fl d dj ) d hol d
hydr oger ittt pechtnn dhe' VG prbEses sy %éwfﬁ“miﬁw@f e 188 3001 o

into the etching reaction chanber 10. Then, the ei ght.h val ve 35 and the
sevent h valboumedly meansof SNIY (Charaical Yapar RepOsiamyr the likh slongrcprascabeen
fluoride gas is discharged fromthe etching reaction chanber 10. By this

means, gasared abovehadlichasutiserase 102d(sed FIG.1M)1 Next2a siicomlager I'e2ais tforaeddyanber 10
is expelled. Next, the ninth valve 43 is opened, and the turbo-nolecul ar

punp 40 ang, th@nﬂl@t@&w &l&ﬁpllﬂés&és%tc%vé} thé Qchd&?&;H&{{‘iaWrtﬂG'S” the etching

reaction chanber I0. Then, the ninth valve 43 is cloSed, the tenth valve
44, the eighth valve 35, and the seventh val ve 34 are opened, and the dry
punp 4@ peThosiiwrestactat isbowntihiBGy d| abiained i viay thehprooess hlekcrided above, 32
solution within the nmethyl alcohol vessel 31 and the hydrogen fluoride

sol ution whduRedwithi Ay dichaRNehdtioardna@baer® of tRGstrutfife ninGficfukiaw deBter 33
nonitors the flow of the volatilized nethyl alcohol gas, adjusting this

flow as reguhl fflt embSdiiEhe shidion H3GENF 1 oW

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 (SiO2), silicon nitride
(SiN: typically SisN,), 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, supplying

gas while all but the portion on which etching is desired is masked with a resist, or
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meter 32 nonitors the flow of the volatilized hydrogen fluoride gas,
adjusting this flow 5 as required. The m xed net hyl al cohol and hydrogen
fluoride gas, the flows thereof having been adjusted, is supplied into the
etching reaction chanber 10. The pressure within the etching reaction
chanber 10 is nonitored by the first pressure nmeter 11, and the first
throttl e wapplgingigassloaal]yutst ¢he pottion emiwitich aichigpgais plesised. | dayd npethagksof e, By
this means, the silicon oxide |ayer 108 (see FIG 5) of the silicon

struct ure gepfoirfingticé drp¥tching iay@@tabRs If AsKiky itbas fesist @aehplonsl, shown by
the following fornulae (2) and (3) occur, wherein "M represents nethyl

ool Wi B rradt § O 206 M s SR SRS (0

g at the ‘m’xed gas

conpleted 15 etching the silicon oxide.layer 108, the eighth.valve 35 and

t he sevent&?shaﬁW@‘%%‘eaa‘Pse ag [eraEng, h‘ﬁ‘?‘na?g I’ﬁa?%"fi dhatexppas Le g‘%?nﬂlcoé‘n%l’“ﬂ‘i/dr ogen
fluoride gas is discharged fromthe etching reaction chanber 10 via the dry
punp 42 arayer H88 (soxiFEGs fib SAsanrseult, arportion dbthe sdican oxide laysr poS isi dxpesedn t hi s
case al so that the data concerning etching periods conputed or 20 stored by

t he cont r ofheRE fRekenol Aiflgoridel dds Ze dischdtfed ROmeiheitcting eapliet chaimtseert®or 97 i s
not utilized. In the above process, the turbo-nolecular punp 40 and the

rotary pung.4l, m&dfﬁ%ﬁgﬁst&@f xﬂéf%sdhc\’)hof ﬁﬂtlﬁﬁ{é{)ﬁﬁ fuBEad iy sdj)gﬂipdn f eas a

hi gh speed priessire n ans to re t he préssu

etching reaction chanpber 10, the nethyl alcohal vessel .31 the hydrogen
f1uoride \@%g@?‘m@d?a‘i“ﬁg chambst &’ Fﬁgﬁy ‘?Pé‘r‘?%é’ggllle -ongxide fayer; ﬁ)gtr\égl e, the
ninth valve 43 is opened, instead of the tenth valve 44, when pressure is
to be redudteitd. Thpgnixed anatley! Hdephpb andriibidiogen dlupride gasisl capgblesafr eiehing e

havi ng a hol | ow space 220, as
10  silicon oxide (SiO,), but barely etches silicon (Si: this encompasses both polycrystal

silicon and monocrystal silicon), silicon nitride (SiN: typically SisN4), or aluminum
(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 O 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 hollow space 120, as shown in FIG. 6. This layer is usually termed the
‘sacrificial layer.” By this means, a silicon structure having the hollow space 120 is

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 layer 112 is utilized as a
beam or mass that moves when acceleration occurs. For example, when acceleration

occurs in a direction perpendicular to a substrate face of the silicon substrate 102, the
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shown in FIG 13, is described with reference to FIGS. 7 to 13. This
utilizes the structure manufacturing device of the first enbodi nent, and a
different silicon material processing technique. The silicon structure has
a di aphragm B | ocat ed above the hol | ow space 220. The nmanufacturing net hod
therefor is in contrast to that of the 10 second background to the

i nvent i on, massodumoavas Ml adjrecpign perpeadiciar ot the gulptrateciaced i he anasvigment ofrthe he
structure manufacturing device of the first enbodi ment perforns the

fol | ow ng paeCARSS esnsed-by Bieand OPsHNbibg @Schange inndhe @ibdaostalio cajacity betw@e
nmonocrystal silicon substrate 202, shown in FIG 7, to forma | ower

el ectrode égc;hod’é‘é gﬁdt(lhfi'xg?)'o?hlpﬁﬂ&%ggﬂe Q&eélraéfb'hftﬂ&ehag g)%gur?‘{&l 5?4 Dasgy | 1 con

substrate orm a stlircon nitride layer ycryst al
silicon layer 208 is formed, by ansfor Jeo C\/Dorth | i ke, along
2 prescr i bENCHRERIA e TAB 0S| MPEBNAREEFIEE PSS 5 6he | firgetips

exanpl e, the polycrystal silicon layer 208 is the sacrificial |ayer. An
upper £5 r sperpendicidan taither substrate Jase of the sikicomgubstrpte §02,sand ghe bensling ¢fethe

pol ycrystal silicon |ayer 208. An upper electrode 206 is forned above the
20 upper fbdani Asislsesed byl rhédnd @f Isansiiy 2 tRarfeGh PiczofsBRacd (vd saown), tthier eof .
The upper electrode 206 is fornmed from pol ycrystal silicon, or the like. An

upper Seco@%gﬁhérL %caé&a il Ehal ﬂé’se(Scc?rﬂ'éd ’t§b$ e e 1tti9afsgéﬁ>551folg‘2?%Upper

el ectrode as s own I n cont act hol ed 222a

formed on escrl ed. areas_ of the upper el 06 a

el ectrode SO ?%%Eéaemoéwrmmé&e dlrgg l%mﬁfﬁ o 98¢ sdtpites® Yace o e kPR
layer 216 that will forma wiring layer is forned over a surface face of
t he silicofbstratgadOdre. Next, as shown in FIG 10, patterning is perforned
on the alum num | ayer 216, form ng a wring layer 216a that nakes contact

it A | BRE BB BRSO Pin Y Ui R b B iRe GRE.

performed on the upper, silicon nitride |ayers 212 and 214 at a portlon
t her eof nofmbRAIMAY "tfﬁéesﬁﬁb@rm@@é@?@dé’”ﬂb@ﬁ‘%t‘@ﬂ@h&% eveRi @l¥ege ni ng an
etching hole 218 that extends to the polycrystal silicon |ayer 208. By this
means, a polosddoin tfe prbeesges|deseripsd dklowd, lall controlayay bop@firmed bydsbedontid a

