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ETCH NG POROUS SI LI CON, ETCH NG METHOD USI NG THE ETCHI NG SCLUTICNOQI\iDJUL 2003
METHOD OF PREP, a R ADUCTOR MEMBER USI NG THE ETCHI NG SOLUT
BACKGROUND OF R M”J Field of the ljnvention This invention
rel ates% o an etc rng solution for porous silicon, an etching method using
the etching solutiofh and a method of producing a senlconductor menber usi ng
the etching solution. Particularly, this invention relates to a nethod of

produci ng a se menber which is suitable for separation of
dlelectrlc natg“m@ﬂamawnmmectronic devices, integrated circuits prepared on
a nonocrystalline senlconductor | ayer on an insulating material. Related
Background Art For &t on of a nonocrystalline Si sem conductor |ayer on an
insulating material has been widely known as the silicon on insulator (SQ)

technol ogy, and sificerds | SaeraNTRBR BECAINGUAUAR Wiitkdiangat,biqr eached

by bulk Si substrates for preparation of convention I Nt egrate

circuits are possesseduby &@?N@'%é?%i‘ﬁﬂl‘nbzsaﬂuﬁézqsﬂmSt&ﬁ'ﬂfdd”cﬁw SO many
researches have 31 JUL 2003 -2 been done. Mre specifically, by utilizing

the SO structure, e 0iNOWEME CONYBOTOR QMR s 1Y aipregrcEING el ectric
i solation can be easily done to enable high degree of integration; 2.

Radi ati on hardness is excellent; 3. Stseyurapacity is reduced to attain
hi gh speed; 4. Well formation step can be omtted;

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to an etching solution for
porous silicon, an etching method using the etching
solution and a method of producing a semiconductor
member using the etching solution. Particularly, this
invention relates to a method of producing a
semiconductor member which is suitable for separation of
dielectric materials or electronic devices, integrated
circuits prepared on a monocrystalline semiconductor
layer on an insulating material.

Related Background Art

Formation of a monocrystalline Si semiconductor
layer on an insulating material has been widely known as
the silicon on insulator (SCI) technology, and since a
large number of advantages which cannot be reached by
bulk Si substrates for preparation of conventional Si
integrated circuits are possessed by the device

utilizing the SOI structure, so many researches have



5. Latch-up can be prevented; 6. Fully depleted field effect transistor can
be made by thin filmformation. In order to-realize the many advangﬁgg¢2@n
devi ce characteristics as nentioned above, studies have been nade e
met hod for formng the SO structure for these sonme 10 years. The contents
are sumarized in, for exanple, the liter&ture as nentioned bel ow. Speci al

| ssue: "Single-crystal silicon on nonsingle-crystal insulators": edited by
G W cCullen. Journal of Crystal Gowth, Volunme 63, No. 3) pp. 429 - 590
(Z983) . Also, it has been known for a long tinme to formthe SOS (silicon
on sapphire) structure by heteroepitaxy of Si on a nonocrystalline sapphire
substrate by CvD (chem cal vapor deposition) nethod. This was successful to
sonme extent as the nost mature SA t.echni.que,  but t _such re3%$ s as a

: f
| arge anount oP€en- 8°8¢ - jy MopHss - ihe éfeeysubéghﬁk%go?b? ce
' t chi t the interf the, Si .| t h hi
Substr ate. i nt FEAUEERER- ofha) i HUMAG G ARG BB pRET o R URTTIIE nto the
ayer, and above al| tRe.flgh, cost. Of J1g UBShEabes Y debavdn
enl argement of the ~"substrate wafer size, 1t I'S obStructed from bei ng

wi del y appliedengg&gthxgkydggFg ﬁﬁﬂﬁdﬁE?E%tiﬂk;e”pts to realize the SO
as u

structure without use o pphire s traie have been done. Such attenpts

may be broadly classifRedihpion thirdne ShQwaxkeh Quhe (1) After surface
oxi dation of an Si nonocrystalline substrate, a windowis fornmed to have

the Si substrate paBtisktkyyexdpnseity ayl pivicedi ab gEoaih higpragaaded in
the lateral direction wth that exposed portion as the seed to forman S

monocrystal | i ne | ayer walSi f@rm{divn kitepcase, bdeposttedn of Si | ayer on
Si02 is acconmpanied). (2) By use of an Si nonocrystalline substrate itself
as an active |ayer, 5Si D2tch~-tproad behearuelyensedh. (This nethod is
acconpanied wit no deposition of S
6. Fully depleted field effect transistor can be
made by thin film formation.
In order to realize the many advantages in device
characteristics as mentioned above, studies have been
made about the method for forming the SOI structure for
these some 10 years. The contents are summarized in,
for example, the literature as mentioned below:
Special Issue: "Single-crystal silicon on non-
single-crystal insulators"; edited by G. W. Cullen,
Journal of Crystal Growth, Volume 63, No. 3, pp. 429 - 590
(1983).
Also, it has been known for a long time to form the
SOS (silicon on sapphire) structure by heteroepitaxy of
Si on a monocrystalline sapphire substrate by CVD
{chemical vapor deposition) method. This was

successful to some extent as the most mature SOI

technique, but for such reasons as a large amount of



| ayer) . As the neans for realizing the above (1), there have been known
the nmethod in which a nonocrystalline Si layer is forned directly to

| ateral epitaxial growh by CVD, the nethod in which anorphous Si is
deposited and 31 JUL 2003 subjected to sslid phase | ateral epitaﬁﬂdULZW3
growt h by heat treatnent, the nethod in which an anor phous or
polycrystalline Si layer is irradiated convergently with an energy beam
such as el ectron beam |aser beam etc. and a nonocrystalline layer is
grown on Si02 by nelting and recrystallization, and the nethod in which a
melting region is scanned in a zone fashion by a rod-shaped heater (Zone
nmelting recrystallization). These nethods have both advantages and

Contr o1 ab1 11ty STHEERNCEFEPEyE BRTA A TARG AR ERC S die O ¢ hem

ility, ’ :

h b i ndustriall |ied yet tq _date, l.e,_the CvD net hod

Fequi res sacri -85 CERFERL PORRTS TS niaYAr AP RoFHE FORELH e the
tallinity i kot o I : : hand,

"7 the beam annsabESEehe, nof e MY SABKBLTEROR ol SRt 7 e

as treatment i gByQY -GPRYERASLRCAD SCANY, Ndnd! Qﬁo@%ﬁiﬁge R4 NG Of

beans, focus adjustnent, etc. Anbng t the Zone

Recrystallizatige FRENQUbLE-dde {MSladWMiWG, eamdgﬁexﬁéﬂx@tw%% larger scale
integrated circuit has been trially nade, but still a |arge nunber of
crystal defectsssdehrasepanér defact S.c lisnebdetaeted promadaifatitely
(sub-boundary? , etc. remain, and no device driven by mnority carriers has
been prepared. appliedl JUkePO3vélonder memgntheeares hoak Tempis n» S

substrate as the seed for epitaxial growh which is the above nethod (2),
for exanpl e, theekrdikewthg $RI hsnkprarareparithobtdede 4f Ansapphdageilmis
formed on an Si nonocrystal line substrate with v-grooves as ani sotropically
etched on the sswvbatsats bavsdrean flanene SSuchyaktempye Ay they kavaddy oxi de
filmthick to the extent as the' Si substrate, and thereafter by polishing
fromthe back sGrPasefaedthetasthe i AhevnshPeldiiscrystalline regi ons
dielectrically separated surrounding wth the_v-grooves on the thick

pol ycrystal line Si Ié§érAg¥%rf%H .elé$4gﬁféoﬁe?ﬁoﬂg 3t t hough crystallinity
is good, there ar Lo W th.respect to o] ilit n
productivity i ng'to é’gg g%ggina%p%%z? e".‘%get'hté B%ﬁgé?yls%:? f“r‘leea/§%t §i'Ck as sone

hundr ed m o ons cBadsiheuslena (s RIS IRBACHY SLAL| 406 s SUbsLAARe 1S

polished fromthe back surface to | eave "on the S active layer as

separated. 2. ThisSpirscklBed®iMNothe Aldtedadl MDKetSeHRr Rl t 19N HWL iipoisld ant ed
oxygen) in which an Si02 layer is formed by ion inplantation of oxygen into

an Si nonocryst plortiensebstidt seediccfarm aneSHf mbhec Fpsta Xaide € afei-hods
because of good matching with the Si-1C (Integrated Circuit) process.
However, for foomatiOn-of (ke P dagper deposBtiomsdE il drayesr @nofifzygen
ions are required to be inplanted, and the inplantation tinme is very |ong
31JUL 2003 6 toiseagesemppghedh. productivity, and also the wafer cost is
hi gh. Further, many crystal defects remain, and froman industrial point
of view, no sufficierd? BVeFsdfofh iStly MeRRSEratdtlpre pRibFiratdevi ce

itself as an active layer, SiQ; is formed therebeneath.
(This method is accompanied wit no deposition of Si
layer).

As the means for realizing the above (1), there
have been known the method in which a monocrystalline Si
layer is formed directly to lateral epitaxial growth by

CvD, the method in which amorphous Si is deposited and



by mnority carriers have been attained. 3. This is the nethod tp fom an
SA structure dielectric isolation according to oxidation of porous Si.
This is a nethod in which an N type Si layer is forned on the surfaﬁﬁ %5
a P-type Si nonocrystalline substract in §que of islands by way ot UL 0
portion ion inplantation (lmai et al., J.Crystal G owmh and patterning;
only the P-type Si substrate is nmade porous by anodization in HF sol ution
so as to surround the Si islands fromthe surface' and the N-type S
islands are dielectrically isolated by accelerated oxidation. In this

met hod, the separated Si region is determ ned before the device steps,
whereby there is the problemthat the degree of freedomin drive and
circuit design ibmted |n,sane A li.ght-t

R o R R et

O et 1y B a0 CLEELAA, LhUCaf Bl AR O, Y, A

resolution and po)yde{/sREEN QR 081 t NG e X8 S ARIGEWER 8bRVERYdnOfy SHEH
an energy beam such as electron beam, laser beam, etc.
and a monocrystalline layer is grown on SiOz by melting
and recrystallization, and the method in which a melting
region is scanned in a zone fashion by a rod-shaped
heater (Zone melting recrystallization). These methods
have both advantages and disadvantages, they still have
many problems with respect to controllability,
productivity, uniformity and quality, and none of them
have been industrially applied yet up to date. For
example, the CVD method requires sacrifice-oxidation in
flat thin film formation, while the crystallinity is
poor in the solid phase growth method. On the other
hand, in the beam annealing method, problems are
involved in controllability such as treatment time by
converged beam scanning, the manner of overlapping of
beams, focus adjustment, etc. hmong these, the Zone
Melting Recrystallization method is the most mature, and
a relatively larger scale integrated circuit has been
trially made, but still a large number of crystal
defects such as point defects, line defects, plane

defects (sub-boundary), etc. remain, and no device

driven by minority carriers has been prepared.



sensor or display. It is consequently necessary to produce a device to be
provided on a light 31 JUL 2003 transm ssive substrate by using a
nonocrystal line | ayer having excellent crystallinity. however, if ?pjﬁﬁzma
| ayer is deposited on a light transm ssivessubstrate such as gl ass
substrate, etc., the Si layer is generally an anorphous | ayer or, at best,
a polycrystalline |ayer because the Si layer reflects the disorder of the
crystal structure of the substrate, and no high-quality device can thus be
fornmed by using the Si layer. This is because the substrate has an

anor phous crystal structure, and thus a nonocrystalline |ayer of high
quality cannot be easily obtained by sinply depositing the Si layer. It is
therefore difficult drj vi vice hayin roperties
sufficient for the p?gggé?gggﬁaﬁhs '{l)e\rGhP%t S’r%én eﬂ%né% etgsétu agtet ke EFst al

structure of angapmr 999u§%§%a9£a90 :y&wnogi'chn@sskhéaéb 1S

tS.
Further, any one of the ods using an nono crysta i ne sﬁ%ﬁﬁréfe i's

unsuitabl e for gbtabRhmgia, 0PRE FONOAINY flekhBlsl hL{ 98 fnhcluded.
i ght-transm ssive substrate. Takao Yonéhara, one of the inventors,

previously proposed a.nerhhogdi®é fOIMNig rarmeli 6ANENCE D ImEHStysta@1ineg_ 31
JUL 2003 which is capable of solving the above problens in Japanese Patent

Appl i cati on No. s2b206848. witie Vredimolesf afsomAiBgtAopEta TDNMENYA Dabst rat e
di sclosed in Patent Application No. 2-Z06548 conprises form ng a substrate
havi ng a non- potbassyefidcondacrokryenystalysnel Binkayayeis atupas jzedoos

sem conduct or | ayer, bondi ng anot her substrate having an insulating

mat eri al surfactheooxhde sfitimcehitk thee tienesr 9Bt ad$ | hiee | iy srubsardteenovi ng
t he porous sem conductor | ayer by etching. This invention has been achieved
for inproving tRBdi FYeFeRBREHI RE RIS NLRIPAL Rt tRP PR TatSWifags. of- 206548

revi ousl ro ed.. The nmeth of formn sem conduct or. substrate
P y p pg§ substrate, QP monocrystagl?ne regions dielectrically

separated by surrounding with the V-grooves on the thick
polycrystalline S$i layer are formed. In this method,
although crystallinity is good, there are problems with
respect to controllability and productivity in the step
of depositing the polycrystalline Si thick as some
hundred microns and the step in which the
monocrystalline Si substrate is polished from the back
surface to leave only the Si active layer as separated.
2. This is the method called SIMOX (Separation by
ion-implanted oxygen) in which an Si0O; layer is formed
by ion implantation of oxygen into an Si monocrystalline
substrate, which is one of the most mature methods
because of good matching with the Si-IC (Integrated
Circuit) process. However, for formation of the SiO2
layer, 1018 ions/cm? or more of oxygen ions are required

to be implanted, and the implantation time is very long



di scl osed in Patent Application No. Z-206548 conprises th% @ of renoving
porous Si by selective etching. Porous Si is described Bélg . Porous Si was
di scovered in the course of research on electrolytic polishing of a

sem conduct or whi ch was conducted by Unhlir et al, in 1956 (A. Uhlir, Bel
Syst. Tech. J., vol. 35, pp 333 (§256)). Unagarni et al. investigated

di ssol ving reaction of Si during anodization and reported that the anodic
reaction of Si in a HF solution requires positive holes, and that the
reaction is expressed as follows (T. Unagam , J. Electrochem Soc., Vol.
127, pp 976 (1980)): _g_ 3 1 JUL 2003 Si + 2HF + (2-n)e+ — SIFZ + 2H+ +
ne> (1) SiF2 + 2HF ~ SiFg + H2 (2) SiFq + 2HF 3 FZSif@ge(rS)C°3r Si + 4HF +
(4-~.)e+ -~ SiFg + 4H+ + 7~e- (9) SiFg + 2HE 150 tP%i F6 (S) .wherein e+ and
e- respectively denote a positive_ggéf, an el ect ram, aAd n and ~ each
denotes the nunber of positjxmuesfes requirggciﬂrﬁﬁ?ssolviQ&_Qﬁe silicon
atom Porous Si canybenf¥tfed when adoﬁﬁltion,,nigne YE > 4, s

sati sfi ed-th tpel §%her ef orerf’ou\at!‘!t‘ﬁa posi t'y&dﬁ@ll@s are r.egléij_ltqd for
forming porous Si, arght®dt 'P-type i véaH: be mre,‘ej%iﬂwﬂ?‘é‘ e porous than
N-t ype Si.igbméqﬁr, it is.g&spokﬁbmn t hat, N4toep@*8i "can be made porous if
hol es are inplantqumWéFéfo (R P.erQn%tw%n1and J. Y. Chi, Appl. Phys.
Lett., vol .4 2B6 (1983))ot prep?
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The density of the porous Si |layer can be changed to the range of 1.1 to
0.6 g/cnB by changing the concentration of the HF solution fromSOto 20%
as conpared with the density of 2.33 g/cnB of nonocrystalline Si._The
porous Si |ayer has pores having an average-size of about 600 A whil JHL WS
measured by observation by a transm ssion el ectron m croscope. Al though the
porous Si | ayer has a density which is half -10 or less than that of
nonocrystalline Si, nonocrystallinity is maintained, and a nonocrystalline
Si | ayer can be fornmed on the porous |ayer by epitaxial growh. Although
the volune of an Si nonocrystal is generally increased by 2.2 tinmes by

oxi dation, the increase in volune can be suppressed by con~rolling the

density of the @ofns: Qn O that plike18CeHiEeEs Ofemdht}Ubr2@@3ncHr vat ure of
a substrate or the occurrence of a crack in a nonocrystalline |ayer

remai ned on theséngdnaser chirsglayavoi dediduebngednnentody daddedsapyoeess. The
volunme ratio R of nonocrystalline Si to porous Si after oxidation can be
expressed as foprodwsce Ra=d@v2cg ¢V Qe Iyoy¢iiedhen ed NLighdenot es the density
of porous Si. If R=1, i.e., there is no increase in volunme after

oxi dation, A - UrDESTFTIHD sulskEeye Py vhdndedsNeROHYStiad 1p6r0G3YSK | ayer
is 1.05, an increase in volunme, Wich is caused by oxidation, can be
suppressed. |t RaEAME el kandt caySprésénitYporous Si is subjected as such

directly to subsequent steps (epitaxial growh and oxidation) .after
producting it) and tH¥$EOuUSISED FéeiFygE hot IFRRHEL AN Phild S because

the porous Si cannol. be 938! LYnPELSES SR oL oJPYEd M0 etc.,

the Si layer is generally an amorphous layer

or, at best, a polycrystalline layer because the Si
layer reflects the disorder of the crystal structure of
the substrate, and no high—-cquality device can thus be
formed by using the Si layer. This is because the
substrate has an amorphous crystal structure, and thus a
monocrystalline layer of high gquality cannot be easily
obtained by simply depositing the Si layer. It is
therefore difficult to produce a driving device having
properties sufficient for the present demands or future
demands because the crystal structure of an amorphous Si
or polycrystalline Si has many defects.

Further, any one of the methods using an Si mono-
crystalline substrate is unsuitable for obtaining a good
monocrystalline film on a light-transmissive substrate.

Takao Yonehara, one of the inventors, previously

proposed a method of forming a semiconductor substrate



31 JUL 2003 controllability. Nanmely, it has been not reported yet that
porous Si is etched Wth good controllability. In addition, P generally
shown by the following equation is referred as porosity: P = (2.33 -
A)/2.33 (7) When the value of porosity is,adjusted to 30 to 55% duy i ol 200)
anodi zation, the properties of oxidized porous Si can be equalized to those
of a nonocrystalline Si oxide film The porosity is expressed as follows: P
=(mM - nm) / (M - nB) (8 or P=(mM - nm2) /pAt (9) wherein nl: total

wei ght before anodi zation n2: total weight after anodization nB. total

wei ght after renoval of porous Si p: density of nonocrystalline Si A area
of porous region t: thickness of porous Si However, the area of the porous
regi on cannot be accurately calculated in many cases. In this case,

al t hough the etu®h dif @papdecpfeteivindthee ARVIE PSObARRS BB 2RBABESFor
measuring the value of nB. In additiép%ﬁnling epitaxial growth on the

porous Si, thEYPFPuLRELicatdgibioe “Aring distortion produced during

het er oepi t axi al growt h and suggrgssin

-12 the occurrence _of defects.
However, in this cds¥ M&theg %r@+g%rat?EHLQQﬂgﬁﬁﬁPESFP§SF§aSEvery
i nport ant parqynt

I NP §%ﬁe asugegen gf #_hea oros'éy_£§ ELES S and

i ndi spensabl e. K fethods “6f' et RR ﬁ‘é 6?8u§ Si a‘?’@ stc‘h ‘f%r?{?%ﬁ% met hods
(1) and (2): forming a substrate having a non—-porous semiconductor
monocrystalline layer and a porous semiconductor layer,
bonding another substrate having an insulaﬁing material
surface to the surface of the monocrystalline layer, and
removing the porous semiconductor layer by etching.

This invention has been achieved for improving the
invention disclosed in Patent Application No. 2-206548
previously proposed.

The method of forming a semiconductor substrate
disclosed in Patent Application No. 2-206548 comprises
the step of removing porous Si by selective etching.

Porous Si is described below.

Porous Si was discovered in the course of research
on electrolytic polishing of a semiconductor which was
conducted by Uhlir et al, in 1956 (A. Uhlir, Bell Syst.
Tech. J., Vol. 35, pp 333 (19356)).

Unagami et al. investigated dissolving reaction of Si
during anodization and reported that the anodic reaction
of Si in a HF solution requires positive holes, and
that the reaction is expressed as follows (T. Unagami,

J. Electrochem. Soc., Vol. 127, pp 476 (1980)):



31 JU 2003 (1) The nmethod of etching porous Si w th an aqueous NaCH
solution (G Bonchil, R Herino, K Barla, and J. C Pfister, J.

El ectrochem Soc., Vol. 130, No. 7, 1611 ( 1983 ) ) . (2) The nethod of
etching porous Si with an etching solution which is capable of etchi g 2003
non-porous Si. In the above nethod (29; a fluoronitric acid-type etching
solution is generally used, and etching of Si proceeds as follows: Si + 20
'r Si02 (10) Si02 + 4HF i SiFg + HZO (11) As shown by the above reaction
formulas, Si is oxidized to Si02, and the Si 02 produced is etched with
hydrof l uoric acid. Exanples of etching solutions for non-porous Si include
the above fluoronitric acid-type etching solution as well as

et hyl enedi am ne-tyge) KOHtype gnd hydrazi net ype etching solutions and the
like. -13 In $his FHRent(2on)eit Ps ReEest itnn&el ectit¥é 31 JUL 2003
etching of porous Si to _select.,an etching solution which,is capabl e of

et chi ng porous %ﬁﬁzcﬁl%ﬁf tﬁangfﬁé'ﬁdﬁhe et chi ng solutiongé or non- porous
Si. The porous §_is generall gl ectively etched by the,above nmethod (1)
whi ch uses an dﬁﬂ%bdé CHéso¥6$+ as an etching solutiS%) As descri bed
above, both porous and non-porous Si are etched with the fluoronitric

aci d-type 8Fching solution. On the other hand, in the conventional method

of selectively §%thﬂg-goqqu;)§# Wyt hgan, agugpus. haeH soliyjion, Na ions are
i nevitably adsorbed on the etched surface. Since the Na ions cause inpurity

contam nation, @f ., NDWR esang, fave adverse effects suchys)
wherein e’ and e~ respectively denote a positive hole and an
electron, and n and A each denotes the number of positive holes
required for dissolving one silicon atom. Porous Si
can be formed when the condition, n > 2 or A > 4, is
satisfied.
It is therefore found that positive holes are required for
forming porous Si, and that P-type Si can be more easily
made porous than N-type Si. However, it is also known
that N-type Si can be made porous if holes are implanted
thereto (R. P. Holmstrom and J. Y. Chi, Appl. Phys.
Lett., Vol. 42, 386 (1983)).
The density of the porous Si layer can be changed
to the range of 1.1 to 0.6 g/cm3 by changing the
concentrétion of the HF solution from 50 to 20%, as
compared with the density of 2.33 g/cm3 of
monocrystalline Si. The porous Si layer has pores
having an average size of about 600 A which was measured
by observation by a transmission electron microscope.

Although the porous Si layer has a density which is half



as the formation of a interfacial states, the ions nust not be introduced
into the sem conductor process. SUMVARY OF THE | NVENTI ON An object of this
invention is to provide an etching solution which efficiently, uniformy)
selectively and chem cally etches porousléi wi t hout affecting the 31JUL2WB

-

sem conduct or process and etching non-porous Si. -14 31 JUL 2003 Anothe
object of this invention is to provide a nethod of preparing a

sem conduct or nenber using an etching solution for uniformy and

sel ectively etching porous Si. BRI EF DESCRI PTI ON OF THE DRAW NGS Figs. | A
and 1B are schematic views explaining an etching step using an etching
solution of this invention; Figs. 2A and 2B are schematic views expl aini ng
an etching steg gsing solution of .this.invention; Figs. 3A to 3C

n_etchin
are schemati c°Vi ﬁgse§§F3iﬁ?ﬁ é#\%ﬁ%ﬁﬁﬁﬂftgﬁéﬁnﬁs§ﬁg an etching solution of
this inventiop, Ehgisté‘ﬁ Rﬁ’ié‘g ﬁ#%naﬁiq{%%teidg YhEWS HERLA A 3ReLE Ching
step using an ch 1 g SO}U'[IO of this
Si layer can be formed on the porous layer by epitaxial
growth.
Although the wvolume of an Si monocrystal is
generally increased by 2.2 times by oxidation, the
increase in volume can be suppressed by controlling the
density of the porous Si so that the occurrence of
curvature of a substrate or the occurrence of a crack in
a monocrystalline layer remained on the surface
can be avoided during the oxidation process.
The volume ratio R of monocrystalline Si to porous Si
after oxidation can be expressed as follows:
R = 2.2 x (A/2.33) (6)
wherein A denotes the density of porous Si. If R =1,
i.e., there is no increase in volume after oxidation, A
= 1.06 (g/cm3). Namely, if the density of the porous
Si layer is 1.06, an increase in volume, which is caused
by oxidation, can be suppressed.
It can be said that at present, porous Si is subjected
as such directly to subsequent steps (epitaxial growth
and oxidation) after producting it, and the porous

Si itself is not processed. This is because the porous

Si cannot be easily processed or removed with good



invention; Figs. SAto 5D are schematic views expl aining an etching step
using an etching solution of this invention; Figs. 6A to 6H are graphs
showi ng the etching properties of porous and non-porous Si when etching
sol utions of this invention are respectiv3L% used; 31 JUL z003 -1b JBi g&f)
7A to 7H are graphs showi ng the rel ations ‘between the etched thickness
(etching depth) of porous Si and etching tine when etching solutions of
this invention are respectively used; Figs. 8Ato SC are schenmatic views
expl aining a process for preparing a sem conductor nmenber of this
invention; Figs. 9A to 9D are schematic views explaining a process for
preparing a sem conductor nenber of this invention; Figs. 10A to 10C are
schematic views explaining a process for preparing a sem conductor nenber
of this inventi eArtFplbabilityo 1NIMELY séhehasikesn avs @gpoarainyet

that porous Si is etched with good controllability.
In addition, P generally shown by the
following equation is referred as porosity:
P = (2.33 - A)/2.33 (7)
When the value of porosity is adjusted to 30 to 55%
during anodization, the properties of oxidized porous Si

can be equalized to those of a monocrystalline Si oxide

film. The porosity is expressed as follows:
P = (ml - m2)/(mnl - m3) (8)
or
P = (ml - m2)/pAt (9)
wherein ml: total weight before anodization

m2: total weight after anodization
m3: total weight after removal of porous Si
p: density of monocrystalline Si
A: area of porous region
t: thickness of porous Si
However, the area of the porous region cannot be
accurately calculated in many cases. In this case,
although the equation (8) is effective, the porous Si
must be etched for measuring the value of m3.
In addition, during epitaxial growth on the porous
Si, the porous Si is capable of relieving distortion

produced during heteroepitaxial growth and suppressing



a process for preparing a sem conductor nmenber of this invention; Figs. 12A
to 12C are schematic views explaining a process for preparing a

sem conduct or nenber of this invention; Figs. 13A to 13C are schenatic
views explaining a process for preparing a sem conductor nmenber of this
invention; and Figs. 14A to 14D are schertgic views explaining a DB®QB§?@3
for preparing a sem conductor nenber of this invention. 31 JUL 2Q03 -1
DETAI LED DESCRI PTI ON OF THE PREFERRED Er ~oD~, MENTS Accordi ng to one aspect
of this invention, this invention provides a chem cal etching solution for
etching porous silicon. A first enbodi nent of the chem cal etching solution
of this invention is hydrofluoric acid. A second enbodi nent of the chem cal
etching solution is a m xture containing hydrofluoric acid and an al cohol .
A third embodi pratc@EuthénEd e GRIfet@hi NgHBOkUELONiA Scipl gTickse,e cont ai ni ng

hydrof l uoric acid and hydrogen
since it is clear that the porosity is a very
important parameter, measurement of the porosity is
necessary and indispensable.

Known methods of etching porous Si are the
following methods (1) and (2):

(1) The method of etching porous Si with an aqueous
NaOH solution (G. Bonchil, R. Herino, K. Barla, and J.
C. Pfister, J. Electrochem. Soc., Vol. 130, No. 7, 1611
(1983)).

(2) The method of etching porous Si with an etching
solution which is capable of etching non-porous Si.

In the above method (2), a fluoronitric acid-type
etching solution is generally used, and etching of Si
proceeds as follows:

Si + 20 ¥ Sio0z (10)

Si0; + 4HF 3 SiFgq + H0 (11)

As shown by the above reaction formulas, Si is oxidized
to Si02, and the Si0O; produced is etched with
hydrofluoric acid.