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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result, the exposed portion of the polycrystal silicon |ayer 208 oxidi zes,
formng a 1o natural oxide film(silicon oxide) 219. The silicon structure
shown in FIG 11, obtained via the process described above, is housed
within the etching reaction chanber 10 of the structure manufacturing
device of the first enbodinent (shown in FIG 1) . The follow ng processes
are perf orNexi, thetsecondt vadvestdr s opemed, nitwogemgasuis ismgplddvntoahe dtshiag medction he
m xed gas, consisting of methyl alcohol and hydrogen fluoride, is supplied

into the etfahibed 10e@6rhi B nitRuERafas k4 thétfiber L 93 Ginkl ' #mbEPhetia Prakkiradis devi ce,
and the natural oxide film(sil ieg;:on g%g’de) 219 (shown in FI G%ll) is dry

etched. As o) bgve 1 t hgl. J.uori de
gas is cap%%ﬁ%ggp §&8ﬁiﬁ5’%?Fﬁgoﬁkégﬁhgﬁhﬁ%% §£ﬁ§|§h%?cq%2¥§#ﬁ§§%ﬁLL

(pol ycrystal silicon and nonocrystal silicon), silicon 20 nitride, or

al um num  PI§SSErg, @dlgor of thesshinggisacsonighamben 1(is 9perapeandthg silicen gructure
constituting the sacrificial |layer, is exposed. Then, the m xed nethyl

al cohols an8ll kascshogmninfHIGOR) dkeplacesl ors theti slidoarsyadture cable 8@ Aftehihagiliceact i on
chanmber 10. Next, xenon difluoride gas is supplied into the etching
reaction chaEaRe 810hasaren plRBed tHek & thedd&r id Qfbsé® ARVnd Secbhdvalld 14 ks dry
etched. By this neans, the state shown in FIG 12 is attained. As descri bed
35 abovecl e xenon difluoride gas is capable of etching silicon
(poncrystaP Ssilicon and nonocrystal silicon), but barely etches silicon
oxide, silicon nitride, or alum num Then, a sealing |ayer 224 (as shown in

FIG 13) iNektigersbyhrottiderive®1dihd @agnvalie MM thOehied Kaloé @BLanBihefsagh ur i ng
device of the first enbodi ment, sealing the etching hole 5 218. By this

means, a syJlq t ' ' : 1 ed.
This str uc%%l{r]%% a%cc{qgg%\déj ﬁges&}g\ﬂgﬁ%s%ﬁrg 5a§g¢1’gd\3{9 %%‘?rﬁ%%%dg 5%%7@3@{ gtr%fé’Hg a
prescribed portiqn of .t he. upper sij.jcon nitrj | ayers 212 and 214, the
Coper M ecteptin duebediindin BESHon sliniayide Vool 28, AT Fivi 462 s 36888 mgrn
The hol | ow space 220, this having been fornmed by the renoval of the silicon
oxi de | ayediflnoidep haused, atithino ther xepen diftueride yessel %gaﬁ sublignated and bechmendtical |y
seal ed space that functions as a pressure reference chanber. Wth this

st ruct ur e, gashandl isaintrodyped Bntoethel @tchingr resq@vnsehamber 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, + Si ? 2Xe + SiF, (1)

20 When the etching completion sensor 97 senses that the xenon difluoride gas has
completed etching the portion of the silicon layer 112 that requires this process, the
tenth valve 44 is opened, and the xenon difluoride gas is discharged from the etching

reaction chamber 10 via the dry pump 42 and the toxic substance removal device 49.

31



to the difference between the reference pressure and pressure exerted on

t he di aphragm B. When t he di aphragm B bends, the di stance between the upper
el ectrode 206 and the | ower el ectrode 204 changes. Wen the di stance
between the two 15 el ectrodes 206 and 204 changes, the electrostatic
capacity between these two el ectrodes 206 and 204 changes. The magnitude of
pressure dhkawavey ibis aguallydpessibicaihat M etghinpsonwletion seysos Oiss mgt prewidgdgr ee of
change in the electrostatic capacity. Next, the above processes perforned
by the st rregexdifiploBAS EGREd ehtbefS01 Ry Bduallievellivtisite eothndedBNitofdalatescr i bed
in nore detail wth reference to FIG 1. First, every valve is 20 cl osed.
In the pr i e | .cont e

cont ol " progeaine SEHite R e Monfly pofR el (B el BEficeh Thladh b
perform a rtio her eof and. First, the first thrqottle valve 91, the
Pent b var i arbe efGRtted iakpE Dascriblcopioas Y prropap yorlBndia ened
the dry punp 42 performs evacuation, this volatilizing the nmethyl 36

al cohol5 sahereofolhisidatd may kitherderopmpatedoviile the sigwice Bibengdopenatedhyafrivgien
fluoride solution within the hydrogen fluoride vessel 30. The third flow

nmeter 33 mMRilonpikedtii@dvdnesand stbhed. Waksaiibbd é@diitions hydfers| fopBRimm@ o tiglj usting
this flow as required. Further, the second flow neter 32 nonitors the flow

of the volati L+ zed.. I [ ' i i

required. %ei)ﬁnﬁiee%hérlr%{ g@\?&%{ebgﬁ%:qq%ﬁgﬁlﬁ)f ojgéeb?bp%éép ezegé‘is”!goﬁ?gé?‘f ows

t her eof ha inggbgﬁn adé\yste%% is supplied into the etching reaction chanber
P » 3%

10. Then, A% ttHPS/ and the seventh valve 34 are closed, and the
m xed met hyl al cohol and hydrogen fluoride gas is discharged fromthe

et chi ng r eqGki @P fifd AFBRIe vhire 9BY tHehbritn TRIVO 34, tﬁ@éilgg%hcvawefﬁt aftBthesevaatned

within the etching reaction chanber 10 i1 s expel 10 Mbreover, if a
vacuum bel o x 10" 2 Pais required within the etching reaction. chanber
ot e Rl e Boeriea Sho e BB Mot 5iGatites TrdRupBRabe Rl he
turbo nol ecul ar punp 40 and the rotary punp 41 create a vacuum Next, the
ni nth val vacabgl gelatiomaithimthe wethylealaotioh vessel 3k dyvolptilized pd the Pyfirpgen 4 i s
opened, nitrogen gas is supplied into the etching reaction chanber 10 from
t he N gas fluoride solution within the hydrogen fluoride vessel 30 is volatilized. The third flow

meter 33 monitors the flow of the volatilized methyl alcohol gas, adjusting this flow as
required. Further, the second flow meter 32 monitors the flow of the volatilized
15  hydrogen fluoride gas, adjusting this flow as required. The mixed methyl alcohol and
hydrogen fluoride gas, the flows thereof having been adjusted, is supplied into the
etching reaction chamber 10. Then, the eighth valve 35 and the seventh valve 34 are
closed, and the mixed methyl alcohol and hydrogen fluoride gas is discharged from the
etching reaction chamber 10. By this means, gas etc. that has remained within the

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 alcohol
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15 supply nmenber 93, atnospheric pressure thereby being established wthin
the etching reaction chanber 10. In this state of atnospheric pressure, the
door of the etching reaction chanber 10 is opened and the silicon structure
81 (as shown in FTG 2) is placed on the silicon structure table 80. After
the silicon structure 81 has been placed thereon, the door is closed and

t he secondolatipy vithin the nedtiayd @tvoholovesgek 81 and shanhyshrogenflupsidg solution pathed, and

t he turbo-nol ecul ar punp 40 and the rotary punp 41 create a high vacuum

Wi thin t hehehgdropén Ae@Gdd PdsélBOTRe thitd fI0ve Mretér33 RioAltbrsVidk Vi wh 3f kige Cl osed,
the tenth valve 44, the eighth valve 35, and the seventh valve 34 are

opened, t v r I SV Il b 7i t hyl
ol conol saPETRediyritooRRLed MRS AR ks sl Buric, g billnl P
fluoride solutjon within 37 he hydrogen fluqgride vessel 30. The third