Examples of etching solutions for non-porous Si
include the above fluoronitric acid-type etching solution

as well as ethylenediamine-type, KOH-type and hydrazine-

type etching sclutions and the like.



peroxi de. A fourth enbodi nent of the chem cal etching solution is a m xture
contai ni ng hydrofluoric acid, an al cohol and hydrogen peroxide. A fifth
enbodi ment of the chem cal etching solution is buffered hydrofluoric acid,
A sixth enbodi nent of the chem cal etchi solution is a mixture cdnt anmb
buffered hydrofluoric acid and an al cohdl>~ A seventh enbodi nent of the

chem cal etching solution is a m xture containing buffered hydrofluoric
acid and hydrogen peroxide. A eighth enbodi nent of the chem cal etching
solution is a mxture of buffered hydrofluoric acid, an al cohol and

hydr ogen peroxi de. 31 JUL 2003 The etching nmethod of this invention
conpri ses selectively etching porous silicon using the etching solution of
this invention. According to another aspect of this invention, this

i nvention provi desIa weifhothdntgioapadtngsansess 2dRYuER ofeemibere A first
enbodi ment of the nethod of preparing a sem conductor nmenber of this

i nvention conPEFRERIf BE nPRAFOYS sTbsE? At 9l i Yy ST DTV 1h oeriFdt &S i ne
silicon layer and a porous sjilicon layer, bonding another substrate having

a surface mad€2B?Pfistf & HYLMRFPOPHS £b- t AERSTr Wi @R Yfonocryst al | i ne
| ayer, and etc@iﬁg t he ﬁ0{0q5 s'kjcon_lg%eﬂ b%.innmiﬁgrg%ggh; gihggrofluoric
aci d. A secon8“&Mbd&i RN 01"% HE NBPROB 6P Prepari n
generally selectively etched by the above method (1)
which uses an aqueous NaOH solution as an etching
solution.
As described above, both porous and non-porous Si
are etched with the fluoronitric acid-type etching
solution.
On the other hand, in the conventional method of
selectively etching porous Si with an aqueous NaOH
solution, Na ions are inevitably adsorbed on the etched
surface. Since the Na ions cause impurity
contamination, are movable and have adverse effects such
as the formation of a interfacial states, the ions must not

be introduced into the semiconductor process.

SUMMARY QF THE INVENTION

An object of this invention is to provide an
etching solution which efficiently, uniformly,
selectively and chemically etches porous Si without
affecting the semiconductor process and

etching non-porous Si,



a sem conductor nmenber of this invention uses each of the second to eighth
fornms of the etching solution of this invention in place of hydrofluoric
acid used as an etching solution in the first formof the nethod of
preparing a sem conductor nenber of this invention. A third enbodjment )pi

t he met hod of. preparing a seniconductor'&eﬁber of this invention conprises
the steps of making a silicon substrate porous, form ng a non-porous
nonocrystalline silicon |ayer on the silicon substrate nade porous, bonding
a light-transm ssive gl ass -18 substrate to the surface of the non-porous
nmonocrystalline silicon |ayer, and selectively etching porous silicon so as
to renpove porous silicon by chem cal etching using an etching sol ution of
this invention by imersing the silicon substrate nade porous therein. A
fourth embodi nent of ARRERREL AR OF ?)fe%é’r? M E R T iU FENEMer® of this

i nvention conprises the_steps of making.a silicon suhstrate porous, formng
a ~ 1 JUG 208 RBREQDrotsP FaFFgﬁ8°§FFFE%ﬁ TERTT S 219 284 1 i con
substrate nade rous, b in ot her, .si.lico u rat e havi

i nsul ating | ayeg‘?%%l??]es@{]‘??’a%’eafp er‘@&fg{r&i%’hgr‘éur$g€c§%‘?e "'heerl%(gfr%q;k or ous
nonocrystal |l i ne gkg%gogilayer, and sel ectively etching porous silicon so as
to renove poroug rTTcon by chem cal etching using an etching solution of
this invention by inmersing the silicon substrate nade porous therein. A
fifth enbodi mrent of the nethod of preparing a sem conductor menber of this
i nvention conprBRESF I MEsSHEPSIN greurRgpaaRIhggon substrate porous, form ng
a non-porous nonocrystalline silicon layer on the silicon substrate nade
porous, form ng an origle. | BYeindNH heesyehanet D& hewsoaxpbs Dusng
nmonocrystalline silicon |ayer, bonding a light-transm ssive substrate to
the surface of &heetcBing|dfteP((3ngl@nortdbihgyselanibrsalfeathisel y et ching
the silicon substrate nmade porous to renove it by chem cal etching using an
et chi ng sol uti oAnvénthdm: i nventi on by i mersing the silicon substrate nade
porous therein. A sixth enbodinent of the method of preparing a

sem conduct or nenberF&9st & 3nth &h 266 EGHhPPREES YHEWSt @PpBLATNHAKI ng a
silicon substrate porous, form ng a nonporous nonocrystalline silicon |ayer
on the silicon §ﬁb§??%&%ﬁrﬁﬁﬁ?[ﬁﬁﬂﬂ@%?nfSFﬁPhﬁgaﬁ°b%?iﬁPI?ﬁuﬁh%fn t he surface
of the non-porous_nonocrystalline silicon |ayer, bonding another silicon

substrate having an Th¥li ating layer on

Figs. 3A to 3C are schematic views explaining an

etching step using an etching solution of this
invention;

Figs. 4A to 4C are schematic views explaining an
etching step using an etching solution of this
invention;

Figs. SA to 5D are schematic views explaining an
etching step using an etching solution of this
invention;

Figs. 6A to 6H are graphs showing the etching
properties of porous and non-porous Si when etching

solutions of this invention are respectively used;



the surface thereof to the oxide |layer formed on the nonporous
nonocrystalline silicon |ayer, and selectively etching the silicon
substrate nade porous to renove it by chem cal etching using an etching

sol ution of this invention by imersing the silicon substrate made 3dalou))
therein. In each of the above enbodi nentsl &ecording to the nethod of
preparing a sem conductor nenber of the present invention, the etching step
may be carried out with coating the surfaces other than the surface of the
silicon | ayer nade porous with a protecting material before etching. 31
JUL 2003 - 20 The etching solution for porous Si of this invention is
capable of uniformy and efficiently etching porous Si w thout the danger
of contam nating the sem conductor process. The etching nethod of this

i nvention can be appliged ta tisuzd SoixaphiiCishbwphaCeRaese Batidss capabl e of
selectively etching, with high accuracy, the porous Si 31 JUL 2003 - 21
provi ded on t heesamensubst estbedr bhidbuessnl perping Siepsh) ePdHVRCIMES pdE ous
Si because a chem cal etching solution which does not etch non-porous Si is
used. The net heddof tghdpar itAfeavwseni 86aBLBIoFORBEBRRS 0P Lt APES| HYERRFBANI s
excellent in productivity, uniformty, controllability and econony for
forming a crysealel FREPSCtiygey HEPFMg excellent crystallinity equal to that

of a nonocrystalline wafer_on insulating substrates .
Figs. 8A to 8C are schematic Vviews explaining a

process for preparing a semiconductor member of this
invention;

Figs. 9A to 9D are schematic views explaining a
process for preparing a semiconductor member of this
invention;

Figs. 10A to 10C are schematic views explaining
a process for preparing a semiconductor member of this
invention;

Figs. 11A to 11D are schematic views explaining
a process for preparing a semiconductor member of this
invention;

Figs. 12A to 12C are schematic views explaining
a process for preparing a semiconductor member of this
invention;

Figs. 13A to 13C are schematic views explaining
a process for preparing a semiconductor member of this
invention; and

Figs. 14A to 14D are schematic views explaining
a process for preparing a semiconductor member of this

invention.



such as light-transm ssive insulating substrates represented by a gl ass
substrate. The nethod of preparing a sem conductor nenber of this invention
i s capable of realizing the advantages of conventional SO devices and can
be applied to various fields . The nethod of preparing a sem condukt ¢iil 2003
menber of this invention can al so be g§gq in place of the expensive SOS or
SI MOX used for producing a largescale integrated circuit having the SO
structure. In addition, the nethod of prepar~.ng a sem conductor nenber of
this invention conprises the steps of chemically renoving the | ower portion
of a nonocrystalline Si substrate of high quality used as a starting
material, with |eaving only a nonocrystalline |layer on the surface thereof,
and bondi ng the substrate 31 ~UL 2003 - 22 to an insulating |layer, and

t hus enabl es m&ny i3); pat f PHEreE STy tsi me and has
excel l ent productivity and econony. Further, the nethod of preparing a

sem conduct or nenbaecafditngi soi nenrtspent cafh thde anederdaal tétishi ng sol ution
VWhi ch has a bad effect on the sem conductor process in etching of porous S
and exhi bits dRVEPEHhP=SEiees | DIFIERLFDL AL RALPPVECHPEAXS 5PZI ue or nore of
porous Si to ngn:-porous Si and, excellent controllability and productivity.
31 JUL 2003 - $55"339 BRIRYScPERtTBH will now be given of the etching
solution in accord j Nty LN j o Jedid iption will
be made first as tgngﬁ%%%%§88§ﬁggg?E§H%S%Iﬁggﬁ%gékﬂ%f%%?kggggsggiéﬁe

el ectrol ess 1 cal Ghi i QX ous Si, with specific
reference to Fg$9$%19€¥%f¥i%& ggoﬁg&#%£;qgﬂ5% ﬁggéfne dependency of etched

t hi ckness of porous $Stcaskermbhéithernt @f itheethtreicdly di@itigo podntedniis a
hydrofluoric acid. The porous Si was formed by anodizing a nonocrystalline
Si. The condi Fi#RYTDICHUITGIN2RT | RHFrAL LRIV EE] BRE 37 3lFob@lbe not ed,

however, that the starti erial f.or producing porous Si_by_anodjzation
R N LR S

is not limted to ne Si-an 0 Cr

ray be used a%lBEre!Alddd: MBI Rk udPld A0S ARRNI Bilocet (V) Qurrent
density: 30 (np,-c =y Anodi zi g solution: : : §°=1". 1. 1 Tine:
2.4 hours Thi glkregsdaof porous Si: 300 (arm) Porosity: 56 (% Test pieces of
the porous Si thus prepared Were immersed in 49 o hydrofluoric acid
solution (white cikcfes)th embodiment of the chemical etching solution is a
mixture containing hydrofluoric acid, an alcohol and
hvdrogen peroxide.
A fifcth embodiment of the chemical etching solution is
buffered hydrofluoric acid.
A sixth embodiment of the chemical etching solution is a
mixture containing buffered hydrofluoric acid and an
alcohol.
A seventh embodiment of the chemical etching solution is
a mixture containing buffered hydrofluoric acid and
hydrogen peroxide.
A eighth embodiment of the chemical etching solution is a

mixture of buffered hydrofluoric acid, an alcohol and

hydrogen peroxide.



31 JUL 2003 - 24 and 20 % hydrofluoric acid solution (black circles) both
at the roomtenperature, and the solutions were agitated. The reduction in
the thickness of these test pieces of the porous Si were then neaiur@d. 30«

| arge etching rate was observed: nanely, 90 ~tmin 40 mnutes in hddl &0
the 49 % hydro hydro acid solution and 72 ~.emin 40 mnutes in case of the
20 % hydrofluoric acid solution. Aften 7l apse of 80 m nutes, the porous Si
test pieces were etched by 205 )lcn with a high degree of surface state in
case of the 49 % hydrofluoric acid solution, whereas, in case of the 20 %
hydrof l uoric acid solution, the etching depth was 164 Etm after el apse of
80 m nutes. The etching rate has dependencies on the concentration of the
etching solution and the tenperature. The etching solution concentration
and tenperature are suitably determined in practical ranges. Al though

sol uti on concent r 8k ¢ gt chiing4Bedbeth®f20h 46 ainyeniséon oorrrzdesr at ure are

menti oned above, these are only illustrative and are not _intended for
limting pur 36$8St Prefk ehaningt PRFOUGnEL AT iNGHP8f LR IRRdPET | uoric aci d
ranges between,5 % and. 95 .% and the tenperature of the solution is set to a

| evel which PSBFEP AT I%‘iﬁdéﬁi’%%:”loﬁ't his field of technol ogy. The etched

test pieces of pogELsS- & ndRLeahoaR L gggg&\gggt Qtr)l;%@t ehvaidhhe guLfaces after

the rinsing were exam ne ~31 JUL 200 m croanal ysi's using
secondary i ongveHtidw driuietya Wit ndat 6t EbpaAidgSarégiicdnawetbrnow be
given with specific reference to Fig. 6A of the etching characteristics of
porous Si anchembazporous Si when hydrofluoric acid is used as-the etching

solution, followed by a description of an exanple of etching of a
non-porous Si subdtFEEs ATROLigRART FhheyresRad of RFRRAEELESy 2por ous Si

taken in conjunction wth Fi&gs. Ifg gnd 1B. Fi.%. 6A is, a gragh.showi ng the
time dependeﬁgﬁ}u‘S?n%‘f%ﬁ%&‘e ptn° 253 & ‘éet‘é;ll_ §n8°%ﬁ’bscﬁ'sy§f Ftife si as
observed when Lhgy: AL& idHRALged Mh-?}ﬁ%%!xw?{d Cyachth SO WihoBe, POrous S
was fornmed by anodi zi ng nonoCrystalline Si undei the same conditions as

those nenti onageabone.a lgbrollsSs CRSRnalager ! dNASAgOindaNRRCI YStal line Si as
the starting material for anodization is only illustrative and Si of other
crystalline stubattareshamingbe asefecs made ofaitswnip timemagkriddstoptikeees of
the porous Si thus prepared were inmrersed in 49 % hydrofluoric acid
sol ution (whistELeFe cPeshheafopRETY IS EBAPEAYAtur 8ndaeFhiig §BPuti ons were
agi tat ed. Theorpgglgcgijc_).nc inn J.t he_tg]‘j gg_pngsgigf itthggehtgstﬂ%i eces of porous Si
were then medsared. JAlrac’rgeagff:hl‘ng Tat 2 'Was ob8erVetf ngﬁéfy, 90 ~min 40
mnutes in cgsgqof the 49 % hydrofluoric acid solution and, after el apse of
80 m nut es,

A second embodiment of the method of preparing

a2 semiconductor member of this invention uses each of
the second to eighth forms of the etching solution of
this invention in place of hydrofluoric acid used as an
etching solution in the first form of the method of
preparing a semiconductor member of this invention.

A third embodiment of the method of. preparing a
semiconductor member of this invention comprises the
steps of making a silicon substrate porous, forming a
non-porous monocrystalline silicon layer on the silicon

substrate made porous, bonding a light-transmissive glass



31 J UL 2003 - 26 the porous Si test pieces were etched by 20S ~l.. mwth
a high degree of surface state. The etching rate has dependencies on the
concentration of the etching solution and the tenperature. The etching

sol ution concentration and tenperature re. suitably determned in Pr tk[fﬁf'
ranges. Al though solution density of 49 % and the room tenperature ar

nment i oned above, these are only illustrative and are not intended for
limting purpose. Preferably, the concentration of the hydrofluoric acid
ranges between 5 % and 9S % and the tenperature of the solution is set to a
| evel which is ordinarily adopted in this field of technology. A test piece
of a non-porous Si of SO0 ~Imthick was imersed in a 49 % sol ution of
hydr of | uori ¢ agi,d..(hl.ack citcl ol | £ jfation of the
solution. The sfuebgsutc'{%lt%nl§|°nEg‘%eg'?#ac{?nggg%mgsk%{%gﬁ#%!a%ur ed. In this case,

the test piece,af,diQn BanaKs St1¥esh 9leRed 2R YsdYed 0D ANOHIHINY | ess

+ .
even after elapse of 1 m nutes. The étchi ng rate showed al nost no

dependency on seddild @116@REERbT 8¢ I 1Y) refdvkeppeswd Wia.id3at byt he porous and
non-porous Si test pieces after the etching were rinsed with water and the
surface stat eshEmidadsetichshgpuedeg swretaxiarg ned by mcroanal ysis with
secondary ions but no inpurity was detected. As shown in Fig. 1A a
monocr yst al | i reo1Sitisaboifr &hés 2Pnvens iamo$yz 4BmeRE 06t thes one side so as to
have a porous Si_ . 31 J UL 2003 - 27 structure only at its one side as
denoted by 21.SIPH&GPD SHESEGREE r BREe RAFIMS e T5dPous Si/ monocrystal line Si

structure was i mrersed in_a hydrofl uori cid. As a consequence, only the
porous Si portion \ﬁasf°ﬁ’§ﬁ6v88g89l?‘ﬁ%t e?%hﬁﬂf‘?g mRteg epﬁﬁaﬁff‘%t%l | i %e Si

substrate 22 al one renained u ched. . I.t i hus_ possi bl.e to_sel ectively
etch porous Sis%nillctfsrﬁdgu%tr%n'c‘)‘%%és acf?itr?é'tss}"&é%n%’h%rpe TRt S%ptél?? A

description ‘M.J»éegiﬂo‘%fbﬂxaﬂiixsnaOgifiéiﬁ'zs%uwggfgtgoé&&g,o'fgrﬁm oftion and

nonocrystal |l i ne portion are provided on one side of the substrate. As
shown in Fig. rdh-poroRist heRoefy Ol 1Sinde s@ll i BofNDNOLd Y Pnakhengibicsmbst rate
32 was anodi zed to becone porous Si structure 31. Since the current and

vol t age necessars faartet In@danpdirzati oponvaing dopei@img idicbhesohs trate
concentration, it is possible to selectively form porous Si structure by

| ocal |y varyi npving @ar ringulasdaneniayer o?n i the ranfmsecoperabfi he Shesurface
| ayer through inplantation of proton or inpurities. The substrate having
the porous Si/TRIFGSy SfarPrnROGTPIIF T MGPRETESE A S Fidiseq {4ver:

hydr of | uori c aci d. egls %e%lult, gglé th porous. Si_ portion was renoved
whi | e the nmondttysta99 Y SEFEEPHL BOS2UT bt 1! (RfeBéhéd. TRFOYE t hus
possible to Seglc?xcédsV@Mi%ﬁhaﬁoéﬂéﬁi@él etciiny ¥kia03 - 28 A description
wll be nmade as to the case ere a porous SI “structure and a
pol ycrystal | i ngh Sddd¥Glldf 8o2€ion of this invention by immersing the
silicon substrate made porous therein.
A fifth embodiment of the method of preparing a
semiconductor member of this invention comprises the
steps of making a silicon substrate porous, forming a
non-porous monocrystalline silicon layer on the silicon
substrate made porous, forming an oxide layer on the surface

of the non-porous monocrystalline silicon layer, bonding

a light-transmissive substrate to the surface of the



formed in |ayers on one side of the substrate. As shown in Fig. 3A a
polycrystalline Si |ayer 41 was fornmed by deposition on a
single-crystalline Si substrate 42, and the surface |ayer of this
polycrystalline Si was changed into a porous Si |ayer 43 by arodi 2dt{Ubnlilks
shown in Fig. 3B. T he substrate havigyg the porous Si/polycrystalline

Si / monocrystalline Si structure was immersed in a solution of hydrofluoric
acid, whereby the porous Si structure alone was renoved by etching while

t he monocrystalline Si substrate 42 and the polycrystalline Si |ayer 41
remai ned unetched. It was thus possible to selectively etch the porous S

by using polycrystalline Si as the etching stopper. A description will now
be given of axGawe 1wWhereaR@roalseSti Al iedeniitglf OrEEEiL fxddhe surface of a
polycrystalline Si |ayer which is forned on one side of the substrate. As
shown in Fig.subAtratpohyuadeysdéndds Mo Siencagei tShywaseh deated by deposition in
a nonocrystalline Si substrate 52 and a portion of this polycrystalline S

| ayer was chatfgddngnbeiporaustliningyselsdidy odnotiisatiwntiThehy t he
substrate having the porous Si/polycrystalline Si/nonocrystalline S
structure wastWRFSAE8dERe B1LLFR | TP AhPdPEARPUBPFRUBICTEr®dB -t hat the 31

JUL 2003 - 29 porous’ Si alone.was re ed while the npnocrystalline S
substrate 52 and @hélﬁ5%y8?§%§ﬁr???m§€g¥ﬁ?aygfh8§ ?gnﬁf?ﬁﬁfﬁ? efpheq. It was
thus possi bl e SALGELLY SharmfilC e BRs POUURRcTon! 2ohedsdbdengription will
now be given of the case where a m xture of ygroffuorlc acid and an

al cohol is usfdps cthRariestd & i8SToWeEubSEFiteabo@bG ] NEbaihyt A Ofod Or porous
Si, with reference to Fig. 7B. Fig. 7B shows the tine dependency of etching

t hi ckness of poroniss mBnoasyobskl veel sdleitdrhdapetods theisiliiverr sed in a

m xture liquid of hydrofluoric acid and ethyl al cohol w thout agitation of
the liquid TEwspoecesmsiewpsrdes nefbimingnedi 2khage nbapey ot &hki srerShceinder
t he conditions_shown bel ow. The use of tfe nonQgrystalline Si as the
starting mat €5 &S GPPTBPRYHY MARCFEFbRS I e SerdCPlr L2 YFR o8GR zat i on
isonly illustrative and Si of qther crystalline structures can be used as
the starting an%{%’ﬁralsﬁ%?? asgueb%ﬁﬁl Feg?é(?%% a('\/)mé‘.]\&PgﬁPgd]eWsﬁrt y" 30

(mcni 2) the surface thereof to the oxide layer formed on the non-

porous monocryvstalline silicon layer, and selectively
etching the silicon substrate made porous to remove it
by chemical etching using an etching solution

of this invention by immersing the silicon substrate
made porous therein.

In each of the above embodiments according to the
method of preparing a semiconductor member of the present
invention, the etching step may be carried out with
coating the surfaces other than the surface of the silicon
layer made porous with a protecting material before

etching.



Anodi zi ng solution: HF: H20: C2H50H =1 . 1 . 1 Tinme: 2.4 (hours) Thickness
of porous Si: 300 (um 31 JUL 2003 - ~0 Porosity: 56 (% Test pieces of
the porous Si prepared as descri bed above were i mrersed, wthout a igmiiﬁ ,
in a mxture solution of 49 % hydrofluoric acid and ethyl al cohol 31 . Zéh
(white circles) and in a m xture soluti@f eof 20 % hydrofluoric acid and
ethyl alcohol (10 . 1) (black circles). The reductions in the thicknesses
of the porous Si test pieces were then neasured. Large rates of etching of
the porous Si were observed: nanely, in the case of the m xture solution of
49 % hydrofluoric acid and ethyl alcohol (10 . 1) , the porous Si was
etched by 85 )1cn and, in case of the m xture solution_of 20 % hydrofl uoric
acid and ethyl al colf&® Fi@h}“?)?°}Tﬁ9?ﬁnéﬁﬁs9§r°Wés &t 8het®by 68 ~tm in
about 40 mnutes. After el apse_of 80.m nutes. the porous. S s etched by a
t hi ckness as Iéﬁﬁ?n§§°f9%5~gﬁ?FRK?rﬁfc%ﬁégﬁﬁm%yhgnﬁi?Fg%gl%%F%?ion of 49 %
hydr of | uori c aci,d,and et hyl alc¢coho 0...1) 1 = i he case
of the nixtLwea%ﬁﬁhﬁpﬁbﬁog¥uiog¢bH§%ﬁé§ﬁlﬁﬁ% 8333?5 §2d°é5%§¥f§T%%H%| (10 .
1), with high degrees;ebaalatss g;oéggggnched surfaces. The etching rate
has dependenci es on the concentration of the hydrofluoric acid solution, as
vel | ‘as on the tenpahat Ukenihhenadthd IO 9fisaliaoRAk ;88T ¥8R HO LD
bubbl es of reaction product gases generated as a 31 JUL 203 - 31
of the etching ¢ thauh delhdkohbheBté P& Sidaes Radngsetapasle Wot hout
necessitating agitation, thus ensuring a high efficiency and uniformty of
the etching. Thalx@tukieQy eeRREA§| alitn Mirsh tateutagper shar poases det er m ned
such that a practical etching speed is obtained in preparation process and
the effect of addition of alcohol is appreciable. Al though the m xture

sol uti ons of 49~ % hydroftuorit acrd and et nyl —arcono 0 ATt
hydr of l uoric acid and ethyl alcohol (10 . 1), as well as the rooyp
tenperature as the solution tenperature, are nentioned, these $6l ution
densities and tenperature are only illustrative and are not istended to
restrict the scope of the invention. The HF concentration wth respect to
the etching solution preferably ranges between 1 and 95 % nore preferably
between 9 and 90 % and nost preferably between 5 and 80 f The
concentration of alcohol with respect to the etching sglution is preferably
80 %or less, nore preferably 60 %or |ess and nost pfeferably 40 % or

| ess, and is determned so as to provide an apprecid i
of the alcohol. The tenperature is selected to raxge preferably 0 to 100C,
nore preferably S to 80C and nost preferably 5 36 60C. Al though et hyl

al cohol has been nentioned specifically, the infiventi on does not exclude the
use of otkter al cohol such as isopropyl y whi ch does not ~ 1 ~UL
2003

resul t

5




- 32 cause any inconvenience in the production process and which can
provi de an appreci able effect of addition of such al cohol. The porous S
after the etching was rinsed with water and the rinsed surface wa%1e§ﬁnmmﬁd
by m croanal ysis by using secondary ions but no inpurity was detected.
description wll now be given of the-e2thtng characteristic of porous S
and non-porous Si when they are etched by a m xture sol ution of
hydrof l uoric acid and ethyl alcohol, with specific reference to Fig. 6B.
Fig. 6B shows tinme dependencies of etched thicknesses of porous Si and
nonocrystalline 5i as observed when the porous Si and the nonocrystalline
Si are imrersed in a mxture solution of hydrofluoric acid and et hyl

al cohol wi thout agitation. The poraou ' S Rdgbyoangdi-aati on of
monocr yst al | i IRF:4esh Rt Bif ﬁﬁ&@rsfﬁg%gggg ggﬁéitionsoas'those shown

before. The use of nonocrystalli I <3S hauskarti ng material for formng
porous Si thrcﬁj’gﬁcOalrfb"’cﬁ‘ci‘fi‘%/itohne ipscr}(;%rli‘lgys% IUstrative and Si of ot her

crystalline structur . theistadsesnononteteml . A test piece
of porous Si pcfréeﬂ%l’rce%}saegt%gleltg]?r %%ggtgﬁgvgﬁﬁé i mrer sed, without agitation,
in a mxture sol ut ] % fluoric acid and ethyl alcohol (10 . 1)
(whi l e circlesrj?n %Fégédéfi%%h¥ﬂ&fhe t hi ckness of the porous Si was
neasured. The por ousySindasod 3F Srypektheda semietondupror mez®er3efJ| L 7003
a thickness of 85 ~.tmin 40 mnutes and Z95 ~tmin 80 mnutes, with high
degrees of surf{gpce Owvehtyomns exickalentyin Theodueti g ¥-atvd if@FBABYE- on the
concentration and the tenperature of the hydrofluoric acid sqluytiop, The
addi ti on of al gehetosEalEbity0 anelrecenbabbfes BPrRERE 3 &Fyﬁrtég‘&&f‘eggées
generated as a result cf the etching without delay fromthe s%rf?cg bei ng
etched, withoutlapeeebsiingiexceigienst constehydnEn% BTy £hiYR ePFi & ency
and uniformty of the etching. test piece of a non-gorou%e§i of 500 elm
thick was i mersedckrshab-inere e & RSyt a43ns RYRPSFEGSFi ¢ acid and

et hyl al cohol (10 . 1) (black circles), wtho i tatd he sol uti on.
The reduction BHchhast BiGREeEE2REE TH Hené%iﬁﬁéﬁfg¢n9% ?grgégi, the test

pi ece of nonporous Si was etched.only_h Angstromor |ess even after
el apse of 120 ﬁ?ﬁﬁﬁé§?t?ﬁe%§t8h?ﬁas?a gggégggd al nost no dependency on the

sol ution concentration ﬁgghggnpgrﬁgégg%i tah skhe cpraedto andemisyr @dr ous Si
test pieces after the etching were rinsed with water and the surface states

of these test RiAces WRLE 18X NethAwLdTidr QeaaliySng uhehadeswrimsy dfons but
no inpurity was detected. Naturally, various etching methods explained in

connection W t hdn Ry cTReiang sbef geences tandriqgs. beAappdied, to BATIAYY 2003 -
34

fields.

The method of preparing a semiconductor member of
this invention can also be used in place of the
expensive SOS or SIMOX used for producing a large-
scale integrated circuit having the SOI structure.

In addition, the method of preparing a
semiconductor member of this invention comprises the
steps of chemically removing the lower portion of a
monocrystalline Si substrate of high quality used as a
starting material, with leaving only a monocrystalline

layer on the surface thereof, and bonding the substrate



Figs. 2A and 2B, Figs. 3Ato 3C and Figs. 4A to 4C can be realized also in
the case where the m xture solution of hydrofluoric acid and an aif Bolwfs
used as the etchant for porous Si. 1-(3) A description will now b 3 b dlof
the case where a m xture of hydrofluoric acid and aqueous hydrogen peroxi de
(hereinafter also referred to as "hydr@gen peroxide") is used as the

el ectrol ess wet chem cal etching solution for porous Si) wth reference to
Fig. 7C. Fig. 7C shows the tinme dependency of etched thickness of porous S
as observed when the porous Si is imersed in a mxture |iquid of
hydr of l uori ¢ acid and hydrogen peroxi de under agitation of the liquid. The
porous Si was fornmed by anodi zi ng nonocrystalline Si under the conditions
shown bel ow. The use of the nonocrystalline Si as the starting nateé;aj for
form ng the porous Si SHWGhLYr €al,BrQughdannds zahaohes snamy ytidd UReT eI i ve
and Si of oth&® @Pyspgﬁﬁfﬁghgt?ugtures can be used as the starting

material . Vol tage a%%gf%%\ea- Bof V) Shsrerdirdenasdt has 30x¢edNRA?) Anodi zi ng
sol ution: HF: F20 &2 H=1. 1. 1 Time: 2.4 (hours) Thickness of porous
Si : 300 ().i;Prod il i€} bnd088onomp. Porosity: 56 (% Test pieces of the
porous Si prepared as described above were imersed, wi thout agitation, in
a mxture sol ution gfrt32 % Rydr néthod i of griepariadghpdFE8feROPRIT e (1 . 5)
(white circles) and in a m xture solution of 49 % hydrofl uoric acid and
hydr ogen per oxighbdrl of this( Bhaekt tonctan)userife GheqicElo R P Ehe

t hi cknesses of the porous Si test pieces were then neasured. Large rates of
et ching of thes¢niwimsn Sihimdr bashsebeddeffgREl §0 ERethe case of the 1 . S
solution, the porous Si was etched by 112 ~tn1ggd' in gase gﬂdthe 1.1

sol ution, the penbrendictes RACCHES BY F38N1RPNCT RORBBTIt° 40" M nutes. After
el apse of 80 minutes, the porous Si was,etched. by t hi;ckn@ssias | arge as
256 ~.min theeghbleips ahetehing §8Ilﬁf:f:6ﬂnaﬁ%g3%f§.at nl}lﬁ n thglcase of the 1

. 1 solution, with high degregs_of s e foddlSflked isunkaces. The
concentration B‘Pll’i?d?ﬁg‘é?lr?)e‘?gx?o eoﬁgé%&q n li)hi s case but the hydrogen

per oxi de concentratjon_may be nm.Red ln ey .ch provi des an
appreci abl e efFéE?&%?n5d8¥é??ﬁ#¥%S%%§§?OgSE Bg?%xide gﬂ% whi ch does not
cause any practical problemin the production process. The etching rate has
dependenci es on the density of the hydrofluoric acid solution, as well as
on the tenperature of the sanme. The addition of al cohol serves to 3?2 JU
2003 - 36 accelerate oxidation of silicon, thus enhancing the reaction
speed as conpared to the case where hydrogen peroxide is not used. It is

al so possible to control the reaction speed by suitably selecting the
content of hydrogen peroxide. The solution concentration and the sol ution
tenperature are determ ned such that a practical etching speed is obtained
in preparation process and the effect of hydrofluoric acid and hydrogen
peroxi de is appreciable. Al though the m xture solutions of 49 %
hydr of l uori c acid and hydrogen peroxide (1 . 5) and 49 % hydrofluoric acid
and hydrogen peroxide (1 . 1), as well as the roomtenperature as the
solution tenperature, are nentioned, these solution concentrations and
tenperature are only illustrative and are not intended to restrict the
scope of the invention. The HF concentration wth respect to the etching
solution preferably ranges between 1 and 95 % nore preferably between S
and 90 % and nost preferably between S and 80 % The concentration of H202
wWith respect to the etching solution is preferably selected to range
between 1 and 95 % nore preferably between S and 90% and nost preferably
between 10 and 80% and is determ ned so as to provide an appreci abl e
effect of addition of the hydrogen peroxide. The tenperature is selected to
range preferably



31 JUL 2003 _ 37 _ 0 to 100C, nore preferably 5 to 80C and nost preferably
5 to 60C. The porous Si after the etching was rinsed with water and the
rinsed surface was exam ned by m croanal ysis by using secondary igqsﬁﬁu@mpo
impurity was detected. .. A description will now be given of the ét n
characteristics of porous Si and non-po2dus Si as observed when they are
etched by a m xture solution of hydrofluoric acid and aqueous hydrogen
peroxide, with specific reference to Fig. 6C. Fig. 6C shows the tine
dependenci es of etched depth of porous Si and nonocrystalline Si as
observed when the porous Si and the nonocrystalline Si are inmmersed in a

m xture solution of hydrofluoric acid and aqueous hydrogen peroxi de. The
porous Si was formed by anodi zation of rnonocrystalline Si conducted under
t he same condi ¥i ons? ades¢wisd isimowd Lbehorebe Thivens o hithepgsEPyagal |l ine Si as
the starting material for form ng porous Si through anodization is only
illustrative afelSiiof Bt HRGCndpacs| FLRB She (REIIIVYE dAYeHE198ed as the

starting material. A test piece of pgrous Si ghgggred as descri bed above
was i nmersed, Foftowed 385 FgirtdCrolIitnPe HR% ol iton t6F 4856

hydr of l uoric acjd and ueous .hydrogen peroxide (white circles) nd
reduction in t'f‘u%e’f?'nir&&% Lo il %gcﬁgr 5as PR3 'I(% sed‘reé%ro?'ﬁésp{ngus Si was
rapi dly etched;, nanely, by a thi 1 - N i d 256
i n g0 engRaY ey i BTKRRER Sy Rereun oy el 3BRETARAC
quality and unj 1 t gl at he concentration of aqueous hydrogen

per oxi de was 35£€é?%ﬁ%vi€§é§§%, fﬁe concentration of hydrogen peroxide may

be suitably determped wWihifa taR0ecWhiGE £0RS dWeddBiRly oleherehifgct of
addi ti on of hydrogen peroxi de and which doés not cause any practi cal

i nconveni ence tR;iékgePE 0SKIGTdhs FiewakahtRg 1adedeperdsned bebeing
concentration and the tenperature of the hydrofluoric acid and aqueous
hydr ogen per oxiffedbed atktli Hydrofdfuoidr aged. peTioxipleraay \&4s wWag focakdraye
oxi dation of silicon, thus enhancing the reaction speed as conpared to the
case where hydepngéinz pey oximenas ystrldddedsSiFur Thereanddtitdne odacti on speed
can be controlled by suitably selecting the content of the hydrogen

peroxi de. A te3popizebier arhoPEr 8408 oft SHY B he HidtedwadorsiteEsed i n
a mxture solutjon of 49 o hydrofluoric¢ acid and agueous hydrogen peroxi de
(1 . 5) (Bl acktBpfcFRe)StaptivgvdRuSFiddi £2Fi BROSHCHE ROFIANS & PFhe

ducti in the thick ,of the, S th ; .ed. In,th
case) the test PPECESDEOROMDAITLS S “Rds CBt BRERCHHT 57ty P0G Af0S PonPor

| ess even afteg Eéépﬁgygiaf@néﬁs li‘%%%nr-ghgtﬁgt§€intg%?%%sre é-._%'leo"é%%r%'iHBSt no

dependency on Pheso I on concentration

material.
Voltage applied: 2.6 (V)
Current density: 30 (mA-cm—2)

Anodizing solution: HF:H20:C2HsOH =1 : 1 : 1
Time: 2.4 hours

Thickness of porous Si: 300 (pm)

Porosity: 56 (%)

Test pieces of the porous Si thus prepared were

immersed in 49 % hydrofluoric acid solution (white circles)



31 JUL 2U03 - 39 Both the porous and non-porous Si test pieces after the
etching were rinsed with water and the surface states of these test pieces
wer e exam ned by mcroanal ysis with secondary ions but no inpuriti/\] was
detected. Naturally, various enbodi ments expl ained in connection & il 200y
maki ng reference to Figs. | A and 1B, R g 2A and 2B, Figs. 3Ato 3C and
Figs. 4A to'9C can be realized also in the case where the m xture solution
of hydrofluoric acid and aqueous hydrogen peroxide is used as the etching
solution. 1-(4 A description will now be given of the case where a m xture
of hydrofluoric acid, an al cohol and aqueous hydrogen peroxide is used as
the el ectrol ess wet chem cal etching solution for porous Si, wth reference
to Fig. 7D ,Fi%o EDh?BQa@@mmct b BBy deperdencib afcketeberk 1hivekness of porous
Si as observed when the porous Si is imersed in a mxture |iquid of

hydr of | uori gn@cidbm ethpkrada)oknantheagodotisordy) dergeag ertexd. deTivé t hout
agitation of the liquid. The porous Si was formed by anodi zi ng

nmonocr yst al kedectSionuddethe Hehickndss i oh$hebovike PelpdrceTheE tde of the
nmonocrystalline Si_as the starting material for form ng the porous Si
structure tRPERIfh SHny&F2athh MeasBRTY | A LRTFSLrEiaAdTase §fSot her
crystalline r e rdd rd @l 31 JUL 2003
- 40 Vol tagggéﬁ%#eg:gmggg' (b& %??Zﬁq[ %ggﬁg%?yﬁ %%s négr%r%) 4,%\n?)di zing

sol ution: HhyvdE&O Hy2deObcEd Isolukionladd MR pm2in 4b @iautées ibhicekeess of
porous Si: 300 (Y.nm) Porosity: 56 (% Test pieces of the porous Si prepared
as descri bedfabwy 2onsr aydipoElsade atidicoluagod at | aifrerneXapsexdfire sol ution
of 49 % hydrofluoric acid, ethyl alcohol and aqueous hydrogen peroxide (10
. 6 . 50) (RAi PEOWESSel £8F BRRPYSHSA RES& BrECEDI RGO FEEREAPWARY MBS | uori ¢
acid, ethyl alcohal, and.hydrogen peroxide (10 . 2 . 10 bl ack circles).
The reducti 6#5R % R4 FFFERR éé’rg?cet F&E256r t£age Pés%h‘éi“ cés were then
measured. Lar of. ching . t ou i rved: namely, in
t he case of %P'%gc’ﬁg}o.%ﬁ .acg% %6 ‘%tl?gh,%%hrgg%brgﬁg?:@e\%gs e ?ﬁeg by 107 )1m
and, in caseyatofheorit ac2d.sdlutiohyttenetthenpadeptn Sas st aiched by 128
dun, in about 40 mnutes. After elapse of 80 mnutes, the porous Si was

et ched by aaftheckelbgsseasfl 80 geiraze244 Nmin the case of the 10 . 6 . 50
solution and 292 ~tmin the case of the 10 . 2 . 10 solution, with high
degrees of stat eErdfetIdngt ERER] hegr fERYEeNTRES Fh&$t FaRGBTratiaguedus

the etching solution and the temperature. The etching
solution concentration and temperature are suitably determined in
practical ranges. Although solution concentration of 49 § and
20 % and the room temperature are mentioned above, these
are only illustrative and are not intended for limiting
purpose. Preferably, the conceantration of the hydrofluoric acid
ranges between 5 % and 95 % and the temperature of the
solution is set to a level which is ordinarily adopted in
this field of technology.
The etched test pieces of porous Si were then rinsed

with water and the surfaces after the rinsing were examined



hydr ogen peroxide was 30 % in this case but the hydrogen 31 JUL Z003 - 4i
peroxi de concentration may be determ ned in a range which provides an
appreci abl e effect of addition of hydrogen peroxi de and which doe 1n§h 0
cause any practical problemin the production process. The etchiné r ezﬂ%s
dependenci es on the density of the hydr@gluoric acid solution, as well as
on the tenperature of the sane. The addition of al cohol serves to
accel erate oxidation of silicon, thus enhancing the reaction speed as
conpared to the case where hydrogen peroxide is not used. It is also
possible to control the reaction speed by suitably selecting the content of
hydr ogen peroxi de. On the other hand, the addition of alcohol serves to
renove, w thout del ay, bubbles of reaction gases generated as a result of
t he et chi ey friorradne latsdised S$00f S6EONARFNOLANT &Y PPNGTRYFERY i WS of t he
solution, thus offering high degrees of efficiency and uniformty of
et chi ng ofdetRciRFous Si. The solution density and the solution tenperature
are determ ned such that a practical etching speed is ohtained and such
that the effectAcﬁe%Qﬁ%HE§9“0F1H§dP8VIHSr?bvéhﬂ EhySPEROE2End hydr ogen
peroxide is reci able,, Although the m xture solutions _of 49_.%
hydrofluor??f%g%Qfeeﬁ91Ilgalé@hBE 5h8 ﬁ§8§t@ﬁnfﬁﬁﬁ%ﬁ%ﬁ&ésfiﬁs.°% . 50) and 49
% hydrofluoric acid, ethyl alcohal .and, hydrogen.peraxide,.(.10 . 2 10), as
AL A i e R R S T T O
42 The poggugnés!e@gd{q{ ts*&)@iu%fi%ﬁ',”go‘f’i‘gwéa’ﬁﬁda \Mets*&rggfc%nagg %A‘e rinsed
surface was exam ne Jb)f;mcroanalyms y usi‘ng secondary I ons but no
inpurity wagagief ecdethe ciiingy ¥Pe 8bnebebbig $OLULLRRakS AAXEDI RE0LSaLN
t hat bubbl es of reaction product gases generated as a result of the etching
can be remnuefhod tiwwontsl et fy goddis Vil f aakeheingcehgiadtivht Woth
requiring agitation, so that the 31 JUL 2U03

Figs. 1A and 1B.

Fig. 6A is a graph showing the time dependency of
etching depth of porous Si and monocrystalline Si as
observed when they are immersed in hydrofluoric acid
solution. Porous Si was formed by anodizing
monocrystalline Si under the same conditions as those
mentioned above. In this case also, the use of monocrystalline
Si as the starting material for anodization is only
illustrative and Si of other crystalline structures may be
used as the starting material.

Test pieces of the porous Si thus prepared were
immersed in 49 % hydrofluoric acid solution (white circles)
at the room temperature, and the solutions were agitated.
The reduction in the thickness of these test pieces of
porous Si were then measured. A large etching rate was

observed: namely, 90 pm in 40 minutes in case of the 49 %

hydrofluoric acid solution and, after elapse of 80 minutes,



_ 4~ .. are nentioned, these solution densities and tenperature are only
illustrative and are not intended to restrict the scope of the invention.
The HF concentration with respect to the etching solution preferajpwuf; gpﬁes
between 1 and 95 % nore preferably between 5 and 90 % and nost prefe y
between 5 and BO % The concentration-of6 H202 with respect to the etching
solution is preferably selected to range between 1 and 95 % nore
preferably between S and 90% and nost preferably between 10 and 80% and is
determ ned so as to provide an appreciable effect of addition of the

hydr ogen peroxi de. The concentration of the alcohol with respect to the
etching solution is preferably determned to be 80 % or |ess, nore

pr ef er abl ¥,.60,90 91, 115 300 DL, RLELLTABYA4G, %05 |Le33enaRth i, sel ected

SO0 as to pro e an appreci e efrect of addition of the alcohol. The

tenperature iS_S 0 e l; % 5O ' rably 5 to
B0C and MBSET ST YLy B F52B0C. A Canol 18 Bertsed (rrhashr exent

i nventi onghSe ROt cdd dBd &th i PP kn@l e@BAkngNgoi el difiesdl fmet@énggmlcérévch
as isopropyl alcohol which can practically be used in preparation process
and acconphesét éheneffAci ioh tdumcatddirtitdonodnadl calmdraurieeatbosadtaboye.

31 JUL 2003 surface is etched with high degrees of snpothness and

uni for m t eevenited tire pretctdralofangesit e Alebevskssahitclonmdgnextgt in the
etched surface. A description will now be given of the etching

char act er ioft #8s% AN OFBUFOSTIN SABPATEC PR GFE SRRSO ABAYE WhBRS® hey are

etched by a m xture solution of hydrofluoric acig, etk&é: .al.cohol and
aqueous hydPofRRY pkt BIF Rt it RPEpRES 1Y F~EFEREREeT?D F™YLi8B. Fig. 6D

shows the tine dependenci of _etc i chkness @f r i . .
nmonocr yst &Y PRESS A% ebrsa(;% édt\%ﬁeggl?%éempor ous §|C}' éﬁg B#ér%oln“gogrgycstaaﬁlﬁ ne
Siare 'm];%&%%g b8 fe i X4 W &n30lYt § oD of ey denblb UoL i fe a0 dneet Nyl al cohol
and aqueous hydrogen peroxide, wthout agitation. The porous Si was forned
by anodi zald1QRi8h ®NOSE WS &l ek 1 ShhLanducCiordinadely tduptageigondi tions as
t hose shown before. The use of nonocrystalline Si as the starting materi al
for form nhipofausd Sbf tdwanrgilioggnodi zation is only illustrative and Si of
other crystalline structures can be used as the starting material. A test
pi ece of poroud BPShrepfedPh 4L8cPPHRYF abtoPd w88 HRmEF<Sd *afi t hout
agitaion, in a mxture solution of 49 % hydraoflugric acid, ethyl alcohol
and aqueousVIfFdr8giR Pefdxi P eEdon 8% DYHCIIRFEE 2FHEI €SSt the room
tenperature, and reggﬁﬁiﬂgn i.n the th'l,_g%ness fofth%hgo{gg{ous Sip was neasur ed.

The porous”*JCNFEL VCLThed: 2AARRIST RF APEhS kA L of T867 umin 40

m nutes ang, 244 ;um ip BQ i uLes . MAD Do [degrees. of 1, 3hiIUL 2003 - ~5
surface quality and uniformty. Although the concentration o the agueous
hydrogen ped£xi daeWasss8Opedd dfMindncpseoud IBL GaBt @Bthed dndr egen perozi de
may be suitably determ ned within a range which does not inpair the effect
of additi onoofankysdirogear pke oxidenapdtehi elepire®ind0cairme-esny Fhacti cal

i nconveni ence in the production. The etching rate depends on the

concent r at ¢ o ingd rehe sheped aalmcsStonot Hep o5ty @8r Felweiqn ari d aqueous
hydr ogen peroxi de. The addition of hydrogen peroxide serves to accelerate
oxi dat i on @FP&EANTEFHONt RS ERMBAE? WY ¥ he reaction speed as conpared to the

wh hyd ide i t added. Furth ; th ti d
can be cont r ol 1B by ISUPPEBYS s 6FI RG-THe Tombat Pof Sthe Biydr ogen

per oxi de. {11, atdhliig 3L CONOLL P AUNES uhle £ ALY GnelsLBelle 12k DUDDI €5 of

the reaction product” gases generated as a result o ne etching w thout
requiring ggi{iddePRestNiseC0sWid NI fHalinde W Lasi BhbakBL LMk rand etching
of the porous Si.

secondary ions but no impurity was detected.

As shown in Fig. lA, a monocrystalline Si substrate 22

was anodized only at its one side so as to have a porous Si



A test piece of a non-porous Si of SO0 Etmthick was imersed in a m xture
solution of 49 % hydrofluoric acid, ethyl alcohol and aqueous hydrogen
peroxide (10 . 6 . 50? (black circles) at the roomtenperature) vvitjhom
agitation of the solution. The reduction in the thickness was then 1JUL 2003
measured. In this case, the test piece 87 non-porous Si was etched only by
100 Angstrom or |ess even after el apse 31 JUL Z003 - 46 of 120 m nutes.
The etching rate showed al nost no dependency on the solution concentration
and tenperature. Both the porous and non-porous Si test pieces after the
etching were rinsed with water and the surface states of these test pieces
wer e exam ned by m croanalysis with secondary ions but no inpurity was
detected. Naturally, the various enbodi ments explained in connection with |
by maki ng retecensee tenlii g iltA and §$Bie Fagsdedtaxthdby?2Bl.Fi §oen3Ache 3C and
Figs. 4A to 9C can be realized also in the case where the m xture solution
of hydrof | usnbstaztel hﬂn@dhmmraqaeﬁ)yém@WWMisde stgugsudeas t he
etchant for porous Si. (S) A description will now be given of the case
where a buf Fresedmheymeﬁlmra hydeiodlnerigedicid. t S & CONSEI®SsCRet cheni cal
etching solution fcr porous Si, with reference to Fi 7E. For instance, an
aqueous sol ARLBNERS MR M P 13EOX LdPBf ”ﬁ%ﬁi‘%ﬁ?qll%r‘%tfe SHIGPP HRELE 5 % of
hydrogen fluoride (HF) is used as the buffered @/drofl uorlc acid. Fig. 7E
shows the tFhe B‘é‘b‘é‘ﬁ%ﬁl-‘o‘fn“‘ets&hlsﬁﬁs’fﬁﬂ:‘ﬁn $s? epo“‘r"d‘l??“ﬁ as observed

when the por ous Sl dr of uor| acid foll oned

t mer s in the P er ed
by agitatiol?® 0ro 5 S 8?%8 %n%%ﬂ'?%/%’gverﬂnocr yngfPPﬁe Si
under the c ndbtl on§n8 g\@opgyg alfﬂme SaOJ {;lgel %}pcrystal line Si as the

starting ma érrat formn e porous Z003 - 47 structure
t hrough anodi.g Qgépn is only illustrative and Si of other crystalline
structures can be used as the starting material. voltage applied: 2.6 (v)

Current density: a3Qe§fPt St ANQdindNBe SQEubh 0bt dTedR0:el¥a0bder 1 . 1
1 Time: 2.4 (hours) Thickness of porous Si: 300 (Etnm) Porosity: 56 (% Test

pi eces of tRerpAEOYE SHrPisPalri mnodesstabEinaboyepowivd arer sed, fol | owed
by agitation, in the buffered hydrofluoric acid (white circles) and ina 20

% di | ut ed bpfrbeﬁ.eddhyﬁlroﬁé unirdec cefcictie( bhiaskratecl es). The reductions in the
t hi cknesses of the porous Si test pieces were then neasured. Large rates of
etching of the pdsoaBo®r iwerRimbId:vedporthenyofione idsasf & buffered
hydrofluoric acid, the porous Si was etched by 70 ~tmand, in case of the
20 % di | ut e@%‘&FFéFEEIlHW? ot} er+h5ér56ﬁd32tnésp6%%“§ SRadesOMed by 56
Vim in about 40 m_nutes. After_elap ﬁo m nut es, Qrous Si was

et ched by aWPEEné%sSEE“?%‘F’b%%s 11 lf'f'ﬁﬂ: tﬁ‘ér’f:%fére acﬂ“i] Y53Ff er ed
hydr of | d d.99 ~t d buf f d
ydr of | uori ¢ amsaa%%l ffﬁrh m | n le%tgggevg 8%9?1{%516% u ere

hydr of | uori &6 egrees o] chede SUTTace
concentration, 1t is possible to selectively form porous Si

structure by locally varying the carrier concentration in the
monocrystalline Si surface layer through implantation of
proton or impurities. The substrate having the porous
Si/monocrystalline Si structure was then immersed in
hydrofluoric acid. As a result, only the porous Si portion
was removed while the monocrystalline Si substrate 32
remained unetched. It is thus possible to selectively etch

porous Si.



31 JUL 2003 - 48 The etching rate has dependencies on the density of the
hydrof l uoric acid solution, as well as on the tenperature of the sanme. The
density of the solution and the tenperature of the sanme are deterg%red to
fall within the ranges Wi ch woul d not cause any practical inconv elfic &)
Al t hough the buffered hydrofluoric aci-d2ghi-ch i s an aqueous sol ution
containing 36.2 % of ammoni um fluoride (NH4F) and 4.5 % of hydrogen
fluoride (HF) and the 20 % diluted buffered hydrofluoric acid, as well as
the roomtenperature as the solution tenperature, are nentioned, these
solution densities and tenperature are only illustrative and are not
intended to restrict the scope of the invention. The HF concentration in

the buffered hydrofjugLiC g6iidMtN T 8aPRGket 95 e SIENND SRlWEl G
preferably ranges between ﬁgiﬁu? 9§ % nore %re?eraﬂﬁ%gbetmeenei and 85 %

and nost pref e?apbu._c, bet e dk waied 2@ % pdhocepcent I | 4 UMEQalrd t he
buffered hydrofluoric acid with respect to the etching solution is
preferably sel estgédt OnrongerPeinveme $idado85the smper pwd erably between 5
and 90% and nost preferably between 5 and 80% The tenperature is selected
to range preferabl yad® $looudd G mry.e 3@, ekepabiyrpstal Blie aid layetr gnewarsabl y
5 to 60C. 31 JUL 2003 - 49 The porous Si after the etching was rinsed

wi th wat er andfoheedipgedemasiftden was aesanghedchysta LY bend iy siub sl attei ng
secondary ions but no inpurity was detected. A description will now be

gi ven of the etéhiagdchiae ssurfacst ileyest oforbis Splyemy stalldareo$d Si as
observed when they are etched by the buffered hydrofluoric acid, with

speci fic refer¥Agechan®rgy. 1ML FRProPE ShondYeRedd iR FRYEFISIONes 26f

et chi ng of porogs Si ,and, nonocrystalline Si as observgglmhen t he porous S

and the nonocr F8PERI FReF & - ot | NPRS P T WAt MUPME S WP=8MSuori ¢ aci d.
The porous Si for ned odizati on of crystalline Si_ conducted
under the sane§§238?YFB%%P%%Egﬁ%§é§i 8®ﬁrgéggge%n¥h h U3 r%)tuﬁ§h3gfystalline
Si as the startj e ] (N el 0 L s h [ han is
only iIIustratﬁb@ggggﬁséhg+ {ﬁ¥ﬁ§f§§ﬁ?§?ggﬁﬁﬁgig§$t%?ﬁ?%%’gﬁ%ﬂﬁ%éﬁgé as the

starting nater%ggoug §€Skr PhAGE Pla 1NOUR sSkeREGRATEY aScifieRriiiad abave
was i mersed, followed by agitation, in the buffered hydrofluoric aci

(white circl esmahobb@st QDI A&NPErAlHsteatand2r ddCEhO o Iydastlahiighress of
the porous Si was neasured. The porous Si was rapidly etched: nanely, by a

t hi ckness of 7Qayem b #6maimed emeathell8 ~TM was 120us pudcinhlenitich hi gh
degrees of surface quality and uniformty. The etching rate has
dependenci es onetthetdeasvtgtof thre dordnsf Sdobycuadhd sol ution, as well as
on the 31 JUL Z003 - so_ tenperature of the sanme. The density of the

sol ution and t ROI¥ENFEFAtLiRe ol tdfe theaRECRLBIJEE@PR®Red to fall within the

ranges whi ch woul d pot, cause any pr.actical in¢convenience. Although the
buf f er ed hydrofluochdSEFHLVWﬁ?ﬁ:¢i}¥ﬂ?°§qgéoﬁévgﬁl%fi%wF?ﬁﬁn%ﬂ?ﬁen§°§89? %

f [ fl ide. (NHF d 4.5 % of hyd I ' HFE ).