] ow et e HompRsS o pble g e 5 msentiatle g pRusme s Moyhs
adjusting this flow as required. Further, the second flow neter 32 nonitors
the fl 6w @b requiredolThe inikedemhethyt nloglaol and hydragen glioridegpsighe digwsithereéf ow as
requi red. The m xed net hyl al cohol and hydrogen fluoride gas, the flows

t hereof 5 Hadm rbgerbﬁmte'uglis@pﬁﬁbd int® thelpiehing dedctibe clidibegttohi ng reacti on
chanber 10. The pressure within the etching reaction chanber 10 is

monitored by the first pressure neter 11, and the first throttle valve 91

i s adj ust éldhe prefsurerwithin thergtehjngarqgetdeeehapbgr pP dssmonitoredaby ther fgstpressugthe
natural oxide film(silicon oxide) 219 (see FIG 11) of the silicon
structure méed $1,camheaw hst threttid xslde §dsis ddjusitie nhik heaisthinivigng peeseribet i on
sensor 97 senses that the m xed gas has conpl eted etching the natural oxide

film 219, rﬁ;%k@%]]%'cggglfls gﬁ%&ﬁﬁ%ﬂﬁaﬂ' okﬂhgéa?i&v f08 Red PIY.S) 3 1y ﬁli&lnlféﬁﬁ&ureand the

m xed met rogen f de gas is di'scharged fromthe
etching reactjon chanber, 10 via.the dry. .pu 42 a t.oxLc substance
Ferovald adyrehedley Mgt ¢5. 1 Bis i SabeBh Bod B e KeleoliSy Wimie 325
concerning etching periods conputed or stored by the control nenber 502 is
utilized, add3xorsuntvdisraiy Morapresents methyhalsphad7 s not utilized.

M + 2HF ? HF,” + MH' (2)
SiO, + 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 49.

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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Next, the first throttle valve 91, the tenth valve 44, the fifth val ve 25,
the fourth valve 24, and the third valve 23 are opened, the dry punp 42 is
started, and pressure is 20 reduced in the etching reaction chanber 10, the
subl i mat ed gas storage vessel 21, and the xenon difluoride vessel 20. Since
the xenon difluoride is sublinmted at a pressure at or below 3.8 Torr, this
process sub¢anse eeduch ¢he piessiirg énthe at¢Hingieaciien thoubed 10 thei methylealsadobn

di fluoride vessel 20. Next, the third valve 23 is closed, and the xenon

di f1 uori devegas 31 it g aeﬁﬂoﬁdbbtdsmtsedthe B(ehé}ﬁdﬁlubhdldfvés%l 20astcsibthage
vessel 21 and t he etchrng 38 reacti on chamber 10 is drscharged By thrs

Teans, gé Ghe hillElvalve Y j Eﬁﬂégl Bhffgteﬁci‘Sf ! ?J[ 19%%1533\%%{ e ?&?ﬁe Centh

and the etc reaction c I's exp e ter arge

val ve 44, the frfth val ve 25, and the fourth valve 24 are closed Next, the
first thrdefyeedyal ve 91, the tenth valve 44, the fifth valve 25, and t he
fourth 5 valve 24 are opened, and the dry punp 42 is started, reducing

pressure | h t Qr age
Vessel 21, gl fr‘ﬁét“?“}‘efn*’%nf“%ﬁ?#&%?l LIRS essSr%@ﬁ%%? Boen
reduced, t he fift 5 | gged .and t he r 23 | ned. In
this mannefowy B 1 %f’ ‘EE‘@ ‘Vﬁ‘ef"éﬁ?ﬂcteh@ ﬁ‘% 9\’ {? E and
the third valve 23 and the fourth valve 24 are open. By thls rreans the lo
subl i mat edstiygtire manwfgetutieg devicexaf thaéirst hmbedimsnt, and b diffdrens silisos snateril ar e

mutual Iy connected in a pressure-reduced state. As a result, the solid

xenon di f | procdssiag eckm@pheWThbi dilidoRestrienee tsfd d@phegny (Bsmhteaoaliose the
subl i mat ed, and the sublinmated xenon difluoride gas is stored within the

subl i mat edy RS ;saeé 2098, *rﬁé%inu@%mrmg%ah@&wr@fowlé i BodthR: 8¢/iphdt GRLtRE gas

storage vessel Z1 is nonitored e second pressure meter 22, and 15 when
aprescrlbedlﬁggas}s(ure(a/g@18 nedt ete X 24andtheth|rd val ve 23
are cl BsedCPHPFrEPORNG “ﬁ@n 10, § %‘?‘.‘éa‘ d 2“%enon di fluoride gas is
introduced fromthe sublimated gas storage vessel 21 into the etching

reaction CRARDEr dtfice TMiffelRheSRdth Sthdl Et?uidﬂun’ehﬁlaﬁﬁﬁwuﬂﬂ r§asdel O mBagher 10 is
monitored by the first pressure meter 11, and when a prescribed pressure is

attained ti}ﬁfdﬂk%fﬂg\éﬁ]?yr%fﬁgfé@gvg-{'%oé%ge gsnd the xenon 20 difluoride gas is

encl osed anmber 10. The xenon difluoride
First, impurities are introduced locally into a monocrystal silicon substrate 202, shown
in FIG. 7, to form a lower electrode 204. Nitriding is performed on a surface face of
15  the silicon substrate 202 to form a lower silicon nitride layer 210. A polycrystal silicon
layer 208 is formed, by means for example of CVD or the like, along a prescribed area
above the lower silicon nitride layer 210. In this example, the polycrystal silicon layer
208 is the sacrificial layer. An upper first silicon nitride layer 212 is formed so as to
cover the polycrystal silicon layer 208. An upper electrode 206 is formed above the
20 upper first silicon nitride layer 212 along a prescribed area thereof. The upper
electrode 206 is formed from polycrystal silicon, or the like. An upper second silicon

nitride layer 214 is formed so as to cover the upper electrode 206.

Then, as shown in FIG. 8, contact holes 222a and 222b are formed on prescribed areas

of the upper electrode 206 and the lower electrode 204 respectively. Next, as shown in
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gas dry etches the polycrystal silicon |ayer 208 (see FIG 11), this
constituting the sacrificial layer, of the silicon structure 81 within the
etching reaction chanber 10. Wen the etching conpletion sensor 97 senses
that the xenon difluoride gas has conpleted etching the silicon |ayer 208,
the tenth valve 44 is opened, and the xenon 39 difluoride gas is

di schar gedfIfa: Gyran alungnurhilaygr 2 & that ovill deoramb eviring) layemistfhematk gvepangurfage and t he
t oxi ¢ substance renoval device 49. After discharge, the fourth valve 24 and

the fifth fed ¥erheSilicsiLstA@aird. NOEN&&hodndn FIG. ME ?@ﬁerﬂin%'iyﬁéﬂf&ﬁl_eﬂ@% thé _
supplied into the etching reaction chanber 10. However, it is possible in

this case t _ [ i J QVB‘ u r..stored
by the conﬁ@ﬁunehﬁ%eerrﬁgog&ngngi? ?f‘ﬁég?ﬁg %23&{%@93{% gélgl n(grﬁ%cgnpl eEhl%(;durP%grensor 97
is not utilized. ln the present enbodinment, the polycrystal silicon |ayer
208 Csacr | S4GEi0r 208yt 2 BUITG BYEE RGRIUEY Mke® ARGV L o P 5H S50 hy g,
whereby the actions of supplying the 1o xenon difluoride gas into the

et chi ng r et Thanc#rashoavn MOFIGral hteichingids perfarmed aimtheauppedisiicommigiide i t
therefrom are repeated. However, a nethod is equally possible whereby the

gas is suppldred1Zand i2ntae sl poribh ltkerbel Mg HPMRAE @EpdtYelédifdei 206t lobdteqv met er
27, and etching is perforned continuously. The use of the pulse etching