Che' 7 oom {erpeiat BPECET 1 hE SOTTRG O (DRpaPACHTE, O5rb HEMTOMER AeS:
e room t emper _ aracre, “are

niended Lo redti g TRE e Eopa it Re AR e ST R IR AP 1Ot

non-porous Si of 50Qs~ghgbkhlﬁK?§§§4M@Saj%%&QE@QS&Qliiﬁ%t%qffgfgi 51 was

hydr of | uoric aci d(black circles
formed by deposition in a monocrystalline Si substrate 52

and a portion of this polycrystalline Si layer was changed
into porous Si layer 53 by anodization. Then, the
substrate having the porous

Si/polycrystalline Si/monocrystalline Si structure was

immersed in a solution of hydrofluoric acid, so that the



at the roomtenperature, followed by agitation of the solution. The
reduction in the thickness was then neasured. In this case, the test piece
of non-porous Si was etched only by 100 Angstrons or |ess even afﬁﬁrﬂﬁlﬁﬁfe
of 120 m nutes. The etching rate showed al nost no dependency on the
solution density and tenperature. Both 2%ie-porous and non-porous Si test

pi eces after the etching were rinsed with water and the surface states of
these test pieces were exam ned by m croanal ysis with secondary ions but no
impurity was detected. Cbviously, various etching nethods explained in
connection with (1) by making reference to Figs. | A and 1B, 31 JuL 2Q03 -
51 Figs. 2A and 2B, Figs. 3Ato 3C and Figs. 4A to 9C can be realized al so
in the case where the buffered hydrofluoric acid is uszd as the etching
solution. |- (6polodessEiigldren waisl Iremovelewhi Vet mMdmacasecalliidne 8im xture
liquid of a buffered hydrofluoric acid and an al cohol is used as the

ei ectrol ess wesubherate cad agtt ilveg podivarivonaibingpFiodaysir, Sii trempéhedence
to Fig ?F. For instance, an aqueous sol ution containing 36.2 % of ammoni um
fluoride (NHgFpngheheds %‘bf”%&ﬁb’@eﬁ%ﬁﬂ%%?d@ (Heqsl Upsdd easht kBebuf f er ed
hydrof l uoric acid. Fi 7F shows the tinme dependency of etching thickness
of porous Si a§°683§rgéd when the porous Si is imersed in the nixed

sol ution of th%_gggfered hydrof l uori c acid and ethyl al cohol, w thout
agitation. The™p us Si was formed by anodizing nonocrystalline Si under

t he conditions shomH gelomr The usglogoah oS st al Iline Si - t he

starting material for formR tgmt"he por 608 S ructurerfehr ough "6 di ?ati on
is only illustp &LM?FaS'g l%dzocrfﬂitmr gEXaé‘i’é'% enSI ; i”:%séfs%@) ngg?gd as

the starting ma eria age applie rrent

2) Anodi zi ng SQhHEE981e§f:¢£¥36;Qﬂ¥y§l e&chl -sdlut 5o Jdr HhBu32s iJime:
2.4 (hours) Thickness of porous Si; )t Porosity: 56 (% Test pieces
of the porous Shtnrgagéggh@giﬂﬁsqw bad above were i mrersed, w thout
agitation, in a mxture solution of the buffered hydrofluoric aci d~and

et hyl al cohol (10 .riy.(vhisdeows ttees)imandependemixtafl cetsitig ahiekn2@s%
diluted buffered hydrofluoric acid and ethyl alcohol (10 . 1) (black
circles). The oddporpoasSines mpgdrveknebeastibé pdmoyporiusisSiinresisedi éaes
were then measured. Large rates of etching of the porous Si were observed:
namely, in theacaéétBFethéﬂ?ﬁquﬁwéxﬁopﬁﬂPeﬁl%fa@#ﬁe%ﬂﬁf%#hﬂiiﬂkﬁﬂbpﬂuoric
acid and ethyl al cohol (10 . t he porous Si was etched by 67 )l1cn and,
in case of the“ﬁFﬁPHFeang%ﬁ%Qﬂiqﬁ thge 1 26“99d|ITR%KPQEH?%N&%jW?deSFWGHr
acid and ethyl al coh

about 40 m nut 8. RPEer a7 el T arR Besind e i BBt ne )%Fewgg by
1
b cines s ge it SRS e L4 g )

buf f er ed hydroﬁ uoric acrd an m i n

case of the ni Hal&'é‘h%‘.?' %i:Ofroﬂiu?go thedbbibed Hufierad ydrafddiQni ¢ acid and

et hyl al cohol (10 . 1), wth high degrees of states of the etched surfaces.
The etching ratsdiasadepandensi B ONulshealetei 4yd ofi tde other

crystalline structures can be used as the starting

material.
Voltage applied: 2.6 (V)
Current density: 30 (mA-cm‘z)
Anodizing solution: HF :H20:C2HsOH = 1 : 1 : 1
Time: 2.4 (hours)

Thickness of porous Si: 300 (um)



3 7 JUL 2003 - 53 hydrofluoric acid solution, as well as on the
tenperature of the sanme. The addition of alcohol serves to renove, w thout
del ay, bubbl es of reaction product gases generated as a result of ﬂﬁdULng
etching fromthe surface being etched, without requiring agitation, thus
enabling etching of the porous Si wth tBQyh degrees of uniformty and
efficiency. The density of the solution and the tenperature of the sane are
determned to fall within the ranges which would not cause any practi cal
i nconveni ence. Although the m xture solution of the buffered hydrofluoric
acid and ethyl alcohol (10 . 1) and the m xture solution of the 20 %
di luted buffered hydrofluoric acid and ethyl alcohol (10 . 1), as well as
t he room t enper ture as t he sol ution tejgpergture, are menti oned, these
sol ution densit'%ﬁ?%ﬁuy’tenperature are onlg illustrative and are not
intended to restrict the scope of the invention. The HF concentration in
the buffered hydrofluoric acid with respect to the etching solution
preferably ranggssibeleeen beabfe 9po28ud L gepfadledblby BBEWEEHed and 85 %
and nost preferably between 1 and 70 % The concentration of NH4 in the
buf fered hygsof | word GracirdeW, t Ri t RSPEEgitadtm tighiangigelvbi on is
preferably selected to range between 1 and 95 % nore preferably between S
and 90a andomwsiopred amakl nydebreesr bc aieh BGHd Braiyaoateshsat ipa of the
al cohol with respect to the etching solution is preferably 31 JUL 20@@3 80
% or | ess, 1po(ehjreefciraliley)5anto dn & esisxtand: raedtutpoal efaBby%$90 % or | ess,
and is determined to nake the - effect of addition of the al cohol
appr eci abl bydrbeluemise rgidr @ndsethykcakephe! rdfye doef(blabky 0 to 100C,
more preferably 5 to 80C and npst preferably S to 60C. Al though ethyl
al cohol ha§lségﬁ5)spe&hfei cadugtienei Sueehe dtthisiknasesisors §henrasorsopr opyl
al cohol, which does, not cause nx i nconveni ence in the comrerci al
product i onsénﬁe%iwct?én”&r&vitg@ aﬂe%?)‘b?%‘gi alt3F 9§ FBLESoPLaBBFREBR of such
al cohol , naé be used as t.he al cohol used in thisﬁg¥§$eof etchin? sol ution.
i B

The por ous®Si “BF (RF- e Sét & RgCRAET YT Rs P Ui tH af8SEn8Er Fi%ed
surface was.exani ne y. i cr. akysj 1Nhg sec ry.Lons but no
impurity vvgéxglelf ec?ocejld&ﬁor? Pr??gge%’cﬁﬁa%%ﬁ%%'%ﬁc%dﬁggﬁe%té?%r eaction
product gasesogene(ed ed 135 @neepdkbudfsi hea Llefii@ &N ssepmegnUedi t hout
delay and without requiring agitation of the solution, by virtue of the

addi ti on otakheoal @ahalixts@et Ralut hen ot t 2sy Hydbdrueriecasgs@sagan be
formed with high degrees of snoothness and uniformty. A description wll

now be gi venhyt 2hecralchilify :chRaratherpsrdées I wam ersh®id bwd6Aonmpor ous S
as observed when they are etched by the m xture Solution of the buffered
hydr of | uorite@ abpdt afltl mimaitershy| Afreohelapse t9f 8@ misuytezp08he ss specific
reference to Fig. 6F. Fig. 6F shows the tine dependenci es_qf etching

t hi ckness 89r88?05§ g s qﬁﬁn%@r?s?%??*?ﬁ?%ﬁ %ﬁﬁﬂ?r@édl%ﬁeﬁmth% por ous

Si and the nonocrystalline Si are inmmersed in the m xture solutiqg of the

buf fered hfdfofPEdrot G diaiyrar APFUBTLBHRE .4 SThe WEIFGHE USF 1fadFer REE by
anodi zat| 0 g, ROAGLYSt Al 116 ) Sk nGOPBRCER LIS, WhE 2ATR gendhil ons as
ose shown 1

( ore. The use of "nobnocrystallTine as the'starting material
for form ng.ROLOYS S I LOUGN Anqdheals RNl S QU d LddsLiatve and S of
ot her crystalliné structures can be used as e Starting erial.

alcohol (10 : 1), with high degrees of states of the etched
surfaces.

The etching rate has dependencies on the concentration of
the hydrofluoric acid solution, as well as on the

temperature. The addition of alcohol serves to

remove bubbles of reaction product gases generated as a



A test piece of porous Si prepared as described above was i nmrersed, w thout
agitation, in the mxture solution of the buffered hydrofluoric acid and

et hyl alcohol (10 . 1) (white circles) at the roomtenperature, ang
reduction in the thickness of the porous Si was neasured. The poro 4 %‘ w;s
rapidly etched: nanely, by a thickness 8t 67 ~tmin 40 m nutes and 112
~tcn in 120 mnutes, wth high degrees of surface quality and uniformty.
A test piece of a non-porous Si of 500 ~tmthick ness was i mrersed in the
m xture solution of the buffered hydrofluoric acid and ethyl alcohol (10 .
1) (black circles) at the roomtenperature, w thout agitation of the
solution. The reduction in the thickness of the non-porous Si was then
nmeasured. In this case, the test piece of 31 JUL 2003 - 5s _non-porous Si
was et chedrespit BE 1w M@é‘tlln@rn‘s'lgl“owés%e%ﬁﬁérﬁ”ﬁ“t eheesyp<acsf P¢289 i nut es.
The etching rate showed al nost no de endencg/ on tS:S‘ sol ution density and

t enper at ur 8ECRREh YHE PO SFEEIFECALADP P BH2 FOote S5 ERSETAPEER the

etching were rinsed with water _and the surface states of these test pieces
wer e egarri {ﬁéﬂhbﬁgﬁﬁ%‘r%‘ﬁ’alaﬁﬁ é’"\ﬁrtlf’ﬁmére%o% ary” ieostrfguﬁ'gt' no inpurity wgs
detected. Qovi J t chi h | Qi L n tion with
(1) by naki n\él re %y%%%gﬁog\uéog\sc%ﬂt&% é‘%ﬂ%@F%‘g. qg&ggﬁégggg E?%sl 3AW!to 3C

20,705 ey 0P oA st st Sdpspens iyt

solution o ofluoric acid a is used as the

et chi ng SOF%bgeadaﬁ~%r&9§§05wtém ¥ dc Q¥ DRadl Mdh e thedirge Mhere a
m xture solfution of a buffered hydrofluoric acid and hydrogen peroxide is

used as thgpglectsiwless Maihdiz@mtaal mekeht&0sSOleldidN Jfeorparous Si, with
reference to Fig. 7G For instance, an aqueous solution containing 36.2 %

of ammoni urytkopLhsleid NG aaad e4hyl% bEchydr poen: fl)uanddeo( BF) is used as
the buffered hydrofluoric acid. Fig. 7G shows the tinme dependency of

et chi ng t hhgknefsuofipoaois a8id #thyghsateedohhéld thel)porsuyedl Rrs i nmer sed
in the mxed solution of the buffered hydrofluoric acid and 31 JUL 2003 -
57 hydr ogERepEPOR| HENBYTIOVRRD A5y LAGI FQXPEHQHWWW‘B& ag&s formed by
anodi zi ng nonocrystalline Si under the conditions shown bel ow. The use of

the nonocr PERAEPPRY, SFhege (IRIUEELM: ARGSAREET i 209 T RSFAHYTG @RE porous Si

tructure th dization js only illustrati d Si_of oth
Crystall i ng afs BELETREEare P, Bad 2Bt hEERARY |, TREACH S0l tage

O LS b P LY, el EROMA MO Wl

(). 1m PorQ%iEXé é@cﬂ%@g solution preferably ranges between 1 and 95
%, more preferably between 5 and 50 % and most preferably
between 5 and 80 %. The concentration of alcohol with
respect to the etching solution is preferably 80 % or less,
more preferably 60 % or less and most preferably 40 % or
less, and is determined so as to provide an appreciable
effect of addition of the alcohol. The temperature is
selected to range preferably O to 100°C, more preferably 5
to 80°C and most preferably 5 to 60°C.

Although ethyl alcohol has been mentioned

specifically, the invention does not exclude the use of

other alcohol such as isopropyl alcohol which does not



Test pieces of the porous Si prepared as descri bed above were inmersed,
followed by agitation, in a mxture solution of the buffered hydrofluoric
acid and hydrogen peroxide (1 . 5) (white circles) and in a mxtureg;j 11, 20m3
solution of the buffered hydrofluoric acid and hydrogen peroxide (5 . f)
(black circles). The reductions in the t3®¥ cknesses of the porous Si test

pi eces were then neasured. Large rates of etching of the porous Si were
observed: nanely, in the case of the 1 . 5 m xture solution, the porous S
was etched by 88 Etmand, in case of the 5. 1 mxture solution, 31 JUL
2003 _ 58 _ the porous Si was etched by 105 Eun, in about 40 m nutes. After
el apse of 120 m nutes, the porous Si was etched by a thickness as |arge as
197 ~tmin the case of the 1. S m,xt . ~mjnt e he 5

1 mixture softi§ oy witsy Wiﬂﬁeggﬁrégsgég g?gféégﬁ £q4#§9§§§hg§asﬁ$;%%es. I'n
this case, the concentrati f.. LO r oxi 30, % is, however,
is only iIIf%Rr%ﬁé%%a%n% F%%I%Sﬁgégfrg??%§€o$§régﬁ%ﬁﬁg$ %gr%§; e is suitably
sel ected mﬁé{@gﬁﬁirange whi ch does not inpair the effect of addition of
hydr ogen peroxi de.” The etching rate has dependencies on the sol ution
densities of therhufdared Ryduekluothe acidifpd.dydragen ReEAXldeeras vell
as on the tenperature of the sane. The addition of hydrogen peroxide

accel er at esahdnec x| hafd < sRfr foickl ¢@8, ekbisned tBY Nhikkcadd1g8&E Beaction
speed as conpared to the case where hydrogen peroxide is not added. In

addi tion, theineasdcaiaapeddnsabubensobipotiteyl s sddtemtled.det ermi ni ng t he
content of hydrogen peroxide. The density of the solution and the
tenperature of thelessme priendetidimnpedbeogivth of tthe etlthingnges whi ch
woul d not cause any practical inconvenience in comercial production.

Al t hough t heharagtgnl stglatdfopogbushéibandenet-pyuews |Siomhenathdy ande
hydrogen peroxide (1 . 5) and the m xture solution of the buffered

hydr of | uori et@kesd Rk Hidicogen speusiraecf hydagfluarigiacidsanfe room
tenperature as the solution tenperature, are nentioned, these solution 31
JUL ZOp3 - SYYHehFMVy &Hdh SREEHALGr BeSRESRFE y&9 154%st P8ri ve and are not
intended to restrict the scope of the invention. The HF concentration in
the buffered hydridfi S iThuts iRe HSRIPEAC S (e adcdsidnghisknepsns of

preferably ranges betme&g 1 and 95 @génnre,preferably bet ween 1 and 85 %

and nost prBPEPUDI YL bBPABANICERYTFBI 48 The THRBITTERYT oled H8g BoFoMfe
buf f d hyde i i j N h i ha. | ut.i i
ref or anl y Sbr enfohf AEhSe LYo e LEERECEL Lor { ERFLERAATE Hodle S ot veen 5

and 90% andsgpst i ¢ &5 £rliss fieloMeena2iandn80dahybeatomeentwiiidut of H202
Wth respect to the etching solution is preferably 1 to 95 % nore

pref erably &gi®a®fot armrthempsirouiseser abkyfdbméd BP Modndcisndeter m ned to
make the effect of addition of the hydrogen peroxide. The tenperature is
sel ect ed t ompaogey preflareb|Si @ondut®eq, undee prefsgmblopngitdo88CGrand nost
preferably 5 to 60C. The porous Si after the etching was rinsed with water
and the rinskgsgusheane rexcaminedvsg Af cRoeearysial hneysSingssekendary
ions but no inpurity was detected. 31 J UL 2003 - so A description
will nOMIbestV%hn%fm%WRF¥ﬁ%ﬂﬁQEgformlng porous Si through anodization

is only illustrative and Si of other crystalline structures
can be used as the starting material.

A test piece of porous Si prepared as described above
was immersed, without agitation, in a mixture solution of
49 % hydrofluoric acid and ethyl alcohol (10 : 1) (while
circles), and reduction in the thickness of the porous Si

was measured. The porous Si was rapidly etched: namely, by



characteristics of porous Si and non-porous Si as observed when they are
etched by the m xture solution of the buffered hydrofluoric acid and

hydr ogen peroxide, with specific reference to Fig. 6G Fig. 6G shows the

ti me dependencies of etching thickness of porous Si and nonocrystdd {iLnH0Xi
as observed when the porous Si and thé ﬁ%nocrystal line Si are inmmersed in
the m xture solution of the buffered hydrofluoric acid hydrogen peroxide.
The porous Si was forned by anodi zati on of nonocrystalline Si conducted
under the same conditions as those shown before. The use of nonocrystalline
Si as the starting material far formng porous Si through anodization is
only illustrative and Si of other crystalline structures can be used as the
starting nasethidkness exft 85 ¢oe inf 4porbustsst gndkpdSedmasnd@@cri bed above
was i mersed, followed by agitation, in the m xture solution of the

buf fered hydioftesy ivitacind ghndebydesgen peripaaeu@litySpadwhite circles) at
the roomtenperature, and reduction in the thickness of the porous Si was
measured. Theiformitsy Si was rapidly etched: nanely, by a thickness of 88
~.Imin 40 mnutes and 147 urn in 120 mnutes, with high degrees of surface
qual ity and uni fBreriatching FeE§hdpRends sor ddte (RN i@ icat rod dhehydr ogen
peroxide was 30 % this is only illustrative and the - 61 31 JUL 2003
content of R§EPVERTFFTFerdxitde PYIsaftadric 2ttt WhioRi-n a range which does

not cause any practi anonveghence and which does not jnpair the effect
d

tical,
produced by .t he iatc}a 6P AFdPLGRRC het TR e E BRI VR PPBPHES Rhd

non-porous Si_test pieces after the etchicg were ri %ed wibth Water and the
C
nPr

surface st af 88°HF°1 RESEYEs 7258 28N HkT = Dahih &S ARaFYSR i th
d i QF i i t t.ed. i | . i t chi
ot hode. oxplachest (i) b Xnbis, RERGE Ehind BEE, Y s KBUELS B 00 P
and 18) Fi gﬁecgfsxarﬁi:i%% af5193¢ 134, { Pnl &kl fS a %gkoeé%{?ﬁé}xpf realized
er I e ydr-of

e the mxture solution of the buffer | uoric
acid and al gRBoknifoMsad ¥ the eteRing. solution. 1-(8) The following wll
now be given of the case where a m xture solution of a buffered

hydr of | uori ¢ acid,test giegkolbfandnbytpogers fEr @f &0 gnuskilclasvahe

el ectrol ess, wet chem cal etching solution for porous Si, with reference to
Fig. 7H Foimmesiexhcien aamixgueeusodotidn onf cohttaihyidrg£3602i® atidnmoni um
fluoride (NHAF) and 4.5 % of hydrogen fluoride (HF) is used as the buffered
hydr of | uori andce¢tthyFiagg.condlsHafes the(klagk dupmidsicywéthevtthi ng t hi ckness
of porous Si as opserved when the porous Si is imersed in the m xed

sol uti on of 2Fhe2HiAT ctfedify§PPFLORI c TR§ dFediafdion in the thickness

was then measured. In this case, the test piece of non-

also in the case i

porous Si was etched only by 100 Angstrom or less even
after elapse of 120 minutes. The etching rate showed
almost no dependency on the solution concentration and
temperature.

Both the porous and non-porous Si test pieces after
the etching were rinsed with water and the surface states
of these test pieces were examined by microanalysis with
secondary ions but no impurity was detected.

Naturally, various etching methods explained in

connection with I by making reference to Figs. lA and 1B,



31 JUL 2003 - 62 al cohol and hydrogen peroxi de w thout agitation. The
porous Si was fornmed by anodi zi ng nonocrystalline Si under the conditions
shown bel ow. The use of the nonocrystalline Si as the starting materjal for
formng the porous Si structure through anodi zation is only illu§t1rJ§Lim3
and Si of other crystalline structures ¥&n-be used as the starting
material. Voltage applied: 2.6 (V) Current density: 30 (~-cm Z) Anodi zing
solution: HF: H20: C2HSOH =1 . 1 . 1 Tinme: 2.4 (hours) Thickness of porous
Si: 300 (~tm) Porosity: 56 (9% Test pieces of the porous Si prepared as
descri bed above were i mersed, without agitation, in a mxture solution of

t he buffered hydrofluoric acid,. ethy. | c | _and. hydr ' 10 . 6
. 50) (white &i98l-edh aRd #h aF hFt ué?;éatsool (e g%g%{heaﬁﬁ‘?‘? ggeéeﬁrd%e(

hydr of | uori ¢ acid, eth al cohgl an W e e i ( af) (bl ack
circles). The Zeéddéefo is? nl?hgh? h‘l:gci %e‘g‘gegz% gthgt h‘g%gr@guggls?tﬁnst pi eces

were then neasured...Large rates i f :th roysc b weERanbserved:
nanely, in th Y(?éé’éléff’r?ﬁegibg.arg&.glggﬂné}%é&r eltssglsl%tQi gn, t he porous Si was
et ched by 3 U ;63 83 ~.tmand, in case of the 50 . 6 . 10

m xture sol ut ijfc?%, lpto%gggo;séds Si was etched by 100 Etm in about 40 m nutes.
After el apse Of-(%%o m nutes, the porous Si was etched by a thickness as

| arge as 140 ~++#—+n the case of the 10 . 6 . SO mi xture and 168 umin the
case of the SO . 6p gLQcHiptube &LUtheW, bavdiven gif dégr eeseofherat@s of
the etched surfaces. In this case, the concentration of hydrogen peroxide
was 30 % Thi spiRoMey &t hysr@Hlnodicdisioist awd andebbe bgdcepénapéenoxbe
hydrogen peroxide is suitably selected within a range whi ch does not inpair
the effect of @ddinattelr Edcogetgrereaditde asThaydtrogengperabrifas) is
dependenci es on the concentrations of the buffered hydrofluoric acid and
hydr ogen peroxise] azs thel le las too ltelss twatpehgmiceloktthéngaseluthenafidtti on
of hydrogen peroxi de accel erates the oxidation of silicon, thus attaining a
hi gher reacti @ompeedias widihpaedenanaehecdd€-wHére hydrogen peroxide is
not added. In addition, the reaction speed can be controlled by suitably
det ernmi ni ng t he ratf g of7thysdroegenhgetdreddepdimte maididfi @t adfedaltbdlsiinesisabl es
bubbl es of reaction products gases generated as a result of the etching to
be renoved froff tPRESYF fHc @ hEbsgraechefenwrktRrrers Hi difd iprersad in
agitation, thus naking it possible to etch the porous Si uniformy and with
hi gh ef fici ency. mixtugy ligmifd of MydFofhEoryf 3 AN Ay BPILRPEEPEEFBN
and the tenperat(gre of, the sol%t:i%n ﬁr.e dgter ined to fall within the
ranges whi ch pPROYFHEIHEHTE E el Ec IOt hel P W W e bifffefgmed by

hydrof | uori c a%k@'d'i‘%’r?”%%%% 1995196 n@nd o iga &l Gafole and ieh oyl d not
cause any prac |ca1' I neconveni é{nce I'n conmer Ci a’f producti on. F ough t he

m xture sol utigp &f t hﬁiegl{;sfeero)%d tlﬂ)édfngt'xbeﬂ'js@aﬁfir% St hy t%cghgktgng

hydr ogen peroxi de (10 . 50) and the mXture solution of the burfeéred
hydr of | uori c aﬁaﬂerfiPYﬂora|f‘lﬁl‘ﬂ:@.'nga&ﬂeh?éd&@ggmpeé’@ﬁdi‘i‘u(es@hro@gh 10), as
well as the roomtenperature as the solution tenperature, are nentioned,
t hese sol uti onanadifatwivh tigneeilat uneuvateaohvy add sl ot iotheand are not
intended to restrict the scope of the invention. The HF concentration in
t he buffered hgdysfdlibiriec saiuttures can be used as the starting

material.
Voltage applied: 2.6 (V)
Current density: 30 (mA-cm-2)
Anodizing solution: HE :H20:C2Hs0H = 1 : 1 : 1
Time: 2.4 (hours)

Thickness of porous Si: 300 (pm)



Wi th respect to the etching solution preferably ranges between 1 and 95 %
nore preferably between 1 and 85 % and nost preferably between 1 and 70 %
The concentration of NHAF in the buffered hydrofluoric acid with jpg@ggmato
the etching solution is preferably selected to range between 1 and ()
nore preferably -between 5 and 90% and rdfst- preferably between 5 and 80%
The concentration of Hz02 with respect to the etching solution is
preferably 1 to 95 % nore preferably 5 to 90 % and nost preferably 10 to
80 o, and is determned to nake the effect of addition of the 31 JUL Z003
- 65 alcohol appreciable. The concentration of the alcohol with respect to
the etching solution is preferably 80 %or |ess, nore preferably 60 % or

| ess and nost prefmy=dyie 40 % or | ess, andsgs(yeterm ned to make the effect
of addition of the al cohol appreciable. The tenperature is selected to
range preferably O to 100C, nore preferably 5 to 80C and nost preferably 5
to 60C. Although ethyl alcohol has been specifically nentioned, other

al cohol s such as isagd qpilceal odhohe pbrohsdde preparzaliss degcrhbedveni ence
in the comercial production and which can provide an appreciable effect of
addi ti on of sazicdvalwatwlimmemgede wittloms &pitaticmholirusedixhutli s type of
etching solution. The porous Si after the etching was rinsed with water and
the rinsed suséheiams exinitndgdypfherdanatidiandhngsiosgnspeondadg i(dns
but no inpurity was detected. This etching solution enabl es bubbles of
reaction prodiuc?) gegEtqyEiEcdesd BPdt A8 &t BHTHFY SYHORPE4Pr &m t he
surface being etched, w thouyt dela nd without requjring. agjtatjon, so
that the etch’i‘?‘é}r %ﬁ‘%"e"cpé‘tcflgr red &FgﬁoﬁFﬁhp%’ég% Jd‘f "sﬁﬂoghﬁuég and
uniformty at _the, bottong of mnute reces f. the surface,to be et ched.
Cearly, emboGtheht® expis ﬁgglufzﬁlfbﬂg éBoggg(rT tokieRacn g rébgrgﬁ "o
Figs. A and , - SS 1 I a JEias. and
Figs. 4A to Q%Ec%%s% #%ﬁﬁ% ;%gg;%ggﬁiﬁggggréggeq%ﬁégérFﬁ%%npgfﬁﬁghgg?ution
of the buffersd bydrofidiris agkd, oBleolhoh. auhdiil agerrielgyL dgel enused as

the etching solution. . The followng wll now™e given of a process of
the inventioniferspsorucidyg &heepbeondustowaseydtied Ay axp2l amneddpefare,
the first enbodi ment of the process for producing the sem conductor nenber
i n accordancecasé hof hthepriesent sonuedbnpnthaspdtend @i ewisn@tchabdupes13s
Narmely, the first enbodi ment of the process of the invention for producing
a sem conduct Bf, nERrRPowofsy daytese sPEPSrotiadf Mih$la mivrbes  helbeng a

non- porous silicon nonocrystalline |ayer and a porous silicon_|ayer;
bondi ng porous Si was etched by a° thickness as large as 256 in

the case of the 1 : 5 solution and 307 pm in the case of
the 1 : 1 solution, with high degrees of states of the
etched surfaces. The concentration of hydrogen peroxide
was 30 % in this case but the hydrogen peroxide
concentration may be determined in a range which provides
an appreciable effect of addition of hydrogen peroxide and
which does not cause any practical problem in the
production process.

The etching rate has dependencies on the density of
the hydrofluoric acid solution, as well as on the

temperature of the same. The addition of alcohol serves to



to the nonocrystalline |layer a nenber having an insulating materi al

surface; and renoving by etching the porous silicon |ayer by imersing it
in hydrofluoric acid. As explained before, the second enbodi nent ogjtnﬁ 7
process of the invention for producing a sem conductor nenber uses the sgﬁ%
steps as those in the nethod of the firs3éenbodi nent, except that) in place
of the hydrofluoric acid used in the first enbodi nent, one of the second to
ei ght h enbodi nents of the etching solutions nmentioned before. The third to
si xt h enbodi nents of the process of the invention for producing a

sem conductor nmenber, which also 31 J il | 2003 - 6? were explained
before, are nore practical enbodinents of the first and the second

enbodi ments of the process of the invention. The process of the present

i nvention farceerdr® Ry iagdmc 8dd gt dF o fenbeys ihansd ndesEFi bed
hereinafter with reference to the third to sixth enbodinents. TI-(1) The
third enbodf AV} SRFED PG ESFPFEENEC] hBntiTh % ep#‘g'gﬁ(?lgﬁﬁ a

i conduct nper. will be described with ref to t i ngs.
Emhodi nent BT Ro oIy AT bEST EPtBP ER DL 481 RGUCFRIWARE T he

s 1or orenck SR bated WO RYEANTLENELLLS AL (G R TRROCTYSLal Lt ne

| ayer is f of FRSHH o tThe pordﬁs structure al” grow h nmet hod. Figs.

8A to 8C ar Qﬁgp i ional views of the sem conductor nenber
iIIustratiﬁ$(§§c <ﬁﬂé§§§¥§%ﬁ the process. Referring to Fig. SA as the

first step, an %’nm%yi%traldad&mt%adta@xaortheegb@ati_&niﬁgﬁﬁs@pﬁ@ﬂeand
is wholly changed Iinto porous structure and, then, an epitaxial growth

met hod i s appé icedermited sudmamadf a heagaricsd eechéng £heeébys f O th Dged
thin filmof nonocrystalline Si |ayer 12. The porous structure of Si nenber
is formed byn progpExatpbe, pavcesdazadt thve ehferoyio nidefl uwaliat ceid The
initial nmonocrystalline Si having the densit y of 2.33 g/cnB can be changed
into a poroamsd Siydreygssr perdkilel i20Bgpre€8abide deltdiomghothehmiktene be
varied within the range between 1.1 and 0.6 g/cnB8 by varying the HF
concentr at i splwiianme «f (4f rig hsingifiluprbet aech HHH Bydr9Ieo peroxide

(1 : 5) and 49 % hydrofluoric acid and hydrogen peroxide (1

1), as ygll as the room temperature as the solution
temperature, are mentioned, these solution concentrations and
temperature are only illustrative and are not intended to
restrict the scope of the invention.

The HF concentration with respect to the etching
solution preferably ranges between 1 and 95 %, more
preferably between 5 and 90 % and most preferably between 5
and 80 %. The concentration of EHz0; with respect to the
etching solution is preferably selected to range between 1
and 95 %, more preferably between 5 and 90% and most
preferably between 10 and 80%, and is determined so as to
provide an appreciable effect of addition of the hydrogen

peroxide. The temperature is selected to range preferably



Referring now to Fig.~8B, a |light-transm ssive substrate 13, which is
typically a glass sheet, is prepared and bonded on the surface of the
nonocrystalline Si layer 12 on the porous Si nenber. Subsequently,a ]a@LS}Uiﬂ\lq
| ayer 19 is formed by deposition as an anti-etching filmto cover “t'h

entire menber conposed of the layer 12 &7d <t he substrate 13 and the Si 3N

| ayer on the porous Si nenber 11 is renoved. Although Si3Ng | ayer is
suitably used as the anti-etching layer, it is possible to use other
material s such as Apiezon wax as the material of the antietching |ayer. The
porous Si menber 11 is then imersed in the etching solution of the present
i nvention and the solution is agitated so that only the porous Si is etched
by el ectrol ess chenical etching, whereb i nned nonpor ous

monocryst ab Ee G c G Tonper eaP o7 5110 H0Thand GREC, PEsLaAatd Y@
substrate 13. é? . 8C shows the sem conductor nenber obtained by the

pr esent prB%e@ 1t wll be said that) as a result of the renoval of the
anti-etching Si.3Ng | ayer 14 in.the_ste 0 in. Fig. 8B, .a nopocrystalline
Si layer 12 hav'll\?}‘neg B coruyssgsé 1% ﬁnytgaug%gﬁéﬁ ‘f%s t'lﬁg}seof wé%‘gi ‘lgég%ﬂ wafer is

formed on Lhe Lt oML 1 ANSD S AUDSLER Red Bl alays 31 1 2003 - 69

degrees of snoothness an ormty wth a sm t hi ckness, over a

wi de area gov&L i Mt WAl SYLEARE Dhph P YaiLE - dek@ca@T conduct or member
t hus obtai ned 1s advant ageous fromthe view point of production of an

i nsul ati on-i sol Atk &t grlipnivg 1devbaebe - E0Podli BNthe? etr@ifigl | owing Wi Il now
be given of a process in which an N-type layer is fornmed before changi ng
the initi abhafodedr it i PAOBDrHLEUSE ULARd adh -SoRed BENklsyobSetwed f or mat i on
of the P-type |ayer, a selective anodization is effected to change only the
P-type subshemttthéntarepEmiedsbyuet nletuRef sslunipn @fFhgdréAluaside he fir st
step, a layer 32 of a low inpurity concentration is forned on the surface
of a P-typac8i amshctTYaus |hyfraafistieRax3e. KWitdn segcifirareference

to Fig. 6C. Fig. 6C shows the time dependencies of etched

depth of porous Si and monocrystalline Si as observed when the

porous Si and the monocrystalline Si are immersed in a

mixture solution of hydrofluoric acid and agueous hydrogen

peroxide. The porous Si was formed by anodization of

monocrystalline Si conducted under the same conditions as

those shown before. The use of monocrystalline Si as the

starting material for forming porous Si through anodization

is only illustrative and Si of other crystalline structures

can be used as the starting material.

A test piece of porous Si prepared as described above

was immersed, followed by agitation, in a mixture solution

of 49 % hydrofluoric acid and aqueous hydrogen peroxide (white

circles), and reduction in the thickness of the porous Si

was measured. The porous Si was rapidly etched: namely, by

a thickness of 112 um in 40 minutes and 256 fm in 80



grow h. Alternatively, an N-type nonocrystalline |ayer 32 may be fornmed on
the surface of the P-type Si nonocrystalline substrate 31 by
ion-inplantation of proton. Then, as shown in Fig. 9B, the P-type ?
monocrystal | ine substrate 31 is changed i.nto a porous Si substr at ed33Uby003
ef fecting, on the reverse side of the-PBgpe ~i nonocrystalline substrate
31, an anodi zation using, for exanple, an HF solution. The initial
nonocrystalline Si having the density of 2.33 g/cnB can be changed into a
o_ 31 JUL 2D03 porous nenber the density of which can be varied within the
range between 1.1 and 0.6 g/cnB by varying the HF concentration of the
etching solution between 50 % and 20 % Referring nowto Fig. 9C a

| ht -t heet, i
O o AR Re (UCRSREGh Sadlbe NI sk b Ul B LY R Ao oot LS
the porous, 3¢ JERTRES,. §EP§8&§¥?@A&’@ %eﬁk%'gl&ﬁy@f AFuddud Q{jﬁ%%osed o

deposition as an anti-etching filmto cover the entife nenber

the layer 32 andiet RAssHhSErat 9ct3fs et N@RSI ébﬂcé@yﬁstpant@@ R P I
menber 33 °is renoved. Although Si 3N4 Iayer is suitably used as the

anti - et chigwrd:ayer maiyt beSsPDESI B RidteriSaeat Beth iRt £rtaige stdkkhas Api ezon
wax as the material of the antietching |ayer. The porous Si substrate 33 is
t hen i nrerdssh inptt Hepatiehthg sffaetdt @T alddibtopr €5 enydrayeanipexioxdde t he
solution is agitated so that only the porous Si is etched by el ectrol ess
cheni cal etrchivhg,chivdeesbgon ¢hismexhnprapoicad imrowvymsislde da shiei con
layer 32 is left on the light-transm ssive substrate 34. Fig. 9D shows the
sem conduREACUASHNE- obt ai ned by t he present process. That is, as a result
of the renmoval of the anti-etching S 3 | ayer in the step shomn in Fig

9D) a nnnocrysﬂ%FieﬁéhSPgIE?%ﬁ ?ﬁ??ﬂﬂﬁlﬂ& éhér9QP§FPFHFF§°%qﬁﬂ@a$%%tt?% t hat
of a silicon %ﬁi ofs h 3% JUL 2003 é d_on the h ht transnlss ye
substrat e B rhe §igHF (fe lygég SPOEASoP Rk sF AnFIRTTD n¥ Uity BRSO

smal | thicknes ove mnde overln e whol urface of the wafer.
The senlconduc?%r d@ﬁgﬁo?hugqﬂﬁ 2d PS5 %4 v%n?%ﬁe%%st?ron1the Vi ew poi nt

of product i on i, &) J;su! Bki 88k 1891 esqlq 8L T OBLE dO¥ifSing the

reaction speed as compared to the case where hydrogen
peroxide is not added. Furthermore, the reaction speed
can be controlled by suitably selecting the content of the
hydrogen peroxide.

A test piece of a non-porous Si of 500 pum thick was
immersed in a mixture solution of 49 % hydrofluoric acid
and aqueous hydrogen peroxide (1 : 5) (Black circles), followed
bv agitation of the solution. The reduction in the thickness
of the porous Si was then measured. In this case, the test
piece of nonporous Si was etched only by 100 Angstrom or less

even after elapse of 120 minutes. The etching rate showed

almost no dependency on the solution concentration and

temperature.



According to the result of an observation by a transm ssion el ectron

m croscope, mcro-pores of an average di aneter of about 600 Angstrom are
formed in the porous Si |layer, so that the density of the |ayer h%q memﬂ
reduced half or below that of the nonocrystalline Si. Neverthel ess, e
monocrystallinity is still maintained- 98 that it is possible to forma
nonocrystalline Si |layer on the porous |ayer by epitaxial growth. Wen the
t enperature exceeds 1000C, rearrangenent of internal pores occurs, which

i npedes the acceleration of the etching. For this reason, the epitaxial
growh of the Si layer is preferably effected by a | owtenperature growh
nmet hod such as, for exanple, a nolecule-ray epitaxial growh nethod, a CvD
nmet hod such as _pl as CVD net hod, | ow pressure CVD nethod or_phot o- CVD
method, a bi as B5it FBF RBFABY WIS 97 G P Bnade SGPbuPhSHET LS |- (2) 31
JUL 2003 - .72 The fourth enpodi Qf_.t he _pr.o S _Qf [vention of

pr oduci ng e ERCESRTUEEST R rr‘r%%cr1 nﬁﬁq %aéc’e esaglfji %gg \?mgfﬁéggféé%etnegse to the

dr awi ngs. i E | J, oW id f ik St-Ag) . frormin which
the who e B o GhbeRerest N Eosatiiie Ry MASERIRERs £ et

structure and,{ey a-ARNBGE Ysbalhbieid PYWels iaackererd on the porous
structure by epitaxial growh nethod. 'Figs. 10A to 10C are schematic

sectional vi ewgQf; 419 ySeracqRAUCRH AR HRRE 5! Ekgi&&%angneach of steps of
the process. Referring“to Fig. 10A, as the first step, an Si

nmonocryst alddfetion eanduct By aEKbes ddfedenklet Yperigs. highsiemsidg,y N-type)
is prepared and is wholly changed into porous structure and, then, an

epi t axi al Rgsm I2A anef R8¢t Bilgby 3A st tAblandFtilged dA thedCSuwedrmde of t he
porous nenber, thereby formng a thin filmof nonocrystalline Si |ayer 12.
The por ousreskiizsdued sos ifiothedcdye whgrexXdephd xtareasodbgdes orf enpl oyi ng an
HF solution. The initial nmonocrystalline Si having the density of 2.33

g/ cnB can wedxdfdmged i Acddaaper AEBIeFHEY ITRICHREFPY 18F Whi eheda®s be
varied within the range between 1.1 and 0.6 g/cnB8 by varying the HF
concent r at ¥ RS g"[o&h’itr}@“sol ution between 50 % and 20 ~. 31 JUL Z003
- 73 Refefr' g nowto rig. 10B, another Si substrate 13 is prepared and an
i nsul ating—?—g&er (silicon oxide layer) 14 is forned on the surface of this

Si substrate 13, I h f i_n t] er 14 of
the Si substrafhe C%Kkﬁggggghe}éi%% ﬁ%i%%raf%ceg S ?ﬁlg ?f%%gc%@%f%l ine | ayer
12 on the porQus e %%%EE%S:LIEQcM,OJaﬁ aitdcro!ﬁ%tlura%dlqu%éoﬁgnﬂféfgg% ]Ehe

substrates and layers™to 14 1s then imersed in the etching solution o

t' he presepsérdamantisonsaadakhensok vét®rolds Agidralcddnseal hatcwmy the porous
Si is etched by electroless wet chem cal etching, whereby a thinned

non- por ouss abunoicsry sicad Iporeusi Eicorithayesfei®nce Itef Eign The i nsul ating | ayer
19. Fig. 10C shows the sem conductor nenber obtained by the present
process. That iBigth@® mivesr $beakfinaedSpertdanay DL led¢hrg shicksess| ofity
equivalent to that of a silicon wafer is formed on the insulating |ayer 14
on the Si BYHRLY dte AV efaar YHd ey itdes ReFovFoStihissdmaagsedi toraity and
with a smal| thickness, over a wi de area cqveri nq’d,t he whol e surface of the

waf er. The™sER Dttt Hedydr ahuedint fcild ity &HCeGedudner BAHERESYI ew

poi nt of poguct i en, of, and ngylationl sel aled £leat nonl devge:

porous Si was formed by anodizing monocrystalline Si under
the conditions shown below. The use of the monocrystalline
Si as the starting material for forming the porous Si
structure through anodization is only illustrative and Si
of other crystalline structures can be used as the starting

material.



Enbodi nrent 2 The followng wll now be given of a process in which an
N-type layer is formed before changing the initial 31 JUL 1003 - 74
menber into porous structure and, subsequently to the fornmation oﬁ1t 00
N-type |l ayer, a selective anodization is effected to change only the -gy%
substrate or the highdensity N-type sdubgorate into porous structure. Figs.
11A to 11D show, in schematic sectional views, the sem conductor mnenber in
different steps of the production process. Referring to Fig. 11A, as the
first step, a layer 22 of a low inpurity concentration is formed on the
surface of a P-type (or high-density N-type) Si nonocrystalline substrate
21, by an epitaxial growmh perfornmed by a suitable nmethod. Alternatively,
an N-type nonocrystalline |layer 22 may be forned on the surface of the
P-type Si nonocrystalline substrate 21 by ion-inplantation of proton. Then,
as shown in Fig. ol RP-tupe Si nonogrystal | ine substrate 21 is changed
into a porous Syoéﬁggfrgggligxby effect?%g? gﬂ the reverse side of the

Pt ype nonocryst |, nesuhskhate 21, an a@@digﬁtégnzysing, for exanple, an
HF solution. The initial nmonoCrystalline Si having the density of 2.33

g/ cnB can be chapged Jimig0 sa31peEEHS NENbeRr i .demsdly=0f whi ch xcan be
varied wthin the range between 1.1 and 0.6 g/cnB8 by varying the HF
concentration ofrinee etching solution bezweethd&@<p and 20 % 31 JUL Z003
- ~s Referring nowto Fig. 11C, another Si substrate 24 is prepared and an
i nsul ati ng | ayerTiggkngisisi ednrexpPue $ayer3I0P s(i®rned on the surface of the
Si substrate 24. Then, the insulating layer 25 on the Si substrate 24 is
bonded to the sidrmsdtof: the nonocrystal $6né&t)Si | ayer 22 on the porous
substrate. Subsequently, the whole structure conposed of the substrates and
| ayers 22 to 25 is imrersed in the etching solution of the present

i nvention and the solution is agitated so_that only the porous Si is etched
by el ectrol ess cifeth Adiec@ScREnGPeWRRFERY AL tRFSRAEhGT F§°6asPed
nmonocrystalljne silicaon I%ye n_the insulathguIayer 2s. Fig.

22 .1s | eft
11D shows. t RRSEe Tt d0UiSG SerBaF FOBE aPAEEEBY A hethrb it SsFocess. That
IS, ' g | k : I Lyalent to that
of o si 11 CoRSE B I 1 rodvareEnd kel Qi L ALkl R B o

of SWOth%ﬁ?d?{)ﬁ?’eeﬂ”Bé‘:‘HH&ey @pd Wt b 305l iddi CiNess) Quar ig wi de area

covering the wh surface of the wafer. The sem conductor nenber thus
obt ai ned | smadvard age0its dr &R e svhowrpelfbr i ¢ RAuUEHdRN aflcafol

i nsul ation-isolated electronic device. I1-(3) The fifth enbodi nent of the
process of the hywesgéropedddidee (deser2bedioy t tbXaflereaineaetsp .t hehdr awi ngs.
A description - 76 31 JUL 2003 will be first given of a formin which

t he whol e Sredubsions ein Shehahdedneasespofoule perrirss aedtt panceas
nonocrystal |l i ne
were then measured. Large rates of etching of the porous
Si were observed: namely, in the case of the 10 : 6 : 50
solution, the porous Si was etched by 107 Mm and, in case
of the 10 : 2 : 10 solution, the porous Si was etched by
128 pm, in about 40 minutes. After elapse of 80 minutes,

the porous Si was etched by a thickness as large as 244 pm
in the case of the 10 : 6 : 50 solution and 292 um in the
case of the 10 : 2 : 10 soclution, with high degrees of
states of the etched surfaces. The concentration of agueous

hydrogen peroxide was 30 % in this case but the hydrogen



| ayer is formed on the porous structure by epitaxial growh nethod.
Referring to Fig. 12A as the first step, an Si nonocrystalline substrate
11 is prepared and is wholly changed into porous structure and, ag%ﬂ #@ﬂ
epitaxial growth is effected by a suitable nethcd on the surfaceof %
porous substrate, thereby forming a thi9lftl mnonocrystalline |ayer 12. The
porous structure is fornmed by, for exanple, an anodization enploying an HF
solution. The initial nonocrystalline Si having the density of 2.33 g/cnB
can be changed into a porous Si |ayer the density of which can be varied
wi thin the range between 1.1 and 0.6 g/cnB by varying the HF concentration
of the etching solution between SO % and 20 % The porous |ayer is tended
to formin a P type,Si substra&e. Atr nsnission.ehggfronLgaﬁgcoQigh

AS M cropores of a

observat i on SPOVEH Tha TR FEFGIE BFY| BY eF ST HUL ST idl *hd

mean di ameter_of about_ 60 rrj ' a

light-t ransn‘i%lé?‘\’/léé)és)%bas? ra%}ﬁ}%%§%5\%%? gﬁggéété%%ﬁ%léarpgﬂ? agg d%ﬁgeért\, i's
prepared. Th : C I 1ip | - ;38T b rous
Si substrate %r%,g?%?gﬁéﬁ tq"gl l%’r %Iagﬁngggdéx?%?e%ﬁi% §Tch€el%aé%o€g??r§éﬂ§i gx?led

li ght-transm sgd ierSabst i @rbdelss .t hen bonded on the surface of the oxide
31 JUL 2003 layer 14. This oxide |layer plays an inportant role formation of
device. Nanely, witRe Satedhidly @sic@denhayaepehdient iéerdmammd @eakiggnes at ed at
the interface under the Si active |ayer can be nade | ower as conpared with
t he gl ass i nteté aeedrshHlidmic alrddcalatien) sés ceeb dheorelt@et roni c devi ce
can be remarkably inproved. Referring further to Fig. 12B, and Si 3N4 | ayer
15 i s deposi t eempsratuzmta £ ethehisagef.i | Ther addit ior omtaldadiol servevetot he
entire nmenber conposed of the two. substrates bonded together, and the

Si 3N4 | ayer OACEHLLERRS aeldAtiodr OfsSELisanst Faee ¢xhangimgedheAl t hough
Si3N4 layer is suitably used as the anti-etching layer, it is possible to
use ot her natBFREFEORIPESE i CFBRTRAX tAstPReCHEE eYhene SYIERESANt i - et chi ng
| ayer. The porous Si, spubstrate {mrersed, in the etchi sol ution

11 is th . h
of the presorPSEREEHE TER Ut o561t atfng SoB PRPSERIOL] i sortael S ats

tched by el ect h | et.ching, t hi talli
Gi [icon T ayer PRSHERT GREThaY ShrabTlabeghERYalole| ST IR 15c shows
the sem Conduﬁg?%oggﬁrt)ﬁér&t’%c?é.”e%nbléhEhScH@?CﬁéR d &K%?aet?dsrti% gl 1 be seen

that, as a res e renoval of the anti-etching Si3N4 lT'ayer 15 in the
step shown i nakb8nolZkt rfe MNP HNAARl, | WREhSht | Q¥ Say 13 Mphing o2 .
crystallinity equivalent to that of a silicon 31 JUL 2Q03 - 78 wafer is
fornmed on therkagbiohr §ASes Spdnerazwdshcabherdsuit t &f htlgh «dryiag 6tom

snoot hness and uniformty and Wth a small thickness, over a w de area
covering the whel etshed agerfdce hevivhbat. r¥heisény copdtatiom wénbke t hus
obt ai ned i s advant ageous from the view point of production of an

i nsul ati on-i s6PaBE#OB} e%lﬁﬁi%rﬁ%f%ﬂgc@.lggl degyeqgpeos| sE L &RP6di ABAt of the
process of the invention for rpducin% a sem conductor nmenber will now be
descri bed. EnbBBdfReRity of etching of the porous Si.

The solution density and the solution temperature are
determined such that a practical etching speed is obtained
and such that the effect of the use of hydrofluoric acid,
alcohol and hydrogen peroxide is appreciable. Although the
mixture solutions of 49 % hydrofluoric acid, ethyl alcohol
and hydrogen peroxide (10 : 6 : 50) and 49 % hydrofluoric
acid, ethyl alcohol and hydrogen peroxide (10 : 2 : 10), as

well as the room temperature as the solution temperature,



A description wll be first given of a formin which the whole Si substrate
is changed into porous structure and then a nonocrystalline |ayer is forned
by epitaxial growh nethod. Figs. 13A to 13Cillustrate SUCCGSSinb?mf 3of
the first enmbodi ment in accordance with the invention. Referring '@ﬁ
13A, as the first step, an Si nonocrysta#2ihe substrate is prepared and is
whol |y changed into porous structure (11). Then, an epitaxial growh is
effected by a suitable nethod on the surface of the porous substrate,
thereby formng a thin fil mof nonocrystalline |ayer 12. The porous
structure is fornmed,pdausesdanplfegranhanedeizatg oreenplnepdngiah kecer3d |
JIJL 2003 _ 79 _ solution. The initial nonocrystalline Si having the
density of 2.38ng/tm8 ciarsegk sordagedwiat exampredusy SiidoperlyRésdensity of
which can be varied within the range between 1.1 and 0.6 g/cn8 by varying

t he HF concentvais@nsefondasvetiohisngusonat fpu bt weeas ZEURCERd - 20 % A
transm ssion el ectrom croscopi c observati on showed that the porous Si |ayer
thus formed has ni cFoboreweofaciebingi aateetonflamiHaBEOSARgsERoRBAt
Referring now to Fﬁg 13B, anqther Sii substrate 13 is prepared and an

i nsul ating nat BPPRIES L5 & PGEHed Bﬁ°9H€tsﬁ‘?’F%1%ege‘T?%Fecdné‘SSia SEBELFaPE

h th t t i ded, to th d
ayer 15 whi hPe THTNIE %%'f&a e RORBEPISL S M Re LAy AP 07D T he

i do. i tr1aet e e teh e B LAY S TR B TRERL R ot g

| ayer of Si. The bondlnq step nay be conducted by adhering closely the
rinsed surfaces, and heating both substrate in an oxygen atnosphere/or a
nitrogen atnosphere. The oxide layer 15 is forned for the purpose 0f
reducing the interface | evel of the nonocrystalline |ayer 12 whi is the
final active layer. Then, as shown in Fig. 13C, the porous Si bstrate 11
is imersed in the etching solution of the present 31 JLIL Z003 - 80
invention and the solution is agitated, so that only the porfus Si is
etched by el ectroless wet chem cal etching so as to | eave t hi nned
nonocrystalline Si layer on the insulating material. Fig./13C shows the

sem conduct or substrate obtained according to the prese invention. As a
result, a nonocrystalline Si layer'l2 having crystallinity equivalent to
that of a silicon wafer is forned on the insul ated sybstrate 13 through the
internmediary of the insulating material 14 and the 6xide layer 15, wth

hi gh degrees of snpothness and uniformty and witiy a small thickness over a
wi de area covering the whole surface of the wafer. The sem conductor nenber
t hus obtai ned is advantageous fromthe view poynht of production of an

i nsul ation-isol ated el ectroni c device. Enbodistent 2




A second enbodinent will be described with reference to the draw ngs. Figs.
| 4A to 14D show, in schematic sectional views, the second enbodi mar]t
according to the present invention. Referring to Fig. 14A, as the fli JUg 2003
step, a layer 32 of a low inpurity concentration is formed on the surface
of a P-type Si nonocrystalline substrat&334, by an epitaxial growh
performed by a suitable nmethod. Alternatively, an N-type nonocrystalline

| ayer 32 nay be formed on the surface of the P-type Si nonocrystalline
substrate 21 by inplantation of proton. 31 JUL 2003 - 81 Then, as shown
in Fig. 14B, ddzemEntypee8, nbaserysiwdtllomelendistieat endltespehatges atg 0 a
porous Si substrate 33 by effecting, on the reverse side of the Ptype Si
nmonocr yst al | iand ysdBdussratvebgndnatk 2t onusideg) thoreerahpt ethan HF
solution. The initial nonocrystalline Si having the density of 2.33 g/cn8B
can be change&fopst @fatper én¥enei®er the density of which can be varied
within the range between 1.1 and 0.6 g/cnB by varying the iiF concentration
of the etching sdhgt H5nCPBERBERAGHON WHridh P e Chs tox pigi REARBBFOre, this
porous layer is faornmed in the P - e substrate. Referring nowto Fig. 14C,

another Si sRMYECE BEeFerpPLBaFREEHPHIHsH &gl 3yeP©3S i s formed on
th f f t i bstrate_34. T t he Si bstrate. 34 havi h
noul at i ng. | A eaBLy " BaEHEAD B the it A SO areaeo by RF R of e
on the monocrysi @ld isNe Shel AYRERPrINEPBLUE 07 wSHRSEESLEct THEnd NE

porous Si substrate is imersed 1 n the etching solution of the present

I nvention anc{aé&%n%?'s‘é}liu‘a'ioh_siggfaiéxt.'@paﬁpy e QU £lN2aRGEOHE L Rheh Sy €t Ched

by el ectrol ess chem cal etching, whereby a thinned non-porous

nonocrystal | iy 99 isGomolrdY Bkek8rhBi{ WeL ddh iNHHAl0RY ahayRbstFi g. 14D
shows the sem conductor substrate obtained by the described process. It

wi || be seen ghiderapnignoerywstal L 0nNendi sdvyeindB3 hardtrgminetdysbabbitbty 31
JUL 2003 - 82 equivalent to that of a silicon wafer is forned on the

i nsul at ed substowdide 34 tippaeghabhe éffecteolf addiofidnhefoxhdenidyege®6 and
the insulation |ayer 35, with high degrees of snpothness and uniformty and
with a smal| Reiciddess, Theecoacantivabiea edbvard g adrelwivdkd sespace ©d t he
waf er. The sem conductor nmenber thus obtained is advantageous fromthe view
poi nt of prodiR] iSFoMasolnsiPR~LdnPFebt Rty det@nmdmied gevpeed0Therr

rocesses descri bed above are e ein
P less, more pre eraggy %gp% or less and most preferably 40 %

or less, and is selected so as to provide an appreciable
effect of addition of the alcohol. The temperature is
selected to range preferably 0 to 100°C, more preferably 5
to 80°C and most preferably 5 to 60°C.

Alcohol to be used in the present invention is not
limited to ethyl alcohol and includes those alcohols such
as isopropyl alcohol which can practically be used in
preparation process and accomplish the effect of the

addition of alcohol as mentioned above.




which the N-type layer is formed prior to changing into porous structure
and then only the P-type substrate is selectively changed into porous
structure by anodi zati on. 31 JUL z003 - 83 Ill. The present inventjjprngg
wi |l be described belowin detail by way of exanples. However, the
invention is not limted to these exanphés=-except as defined in the
appended clains. Rxant~le 1 A porous Si |ayer 21 was forned to a thickness
of 50,um (t2 = 50 Jim on the entirety of one of the mgjor surfaces of a
nmonocrystalline Si substrate 22 by anodi zation (Fig. | A). Anodization was
perfornmed under the follow ng conditions: Applied voltage: Current density:
Anodi zi ng. soldndf@se Fisnetched ckHds high gessessSPL Poeosiagss 2and6 (v) 30
(m-cm 2) HF: H20: C2H50H = 1:1:1 0.4 (hour) 50 (gym 56 (% Thereafter, the
porous Si/ noncEESTRALEYneVER SRiHte RECRES Shbfrabred Feceetettylvichimdy ng
using a 49~ HF solution, In thirty-three mnutes, the porous Si was

sel ectively ethHeF Wit FREhBEFRFH Y4298 i ne Si acting as an etch stopper,

onl'y the monocr yst gl Lie 5. bsing 1L e 0d, .25, 3080 L, 18 Bxamle

characteristics of porous Si and non-porous Si as observed
when they are etched by a mixture solution of hydrofluoric

acid, ethyl alcohol and aqueous hydrogen peroxide, with

specific reference to Fig. 6D.

Fig. 6D shows the time dependencies of etched
thickness of porous Si and monocrystalline Si as observed
when the porous Si and the monocrystalline Si are immersed
in a mixture solution of hydrofluoric acid, ethyl alcohol
and aqueous hydrogen peroxide, without agitation. The
porous Si was formed by anodization of monocrystalline Si
conducted under the same conditions as those shown before.
The use of monocrystalline Si as the starting material for
forming porous Si throught anodization is only
illustrative and Si of other crystalline structures can be
used as the starting material.

A test piece of porous Si prepared as described
above was immersed, without agitaion, in a mixture
solution of 49 % hydrofluoric acid, ethyl alcohol and
agueous hydrogen peroxide (10 : 6 : 50) (while circles) at
the room temperature, and reduction in the thickness of
the porous Si was measured. The porous Si was rapidly

etched: namely, by a thickness of 107 uym in 40 minutes

and 244 pm in B0 minutes, with high degrees of



- 84 31 JUL 2003 Prior to anodization, boron ions were inplanted in one of
the surfaces of a nonocrystalline Si substrate 32 at an average
concentration of 1.0 x 1019 cm 3 in stripes spaced apart from eaﬁzdﬁg&ﬁﬁ by
a distance of 100 hum As shown in Fig. 2A, porous Si 31 was for J
anodi zation in stripes spaced apart fromSeach other by a distance (b3 -
100~um of 100 Yrn, each s tripe having a wwdth ( a3 = 100 gum) of 100 hum
and a thickness ( t3 - I hum) of 1 Vim Anodization was perforned under
the follow ng conditions: Applied voltage: Current density: Anodi zing

| uti Th B - 2
F: 120; Corgort Lo EEge Qhy RL B Se i AN Pyl i om =)
S/ MONOCI ySt abhhon Sk SAPLS 21 en o Sl £CRL I P Shine Slaahinadsusing a

490 HF solution. I'n two m nutes porous Si -‘was ‘sel ectively et ched, only

the monocrystahbingask beid1gdefdn DY Nha Ry PULdIidd hay2Be xampl e 3 A
3[Jm(ug = 3 Vim thick polycrystalline™Si layer 41 was 1 JUL 2003 - 85

formed on a nMeRQEAY S} adé tdttnDeds ubsitial @ Fanye GNMAdHFidpes3Apt Aspshiawn in
Fig. 3B, a surface layer of 2 ~tm (t4 = 2

the effect of addition of hydrogen peroxide and which does
not cause any practical inconvenience in the production.

The etching rate depends on the concentration and
the temperature of the hydrofluoric acid and aqueous

hydrogen peroxide.

The addition of hydrogen peroxide serves to accelerate

oxidation of silicon, thus enhancing the reaction speed as
compared to the case where hydrogen peroxide is not added.
Furthermore, the reaction speed can be controlled by
suitably selecting the content of the hydrogen peroxide.

In addition, alcohol serves to remove, without delay,
bubbles of the reaction product gases generated as a result
of the etching without requiring agitation, thus ensuring
high degrees of uniformity and etching of the porous Si.