nmet hod al | . ik ' ' . utilized. 15
' the ot rHaRgRMRIRGing HR e e 288 e BulchiiOld 8 ARkt e e
above, wet_etchi so as to renoye silicon oxj.de does_not need to be
per f or ned.ZQ%oﬁg'eg&PeWF?‘V: agpogtien ot the, palyerystal,sitieqn Byeh %@e‘sp?"d?eﬁfélsé%“ bf
washi ng away the etching fluid applied to the silicon structure, and drying
t he sili conswt rthe eapesed qoriden a§ thehpolyorystal aidicomiayer 2@& gikidizeshiorming a
manuf acturing process for the silicon structure is sinpler. 20 Furthernore,
si nce wet eitwhl srddsfilma@ilicon oid®VE9Si | | con oxi de does not need to be
performed, there is a greatly decreased |ikelihood of the sticking
phenonmenon_occurring during manufacturing. As a result, the nunber of
def ect i ve Hia sili¢onsstaycure slpv it RS- nbln wbkainadr Yim ghec pigcess deserihed ibopytis
differently, the rigidity and the size of the

housed within the etching reaction chamber 10 of the structure manufacturing device

of the first embodiment (shown in FIG. 1) .

The following processes are performed within the structure manufacturing device.
15  First, the mixed gas, consisting of methyl alcohol and hydrogen fluoride, is supplied
into the etching reaction chamber 10 of the structure manufacturing device, and the
natural oxide film (silicon oxide) 219 (shown in FIG. 11) is dry etched. As described
above, the mixed methyl alcohol and hydrogen fluoride gas is capable of etching silicon
oxide, but barely etches silicon (polycrystal silicon and monocrystal silicon), silicon
20  nitride, or aluminum. As a result, a portion of the silicon layer 208, this constituting the
sacrificial layer, is exposed. Then, the mixed methyl alcohol and hydrogen fluoride gas
is discharged from the etching reaction chamber 10. Next, xenon difluoride gas is
supplied into the etching reaction chamber 10, and the silicon layer 208 (shown in FIG.

11) is dry etched. By this means, the state shown in FIG. 12 is attained. As described
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structure can be reduced conpared to the case where wet etching is
performed. As a 40 result, structures can be produced that function as
hi ghly sensitive or highly accurate sensors, actuators, etc. Moreover, the
silicon and the silicon oxide can be dry etched in the sane etching
reaction chanber 10 (see FIG 1). As a result, there is no need for the

t r oubl esonaboyeatheixgnondiftuoside figes isi capabla e fgit¢hing silican (nolyerystad esiliserand he
etching reaction chanber of the silicon dry etching device and the etching

reaction chgn®eystalfsilich®, bt Hagel etekéshdlicdh b xRleC4lidtoh ikeMe Cdt-alfspiig@quent 1y, the
manuf acturing process is sinpler. Since there is no need to transfer the
silicon structure between the etching reaction chanbers, the silicon

st ruct ur e Thanl arseslingdayex 234 dais shownhis G 486 fmrmediby haleliee Wiffarerd fgdfrer r ed.

As a result, a 10 reduction is possible in the nunber of defective articles

produced dipei sa@ictiied uaatfetifin®ldetibe of ithd £k efibblitieHt, ealg the ctdMghhsiber of
faulty articles becom ng apparent during use. In particular, the problemis

ted i j he Lge fi f f
Phe. i 14 contbBuit AORRERIAN By eife the Il Bhucl 22018 nR AR, 207, P,

15 The xen,gg. di fl uorj de, gas and the m xed nethyl al cohol and hydrogen
fluoride gallsSUPPRe THRGHIONS A3 3 PICSIGIANE al . Consequent |y, the al um num

| ayer 216 (shown in FIG 9) can be forned before these gases are used to
etch the siincR S%LAS | ANRLrBLI phlih B Srt Jfigbn ARECIYdd N2 gq t he
silicon Iayér C@%B thate’cag%prﬁrsesptﬁe sacri}?ileléllsbgf {hay%r (seg%lfl 21 %131 As a
result, th | um num 216 e prevented fr tering the holl ow 20 space
250 ( shown21b 4 bEpet sieciFodeahe. Gpd e Euedpy o Thagions S SrehBeRoNLE by dry
etching. Consequently, a reduction is possible in the nunber of defective
articl es phelloyeerpce 220 ndisniayinesaeeen fermask by thet igmonaingfethe silicomgikidg layeri cl es
becom ng apparent during use. (SECOND EMBODI MENT) 41
10 208 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

36



FIG 14 shows a structure of a device for manufacturing a silicon structure
of a second enbodi nent. Descriptions are generally omtted bel ow when
content is identical with the first enbodi ment. The structure nmanufacturing
devi ce of the second enbodi nent has the configurational 5 elenents of the
structure manufacturing device of the first enbodinent, and in addition

t her et o i salggholsalaetdonvithindhe mathyhajcatiohmessel Hgndahe bydyagersiluaride solutinpound
vessel 60, a water vessel 61, etc. Liquid organosilicic conpound is housed

W t hi n t hewphigaR® iydrbgerC e iieORR] 38STIR] thad. flol thetdr B3I SloRif G ARSTOW ©if C
conpound may utilize, for exanple, tridecafluoro-1, 1, 2, 2, 1o

tetrahydro 1.1 ] J ( Cs: | i orosil ane
(G, gt st blacliide bnaqBDgas, sl g os RERBEE RAurkf (hCaRoBT ' 2
third pressure neter 51 is connected wth the coating chanber 50. A second
Vacuun et B ST W T o RO BTG ERIaPrGns, HUg B ent
val ve 53. A nitrogen gas supply nenber 94 is connected with the coating
chanbers 50flaw sasarequitd. t Thel Biixed| meth§l alcdind andalydnogenhBudrele &6, ithe flowsect ed
with the organosilicic conmpound vessel 60 via a thirteenth valve 62. The

coating chekef hdfng BecORREIICH Wipblied B> ViR éhile featiorPéhanhtRr 30f Pherf, eent h
val ve 63. The coating chanber 50 is connected with a turbo-nol ecul ar punp

40 vi fi i h LS. it h d
20 s e e DV find'the (LT OB B0 ofe AIRAT ook BuSONAEAL PR D @ ATV
b 502 i | trj [ | ted with the, val . 45, 46, 3. 54, 62t
63 and o 12ndydrogen fiopde fas s discaarged Sam the elching spartion chamberdDaByaht of .

The function of the control menber 502 is to nonitor and control the action
of these n@aansy gas efQ that kps eemained veithinide gtchingamadtiontchamber 1@dy expelled. t he
second enbodi nent has perfornmed the same actions as the structure

ANt G U st % HeukiSnlibho] PO B E gt wh e kiR 6RSES o
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 alcohol vessel 31 and the hydrogen fluoride solution within
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First, the twelfth valve 54 is opened, nitrogen gas is supplied into the
coating chanber 5 50 fromthe nitrogen gas supply nenber 94, and

at nospheric pressure is established within the coating chanber 50. Next, a
silicon structure is noved fromthe etching reaction chanber 10 to the
coating chanber 50 and the silicon structure is fixed on a silicon

st ruct ur e thaldiydragen tfiveride aessal 3@.nEhd ehirdc Jow Tihetes BB insenitoss thecflew enf the
detail, is a silicon structure as shown in FIG 6, wherein dry etching has

been conpl wiifslized thetyLaldbhol ichd, @Bfustiig thst lovead Reqhifed FafthérS theheEMdw has a
silicon beamor mass structure A. Alternatively, the silicon structure is a

comp ot ea A 2h s Te AR finb e D pat ik AloKo eh) PAAREURIRRY o o

The configuration within the coating chanber 50 is, approximately the sanme
as the con?s Garigd: orhevinixad methd alqobpl and hyediegsnofinqrids gas, theoflawrothisrecd Fi G

2. 15 Next, the twelfth valve 54 is closed, the fourteenth valve 63 is
opened,5 t hisavingtbeen adjusthd, insitpplied mgs the e6chirigsreaadioatchimberdOand i s i nt roduced
into the coating chanber 50, and a surface face of the structure cones into

contact with the water. vapor,. Next,. the thirteenth valve 62_is opened, the
or ganosi | | LhPTESHBHHBNAG Fiching ReAcbiot S, DK Mosikiiath by (0 SE presgite
volatilized and is introduced into the coating chanber 50, and 20 the
surface fametenflls aad she diest uwhetdovebrei it &5 adinsted;t thisi mhintaiing agpnasssibed ci ¢
conpound gas. By this neans, the surface face of the structure cones into

contact W pldssardli sl r@aR, aensinihl oeld® filMqdiRdonVeads) 2190(s6d GRR.OFT)| dfahe
conmpound. As a result, a condensation reaction occurs between the hydroxyl

group and Qli(fo%as?rgl:t\ﬁ?ﬁ; & gtép‘%hgjtjﬁg% Ig&g@ggss_i licic 43 conmpound, thereby

coating the surtace face o structdre with a water-repellent coating.
Details of the water-repellent coating process descri bed above, and

devel oped Wheh lthe prehin tompledot aemsor &7esensds thar thie mixedagm@nkssecdmplete@pen
Paten Publication TOKKAI 11 5 288929. The structure manufacturing device of

the secondeteﬁmg@ﬁm&raheﬁid& Hﬁmeilb,e%eseig&h vaRle! 35 bl iR&edGRR VaRE 3aaref the
structure manufacturing device of the Tirst enbodinent, and in
closed, and the mixed methyl alcohol and hydrogen fluoride gas is discharged from the
etching reaction chamber 10 via the dry pump 42 and the toxic substance removal

device 49.

15 It is possible in this case also that the data concerning etching periods computed or
stored by the control member 502 is utilized, and the etching completion sensor 97 is

not utilized.

Next, the first throttle valve 91, the tenth valve 44, the fifth valve 25, the fourth valve
24, and the third valve 23 are opened, the dry pump 42 is started, and pressure is
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 Torr, this process sublimates the solid xenon difluoride housed within the
xenon difluoride vessel 20. Next, the third valve 23 is closed, and the xenon difluoride

gas that has been sublimated in the sublimated gas storage vessel 21 and the etching

38



addition thereto effectively prevents the sticking phenonenon from
occurring while the silicon structure is being used. A water-repellent film
can be coated onto the surface 1o face of the silicon structure of the
present structure manufacturing device. By this nmeans, the silicon
structure becones nore water repellent. Consequently, this prevents the

pr obl em ofreaqtigni chambere 9 iy disehargasl. iy this meansargds ©fre thafr femains tvitttin he t her eof
causing the sticking phenomenon to occur even if the structure is being
utilized isoblithsted gxsosiprage vesselr2a wind itieget ching vdactidn chawbeo holsresxpeliednAfteadi | y
occurs. As a result, a reduced nunber 15 of defective articles becone

appar ent Gichie 49 terf THAFPIEMRORIVENR 25 it ilroshaWana 26 QR igat i on of a
device for manutacturing a silicon structure of a third enbodi nent.
Descriptions are generally omtted bel ow when content is identical with the
first and Necothd fiestixhabittievdlve 20, thoeersh valee dd etheefifti ealvei25 ngndadw ifeettof t he
third enbodi ment has the configurational elenents of the structure

manuf agt urj,Rg eyt %ge&fd sﬁwt@%g@g@%}sm&; re@ﬁ'&née re@g:ﬂm aR &é}ﬁﬁgget 0 is

provided with a preparatory cha Irst” and second connecti ng nenbers

75 and 76, first and s d qpeni and closin an 8 .and a.silicon
struct ur o OB ARPHE RS RS s el Mol Sp P FEAR (B8 B e s
connects the etching reaction chanber 10 with the preparatory chanber 70 in
a manner WsesebBY)- Afeicrreser Bascherp apdycsd, ‘é’élfé‘the‘dﬂ"fer%mstﬂ@“éuﬁnﬁli the third . The
second connecting nmenber 76 connects the preparatory chanber 70 with a
coat i ng chatvee23 sOopened Imethisemantdes,r 2 btgtesis atmineti eviedoelywhe rifths valeoRatied from
5 the outside air. The first opening and cl osing neans 98 is capabl e of

swi t chi ng dded sRRCe RREIRENe DRCAL BB I 0264 P& RBBR Sy #fls Alkdnd ke
preparatory chanber 70 between an open state and a ¢l osed state. The second

or apar Bt or AR dfs FEEtaR Pk 2E 3PS el At LRl BG ol AR TR EME S o e

and a cl osed state. . . .
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
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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
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 vacuumneter 72 is connected with the preparatory chanber 70
vi a a sevdiflieede gas/ialdiseharged fomi the egbinggeaction phambard®baa thesiry punprlect ed
with the preparatory chanber 70 via an eighteenth valve 74. The preparatory

chanber 7Qnd sheQBKi0 86Bsethc¥kdrioval eVidtITAIfRE Hisetiar ) Bt fOHrtH valva 28 iaf@tRent h
val ve 47. The preparatory chanber 70 is connected with a dry punp 42 via 20

a twentie \ e er St.ru Hrqﬁw uri ige of .the third
enbodi nen?ﬂﬁagdl%eerzsgarr?réga‘ﬁh%}}eggdﬁe&dgcﬁllteg%egmas ogﬁsetééﬁcqg usﬂgyﬁr?gnla an: Curi ng
device of the first epbodi ment, the follow ng processes are perforned. 45
First, th&HMsdeadionrhymbefd047 is opened and the turbo-nol ecul ar punp 40
and a rotary punp 41 create a vacuumw thin the preparatory chanber 70. The
pressuce wthin.t. 2 r S i by . th

5 ‘Mc{x@rv@n] fP‘?sa@gEs\ﬁ}ﬂée gﬁ gﬁ% GEATR etgllzg tHeS d4IR rHoEuQérS@g éfcﬁngge P&H&Hs

pressure ne rescri ressure 1s attai ne e silicon
structure conveyi ng neans 96 noves the silicon structure along the first
connect i nG°MEHES Pr%@f?‘f &ﬁ@@“@?ﬁﬂ?ﬁgﬂr oy eBh%‘H%&'F eiehing,cqmpgletion
preparatory chanber 70. After a prescribed period, the silicon structure
conveyi ng spasan97 $motwtibizedt he silicon structure al ong the second connecting
menber 76, fromthe preparatory chanber 70 to the coating chanber 50. Then
processing i erforned.of the type descr.ibed for.the struycture
anuf act uih it BEseE smgpapen e pBERSEE Al fusr 2ok Bordicist Tl caphe
structure manufacturing device of the third enbodi nent has the effects set
forth in tchdeddyctepnptdad dermadepylse stchingd wherehhidhe risbensnehsupplyisg fhedi ti on
thereto the follow ng effect can be obtained. After dry etching of the
silicao stxenat difleofidesgdsdeato the rpdhirigetactiont dhambeic hi,ngaintaimirgl o heztiander 10,
the silicon structure can be conveyed to the coating

discharging it therefrom are repeated. However, a method is equally possible whereby

the gas is supplied continuously while being monitored by the first flow meter 27, and
etching is performed continuously. The use of the pulse etching method allows a lesser

quantity of xenon difluoride gas to be utilized.

15  In the structure manufacturing device of the first embodiment, described above, wet
etching so as to remove silicon oxide does not need to be performed. Consequently,
there is no need to perform the processes of washing away the etching fluid applied to
the silicon structure, and drying the silicon structure following this washing. As a

result, the manufacturing process for the silicon structure is simpler.