A test piece of a non-porous Si of 500 pm thick was
immersed in a mixture solution of 49 % hydrofluoric acid,
ethyl alcohol and aqueous hydrogen peroxide (10 : 6 : 50)
(black circles) at the room temperature, without agitation
of the solution. The reduction in the thickness was then
measured. In this case, the test piece of non-porous S$i

was etched only by 100 Angstrom or less even after elapse



(tm of the polycrystalline Si layer 47. was nmade porous by anodization to
forma porous Si |ayer 43. Anodization was perfornmed under the follow ng
conditions: Applied voltage: Current density: Anodizing solution: Thgggzggs
of porous Si: 2 (hum Porosity: 56 (%9 2 . s (v) 30 (mMA'cm2) HF: :

= 1:1:1 Thereafter, the porous Si/polycéd§stalline Si/nonocrystalline S
substrate was subjected to selective etching using a 49% HF solution. In
four mnutes, the porous Si was selectively etched with the polyczystalline
Si acting as an etch stopper, only the polycrystalline Si and
nDnocrystaIIine Si being left behind, as shown in Fig. 3C. Exama 9 A 3(1m
(us = 3 ~.n? thick polycrystalline Si layer 51 was fornmed on a

nonocrystalllne Si 8ubstrate 5 1“¥§%V? Prior t ano ation, boron ions
were i npl ant ed®; k% t Re"8Erface UB%2003¢ -3 %Ve fgiWﬂf p&Cycrystal i ne
o st ahea of SuebpirtsdCLRiR ! S IRt ePeeg' s TR e ® °

di zat t ARpd t =
" im “of 20 ~tm eagRCEtFrpe R nga“fgr& f‘ﬁs?m?-‘" @eystapq'?%”%?.t@s d a

t hi ckness (ts gnd eEe?n.an wé-rflxr@ns{%'aodl'léﬁt bQ@ﬂ%@%ﬁ@@?ﬁ%‘é@d% atBe

foll ow ng conditions: Appl vol tage: Current density: Anod|2|ng sol ution:

Ihl1 cl;ness of peEOHfeSE: t£’9£0§1éa/es Zerebekdthi 38d (Bl droAnallyshii20wE2HSOH =

secondary ions but no impurity was detected.

Naturally, the various embodiments explained in
connection with I by making reference to Figs. 1A and 1B,
Figs. 2A and 2B, Figs. 3A to 3C and Figs. 4A to 4C can be
realized also in the case where the mixture solution of
hydrofluoric acid, alcohol and aqueous hydrogen peroxide is
used as the etchant for porous Si.

I-(5)

A description will now be given of the case where a
buffered hydrofluoric acid is used as the electroless wet
chemical etching solution fcr porous Si, with reference to
Fig. 7E. For instance, an aqueous solution containing 36.2
% of ammonium fluoride (NH4F) and 4.5 % of hydrogen
fluoride (HF) is used as the buffered hydrofluoric acid.

Fig. 7E shows the time dependency of etching thickness
of porous Si as observed when the porous Si is immersed in
the buffered hydrofluoric acid followed by agitation. The
porous Si was formed by anodizing monocrystalline Si under
the conditions shown below. The use of the monocrystalline

Si as the starting material for forming the porous Si



1 (hum) 56 (% Thereafter, the porous Si/polycrystalline

Si /monocrystalline Si substrate was subjected to selective etching using a
49% HF solution. In two mnutes, the porous Si was selectively etqpﬁgﬁ aﬁjy
t he polycrystalline Si and nonocrystalline Si being | eft behind, ds 0

in Fig. 4B. Bxanole S A porous Si |ayer 491 ~was forned to a thickness of 50
hum (t6 = 50 hun) on the entirety of one of the nmajor surfaces of a
nonocrystalline Si substrate 62 by anodization (Fig. 5A). _ 87 _

Anodi zation was perfornmed under the follow ng conditions: Applied voltage:
Current density: Anodizing solution: 2 . 6 (V) 31 JUL QU033 30 (nmA~cm 2)

HF: H20: C2H50H ~ |:1: 1 Tine: Thickness of porous Si: Porosity: 0.9 (hour) 50
(). tm 56 (% As SheWrel BnEblghShho@isASicn i83oWay RALLEEPELi v Sid igaes
spaced apart from each ot her gy a distance (b6 =100 ~.n) of 100 )tm each
stripe having @wodhRr(2eystd0DipdMenictiye«d thm beTheegads efhe t@a QMRS

Si /monocrystalline Si substrate was subjected to selective etching using a
49% HF sol uti omatlerihi.rty-three mnutes, the porous Si was sel ectively
renoved, only the nonocrystalline Si being |eft behind, as shown in Fig.

5C. Finally, the resist was renmoved (Fig.

Voltage applied: 2.6 (V)

Current density: 30 (mA'Cm-Z)

Anodizing solution: HE:H20:C2HsOE = 1 : 1 : 1
Time: 2.4 (hours)

Thickness of porous Si: 300 (pm)

Porosity: 56 (%)

Test pieces of the porous Si prepared as described
above were immersed, followed by agitation, in the buffered
hydrofluoric acid (white circles) and in a 20 % diluted
buffered hydrofluoric acid (black circles). The reductions
in the thicknesses of the porous Si test pieces were then
measured. Large rates of etching of the porous Si were
observed: namely, in the case of buffered hydrofluoric
acid, the porous Si was etched by 70 um and, in case of the
20 % diluted buffered hydrofluoric acid, the porous Si was
etched by 56 pm, in about 40 minutes. After elapse of 120
minutes, the porous Si was etched by a thickness as large
as 118 pm in the case of the buffered hydrofluoric acid and

94 pm in the case of the 20 % diluted buffered hydrofluoric

acid, with high degrees of states of the etched surfaces.



5D) . "Ex~nole 6 Etching was perfornmed in the same manner as that of
Exanple | with the exception that a m xture solution (10:1) of 49%

hydrof l uori c acid and ethyl al cohol was used as an etchant. In tVﬁngm- wwe
m nutes after initialization of _ss _ etching, the porous Si was

sel ectively removed Wth the nonocrystal48 me Si acting as an etch stopper.
Rxamml e 7 Etching was perforned in the sanme manner as that of 31 JUL 2003
Exanple 2 with the exception that a mxture solution (10:1) of 49%

hydrof l uoric acid and ethyl al cohol was used as an etchant. In one point
seven mnutes after initialization of etching, the porous Si was

sel ectively renoved, only the nonocrystalline Si being left behind. Etching
Was perforned in the same manner as that of Exanmple 3 with the exception
that a mixture sol utfhen eteding srtaoYEAydPRIIIRAGIE sacPd tARdIERAYTY aPEohol
was used as an etchant. In three point_four mnutes after injtialization of
etching, the porfuYSITafdyosdrearidef9LrEhReditett RE BBI §Bfystal Iine Si

acting as an etch s onI t he pol ycrystalline Si

nonocrystal | i né@pﬁtﬁﬁel 8hFﬂE}g i DeHERAT i9Y /g "hSCSOE?E\h’BT’ e2hd

Et ching was perf.orr d|n esa nner ast t of Ex Ie4 th the
AT RS Pon L2071 v % R TRIPBFRLOP: £abi B Ehe

exception that a i

al cohol was used,g a;,iag{% & chany b1 8NEaP O S ealwgﬁlpmaweglafter

initialization of the porous vel'y renoved) only the
polycrystalli n%zﬁoml@xwrysm&hw?h&h@%a&éz%fdt h%@b@%ong acB8g shown

in Fig. 4B. xanpb~~ 10 Etching was perforned in the safe manner as that of
31 JUL 2D03 Exasmilch 5 sMalnh akjtec@%CepLieNoh hddntd i AgUBE . S0k UL EOAMAd Q1 da Of
49% hydrofluoric acid and ethyl al cohol was used as an etchant. In
twenty- ni ne m niitwesciafe eNHy4F) t aadi 2a% i Hrodihyeirohgieng f1tbeiger OHB) Sindvashe
sel ectively renoved, only the nonocrystalline Si being | eft behind, as
shown~in Fig. SO #¥ididluted boéfeesdshydast hwmiedqil,gasSBellEasnthe 11

~et hyl

room temperature as the solution temperature, are
mentioned, these solution densities and temperature are
only illustrative and are not intended to restrict the
scope of the invention.

The HF concentration in the buffered hydrofluoric acid
with respect to the etching solution preferably ranges
between 1 and 95 %, more preferably between 1 and 85 % and
most preferably between 1 and 70 %. The concentration of
NHq in the buffered hydrofluoric acid with respect to the
etching solution is preferably selected to range between 1
and 95 %, more preferably between 5 and 90% and most
preferably between 5 and 80%. The temperature is selected
to range preferably 0 to 100°C, more preferably 5 to 80°C

and most preferably 5 to 60°C.



Et ching was perforned in the sane manner as that of Exanple 1 with the
exception that a m xture solution (1:5) of 49% hydrofluoric acid and

hydr ogen peroxi de was used as an etchant. In twenty-one m nutes afgqarjl“[ 2003
initialization of etching, the porous Si was selectively renmoved wth the
monocrystalline Si acting as an etch stdfer, only the nonocrystalline Si
being left behind, as shown in Fig. 1B. Exanple 12 Etching was perforned in
the sane manner as that of Exanple 2 with the exception that a m xture
solution (1:5) of 49% hydrofluoric acid and hydrogen peroxi de was used as
an etchant. In one point three mnutes after initialization of etching, the
porous Si was sel ectively renoved, only the nonocrystalline Si being left
behi nd, as shown in_fig. 2B. .xanpl~ 1 JI JL.2003 - 9D Etchi )
perfornmed in the sari‘erré’r?ﬁgf‘lsaélt% Ee%ft%fxfﬁﬁ%éng \‘/’\ﬁhrf%%e‘gechletg?i")(l)xﬁetrhat a
m xture sol utiqn ; f % I [ id.a r oxl.de was
used as an etcﬁazfré Jthl%?] rﬁ'\f\lgégo%g%{ggsﬁ% &n%Os{]uetchgﬂq'gfq'tdengi ﬂ%(?%g?fﬁ;%{)sﬁbsg)ﬂf

etching, the p i I i (Wt hath stalline Si
cting as an oro i oesHAse g o e e e s and Th

nonocrystal line Si Beiagdeebt iBgMth s POWiveR BeJenéCerExaiy e 14
Etching was perforned in the same manner as that of Exanple 4 wth the
exception that chdHa26lté 8 ssQkyt beNpddody SAf AAmbndpetbusrsL o€idhadrred

hydr ogen peroxi de was used as an etchant. In one point three mnutes after
initializationwieretttliyngreoatyhédbebpariiduifewas Bebectlvertyc raamnod,ed, only
the polycrystalline Si and nonocrystalline Si being | eft behind, as shown
in Fig. 4B. .xangh epesiEtichragenescoard drigod 6En t Fégsab® smowmerthes tilmst of
Exanple 5 with the exception that a mixture solution (1:5) of 49% i
hydr of | uori ¢ adlerensenfigsogénepehing RE BeFoysSed tagrdnmeredrritalnineniss
etching, only the porous Si was selectively renoved, |eaving the

monocryst al | i né@SSiCBS&THvied, YA sHRSWPITPYS 1 569 EPRaPPYOCTYREFEING Sias
removed (Fig. SD) ., Exanple, ~6 31 L Z0Q3 Et chi pg was perforned
b e sare i RCITRE 4f EREOIASE S0 (N R LETEEP POt hn RSN e
solution (10:6:50) of 99% hydrofluoric acid,. ethyl al cohol and. hydrogen

per oxi de was ussgjd s r&eghgxt én?%l e ny-dsfi ?o%gﬁﬁ %Eag$f%? rg|jlni tialization

of etching, thecogﬂfu%%ﬁunw éﬁéegéri\] elohdi€T8%Eda YV LR L Des K SIRINYE Aifte .
e S 1B.

nmonocrystallin act 1ng as an etch stopper, as shown in Fig.

Ei canpl e 17 Et cieNGhs6@SabheERPSLd M idie sSank FRBNSLagsisdatar 2xamye 2
with the exception that a m xture solution (Z0:6:50) of 49% hydrofluoric
acid, ethyl al cidwlingnedirpdeogentpeswyi dmosdzatdied as anlet thiandtrduivene
paint four mnutes after initialisation of etching, the porous Si was

sel ectively rermnvedi @fl pthhe aonstalising |stracSiirbei agn| bé tusrhiard thes

shown in Fig. 2B. Exanple 18
starting material.

A test piece of porous Si prepared as described above
was immersed, followed by agitation, in the buffered
hydrofluoric acid (white circles) at the room temperature,
and reduction in the thickness of the porous Si was
measured. The porous Si was rapidly etched: namely, by a
thickness of 70 Um in 40 minutes and 118 pm in 120 minutes,
with high degrees of surface quality and uniformity.

The etching rate has dependencies on the density of

the hydrofluoric acid solution, as well as on the



Et ching was perfornmed in the sanme manner as that of Exanple 3 wth the
exception that a m xture solution (10:6:50) of 49% hydrofluoric acid, ethyl
al cohol and hydrogen peroxi de was used as an etchant. In two pointd &i/gh003
m nutes after initialization of etching) the porous Si was sel ectively
renoved with the polycrystalline Si act®hg as an etch stopper, only the
polycrystalline Si and the nonocrystalline Si being | eft behind, as shown
in Fig. 3C. Exanole, J' ~ 31 JIJL 2003 - 92 Etching was perfornmed in the
same manner as that of Exanple 9 with the exception that a m xture sol ution
(10: 6:50) of 49% hydrofluoric acid, ethyl alcohol and hydrogen peroxi de was
used as an etchant. In one point four mnutes after initialization of
etching, the porous Si_was | ecti vel e de v OB VeHdesalcjeny sinal | | ne Si
and rmnocryst%?W??féa'ﬁi‘r%e#n}%%%“%éh?ﬁ%, Hgggsﬁ%wn in Fig. 4B. ~xam~l a 2

0 Etching was_perforned inghe sae Jmnakeaget Bohinéd Bxanla Siwhtin t he
exception tha’fg?a ?ﬁ%’%‘?%é%oﬁ Effl on t10:6:50). of 49% hydrofluoric acid,

ethyl al cohol _and_hydr ooen ferasdde neRs cased asyapratcheat. |n twenty-ei ght
mnutes after tnitralrzation of etching, the porous Si was selectively
removed, only;}he,oBR0ERYS! al |A NendRigthaineg buéfe redhhndro BaHEWRGH Fi g.

5C. Finally, the resist was renoved (Fig. SD). Exanple 21 Etching WAs
performed in {hecEane aRNEQie@ss thatuwiforExampkéningi -2 he SxAPIIUT T hat a
buffered hydrofluoric acid (NH4F. 36.2% HF: 9.5% was used as an etchant.

| n ni net een mfaubesdaf tBK4E Niandl4 Zath @f H¥9EPERRng, the porous Si was

sel ectively renoved with the nonocrystalline Si acting as an etch stopper,
as shown in FifguokBde-X&fl ps-weld BScHi®y was perforned in the same manner
as that of 31 JUL 2003 - 93 Exanmple 2 with the exgethi ogr%hat a buffered
hydr of | uori c acoth CREHQEraBereogs HEhe oSEHRt IR (GIEF -85 AR’ efChant. I n seven
seconds after initializatjon of etchin onl.y: t.h 0 i sesectively
renoved, Ieavi“ﬁ@ttlﬁéeﬂmnBEFﬁgtﬁ?f%\”ﬁbo%?d ne‘e’f:sit-'nl S gg&sﬁg&%e?ﬁt‘%i@g 2B.

Exanpl e 23 Etchi.ng ,was perfornmed in e I +@S rbBatiet €xenple 3
with the exce@ildh l\tﬁ\ﬁé*tsgéaghf'?ergrég %g‘?drr‘%?lr%‘c}%cw&gcitd (NHgF: 36.2% HF:
4.5% was used as_an an .fourteen seconds after initialization of
etching, the psocro(?ues S tt&gsgé\ellegg%{:s'el y removed with the polycrystalline Si
acting as an etch 3f qper piegkyothe pohypoysi=mldi mf Si00aH@ thickness was
monocrystalline Si being left behind, as shown in Fig. 3C. F Xa~~L~ 2 9

Et ching was pesfreg iih the SarEeraanrydast lnmatiofadddiplackochrehethe
exception that a buffered hydrofluoric acid (NHqF: 36.2% HF:. 9.5% was
used as an et ci@nine |fo@e\tempeeannds, afbbioved thyaldFidtd®toPfetBRi ng, only
the porous Si was selectively renoved, |eaving the pol ycrsystthalnl ine Si and
nonocryst al | i neoBit behi nChearesiv@iiopn 1pj ghe ggrickness wa ©

measured. In this case, the test piece of non-porous Si
was etched only by 100 Angstroms or less even after elapse
of 120 minutes. The etching rate showed almost no
dependency on the solution density and temperature.

Both the porous and non-—-porous Si test pieces after
the etching were rinsed with water and the surface states
of these test pieces were examined by microanalysis with
secondary ions but no impurity was detected.

Obviously, various etching methods explained in

connection with (1) by making reference to Figs. 1A and 1B,



Exampl e 25 Etching was perfornmed in the sane manner as that of Exanple S
with the exception that a buffered hydrofluoric 31 JUL 2003 _ 9 acid
(NHgF: 36.2% HF: 4.5% was used as an etchant. In nineteen mnutes after
initialization of etching, the porous Si was selectively removed, onlltBH
monocrystalline Si being |eft behind, -a®$lshown in Fig. SC. Finally, the
resist was renmoved (Fig. SD). ,~ ~a lLnfl 1 a 2 6 Etching was perforned in
the sane manner as that of Exanple 1 with the exception that a m xture
solution (10:1) of buffered hydrofluoric acid and ethyl alcohol was used as
an etchant. In twenty-one mnutes after initialization of etching, the
porous Si was selectively renoved with the nonocrystalline Si acting as an

etch stopper, only the nongcrystallipe Si being |eft behind, as shown in
Fig. 18. Exanpi 8997 % @hgBuag igér f 3 ne f%at"l%ef'ﬁr?e r‘?&nﬁ8r4§s°?ﬂa‘?eof

Ex le 2 with the, ti t hat 1 Xt | ut 1Q: f buff d
SERE R R B AT S G M MR

d ft initializati i Ly .t Si | ectivel
secondas arter I%I |ias Iu %dl %r% %Blelelggghgﬁgg bsg‘ﬁ-,%dzor?‘q por ous I WasS Sel ectively

renoved, |eavi®G T He nmonocrysta as shown in Fig. 29.
~: xanpl e 28 Etfh'gu)g was performed in the same manner as that of Exanple 3

with the exception that a m xture solution (10:1) of buffered hydrofluoric

acid and ethyl al coNQle asp43ed @%18MEF ApARivel JOWheeeRsgeGRALS af ter
initialization of 31 JUL 2003 - 95 etching, the porous Si was

sel ectively renDy@skaMitintide ogoby 60 Y56 2éd iNRIXDIE 1a&idiRY agSdaBAn@t &R St opper,
only the polycrystalline Si and the nonocrystalline Si being | eft behind,
as shown in Figic&ol Bsanpled 28 Ehehéehectnasl epar fwatmethemichheesanengranner as
that of Exanmple 4 with the exception that a m xture solution (10:1) of
buf f ered hydr o$élurian dwird pardust By} el dohEfereanagsed dgan7Btchéot. In
seven seconds after initialization of etching, only the porous Si was

sel ectivel y rehpveahcd can aguepuspspyetian fantgdndingadd - dohoef yareenive Si
behi nd, as shown in Fig. 9B. F'txam-le 30 Etchin s perforped jn the same
manner as t hatfBROBEHPINEE) wARH £ ’é)&feﬁ‘tyldﬁﬁgfaﬂ‘aﬁyg?%uf%g)so’r%t‘ﬁﬁfl
(10: 2) of buffered hydrofluoric acid and ethy] alcohol was used as an
etchant. In tm%?lt&%ry%‘frfieﬁ&tde Y&FFEE”?H‘Ti%ﬁ’i‘JZati on of etching, the porous

Si was selectively reno ~wonly. the ponocrystallin i iLng left, behind,

as shown in Fig. Sélgﬁ \r?g’:jls;l/‘?wtshéh?egf%%] <:\lcl\?'gt;s@1r‘%rrr‘[?\9’e%f(s nglf‘ J lé)fi)“(%tsrr?al e

31 Etching was dn Gt I Ofe 5 L th the
o PESd IRl g %Ss@??%?gsﬁ{%f tbr%?]p?}%h:shiéfgsr@m‘e;s%.

exception that a 'mxture solution _ _ | uoric acid and
hydrogen per oxtge mased/sRAudSocaNoet ER@Mur fdredl M dHJFULBS1af 4€{d and
initialization of

ethyl alcohol, without agitation. The porous Si was formed

by anodizing monocrystalline Si under the conditions shown
below. The use of the monocrystalline Si as the starting
material for forming the porous Si structure through
anodization is only illustrative and Si of other

crystalline structures can be used as the starting

material.
Voltage applied: 2.6 (V)
Current density: 30 (mA-cm—z)

Anodizing solution: HFE :H20:C2Hs0H = 1 : 1 : 1



31 JUL Z003 - 9~ etching, the porous Si was selectively renoved with the
nonocrystalline Si acting as an etch stopper, only the nonocrystalline S
being Il eft behind, as shown in Fig. 1B. ExasD e 32 Etching was perforned in
the same manner as that of Exanple 2 with the exception that a mi Rdulle 2003
solution (1:5) of buffered hydrofluoric5&ci-d and hydrogen peroxi de was used
as an etchant. In five seconds after initialization of etching, only the
porous Si was sel ectively renoved, |eaving the nonocrystalline Si behind,
as shown in Fig. 2B. Exans 3 ~ Etching was perforned in the sane manner as
that of Exanmple 3 with the exception that a m xture solution (1:5) of

buf fered hydrofluoric acid and hydrogen peroxi de was used as an etchant. In
ten seconds after injtialization of etching, th orogus Si was selectively
removed with the pol¥®§ystalline Si acting 45’ a T st opper, only the

pol ycrystalline Si r | Lk ne s bgjng | eft behind, as shown
in Fig. 3C Etchindﬁﬁggﬁigﬁ orngﬁ%?kgtﬁé'saﬁg)ngkﬁer as that of Exanple 4
with the exception E;Qg s f m xture sol ution %éé}) of buffered hydrofluoric
aci d and hydrogen peroxi e’ was used as an et th Ht. In five seconds after
initialization of etching, only the porous Si was selectively renoved,

| eavi ng 31 JUL 20@x8 97 the polycrystalline Si and nonocrystalline S

behi nd, as shown inr&ig. pAbe OMELCp3ToES O s REMdOREriBelne same
manner as that of Exanple 5 wth the exception that a m xture solution

(1:5) of buffefpghdyeloé | Uaid seaGi didRdubysgoaan g axi de msdgureed as an
etchant. In nine mnutes, the porous Si was selectively renoved, only the

nmonocr yst al | i neo Hit beh ngr | efd Hiftendd RgdsbOILR It Fdgid =Gd kithgll y, the
resi st was renmoved (Fig. 5D). Etching was performed in the sanme nmanner as
t hat of Exanplaldohmawl hl® he BExceptitencihales) nind uire ssadinttivore €20n6i80) of
buf fered hydrofluoric acid (NHgF: 36.2% HF:. 9.5%, ethyl alcohol and
hydr ogen per ox¢fe2@al dbbeked fferedaRydrofly@riqrianickangt eshyl
initialization of etching, the Porous Si was selectively renmoved with the
nonocryst al | i ndtephett fhY astlanBdeck §Lephes! - onile tIRITHGOSydPaFRene S
being left, as shown in Fkg. 9. F ,xar=rple 37 Etching was perfornmed in
the same mannetPHS* R Fatedf PTSURi £h THES A& ST %] mi xture

solution (10:6;50) of buffered hydroflugric.acid. (NHFE; 36.2% HE._4.5%,
et hyl al cohol rﬁ%‘?}l;‘f!ﬁ/%fribge]fﬁa‘b%er orxélé & \‘R/gsgégéﬁnisodfan%eﬁ NS Pi §rxSseconds

af ter initialiéé&é?@e@f ﬁ%&gﬂﬁ¥1in the case of the mixture solution of

the buffered hydrofluoric acid and ethyl alcohol (10 : 1),

the porous Si was etched by 67 pm and, in case of the
mixture solution of the 20 % diluted buffered hydrofluoric
acid and ethyl alcohol (10 : 1), the porous Si was etched
by 54 pm, in about 40 minutes. After elapse of 120
minutes, the porous Si was etched by a thickness as large
as 112 pum in the case of the mixture solution of the
buffered hydrofluoric acid and ethyl alcohel (10 : 1) and
90 Um in the case of the mixture solution of 20 % diluted
buffered hydrofluoric acid and ethyl alcohol (10 : 1), with
high degrees of states of the etched surfaces. The

etching rate has dependencies on the density of the



- 98 31 JUL 2003 only the porous Si was selectively renoved, |eaving the
nonocrystalline Si behind, as shown in Fig. 2B. xamml e 38 Etchi ng was
performed in the same manner as that of Exanple 3 with the exceptéiP%tmm: a
m xture solution (10:6:50) of buffered hydrofluoric acid (NHgF: 36. 2% :
4.59% , ethyl al cohol and hydrogen perexbfg8le-was used as an etchant. In

twel ve seconds after initialization of etching, the porous Si was
selectively renoved with the polycrystalline Si acting as an etch stopper,
only the polycrystalline Si and the nonocrystalline Si being |eft behind,
as shown in Fig. 3C. Exanple 39 Etching was perforned in the sane manner as
that of Exanple 9 with the exception that a m xture solution (10:6:50) of
buffered hydrofluoric acid (NHgF: 36.2% HF: 4.5%, ethyl alcohol and

hydr ogen penpyd e s igsediassahueiahards wellskx secvhelstafiperature
initialization of etching, only the porous 5i was selectively renoved,

| eavi ng t he gl yssimal.| | fibe Skddidiom it ry.sohblli nerges bedi remows, shown in
Fig. 4B. ~xammle 90 Etching was perforned in the sanme manner as that of
Exanpl e 5 wikithdvt cedepti bubbhes @f msadhiensBraereh §39es: BF)erAtedf fered
hydrofluoric acid (NHgQF: 36. 2% HF; 31 JUL 2003 - 99 4.5%, ethyl

al cohol and afydr GEEP pePExFhe SRCPIRE SRR SHecfBREAFE PRIREFYFIRAes after
initialization_of etchi ng,_ t he goro,us Si hvvas selo cti velé renoq\gd only the
monocryst al M YE FEHGTERF t 2Beh P ad NERoRASPAIRE ST SEAEI FRITRE the
resi st was remved (Fi 5D). . X le 9 nodi.zat i. pn ducted on a
P-type (1D0)pc?ﬁ§’rjf‘c§c stwgltpi ﬁéggi g%%%es?sf gﬂfg\uﬁg\#)ﬁ}dlgyt%ﬁ%k%gglscﬁn%o ~tmin
a SO» Fi F soluti at r ept nsl Qf c 0 ucture
formation rate vvaolgle&dfis%#;’ mgﬁ %ﬁ% %efn&c/te&nt 1‘? gogﬁ%meg%rtn?g?%h@%m%t%%éfor

t he 200 ~1m§a[meclg]% @é%:&lﬁ@b &b %@Ptvfi@hgng engqe\sgﬁg&semiéﬁw%mou& A

Si epitaxial lTayer with a thickness of of s“grown on the P-type

(100) porouscd st balepabcaildW {dmealidheely NRhegshgl tgam epit axy

(MBE). Deposition was conducted under the follow ng conditions:

Tenper at ur e:misQide Foasgibe: of xhd (buf fleateld Gyawblloatee Hcild mASecC.
ethyl alcohol (10 : 1) and the mixture solution of the 20 %
diluted buffered hydrofluoric acid and ethyl alcohol (10
1), as well as the room temperature as the solution
temperature, are mentioned, these solution densities and
temperature are only illustrative and are not intended to
restrict the scope of the invention.

The HF concentration in the buffered hydrofluoric acid
with respect to the etching solution preferably ranges
between 1 and 95 %, more preferably between 1 and 85 % and
most preferably between 1 and 70 %. The concentration of
NH4 in the buffered hydrofluoric acid with respect to the
etching solution is preferably selected to range between 1
and 95 %, more preferably between 5 and 90% and most

preferably between 5 and 80%. The concentration of the

alcohol with respect to the etching solution is preferably



Next, an optically polished fused silica glass substrate was placed on the
surface of the epitaxial |ayer. The whole structure was then heated at

800' C in an oxygen atnosphere for 0.5 hours to firmy join the twod? JUL 200
substrates 31 JUL 2003 - ioo to each other. Si3Ng was deposited to a

t hi ckness of Ol )1mby plasma CvD nethé4 to cover the bonded substrates)
and then only the nitride filmon the porous substrate was renoved by
reactive ion etching. Thereafter, selective etching was conducted on the
banded substrates in a 49% hydrofluoric acid solution while the solution
was being stirBred dm leswsentprei ghetfarahlye$0 ttherpdressaBi madistrate was
conpletely etched with the nonocrystalline Si |ayer acting as an etch

st opper, only piefemaidor ¥t &l Prnée S, | aykrihaetgrrénedbedi mke T et chi ng
rate of the non-porous nonocrystalline Si was so low that only a maxi mum of
50 A of non-p&r thrfo@d@dtabhi aé he vikCp@eRrERidbient y Bigyht mi nutes.
Since the ratio of the etching rate of the non-porous nonocrystalline Si to
that of the pdreRreiafyse iis seleebed oo e PRELSFBRAY BNl Erous | ayer

which is etched (several. tens angstrons) can be ignored in a practical
operation. Th&°T% PREFE T3 Y-2nFPhPRWE ;‘J’H{"oﬁ‘:‘?sg p§ﬁg§f:?}&f¥3 %]vaff rsréﬁﬁved, and
subsequently the Si | ayer r ved with a result_th the 0.5

~mt hi ck monocryst fﬁNtié}’r?é’gél eFﬁ?irafﬁ?n‘% B o eenglsggglgf]%ag]r%t e renai ned.