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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15 chanber 50 without its comng into contact with the outside air, thus
preventing the silicon structure from bei ng oxidized etc. Further, the
provi sion of the preparatory chanber 70 allows the silicon structure to be
transferred easily between the etching reaction chanber 10 and the coating
chanber 50. The enbodi nents descri bed above nerely illustrate some of the
possi bi | i trésalt, stfuctures 2an e peoelnced thaefitncoon antlighly seositiveest highly acbhwagcope of
the clains. The art set forth in the clains enconpasses vari ous

t ransf or ma¢dseRsadistorspelcf i cations to the enbodi nents described above. In
the above enbodi nents, exanpl e descriptions were given of manufacturing
nmet hods for the hollow silicon structure having the nass or beam A

conf i gur atMeneowdnpthe silicohband fHeGilidn exide fcam bt hiry letdhedvin shé isarom esthinget ur e
havi ng the di aphragm B configuration shown in FIG 13. However, these

st ruct ur esed¥E6 cHarhbdr Ut (s8d E16. hg st 41 edslt ShefeRRAY feed fob B GromENshRCT Ur ed
by the structure manufacturing device of t he present enbodi nents. The

silicog g%&@&daﬁﬂ Jrﬁ%&%@ﬁt‘hﬁ%ﬁ@ﬁ’ Ltﬁ?otur"e[ﬂ)%t %Wtﬁeieﬁtfcﬁmig %H@ﬁ%ﬁa‘%ﬁd ?%fﬂl eS1licon

structar urin esent rnvention are
suitable for e mapuf act ure avrlet ctures that de at

| east sil i g‘ﬁ?ﬁn Hﬁe@ﬂ éf?ﬁ‘cﬁﬁtnaéh‘? ﬁ“ﬁw&fﬁ u‘f Hh% {;ﬁﬁﬁ‘lﬂ%éro“ theBead of
the xenon difluoride (XeF2) gas utilized in the present enbodi nents,

br om net r iefdhingrdeyise ( Gpmgyuensly, thgymanuéastismguprpedss ddsimplgr.FSin¢ehthere ismot ead of
the m xed gas of nethyl al cohol (CH30H) and hydrogen fluoride (HF) utilized

in the pregahto redndfed tisilicdn sBudturecittgésh the ewhingreattipf chAhbidy, tRaéllidhndr ogen
fluoride (HF) may al so be utilized. Further, instead of utilizing nethyl

al cohol th f.O FZ when
mxed i Eﬂﬁxﬁieﬁﬁgesﬁ"ﬁ?f’h%ﬁ?%g@ffw HBRSAy B Bl LR Rt N, B2 W
above, of course be utilize as the s fulfills
e T uga e RoE e n g ”bqf&rftqeq@ﬁms% itic ﬁé’“l‘ii’r‘i?‘? dikng Mepttagture G 3.
t he purpose of which is, for exanple, to

of the silicon structure or in the number of faulty articles becoming apparent during

use. In particular, the problem is prevented in which another natural oxide film forms

on the surface face of the silicon after dry etching has been performed on the natural

oxide film.

15  The xenon difluoride gas and the mixed methyl alcohol and hydrogen fluoride gas
barely etch aluminum material. Consequently, the aluminum layer 216 (shown in FIG.
9) can be formed before these gases are used to etch the silicon oxide layer 219 that is
the natural oxide film and the silicon layer 208 that comprises the sacrificial layer (see
FIG. 11). As a result, the aluminum 216 can be prevented from entering the hollow
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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prevent mnethyl alcohol solution that has boiled up within the nethyl

al cohol vessel 31 from bl ocking the piping, can instead be enbodied in the
foll owi ng manners. 20 (FI RST VARIATION) As shown in FIG 16, a cord heater
86 nmay be attached to the piping and the etching reaction chanber 10, this
heating the piping and the etching reaction chanber 10 and 47 thereby
gasi fyi ng F{(ﬁelﬁ‘p showisch stwgtura6a dewieer for manefagiuping g sflicomstripsungeri dysecandcohol
vessel 31 as a result of boiling up. (SECOND VARI ATION) As shown in FIG

17, a resefpediheak Fedcrifiond aredgenetalle dnligédvbelowt Wken&intatt i ideaticd withvessel

31 and the filter 84, the nethyl alcohol being entirely gasified within the

reserve t Tomiiimidi€N the gas being supplied to the etching reaction
e ?‘%ﬁnﬂm gt

chanber 10. ATION) As shown in FIG 18, a reserve vessel 88 and
a control valve 89 may be provided in front of the nethyl alcohol vessel

31, addit Mheatrucretdmhndhantig ddviderntd thel ggebhd dmbbdimentohasahé configuheiongiser ve
vessel 88 in accordance with the volatilization rate of the liquid within

the meshyleqle &gbg't%é’ﬁﬁx%ﬁire %P%itage{gri{% QWiéé‘éﬁhQErs} 9@3?%355‘%&? E%jgfgho%m the

reserve vesse el ng regu the contro

VARI ATI As shown.jin ElLG 19, the liquid within. the nethyl al ol vessel
31 has a SsERge Bovided it soabine Shmterdd] i teninicleccorimuntiveel Bl g
preventing the surface face of liquid fromboiling up and thus preventing
the |iqui dvaferaesssbdl.iety up when the dry punp 42 perfornms evacuation.

Furthernore, the technical elenents disclosed in the present specification

are not | L RLofdinditc AR RRey uRbin B ROty e fiie Rl 661 AN

Furthernore, the art disclosed in the iﬁzresent specification or figures may
be util i zddediguid; grganosiisis rompoprd may ditilize, fory eample, grdegpllaorerl, lo2s 2al i ze one
of these ains.

10  tetrahydrooctyl trichlorosilane (CsF3HSiCls), octadecyl trichlorosilane (C;sH3;SiCls),

etc. Water (H,O) is housed within the water vessel 61.

A third pressure meter 51 is connected with the coating chamber 50. A second vacuum
meter 52 is connected with the coating chamber 50 via an eleventh valve 53. A
nitrogen gas supply member 94 is connected with the coating chamber 50 via a twelfth

15  valve 54.

The coating chamber 50 is connected with the organosilicic compound vessel 60 via a
thirteenth valve 62. The coating chamber 50 is connected with the water vessel 61 via
a fourteenth valve 63. The coating chamber 50 is connected with a turbo-molecular
pump 40 via a fifteenth valve 45. The coating chamber 50 is connected with a dry

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 vacuum meter 52, etc. The function

of the control member 502 is to monitor and control the action of these members.
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48 CLAIMS 1. A device for processing silicon material, the device
conprising: a first gas supply nenber, a second gas supply nenber, an
etching reaction chanber, a selective connecting neans, and a gas

di schargi ng neans, wherein 5 the first gas is capable of etching silicon,
the second gas is capable of etching silicon oxide and barely capabl e of

et chi ng sAftee e strvgfaresmprudaqtyrngcdayinecafithe sasend smbedimest kastpeeformeshthag
reaction chanmber with selectively either the first gas supply nenber or the

second gasansd@ptiohs "@THRS stradtdret MAnGaSuLhE cleaicgi dTothAens edibsa@ngemet he gas
fromthe etching reaction chanber. 10 2. A device for processing silicon

material, g Hg@u%:%bgﬁéﬁ%ﬁéﬁdrﬁﬂd a first gas supply nenber, a second gas

supply menber, react1on chanber, a selective connecting neans,
and a gas discharging neans, wherein the first gas is capable of etching
si | i con oOFirstpthendelfiarvalvg Sdaip aptedphitrokel gaxdis Supplied intoithe caheing tharhliee second
gas is capable of etching silicon and barely capable of etching silicon

nitride, 5@%&@&&%&8&@4&%&@?%@%, GRd a&%sghér@%sggeeﬁgesfa% ton

chanber with selectivéely eit irst gas supp r or the second
gas supply. er nd th { schargi ng nmeans .di scharges the gas fiom
Pho ot chi HiTPOE doafiRe rhatier 0 NeRE dRSFEEP pEFR I8 rbRR 415 (b FsfiRg
silicon structure froma silicon structure 20 having a first silicon
mat er i al , reactireehmanbsr 19 ¢ thengpating sharler PORNgrthe pilican steycturelis xed omteri al
and a third silicon material covering the second silicon material, the
devi ce cosificarsstngturd Sable af fhier iatigg shankwp|50. Maebkicon atrseaendth dasil, duppl y
menber, an etching reaction chanber, a selective connecting neans, and a
gas di schafigd@ri¥Rabas NV 8 ING. 6, wherein dry etching has been completed and the
10  silicon structure is in a state whereby it has a silicon beam or mass structure A.
Alternatively, the silicon structure is a silicon structure as shown in FIG. 12, wherein
dry etching has been completed and an etching hole 218 thereof is in an as yet unsealed

state. The configuration within the coating chamber 50 is approximately the same as

the configuration within the etching reaction chamber 10 shown in FIG. 2.

15 Next, the twelfth valve 54 is closed, the fourteenth valve 63 is opened, the water in the
water vessel 61 is volatilized and is introduced into the coating chamber 50, and a
surface face of the structure comes into contact with the water vapor. Next, the
thirteenth valve 62 is opened, the organosilicic compound within the organosilicic
compound vessel 60 is volatilized and is introduced into the coating chamber 50, and

20 the surface face of the structure comes into contact with the organosilicic compound
gas. By this means, the surface face of the structure comes into contact with a mixed
gas consisting of water vapor and organosilicic compound. As a result, a condensation

reaction occurs between the hydroxyl group and a reactive group of the organosilicic
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the first gas is capable of causing a portion of the second silicon
material to be exposed, 5 the second gas is capable of etching the second
silicon material and barely capable of etching the first and third silicon
material, the selective connecting neans connects the etching reaction
chanber mnth selectively either the first gas supply nmenber or the second
gas suppl sompotnds thesghy eaasingdhe dudasiafpes nf theestnectereswitaagwater-repeliens from
the etching reaction chanber. |0 4. A device for manufacturing a holl ow
silicon stéasiggure froma silicon structure having a silicon substrate, a
silicon oxide |layer formed on the silicon substrate and a silicon |ayer
covering the silicon oxide |ayer, the device conprisin a first gas supply
menber, aDs@d® nﬂt@awatgumpbl}enmwarg pragese desrribgd bang: i d@Yﬂi‘Pﬂﬁérby gl

sel ecti ve connecting neans, and a gas di schargi ng neans, wherein 15 the
first gaspiesentapabioss,@fe ﬁt(fds&mgx Biphries®NaidtDysenSetanPutdiesiorsTORKEAI H - of
etching silicon oxide and barely capable of etching silicon, the selective
connect i ng $ﬁgns connects the etching reaction chanmber with sel ectively
elther t he st gas supply nenber or the second gas supply nenber, and the
gas di schargi ng neans di scharges the gas fromthe etching reaction chanber.
20 5. A dehé steudiare mannhicasing rdenige af thelsbeamdsanibodinens hagithie effectt setnforthsi | i con
structure having a lower silicon nitride layer, a silicon |ayer forned on

the | over st 4EQBipAdH Bf ﬂ'n@ slrﬁé’tﬁfc ﬁﬂﬁxfﬁ'&arﬂ%&%m@ ol kIO s hBd Bkt 4RI incOVer i ng
the silicon Iayer a hole elng formed t he upper silicon nitride

| ayer, and 0X n forrre surface .of the sili | ayer at
21 ocat onddieh B8R eGSRt s S T e e e B bE e b FR g™ o
first gas supply nenber, a second gﬁs supplé nenber an etchlng reactlon
chanber, 8ilieQt Eyctyre it being 8sddad\ watergepelent fimyean be coskesk eptagherstface wher ei n
5 the first gas is capable of etching silicon oxide and barely capabl e of
et chi n@ sfdce axfrthaisilicon estruttoes 9€ chon greisent capatire nenufacaining glesicki Bgrthand
barely capable of etching silicon nitride,

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

a silicon structure conveying means 96, etc.
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the sel ective connecting nmeans connects the etching reaction chanber with
selectively either the first gas supply nenber or the second gas supply
menber, and 1o the gas dischargi ng neans di scharges the gas fromthe
etching reaction chanber. 6. A device as set forth in any of Cains 1 to 5,
wherein the first gas and the second gas are barely capable of etching

al um num Hhe &Fst gonnerting, nepsmties & Saepnsedts g etehing raapyiopfchambemntl withaths,
wherein the gas supply nmenbers conprise: 15 a housing nmenber for storing
solid or preflatatbrgaBanbiepd0dh Agnambeivhedeby spude ahagetetwéannis fivlaed gonehes f or
transformng the solid or liquid material into gas. 8. A device as set

forth in Ghdiuld: THOSLEhA cbfifeclfi rRRl Yo TRREISUErEARToAAMARESE 76, 9as

storage nenber tor storing t nst or me as set forth in

Sori 0 xenBAnd S9HLRR ORISR SRR A REEy Prsor e Rk oad g )"

device as set forth in Cdaim?7, wherein the gas supply nmenbers conprise a
vessel5 f otheipytsdderair- hydr ogen fluoride (HF~ solution and a vessel for housing
met hyl al cohol (CH30H) solution or water (H20). 11. A device as set forth

in daim he devi ce rt.her co 1sing;, 5.nmeans for preventing,liquid

{1 om bl ock % oBFRE Skt meRE o5 ioRep 5 F Lo P BGE Y HEPE i
material and the etching reaction chanber in the case where the liquid is

t r ansf or netghingreacsian charabes idhandethet psepaiatont ehamhgr @ Detwesn amhepmbettate 12, A
device as set forth in Claim?7, wherein the gas transformng neans is a
pressur e amebaclosgl sreenThé second dipening apd eksing eneant BY ris tdpableafswitghimpnber f or
storing the solid 10 or liquid material, and the pressure reducing neans is

connect edtp sPHbetH%@wéHﬂLtﬁé ﬁﬂpﬁiﬁfﬂicf thathBer 70@in@ tiiédafing ERmideP B0 GBAHRAAn 13. A
device as set forth in any of ainms 1 to 5 wherein the etching reaction

chanb% i Sodlf ?éﬂ:%&?a .o%&i &aJeans for preventing gas fromflowing directly
from gas s%ppﬁ y hol es 10 gas di scharge hol es.

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 atwentieth 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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15 14. A device as set forth in any of Clains 1 to 5 wherein the gas

di schargi ng neans conprises a rapid discharging neans and a sl ow

di schargi ng neans. 15. A device as set forth in any of Clainms 1 to 5, the
device further conprising an etching conpl etion sensing neans for sensing
the conpletion of etching of the silicon structure. 20 16. A device as set
forth in Hisst, Be nietgenth valveqtis oppredapng; the tyrbe-medeculas pyrPAOnandza spkar¥el f or
housi ng organosilicic conpound, a vessel for housing water, a gas

t r ansf or npungp #e @rstd o vadunanwithin theprepiratovy ghamiser [70c The presnee mdchimde wat er
housed within the vessels into gas, and a coating chanber connecting with
these ves mgénam‘ig charhifer 7 SCilofifordd b3 Cthe OEAR phddsdrb ahdlhrl 91, SldCwAEY b Ce
further c risihg a connecting nenbér, an opgnlng and cl osi ng neans, and a
silicon structure conveying. S, .Wherein the connectin nber connects
Uhe ot ohi RSSSTIE rERute, 8 ALine(l B s{ican strutere, CuVEWBE et 9ormRYes: Bhat
space between the etching reaction chanber and 5 the coating chanber is