Th - ' Qf & ' | b i e
{ranem aai on (YRS GInSCrs Shaecr Seehpet i, A HEEREBRH I TR MR R o

was new y int rQuCethd Raliie §.§1{B%M€5n@&gié}?d@.ce.mt ReeStokayeEidad excell ent

crystalline 31 J UL 2008 - structure. ~xanb a 92 Anodi zati on was

conducted on R4 InlGR WRABKN ¥&h btdviRieSlans dBpleal &n e vd ik ¢t tdH ckness
of 200 Etmin a 50% HF solution at a current density of 100 mA cnR. The

por ous struct Wddftirdmidfouecat @ 18880 B, 4navl Hdriud ednd sheneeaidoidioladament y
four mnutes for the 200 ~,tmthick P type (100) Si substrate to be nade
entirely porousn #hiS tepet afi akchaygrsaoldtian.t hi ckness of S. 0 ~tmwas grown
on the P type (100) porous Si substrate at a | ow tenperature by plasma CVD.
Deposi ti on was condiigt exprondefit AStép| tmniatFhdogdiWvesoRsnsehwitd ppter

Hi gh-frequency power: 100 W Tenperature: 800" C Pressure: 1 x 102 Torr
Gowh rate: 28 ffisednsRexELraACHPY? T A1 TG PHeBiGFARR2 B st it e havi ng
a softening point of about SOQ 'C was placed qn the syrface of the

epi taxi al | ayetSPrhe SN Tt F8RE UPRE vxg% ’t{'éoéFé'&yaf’aﬁSéeEfﬁ‘ne n oxygen

at nosphere for 0.5 hoyrs _ta . firnmy_jpin: the.t bst.r I o er.
S 3N vas. deposi t e i ST Areruagesofo i e BB tr sl Bhesoh RS o)
CVD 1o cover (diedan;daandedaSuBSLI aLesic Al dieR ARk Kgt B id rdifaddd M on

t he porous substrate was renoved by reactive 1on etching.
without delay and without requiring agitation of the

solution, by virtue of the addition of the alcohol, so that

the bottoms of minute recesses can be formed with high
degrees of smoothness and uniformity.

A description will now be given of the etching
characteristics of porous Si and non-porous Si as observed
when they are etched by the mixture solution of the

buffered hydrofluoric acid and the ethyl alcohol, with



Thereafter, selective etching was conducted on the bonded substrates in a
49% hydrofluoric acid solution while the solution was being stirred. In
seventy eight mnutes, the porous Si substrate was conpletely etchfp thh
the nonocrystalline Si layer acting as an etch stopper, only the JUL 2003
nonocrystalline Si |layer being |eft behigsd.- The etching rate of the

non- por ous nonocrystalline Si was so |low that only a maxi nrum of 50 A of
non- por ous nonocrystalline Si was renoved in seventy eight mnutes. Since
the ratio of the etching rate of the non-porous nonocrystalline Si to that
of the porous layer is 1 . 10S or nore, the ampbunt of non-porous |ayer
which is et (several ns.. a tr ) n L egd, i ractica

oper at i on.sﬁﬁlﬁﬁ%%eﬁﬁ%efég gin?tg ic 'pong' S g? gggg%rg?ée%\ggeorenoved, and
subsequent} yod e 13;3N0 JraKeEn YRS ERIBNEEEN & H gorasddi thAt ddip 5. 0
~tmthick nonocrystalline Si layer formed on the glass.substrate having a
| ow sof t end s il Ning” Rige bbskExamgl ehd’ Anadbpdabions Vasnd Otk Ghekh ©Py s P
type (100) nonocrystalline Si substrate having a thickness of 200 ~Imin a
50% HF sol talloimeatSia aner rgmerdgedsiiny tbe md8tppecadlufhen pof otise shufifé He@
formation rate was 8.4 ~Imimn and hence it 37 J UL 2003 - 103 took
twenty foutydisiihesifcorctibdear@0ethyd tdlicthol .t yFae(p6BPuSiSswsdirate to be
made entirely porous. A Si epitaxial layer with a thickness of 1.0 um was
grown on theried yme apbdirapdooust Sromdryistatidiae 8il oondwestpet atndex by bi as
sputtering. Deposition was conducted under the follow ng conditions: RF

f requency: tHOCandz adnglitiirequancyhpmvahowa0dekoTenpefhe ueee 9§ gas
pressure: Gowh rate: 300°C 8 x 10'3 Torr 120 m nutes Target d,c. bias:
-200 V Subseregeysrkadlipeas$i a5 vhes&artdfdoppirear-pry FOF i SMERA ass
substrate having a softenin gol nt of gbout _SO0Q.' C was Pl aced. on the
surface ofPRIR¥ MY 'rQI“gF‘agB d1g3lUhdise QUL IPEETRE e ARY Sk 450' C in
an oxygen apnosphere for ,0.5 hours to firmy,join the t substrates to
cach ot herst SR ey REBRLRE ot To ST ERALLE BP0, 55 Fhon AT 2 VD to
cover the two honded substrates, and then only the nitride filmon the
porous substrate was renoved by reactive ion etching. Thereafter, selective

etching was conduyds®dpQRckh8f porous Si prepared as described above
was immersed, without agitation, in the mixture solution of
the buffered hydrofluoric acid and ethyl alcohol (10 : 1)
(white circles) at the room temperature, and reduction in

the thickness of the porous Si was measured. The porous Si

was rapidly etched: namely, by a thickness of 67 ptm in 40
minutes and 112 gm in 120 minutes, with high degrees of
surface quality and uniformity.

A test piece of a non-porous Si of 500 pm thickness
was immersed in the mixture solution of the buffered
hydrofluoric acid and ethyl alcohol (10 : 1) (black
circles) at the room temperature, without agitation of the
solution. The reduction in the thickness of the non-porous

Si was then measured. In this case, the test piece of



bonded substrates in a 49% hydrofluoric acid solution while the solution
was being stirred. In seventy eight m nutes, 31 JUL 2003 - 104 the
porous Si substrate was conpletely etched with the nonocrystallin§]$U#Qmmer
acting as an etch stopper, only the nonocrystalline Si |ayer being left
behi nd. The etching rate of the non-poB&us nonocrystalline Si was so | ow
that only a maxi num of 50 P, of non-porous nonocrystalline Si was renoved
in seventy eight mnutes. Since the ratio of the etching rate of the
non- porous nonocrystalline Si to that of the porous layer is 1 . 105 or
nore, the anount of non-porous |ayer which is etched (several tens
angstrons) can be ignhq.ed_in racti¢al i t LS e
~tmt hi ck pOPBHRTE"S sf?gtg%ﬁgggrééggéa?ggﬁg%? bggéﬁgn?%yl%%g %f%ﬁh | ayer
was removed W Lh & Jesulle 003 niRGeds 0 fRd Wkl sNaGkYSERbLLge S| | ayer on
the glass st F at € Havi ng a | ow so teni ng pol nt remained. In case of
coati ng of i WA Qh dELeCt ERN Xe d I fe s 43N4 | ayer) the
same effectfﬁggégg%aing%ngﬁg%gan % e %sﬂgﬁﬁgfﬁgﬁglﬁgggggorous was
conpl etely gﬂg@ggkuggﬁngle 44 Anodi zation was conducted on a N type (100)
nonocrystalline SI substrate having a thickness of 200 EEmin a 50% HF
solution at a cugéemteieRTriosobndORoPperdhs Hie tertopdestsuatftee formation
rate was 8.4 ~mmn and hence it took twenty four mnutes for the 200
Ytmthick Nehepet¢iiy vBiresuisisedt eith dmtemdndether suyfpoeossates Si
epitaxial layer with a thickness of 10 ~Imwas grown on the N type (100)
porous Si sobsthese wdsta dicwesewperacvaringd [hyymigroanazysisptdsl gr owt h
nmet hod under the follow ng conditions: Solvent: Sn) Solute: Si G owth
t enper at ur ese€OBALY W bwitsh baxtrmepheperite \Gowerasths- 20 minutes 31 JUL
2003 Next, an optically polished glass substrate having a softening point
of about 800 ' C QPéipnsided VaFions SGFRERS RATRIRES &FRIALPEA F3yer. The whol e
structure was heated at,Z 750' C i.n an oxygen atnosphere for 0.5 hogrigto

*a

firmy joi nCPRBREEWLOR UbET alt bl 1% RACH DIrIFERT SGCENF Wi 9Gepdsi BB
thi ckness of 0.1 bAVMPY%d! W YR 18 56VAa G4 MauPRRdgE Supspsates. and

then only t
realized also in the case where the mixture solution of the

buffered hydrofluoric acid and alcohol is used as the
etching solution.

I-(7)

A description will now be given of the case where a
mixture solution of a buffered hydrofluoric acid and
hydrogen peroxide is used as the elgctroless wet chemical
etching solution for porous Si, with reference to Fig. 7G.
For instance, an aqueous solution containing 36.2 % of
amménium fluoride (NH4F) and 4.5 % of hydrogen fluoride
(HF) is used as the buffered hydrofluoric acid.

Fig. 7G shows the time dependency of etching thickness
of porous Si as observed when the porous Si is immersed in

the mixed solution of the buffered hydrofluoric acid and



nitride filmon the porous substrate was renoved by reactive ion etching.
Thereafter, selective etching was conducted on the bonded substrates in a
49% hydrof l uoric acid solution while the solution was being stirreﬁa hﬁ
seventy eight mnutes, the porous Si substrate was conpletely eﬁUh in
the nmonocrystalline Si |layer acting as53n-etch stopper, only the
nonocrystalline Si |ayer being |left behind. The etching rate of the

non- por ous nonocrystalline Si was so |low that only a maxi nrum of 50 A of
non- porous nonocrystalline Si was renoved in seventy eight m nutes. 31

JUG 2003 - 106 Since the ratio of the etching rate of the non-porous
monocr yst al | | PRSP ReEA* IS FRd1p8REuRY 1234 54Pn . | ThE5PEFoKdrt Y3

t of - I whi ch i t ched |t t b
Tgnored i n'a BPRREY ol YRS "oRREFVPES INE 300 Y19 FAEKCROPOACS
esul t Lhat tAROTO SHELT ol oot get 5P e =Sk iEle R gTERE Cubkt rar

nocr yst i ne ayer on the alas% substrate

ot T ve anabbRg: ha ARLEZANIIEE D BoBLEE Olc WE SN LAXGENEE o o0

effecti ve and>assure e rennva orous S trate.

Exa-ngle g 5 fAnadhzatlon Mas g\ncziggkggﬁomfu&game( Y sToBecEypial line Si

substrate having a thickness o nin a 50%HF solution at a current

density of 10Q-0¥¢£12;nd NG RIS sSERHCHAT EsdLTIRId RN Jralr@ ivgs 8.9 ~t.mmn
and hence it took twenty four mnutes for the 200 ).1mthick P type (100)

Si substrate hatbeigmde entirely porous. A Si epitaxial layer with a

thi ckness of 1.0 )tmwas grown on the P type t100) porous Si substrate at a
| ow t enperature by | ow pressure CvD. Deposition was conducted under the
foll owi ng conditions: Source gas: SiHg 800 SCCM Carrier gas: H2 150
liter/mn 31 JUVZDOBge dpmlie€Penperat ure?.®50V)C Pressure: 1 x 10"2 Torr
Gowth rate: 3.3 nnisec Next, an optically_ polished fuzed silica glass
substrate was pl acedreent (fensitfyice of the3£p(if!1’av<¢ral ] ayer. The whol e
structure was heated at 800' C.in an oxygen_atnospher for10:51hpurs to

< - - - e -~
firmy join the t wbReEhEIRRIIUIBach ot hif - H20:C2HsOH = !
Time: 2.4 (hours)

Thickness of porous Si: 300 (pm)

Porosity: 56 (%)

Test pieces of the porous Si prepared as described
above were immersed, followed by agitation, in a mixture
solution of the buffered hydrofluoric acid and hydrogen
peroxide (1 : 5) (white circles) and in a mixture solution
of the buffered hydrofluoric acid and hydrogen peroxide (5

1) (black circles). The reductions in the thicknesses of
the porous Si test pieces were then measured. Large rates
of etching of the porous Si were observed: namely, in the
case of the 1 : 5 mixture solution, the porous Si was

etched by 88 pm and, in case of the 5 : 1 mixture solution,



Si 3Ng was deposited to a thickness of 0.1 ~tm by plasma CVD to cover the
two bonded substrates, and then only the nitride filmon the porous
substrate was renoved by reactive ion etching. Thereafter, select

etching was conducted on the bonded substrates in a 99@6hydrof|uo§ldUde&
solution while the solution was being-ssgried. In seventy eight m nutes,
the porous Si substrate was conpletely etched wth the nonocrystalline S
| ayer acting as an etch stopper, the nonocrystalline Si |ayer being |eft
behi nd. The etching rate of the non-porous nonocrystalline Si was so | ow
that only a nHX|nun1of 50 A of non-porous_nonocrystallin S renoved in
seventy ei ghtPFiTRER/LS S vee ChRENFG PY HF3 tHY e‘t%tﬁbr?g‘tr é?emo?uﬁ"u‘é

non- porous nonocrystalline Si to that of the porous |ayer 105 or
nore, the an%ﬁﬁ%ro?l?i?frﬁrﬂfréﬁg F&PEFERhi ERE | RO TR Ehett §év§F8¥‘ed B 3uL 2003
. Loa tens angsiiome) fan bed 490agd L0 Ao RACtILAl neration. sThat i,

the 200 ~trnS porous Strate was renove and subsequently the

SiaNg | ayer agcfeunyed M had sreHbt kbR ok Nond -4 W cltrutn

nonocrystal |l 1 ne | ayer on e silica glass substrate renai ned. Wen

Si H2C12 was ggg‘gt?grat @l&oq{]ﬁ%mg\%gregﬁoogrg%\ge{;edg edPahl Wkenhad to be higher

by several t ens rees etching characteristics
to. the poroyg.gubst!at el duigl AGLerLRE aLonc i fb&@fAngarseéﬁaXI al
layer with a thickness of 1.0 Etmwa$ grown on a P type (100) Si substrate

having a thi ﬁkﬂ@ﬁﬁd@fwa?é)%ot%m byh@D. hEREOSE] | D& MRSy Ganddetedivadesdt he
fol l ow ng conditions: Reactive gas flow rate: Si Hg 1000 SCCM H2 230

liter/ mn Tepperabntent AOSBAC J2r By8bgen 7pOrdoide TistesuiZz amilp Aadeczedi on
was conducted on the substrate in a 50% HF solution at a current density of

100 mA/ cnR. whehporausarsge uetiwhe dbesmabt otmpat e wvies L Lecmofi addatidence it
took twenty four mnutes for the 200 ~tmthick P type (100) S

of hydrogen peroxide. The etching rate has dependencies on

the solution densities of the buffered hydrofluoric

acid and hydrogen peroxide, as well as

on the temperature of the same. The addition of hydrogen
peroxide accelerates the oxidation of silicon, thus
attaining a higher reaction speed as compared to the case
where hydrogen peroxide is not added. In addition, the
reaction speed can be controlled by suitably determining
the content of hydrogen peroxide.

The density of the sclution and the temperature of the
same are determined to fall within the ranges which would
not cause any practical inconvenience in commercial
producticen. Although the mixture solution of the buffered
hydrofluoric acid and hydrogen peroxide (1 : 5) and the
mixture solution of the buffered hydrofluoric acid and
hydrogen peroxide (5 : 1), as well as the room temperature

as the solution temperature, are mentioned, these solution



31 JUL 2003 - |09 substrate to be nmade entirely porous. At that tine,
there was no change in the Si epitaxial |ayer. Next, an optically polished
fuzed silica glass substrate was placed on the surface of the epitazi@_
| ayer. The whole structure was heated at 800" C in an oxygen at nospher 1B
0.5 hours to firmy join the two substris®t es to each other. Si3Ng was
deposited to a thickness of 0.1 Nmby plasma CVD to cover the two bonded
substrates, and then only the nitride filmon the porous substrate was
renoved by reactive io%cet chi Thereafter ective.etchin

e

: ., Siel.ect h
conduct ed on“thR&*boRaed S sfr’tpr@%taégrfnaﬁe @%%;l?rloufﬁ’JSril(‘:'ea%P%gg\g?af‘PBn
whil e the SOEHELQ@e o B&l NG S EBgdSC%Lﬂe Scﬁé’eéﬁé/ i%iv%m;i lLhutes, the porous
etely W t he

Si substrate was conp renove nonocrystalline Si |ayer

acting as an et C’Phétﬁf)p@(;n%é??lﬁétkgﬁ PRNOEL Wﬁééé@hﬁdfbﬂ%:%i gg;heft

behi nd. The etching rate o non- por ous nonocrystalline SI was so | ow
that only a gaxhnuReleoQ Al @%n@@g%@lmrmﬂw&tf@rlabm? 2kn¥asg removed in
seventy eight mnutes. Since the ratio of the etching rate of "the

non- por ous npagGéyst alddd®sSiy,t aorBapréfetdifl pUtMeenayeantdssd « 4Q8, the
anount of non-porous | ayer~which is etched (several tens angstrons) can be
ignored in ampsachteEpdrajiesr aleita@enThasind S70 the 202 wonktkhekapbdoaussS
substrate was renoved, and 31 JUL 2003 - 1lla subsequently the Si3Ng

| ayer was reNByeth viihé b fifeggdt hydaeflunr ic @eid mdsbcrgspatti ve Shel ayer on
the silica glass substrate remai ned. The cross-section of the

monocr yst al | ehehBrg| sgkut igns ishpaefedahl Y rsal agtats fiossroget ppeweerctron

m croscope. It was found that no crystal defect was newy introduced in the
Si layer and2R8én8e ?hendie |RFREErRRYY RRETTHNS @198t RAE SPPlicture. A Si

epitaxial layer _with a thickness of ~,rn WAs grown.on a_P type (100) Si
sgbstrate habFRGEE2DHY c'?ﬁfewseseno$ 358 go% b OAY IR SE P8 Chak2 gndl(Jct eZ:I

d the foll ow diti : ti . te: T t :
mrossuror 1 HCE FEeRert ot RRcrr ep s o T Ron Y FosseEAE Tor kS 158 n
Anodi ti t i YoeH j
o ert yons i omEPROREL AL S B2 BUSE 4 Aok Wbt BCeEEaREL VLR B0® 5 o
~tcn/mn andgheggg it dQQUCH MR ¥ of Aike MHRItES QT JN8ad90s 5L MpENigK P type

(100) Si substrate to be nade entirely porous. As nentioned above, 31 JUL
2003 - zil hydrogen peroxide. The temperature is selected to range
preferably 0 to 100°C, more preferably 5 to 80° and most
preferably 5 to 60°C.
The porous Si after the etching was rinsed with water

and the rinsed surface was examined by microanalysis by

using secondary ions but no impurity was detected.




anodi zati on nade only the P type (100) Si substrate porous, and there was
no change in the Si epitaxial layer. Next, an optically polished fuzed
silica glass substrate was placed on the surface of the epitaxial |ayer.
The whol e structure was heated at 800" C i n an oxygen at nosphere f3ngLFE- 03
hours to firmy.join the two substratesé@o-each other. SigNg was deposited
to a thickness of Ol~~tmby plasma CVD to cover the two bonded substrates,
and then only the nitride filmon the porous substrate was renoved by
reactive ion etching. Thereafter, selective etching was conducted on the
bonded subst ra;_egeg%fpélﬁ% Ry:AnotloWobk Cq 88d f SOl @RWRhLe the sol ution
was being stirred. In 'seventy eight mnutes, the porous Si substrate was
conpl et el ¥ et 088, Vit hed N6r PUIRRISY Stiahhd NEoSipd WA saChisNgbasradaet ch
stopper, only the nmonocrystalline Si |ayer being | eft behind. The etching
rate of tPReAOPhPPrHHS SEUHUY W51 2hlel Rex S raaso 1S ilodwoEh8heonl y a nmaxi mum of
50 A of non-porous nonocrystalline Si was renoved in seventy ei ght m nutes.
Si nce theptatépe@f hydieo £hvding acdideanl hdroyen perexidapnottystalline Si to
that of the porous layer is 1 . 105, the anount of non-porous |ayer which

i S etchedspsevfial r¢fesermrygtta (igy). 6an beig gri® edthows ahprathecal operati on.
That is, the 200 dun-thick porous Si substrate was renoved, and 31 JIJL
2003 - | 1@ependisngientdf atwhiSiBNQickpesswed perovedShi ahd anemeetyst hat t he
0.5 Eun-thick nonocrystalline Si |ayer on the silica glass substrate

remai ned. t¥héiBp0S3- 38cPPBATHED t MReRmpHI IBAReMS iSie agd thgemonasrulser ved by
a transm ssion type el ectron n‘icrosco&e. It was found that no crystal

defect wak2hédP§ Pht AEBULBASTReE hen SFhe Biertunifg %ﬁéé%‘h@fSFhFayéﬁfﬁaGd

I | ent 1] trpyct . Ex ~g . 48 N t Si_| ith
SHIEICATEHL T L R
t hi ck f 2 1 . t il L.on, .l nplant ati t f_H+ 5
X 1018 (; SRETERohY Tt B A RoRBkAr Py A S BhREE CR S S e

sol ut i ON aheasCE T EBAa AENSId Y Olerl00 DRGSR, PORAUS LSLTYEL Ure T or mat i on

rate was mn and hence it took twenty four mnutes for the 2Q0

~. M thi CKuBrb¥PPstdDDIned 5 SRSl §chPr Dfg MRl SR EBLY rHORONG . AS
nmenti oned above, anodi zation made only the P type i100) Si substrate

porous, apdrbler i vesrsagle g Zaf ibhei N dype iSildsayet ivhexhd s optically
polished fuzed silica glass substrate was placed on the surface of the N
type Si | ajeothdhecmhot el siirelcitiietwass heat ek atsefiD@'sCtha avaoximgen

at nrosphere for 0.5 hours to firmy join the two substrates to each other.
- m~ 31 BeEe2d83- Si3Ng was deposited to a thickness of 0.1 dun by plasna

CVD to cover the two bonded substrates, and then only the
A test piece of porous Si prepared as described above

was immersed, followed by agitation, in the mixture
solution of the buffered hydrofluoric acid and hydrogen
peroxide (1 : 5) {(white circles) at the room temperature,
and reduction in the thickness of the porous Si was
measured. The porous Si was rapidly etched: namely, by a
thickness of 88 Um in 40 minutes and 147 pm in 120 minutes,
with high degrees of surface quality and uniformity.
Although in this case the concentration of hydrogen

peroxide was 30 %, this is only illustrative and the



nitride filmon the porous substrate was renoved by reactive ion etching.
Thereafter, selective etching was conducted on the bonded substrates in a
49% hydrof l uoric acid solution while the solution was being stirred. In
seventy eight mnutes, the porous Si substrate was conpletely etchedymizih
t he nmonocrystalline Si |ayer acting as &1 etch stopper, only the
nonocrystalline Si |ayer being |left behind. The etching rate of the

non- por ous nonocrystalline Si was so |ow that only a maxi num of SO A of
non- porous nonocrystalline Si was renoved in seventy eight m nutes. Since
the ratio of tbetehehbhohyd@isger peltexidn- psroust aminocreizicaledi réthinta t hat
of the porous layer is 1 . 105, the anpunt of non-porous |ayer which is

et ched (sever ghnyenshangsdsessdbicaruse rgpopesctital practnvealieoper atdon.
That is, the 200 ~. mthick porous Si substrate was renoved, and

subsequent |y whécki 8dgs | myeringsio ¢hevedfeft orodusad by Kde eRaitiom t hi ck
nonocrystalline Si layer on the silica glass substrate renai ned. The
cross-secti ono8f hy@sogpnoeeyetidd.i ne Si | ayer was observed by a

transm ssion type electron mcroscope. It was found that .no crystal defect
was new y introducBatRntRaPIOYRBEA FRE-REFRRS tHe §5Y RM&CHagtEREel | ent
crystalline - 114 structure., Fx m)~,tﬁ 4 9 31@]}:&3”_':t 2003 Anodi zatLon was
conduct ed on 5PP EyHBIRI0NSF VAP HBUY SRR G &t hi ckness

of 200 ~tmin sol ution under the foll ow condi tions:, ARpli
vol t age: Curr8%t tg%ﬁgi F??tﬁ%’oﬁeﬁ Rg “Sofd fnld?l?g%)f’remﬁ‘io(ﬁ?r?egs?é%f w;’iggous Si:

Porosity: 2.6 ~ - H20: OH = 1..1; 6 (hour) 200 (N. m
56 (%9 A Si eﬁlggé&lgg gr%lrg#nk\gmgtt E@a ﬁ%%Pgéggsgg%f%é?sét~e€dm was grown on the P
type (100) porous & at . I : 34 l.equliar beam

epi taxy (MBE). Dep%i ??gﬁi%s&c%ﬁ&%ctegghhﬁggs t‘ffj%lc(lgafoe%gi&)olvr&qr?gQicé)'?}di tions:

Tenperature: #QAnEcPigssyien (1K o' fakioly (Qrewehceatte FA.gh.nThsgga Mgxt, a
second S substrate with a 5000 A thick oxidized | ayer forned on the

surface thereefiggaszpl argd2®n sy S @ee3ofaider i t avdl alo lagyean Boe whol e
structure was
realized also in the case where the mixture solution of the
buffered hydrofluoric acid and alcohol is used as the

etching solution.

I-(8)

The following will now be given of the case where a
mixture solution of a buffered hydrofluoric acid, an
alcohol and hydrogen peroxide is used as the electroless
wet chemical etching solution for porous Si, with reference
to Fig. 7H. For instance, an aqueous solution containing
36.2 % of ammonium fluoride (NH4F)} and 4.5 % of hydrogen
fluoride (HF) is used as the buffered hydrofluoric acid.