i sol at®d sl sEECtengt alpag the HEStopUWRHEZa AMEMBEL IP nomedissetrling pREBIOB of
switching a connection between the etching reaction chanber and the coating
chanber beltamtben l@ntocogenpspatoractambal B edfiat atmescaibed tphdodyi the osdlitoat r uct ur e
conveyi ng neans i s capable of conveying the silicon structure between the

et chi ng r gaekuRRofNAHRGheARAR 96 S AR ilRIn GRABREY alodP thkGecdhdd®¥Vh&EingS Set
forth in Claim116, the device further conprising a preparatory chanber, a

connectin nbeL, -an enin nd ¢l osin ans, and a silic ructure
conveyi ng R 76, i3 RS DS  Grafhst e e, sffing st oD, it
reaction chanber with the preparatory chanmber and connects the preparatory
chanber wPtasessHg iz perfarmgd ohiedupe dascibeddhnide strgcuppmanyfectaingdeyicgfween t he
chanbers are isolated fromthe outside, the opening and closing neans is
capablie@ ofhesacandrambypdanend (eeediGo)bet ween t he et ching reaction chanber and
the preparatory chanber, and a connecti on between the preparatory chanber

and the cgating chanber, between an open state and a cl osed )
%ﬁe structure manufacturing device of theF%l%rd emgoflment as the ef?ects 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.

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

for the hollow silicon structure having the mass or beam A configuration shown in
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state, and 20 the silicon structure conveying neans is capable of conveying
the silicon structure between the etching reaction chanber and the
preparatory chanmber, and between the preparatory chanber and the coating
chanber. 19. A nethod for manufacturing a silicon structure conprising: 53
a step of formng a second silicon material on a first silicon material, a
step of fHBiGr hgandd fosjthe heflpyculicorasterciup hayingshe diaphragm Bheonfigertignsi | i con
material, a step of housing a silicon structure being prepared by the above
steps wi t fliownein FEGC 8. Hpweer,tthese strhetaies merdy dlustrate thé steugmky capgble dfi r st gas
into the etching reaction chanber for locally dry etching so that a portion

of the se Il i i : i i e first
G&ﬁ@nﬁh&ﬁ&%dgkﬁé étﬂlct\%]rg rx@éﬁf&éﬁxﬁ;&g AevitEBE ﬂ’ifE p?éséﬁl'@xﬁtﬂx'dﬁﬁexﬁsh

gas fromthe etching reaction c a step of "supplying a second

gas, the cand gas bei ng capabl e of, efchi t he second silicon material
and not - bo IR e Brobss Ry S e heder S M ERTBARAGE A Seh SHAEHRyal 5. 1 or
to dry etching the second silicon material. 20) A nethod for manufacturing
a si | i tonanst thg smagpiactupipg methospf the presgnt grventinnyre guitabls for thermanuifagureayer on
a silicon substrate, a step of formng a silicon |ayer so as to cover the
silicon oaf devdriegyerof strustuegs ciat hiaclsder@t deast Isilicon sidr silicanr exidei ingthpirepar ed
by the above steps within an 15 etching reaction chanber, a step of

suppl yi NOp@nkfadtste. 0as, the first gas being capable of etching silicon, into
the etching reaction chanber for locally etching the silicon | ayer so that
a portion of the silicon oxide |layer is exposed, a step of discharging the
first gasFéntlmm inkteadcofithe mepomahfidarole (XkBi)iges utilimed ilRe preseutpendfodsngnd,yi ng a
second gas, the second gas bei ng capable of etching silicon oxide and

barel y bepfgnifafmirRicqBridy g My 8lkd beAMizeliNt 0 t he etching reaction chanber
for dry etching the silicon oxide |ayer.

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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54 21. A nmethod of manufacturing a silicon structure conprising a step of
formng a silicon layer on a lower silicon nitride layer, a step of formng
an upper silicon nitride |ayer so as to cover the silicon layer, a step of
formng a hole in the upper silicon nitride layer, the hole extending to
the 5 silicon layer, a step of housing a silicaon structure being prepared
by the abH¢eebyisapifying Elﬁrlﬁuﬁlrihé‘t Rasienteredothetnipipg froms thepneshylalgobrl vessela fir st
gas, the first gas being capable of etching silicon oxide and barely being
capabl e oB1 at ahisnly o boilicpup.ni tride, into the etching reaction chanmber for
10 dry etching silicon oxide, this silicon oxide being forned on a portion
of a surface of the silicon [ayer at a |ocation thereof corresponding to

t he hol e (SE@@@QM!&BFAEIQW:M nitride layer, this etching exposing a

portion of the silicon |ayer, a step of discharging the first gas fromthe

o« ASShORR P RRD R 89 B S BRLER R, eﬁﬁgmleagg@cagﬁ second

gas being capa ng s 'con "an barely bei ng” cap € et chi ng
silicon nrtrr 0.t he, et chi ng on chapber f etching the

si | i con |¥1‘§/5é? 3520 e il g tegpet %0319{ bﬁ%@mgﬂy.aarlg% shin be TrsE8s et
forth in any of Clains 19 to 21, wherein the first gas and the second gas
ar e chosetank8dnangtbers thegae bsing syppltied toothe etahingrgaciionchambert@t eri al , and t he
silicon structure after al um num exposed to a 20 surface of the silicon
structure on the silicon structure is housed within the

et chi ng rg@@ﬁpﬁ £ﬁ35$8 23. A nethod for manufacturing a silicon
structure as set forth in any of Clains 19 to 21, further conprising a step

of exposi g hB&n i hr@ors S eSrb U sl BsPadd X ESheRAVaRE S0PIEY bY PRVidANH

organosi licic conpound

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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within the vessels into gas, and a coating chamber connecting with these vessels.
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member, an opening and closing means, and a silicon structure conveying means,

wherein the connecting member connects the etching reaction chamber with the

coating chamber in a manner that a space -between the etching reaction chamber and

5 the coating chamber is isolated from the outside, the opening and closing means is
capable of switching a connection between the etching reaction chamber and the
coating chamber between an open state and a closed state, and the silicon structure

conveying means is capable of conveying the silicon structure between the etching

reaction chamber and the coating chamber.

10 18. A device as set forth in Claim 16, the device further comprising a preparatory
chamber, a connecting member, an opening and closing means, and a silicon structure

conveying means, wherein

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

15  that the spaces between the chambers are isolated from the outside,

the opening and closing means is capable of switching a connection between the
etching reaction chamber and the preparatory chamber, and a connection between the
preparatory chamber and the coating chamber, between an open state and a closed

state, and

20 the silicon structure conveying means is capable of conveying the silicon structure
between the etching reaction chamber and the preparatory chamber, and between the

preparatory chamber and the coating chamber.

19. A method for manufacturing a silicon structure comprising:
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U&' () - 9/ :d étePdPfdimind4a skBond silicon material on a first silicon material,

a step of forming a third silicon material so as to cover the second silicon material,

a step of housing a silicon structure being prepared by the above steps within an

etching reaction chamber,

5 astep of supplying a first gas into the etching reaction chamber for locally dry etching

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

a step of supplying a second gas, the second gas being capable of etching the second
silicon material and not being capable of etching the first and third silicon materials, for

10  dry etching the second silicon material.
20. A method for manufacturing a silicon structure comprising:
a step of forming a silicon oxide layer on a silicon substrate,
a step of forming a silicon layer so as to cover the silicon oxide layer,

a step of housing a silicon structure being prepared by the above steps within an

15  etching reaction chamber,

a step of supplying a first gas, the first gas being capable of etching silicon, into the
etching reaction chamber for locally etching the silicon layer so that a portion of the

silicon oxide layer is exposed,
a step of discharging the first gas from the etching reaction chamber, and

20 astep of supplying a second gas, the second gas being capable of etching silicon oxide
and barely being capable of etching silicon, into the etching reaction chamber for dry

etching the silicon oxide layer.
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