Fig. 7H shows the time dependency of etching thickness
of porous Si as observed when the porous Si is immersed in

the mixed solution of the buffered hydrofluoric acid, ethyl



31 JUL 2003 - 115 heated at 800'C in an oxygen atnosphere for 0.5 hours to
firmy join the two substrates to each other. Thereafter, selective etching
was conducted on the bonded substrates in a 49% hydrofluoric acid ﬁg@g%@ﬁn
while the solution was being stirred. In sixty two m nutes, the pg
substrate was conpletely etched with-th8 nonocrystalline Si |ayer acting as
an etch stopper, only the nonocrystalline Si |ayer being |l eft behind. The
etching rate of the non-porous nonocrystalline Si was so low that only a
maxi nrum of 50 P. of non-porous nonocrystalline Si was renoved in sixty-two
m nutes. Since the ratio of the etching rate of the non-porous

monocryst al | ingo8b1t @nkinalaPbgbRepd e hayebuitsagitatdda. t henamount of
non- porous | ayer which is etc%ed (several tens angstrons) can be ignored in
a practical QRfiIRki 8- wiBakokfed the aH¥dizinghmekopsy Sts] Nines 18IS tunfed WaS
renmoved with a result that the 0.5 [gymthick nonocrystalline Si |ayer
formed on thend @3nkayebnkeBRbRRbeldie CrmMhes usecbiE ovhefmddver syvarisieal | | ne
Si | ayer was observed by a transm ssion type el ectron m croscope. It was
found that nsicragstak debkectingasatnerial ifiotrr Fdraédgi phe IoRud Bier and hence
the Si layer had excellent crystalline structure. F,~a nph, a 5 0

Anodi zat i on wasuctraectbdooghaafodigatieh0@)s ondy JLLuPOGR ivel BRd Si
nonocrystalline Si substrate having a thickness of 200 ~min a HF sol ution
in the sane mhmehesscratasdtimRappiuctaresacan bpi vagd S |tdiferStARH N

t hi ckness of 0.5 Etmwas grown on the P type (100y porous Si substrate at a
IOM/tenperat&ﬁéeﬁ9aﬁkasna CVD. Deposition was conducted under the foll ow ng
conditions: Gas: SiHg H gh-frequency power: 100 W Tenperature: 800'C
Pressure: 1 x 10-2 Torr Gowh rate: 2.5 nm sec. Next, a second Si
substrate wth a ~ thick.oxidized | ayer, f,grmed on the surface thereof
was placed on the%gggﬁggeaBPEfﬁé'epitaxia?'ﬁa§8§. Tge whol e structure was
heated at 800' C i y sphere f N alale} to firmy join the
two substrates tola‘ejggﬁggt %g?.sgﬁ'g!e)r eafter,%soe?rengt ie\@e Ztchi ng was conduct ed
on t he bonded subs},batiggn'gnsalgg%mydr of | ger:ngoaciwkosoluti gniwhihe the
solution was being stirred. In sixty two mnutes, the porous Si substrate
was conpletely etghed:Wi th the nonocrystall.igngnSarkpyer acting as an etch
stopper, only the nonocrystalline Si |ayer being | eft behind. The etching
rate of the non-p8hdgsngssoofypoadds rfd :Si 300- (M - 31 JUL Z003

Porosity: 56 (%)

Test pieces of the porous Si prepared as described
above were immersed, without agitation, in a mixture
solution of the buffered hydrofluoric acid, ethyl alcohol
and hydrogen peroxide (10 : 6 : 50) (white circles) and in
a mixture solution of the buffered hydrofluoric acid, ethyl
alcoheol and hydrogen peroxide (S50 : 6 : 10) (black
circles). The reductions in the thicknesses of the porous
Si test pieces were then measured. Large rates of etching
of the porous Si were observed: namely, in the case of the

10 : 6 : 50 mixture solution, the porous Si was etched by



was so low that only a maxi num of 50 A of non-porous nonocrystalline Si was
renmoved in sixty-two mnutes. Since the ratio of the etching rate of the
non- porous nonocrystalline Si to that of the porous layer is 1 .néqS tf@e
anount of non-porous |ayer which is etched (several tens angstrons) Mn
ignored in a practical operation. That 63s,- the 200 ~tmthick porous Si
substrate was renoved with a result that the 0.5 Eun thick nonocrystalline
S~i layer on the Si02 |ayer remained. angl P 51 Anodization was conducted
on a P type (100) nonocrystalline Si substrate having a thickness of 200
Etmin a HF solution in the same manner as that of Exanple 49. A Si
epitaxial layer with a thickness.af 0.5 ~1m wa Rtyp 100)
porous Si su tl"'ﬁi@ngt’ a SG\F?e%etThft &?’e'b? bi gg%%%%?i%%%%@ﬁ%s%ﬂ(%n was
conducted UNger-oile 5oLk 0dn EOMKY Lo fim, Riin LE0UENEY ndANT necer

Hi gh-frequency power: enperature: Ar gas pressure: Gowh tine:
Target d.c. hi,as:. 30Q X.10-3. T l,Aukes.. - 20 rate d.c.
bias: +5 V A% o3 178 BB ette BuzBhE S arag kbt B % "G00 A
thi ck oxidi zegilcwe'ssf aheeda pge tde 0 aCent BRE cQAs¥aSE plracerh on 6 he so

surface of the epitaxial Layer. The whole structure was heated at 800'C in

an oxygen at mishelee ahar 1885uh0il He daisenb¥ thensohe 6w Mubsixtaires to
each other. Thereafter, selective etching was conducted on the bonded

substrates i A ALYy d:ieh! HOGh CadfdedsS@IfUktatlewhbt ecidicesitldd | on was bei ng
stirred. In sixty two mnutes, the porous Si substrate was conpletely
etched with theggrecrystal | tRes Sadely @heacbhbgnasatioetdh Bidyaeen, t he
nonocrystalline Si |ayer being |eft behind. The etching rate of the

NoN- por ous npEoEiisieaaisn80Sk . WiBh sy |howetveat dal gndy nbklusmnaofive0 aAdof
non- porous nonocrystalline Si was renoved in sixty-two mnutes. Since the
rati o of the tdtclfomgengiratdpnt e hstrqesropsrasheer st apisalSisaleatiest of
the porous layer is 1 . 105, the anount of non-porous_|ayer which is etched
(several tend'idigdt Rom@paeanhbel i R &Pt AmRapFathe caf foperah iaddiciRa s,
the 200 E.~mthick porous Si substrate was.renoved with ,a result, that the
0.5 ~tm t hi clRIWEFOPE aPRFREISE - | 2yt e&r’??’l"ﬁg E2pe PagcFeR A5EFS BRanpl e

-2 Anodi zat | g s, SONduELadan 3 NnbVBErEd00) APALSEYSLALL I 08u S o RHDSI Tl e

hydrogen peroxide, as well as on the temperature of the
same. The addition of hydrogen peroxide accelerates the
oxidation of silicon, thus attaining a higher reaction
speed as compared to the case where hydrogen peroxide is
not added. 1In addition, the reaction speed can be
controlled by suitably determining the ratio of hydrogen
peroxide. The addition of alcohol enables bubbles of
reaction products gases generated as a result of the
etching to be removed from the surface being etched,
without delay and without agitation, thus making it
possible to etch the porous Si uniformly and with high

efficiency.



31 JUL Z003 - 119 a HF solution in the same manner as that of Exanple 49.
A Si epitaxial layer with a thickness of S ~tmwas grown on the N type
(100) porous Si substrate at a |ow tenperature by liquid phase growth under
the following conditions: Solvent: Sn, Solute: Si Gowth tenperatr¢jl g0’ C
G owth atnosphere: H2 Gowth rate: 10- i4utes Next, a second Si substrate
with a 5000 A thick oxidized |ayer formed on the surface thereof was placed
on the surface of the epitaxial |ayer. The whole structure was heated at
800' C in an oxygen atnosphere for 0.5 hours to firmy join the two
substrates to each other. Thereafter, selective etching was conducted on

the bonded substialesqhBey AN el is©13¢iidns@ht i on while the
solution was being stirred. In sixty two mnutes, the porous Si substrate

was conpl et ey @éﬁp@gat‘.’\ﬁlfé] J#gihgloeem%@'Awede%eﬂnay,@a 2t kpgyas an etch

stopper, the nonoctystalllne ayer being left behind. The etching rate

of the non-ROLRYUS PROCEIYALWKIBE BtoVBde Sthd Gbdhiite DML gXiHEIM of 50 A
of non-porous nonocrystalline Si was renoved in sixty-two mnutes. Since

the ratio ohstheretrdimgsferled GlydbbBE1B6OPIPEAIE hydkodbh BAB3xidé 20
nonocrystalline Si to that of the porous layer is 1 . 105, the anount of
non- por ous kagethahattohsl endhetlicheveuhd nenmscaarsgstangnpyracainche i gnored in
a practical operation. That is, the 200 Wr-thi ck porous Si substrate was
renoved wit hngonegnientédain tdogmsrapal hpcédumricur.yst &lithpegli thayer on the
5i 02 | ayer remained.

mixture solution of the buffered hydrofluoric acid, ethyl

alcohol and hydrogen peroxide (10 : 6 : 50) and the mixture

solution of the buffered hydrofluoric acid, ethyl alcohol

and hydrogen peroxide (50 : 6 : 10), as well as the room

temperature as the solution temperature, are mentioned,

these solution ratio and temperature are only

illustrative and are not intended to restrict the scope of

the invention.

The HF concentration in the buffered hydrofluoric acid

with respect to the etching solution preferably ranges

between 1 and 95 %, more preferably between 1 and 85 % and

most preferably between 1 and 70 %¥. The concentration of

NH4F in the buffered hydrofluoric acid with respect to the

etching solution is preferably selected to range between 1

and 95 %, more preferably between 5 and 90% and most

preferably between 5 and 80%. The concentration of Hy02

with respect to the etching solution is preferably 1 to 95

%, more preferably 5 to 90 % and most preferably 10 to 80

%, and is determined to make the effect of addition of the



Exanf| ~e 53 Anodi zati on was conducted on a P type (10'0) nonocrystalline S
substrate having a thickness of 200 ~tmin a HF solution in the sanme manner
as that of Exanple 49. A Si epitaxial layer with a thickness of 1.0 ~.im
was grown on the P type (100) porous Si substrate at a |ow tenperdt diflefgy
| ow pressure CVD. Deposition was conduatsed under the follow ng conditions:
Source gas: Si HyCarri er gas: H2Tenperat ure: 850' CPressure: 1 x 10-2 TorrG owth
rate: 3.3 nnisec Next, a second Si substrate with a 5000 P. thick oxidized

| ayer formed on the surface thereof was placed on the surface of the

epi taxial layer. The whale structure was heated at 800' C in an oxygen

at nosphere &btolob dmpreciable.31l The 2008enttliorf iofnkthe] alooldile two
substrates to each other. Thereafter, selective etching was conducted on

t he bonded sibtistraspsct o thevehgldiogl sotiticriid soefecahlwhd? et tdre
solution was being stirred. In sixty two mnutes, the porous Si substrate
was conpl et béys etmens] niaferebd ymbAokr 95t 23S rRndsimasgy Preferapdy 0 ah et ch
stopper, the nonocrystalline Si |ayer being | eft behind. The etching rate
of the non-pbrirss nATstrisy slesrirmiaed; taaRaks Yhay afifectorfyaddied@mum of 50
A of non-porous nonocrystalline Si was renoved in sixty-two_m nutes. Since

. Y
the ratio oPfthRe REIRNRY PRPECSE2PRE - noRRHITTTRRETATHSEr ¥t 3F1FFeEKItR 0 t hat
of the porous |ayer |s . 105, nmount of n- por ous, | which is
et ched (sevE?%?et%ﬁ%% 3?én§f égﬁogé T%ﬁﬁnﬁﬁgggﬁaggﬁrgcf?géﬁkbﬁépation.
That is, the 200 ~tmthi.ck _poro i substrate was renoved with a result
that the 1.5°§EH?¥%ﬁ%ﬁng ngcgﬁsggréine Si layer on the Si02 |ayer remained.

. WWhen Si H2C12 mﬁﬁl&ﬁﬁﬁbﬁﬁ§€§ 8 S9ULGE19RSs ggghgggggg}i gRperature had to be

hi gher by several tens” o grees. However, gh-speed ettThi ng

characteri sfk ;i dQed NGO HUOWI cHBIL! 8hen Uy Np AphAr hQE8h8L, WdEL ~ € 54 A
Si epitaxial layer with a thickness of 1 ~tmwas grown on a = type (100) S

substrate hayéfonse téidnesy ahcdB0entandy IWHY eowmeecf¥D. Deposition was
conduct ed under the 31 JUL 2003 - |22 follow ng conditions: Reactive gas
flow rate: Sté6A2idd)0hSEENIcH? c280pkbtbdd nam appmeeriableeeffect of
addition of such alcohol, may be used as the alcohol used
in this type of etching solution.
The porous Si after the etching was rinsed with water
and the rinsed surface was examined by microanalysis by
using secondary ions but no impurity was detected.
This etching sclution enables bubbles of reaction
product gases generated by the etching to be removed from
the surface being etched, without delay and without
requiring agitation, so that the etching can be performed
with high degrees of smoothness and uniformity at the
bottoms of minute recesses of the surface to be
etched.
Clearly, embodiments explained in the

above (1) by making reference to Figs. 1A and 1B,



Pressure: Tinme 1080'C 80 Torr 2 mn Anodi zation was conducted on the
substrate in a SO% HF solution at a current density of 100 m& cnR. The
porous structure fornmation rate was 8.4 Etninmn and hence it took twenty
four mnutes for the 200 Etmthick P type (100) Si substrate to bé1ngdeq
entirely porous. As nentioned above, anb8li zation nade only the P type (100)
Si substrate porous, and did not affect the Si epitaxial |ayer at all.
Next, a second Si substrate with a S000 A-thick oxidized | ayer forned on
the surface thereof was placed on the surface of the epitaxial |ayer. The
whol e structure was heated at 800" C i n an oxygen atnosphere for 0.5 hours
to firmy jmiga.t he twa 2ubsFigsesik a®a@th aatheigsTheneadt £¢ ,caelmeti ve

et ching was conducted on the bonded substrates in a 99% hydrofluoric acid
sol uti on whidag itzkel adkot ianthaschsd hestd thedmiknusexsylowbomiohitgss t he
porous Si substrate was conpletely etched with the nonocrystalline Si |ayer
acting as anféeclkdshygpefluahiteaci@l aidoh2003nd hg8rogae perwcidsest al | i ne
Si | ayer renmai ned. The etching rate of the non-porous nonocrystalline S
was so | owitshaisegnleg SheagtalbnofsSHMAWF. non- porous nonocrystalline Si was
renoved in sixty two mnutes. Since the ratio of the etching rate of the
non- por ous nonocrystalline Si to that of the porous layer is 1 . 105, the
anount of non-porous |ayer which is etched (several tens angstrons) can be
i gnored inXd-pravtd Gl lopamat iwidl Tioat besgivhe 260a~prpthsskoforbes Si
substrate was rennve% wth a result that tge g.o ~1g%thick nmonocrystal line
Si layer ort'REtePH2LPAYRFOPRAThet. S ThE RPES525eREMBRT of t he

nonocrystal line, S | 4 S v Ve o r 1SSl p I

m croscope. It @gsefgég n%ﬁa?gﬁ%g%?égFgﬁi g%eg$§§g§§%g§dé¥iﬁ?goggéégg?n t he

Si|ayer a%ﬁ%ﬂ%d&l‘igs:th:ea%%rmi%ﬂd%%%&! ﬁ@&bQEYE?aEE%?FdéPxEHC&HEﬁ‘-

Hxanpl e 55 A 'Si" epitaxi‘a ayer with a thickness o mwas grown on a P
type (100) He Rt & RAHEIDAA bl (e:ﬁlge%_al%wzﬁg ded:h¥eat MOSpheric CVD.

Deposition was "‘conducted under the follow ng conditions: Reactive gas fl ow
rate: Si H2C12 10Qehe3GTMchE 28Pst | édtddimenergertidl ifroddd0'dZ the
invention for producing a semiconductor member comprises
the steps of: forming a member having a non-porous silicon
monocrystalline layer and a porous silicon layer; bonding
to the monocrystalline layer a member having an insulating
material surface; and removing by etching the porous
silicon layer by immersing it in hydrofluoric acid.
As explained before, the second embodiment of the prdcess
of the invention for producing a semiconductor member uses
the same steps as those in the method of the first
embodiment, except that, in place of the hydrofluoric acid
used in the first embodiment, one of the second to eighth
embodiments of the etching solutions mentioned before.

The third to sixth embodiments of the process of the

invention for producing a semiconductor member, which also



31 JUL Z003 - 124 Pressure: 760 Torr Tinme: 1 m n Anodization was conducted
on the substrate in a HF solution in the sane nmanner as that of Exanple 49,
As mentioned above, anodi zation nade only the P type (100) Si sub%

porous, and did not affect the Si epitaxial layer at all. Next, Qe ndllksi
substrate with a 5000 A-thick oxidized fAyer fornmed on the surface t her eof
was placed on the surface of the epitaxial |ayer. The whol e structure was
heated at 800' C in an oxygen atnosphere for 0.5 hours to firmy join the
two substrates to each other. Thereafter, selective etching was conducted

on the bonded substrates Lp a a 49% hydrofluorlc acid solution mhlle t he
sol uti on W&&eh&FR aéf‘f‘& RECCTHr 335G Y Viflo PAPfibE €8] ?'ﬁ%o YUS S dhisstrate

I I h [ h
Stopper” ERESHofl @rggFaFFFﬂ%geFmgag ¥§h?n@r‘ Péq? RARTS o&n fhk ST at o
of the non- par ous, monocr st al w t hat |nun1of 50 A

of non- por OUS noNocCrys a FI n%lfl ggs\ﬁér JCPV?'I“%}% ?EI\DDIE'ﬂ |nce
the rati 0sghs bBRaLEBLgehBLE | L%%hsensnsgpffgé HRROCLYPLAL | 'f@hS' to that

of the porous layer anoun non-"por ous yer whicr. is

et ched (S%%%neen% tBd éH&::&OQé snlzxﬁmrmﬁw}krﬂ Q. can be ignored in a

practical operation. That 1s, the 20 porous Si substrate was
renoved with a result that the 5.0 ~t.m thick nonocrystalline Si |ayer on
the Si 02 |ayer renained. The cross-section of the nonocrystalline Si |ayer

was obser\vad (hy a tTRESEhSEH OSmbY@EMEH €CHFf AhdNigFOSEHP £ ItheWa s et ihd hat
no crystatr—defect was newly introduced in the Si |layer and hence the S

| ayer had fexcelcbdntingyst séhicmendicuoxt wmeebeExaipl eb&6ddsdtithege wSichl ayer
with a thickness of 1 Etmwas forned on a P type (100) Si substrate having
a thi cknesefefren0e tum bye prawindsipl antation. Inplantation rate of H+ was 5
x 1015 (ions/cnR) . Anodi zati on was conducted on the substrate in a 50% HF
sol uti on BfPademepEnt density of 100 mA cnR. The porous structure formation

rate was 8.4 )tmm.n_and hence_ it togk twenty four m nutes for the 200
El mthick P tyBBE( 1B8}OBing Bt taPe fHThe HaRD é?ﬁ i# PSthRS dis WhAsh

d_ab di ned he P 100
por ous, - afd S RORB! NERERGe T BN A peSe PAFEPY  REREC A @MhA P subst rat o

W th a 5000 n{%‘n%@];%ﬁ%kr@héef’a%@yeis fﬂé@ﬁ 8R %{Eg é&s‘:[-é@& e Rkgel was pl aced

on the surface o | ayer Tructure was heated at
800' C in gy QbXQ§Q135n9§@@@KQné€Koél55ﬁT@§ESBAOto 8C are schematic

sectional views of the semiconductor member illustrating
each of steps of the process.

Referring to Fig. 8A, as the first step, an Si
monocrystalline semiconductor member 11 is prepared
and is wholly changed into porous structure and, then, an
epitaxial growth method is applied to one surface of the
porous member, thereby forming a thin film of monocrystalline
Si layer 12. The porous structure of Si member is
formed by, for example, an anodization employing an RF
solution. The initial monocrystalline Si having the

density of 2.33 g/cm3 can be changed into a porous Si member



31 JUL 2003 - 126 firmy join the two substrates to each other.
Thereafter, selective etching was conducted on the bonded substrates in a
49% hydrof l uoric acid soluticn while the solution was being sti rraﬂ.#’ n
sixty two mnutes, the porous Si substrate was conpletely etched W't lt?ﬂ&?
monocrystalline Si layer acting as amr ét&h stopper, the nonocrystalline Si

| ayer being | eft behind. The etching rate of the non-porous nonocrystalline
Si was so low that only a maxi mum of 50 A of non-porous nonocrystalline Si
was removed in sixty two mnutes. Since the ratio of the etching rate of

t he non-porous nonocrystalline Si to that of the porous layer is 1 . 105,

t he anobunt tok denspoyouf vyEr cen de verédedhedtl seviheal ranges betgsernons) can
be ignored in a practical operation. That is, the 200 (un-thick porous Si
substrate Wa$ a2afpQefll @/ eh’ Py eaFvinghbet PR aomrenhzatiice ®6nsdeystalline
Si layer on the Si02 |ayer renmmined. The cross-section of the

nonocr yst aBEFR&NS; spayeionadretoressy wdd 3h#rd €9 ahisni ssi on type el ectron

m croscope. It was found that no crystal defect was newly introduced in the
Si layer and heRBECFR&NG| NPyt Fisd 8Recell LHERETHRARIMISRE Y& ruct ure. 31

JUL 2003 - 127 E~cample 57 A P-type 0) sipgle-crystals (nonocrystal) Si
substrat e SPPELFAFEKkhess RICRIF é-y)%&'acgig%?z%gg?ﬁ it'Hlé‘sséﬁﬁfﬁa(fﬁ?é The)
current densi,ty then was_J] 00 cn?. .The porous_structure formation rate
then was aB8dt X@F‘Qegrﬁ’?ﬁ fhe sa“:fr#[at%e oph. Fgﬁe’_“?‘ﬁ%ﬁyﬁg@dﬁ% rgdt é‘aé’]‘era

t hi ckness @b 200 ge rasyg@fb%n&%qusmese&é%ﬁ@w ely d1Qn,24apLputes.

According to MBE (nol ecul a eam epitaxy) nethod,” an Si €pitaxial |ayer of

0.5 a was guoyQ 2brRAed OMErad HPYRURE QR hREiFeldPtnd 100 RY Qb%ed
substrate. The conditions for deposition are as follows; tenperature: 700 C

pressure: in% 48c9rdonemes OVedingcoried o@. ¢henisger Smbamquently, the surface
of the epitaxial |layer was thermally oxidized in a depth of 50 nm A

substrat e ghbkusatesiBi sad giles SipNgcisgerd aw ttheopidmals [8dl i shi ng was bonded
onto the thermally oxidized menbrane (i.e., film, and both of the
sutrstrat esembee 3ir dngksmdyorvtied Alggovkbr ShN hdavieny ist s8@0aBlfor 0.5 hour

i n oxygen atnosphere. According to |ow pressure CVD, Si3N4 was deposited to
0.1 um thesedyagoahengnt hreedrivided lewe rsubbt $atres s iy ¢&f e, oshiey t he

nitride menbrane (filn) on the porous substrate was renoved by reactive ion
et chi ng. matprjglsoppgh as Apiezon wax as the material of the ‘anti-

etching layer. The porous Si member 11 is then immersed in
the etching solution of the present invention and the
solution is agitated so that only the porous Si is etched

by electroless chemical etching, whereby a thinned non-
porous monocrystalline silicon layer 12 is left on the
light-transmissive substrate 13.

Fig. 8C shows the semiconductor member obtained by the
present process. It will be said that, as a result of the
removal of the anti-etching Si3Ng layer 14 in the step
shown in Fig. 8B, a monocrystalline Si layer 12 having a
crystallinity equivalent to that of a silicon wafer is

formed on the light-transmissive substrate 13 with high




- 128 Then, the bonded substrates were selectively etched with 49 %
hydrofluoric acid. In 78 mnutes, only the single-crystal Si layer renained
Wi t hout etching, while the porous Si substrate was sel ectively etigag with
the single-crystal Si as a material for etching stopper and then YR
r ernoved . The etching rate of the nenéporous Si single crystal
(nonocrystal) with the etching solution was extrenely | ow, such as 50
angstrons or |less even 78 mnutes |later, so that the selective ratio of the
etching rate of the porous layer to that of the non porous S

single-crystal was as |large as 105 or nore. The etched anmount in the

NON- POr ous Hayede £ SOV ednid o tlHAeS sABESt LANEDPrst @ AHAGLIGAk! ¥mBegl i gi bl e
decrease in nenbrane thickness. That is, the Si substrate of a thickness of
200 u, renderpekiposHUoverisa ey adeaabdvetingreihanodwosakfatet be Si 3N4

| ayer, a singlecrystal) Si layer of a thickness of 0.5 umwas fornmed on the
substrate ofhé heasética glass. As a result of observation of the section
under a transm ssion-type el ectron mcroscope, it was confirned that no new
crystal defect vEse isemiorhrohatior mkeb8k thyerobtrinddatiserdebhgageous
crystallinity was ma in tained . E~canole 58 A P-type (100) single-crystal
Si substratfrof th@lvirgy poee of] pgoducthpekeesan dinspdatacpassarsirded in
50 % F~' solution. The current density then was 100 m& enR. The porous
structure forR@ETOM ¢ A% i%fen was about 8.4 uminin., and the P-type (100)

Si substratg oﬂia thicfness of 200 a was rendered porous inits entirety
for 24 mn = ng to plasma CVD nethod, an Si epitaxial |ayer of 5
a was grown at | ower, 1 enperat.ure on the P-type (100 orous Si substrate.
The conditions ?1’0 e\ggopjo}s‘?"f’i% i £0% 59 iy Rs: aSP%ﬁgﬁF‘éh}f’r ghd&hcy

pover | 100 WUEIPALAU I fe BUQ CANSRSHLRO-L ddf gL dromtDyrate: 2.5

nm sec. SubSéque e surface of e epi |"ayer was %hernally

oxi di zed in é‘mﬂf&?tﬁb&ﬁ D £.9a8seSHRa!  dlSse RRHNG BB BFePr Ocessed
polis h

W th opticaT I ng ‘an aving a softening point around SO0 C, was

bonded ont ogbhgat ek ne¢ | pheod-divgRd 189aB! anese pavt Rt indkiikheisybskr at es
were strongly bonded together by heating at 450 C for 0.5 hour in oxygen

at nospher e. e AE€Ot ek NP t chgHgrs v 1EVEhEEP Rodpe Sttt neare depospbeduso 0.1 um
t hereby coating the bonded two substrates. Thereafter, only the nitride
menbr ane onsthectpor®us substrate was renoved by reactive ion etching. Then,

t he bonded substrates were sel ectively 31 JIJL 208 - 130
Referring to Fig. %A, as the first step, a layer 32 of

a low impurity concentraticon is formed on the surface of a
P-type Si monocrystalline substrate 31, by an epitaxial
growth. Alternatively, an N-type monocrystalline layer 32
may be formed on the surface of the P-type Si
monocrystalline substrate 31 by ion-implantation of proton.
Then, as shown in Fig. 9B, the P-type Si
monocrystalline substrate 31 is changed into a porous Si
substrate 33 by effecting, on the reverse side of the P-
type Si monocrystalline substrate 31, an anodization using,
for example, an HF solution. The initial monocrystalline

Si having the density of 2.33 g/cm3 can be changed into a



etched with 49 % hydrofluoric acid. In 78 mnutes, only the single-crystal
Si layer remai ned without etching, while the porous Si substrate was
selectively etched with the single-crystal Si as a material for etching
stopper and then conpletely renoved. The etching rate of the non-ﬂoy@um:‘si
single crystal with the etching soluttoh@was extrenely |ow, such as 50
angstrons or less even 78 mnutes later, so that the selective ratio of the
ethcing rate of the porous layer to that of the non-porous Si single
crystal was as large as 105 or nore. The etched anpbunt in the non-porous

| ayer (several tens angstrons) is a practically negligible decrease in
menbr ane t AERHEs FerpRAt the gl afyoirht 6281 PS YT t¥hetis o Z6¢ u, rend
er ed porous, was renoved,  and ofké]er tfgebrem)val of the Si3N4 | ayer, a

si ngl e- cr yS2A9esPery§er bf ! £3%i L1 &LE™or ¥ VAT YRS el on the gl ass
bstrat f | .sof tenj int. b l.e 59 P- t 100
ool e or yaceat TahiSR, oF ot S iiia AEaEtiPnoBet ween BE L ALY n 50 06

f~" solutiqgn. The current density then was 100 md cn2. The porous structure
formation rdate then was about 8.4 uminin., and the P-type (100) Si

substrate of a kggg?ggﬁgog%%ng Eal_gy\c/\a}%c:r egdgggggﬁgé?ygmi&i‘}és entirety for

24 m nutes. Accor er mal ifet'h epitaxial layer of 5 a

was grown ah,acl-Qwer 3 enpRi A U e typ’i%a‘llfé/ 2003ass IseeOn Hf‘gplz:%-ﬁa)b% (100)

porous Si substrate. The conditions for depoSition are as OWs; gas:

Si H4 (0. 6 aldTbhdedHdn (409 shirfidde lFTRABCAMUABEr $SPa Dl PAEe NG yed Torr
gromh rate: 0.1 ymmn. Subsequently, the surface of the epitaxial |ayer
was t her mald2y coxitlliezpdrous asS Uemnbeasf. S5Gubsegidegt igs asubSiydat dayveavi ng bei ng
processed with optical polishing and having a softening point around 500 C,
was bonded 36n itso folrmetihby néépgs iodiat asd amepbtanet climig bt Im afo tdwevrer
substrates were strongly bonded together by heating at 450 C for 0.5 hour
in oxygen athepeplidére. mpmber dcomppsasl gifashe CoyperedhodandStBeM was deposited
to 0.1 um thereby coating the bonded two substrates. Thereafter, only the
nitride neyPEEEasE tRe2porots Simst Laver wad YRETRRIPWY Seactive ion

etching. Then, the_bonded substrates were _selectively etched with 49 $
hydr of I uor i“'t?"?@irds:sl ﬁ57§e’ﬂ?‘h‘?§es%‘]§fﬂ°yg h&* 3 gt B%H Vet &8RP 8yer remai ned

wi t hout etching, wWhile_the porous Si bstra ectivel ched with
t he si ngl e-“csre)r%stagl tgle ?@pé rr%cf}élrr?gaﬁafy%%’etléhﬁggggg%%%ieer %ondlst%eonthceorrrpl etely

e okt Lot P Ip oo S i bl eyl WL e
mnutes | atRichi®g LBPel. t MEnSPHLUs/ i @bt @he & N3 81 £ i ith riglRe Afed
in the etching solution of the present invention and the
solution is agitated so that only the porous Si is etched
by electroless chemical etching, whereby a thinned non-
porous monocrystalline silicon layer 32 is left on the
light-transmissive substrate 34.
Fig. 9D shows the semiconductor member obtained by the
present process. That is, as a result of the
removal of the anti-etching Si3Ng4 layer in the step

shown in Fig. 9D, a monocrystalline Si layer 32 having a

crystallinity equivalent to that of a silicon wafer is



3 9 JUL 2003 - 132 the porous layer to that of the non-porous Si single
crystal was as large as 105 or nore. The etched anpunt in the non-porous
| ayer (several tens angstrons) is a practically negligible decrease in
menbrane thickness. That is, the Si substrate of a thickness of 209 J 7003
rendered porous, was renoved, and of 1¢€flthe renoval of the Si3N4 |ayer, a
single-crystal Si layer of a thickness of 5 umwas fornmed on the gl ass
substrate of a Lower softening point. A simlar effect could be obtained by
usi ng Api ezon wax or electron wax, instead of Si3N4, so that only the Si
substrate rendered porous could be renoved conpletely. E~cam- 1Q a 60 A
P-type (| OQJormedgbn- En¥st abh Skt Sasiisati®eobubst Fa ek n®sswdfh 20Gha was
anodi zed in 50 % 1|~ solution. The current density then was 100 mAd/ cnR. The
por ous st r udgtee sf of mambothni@s e dritbnunigfeoraboyt asd 4wimd m rsmaldand t he P-type
(100) Si substrate of a thickness of 200 a was rendered porous in its
entirety forhiZkneissut eser Agcoide i ampa coveasngpeie ewhapke houk fage 8if epi t axi al
| ayer of 1.0 a was grown at a | ower tenperature on the P-type (100) porous
Si substr attdre Hadegondi tions for deposition are as follows; RF frequency:
100 MFi z hi gh-frequency power: 600 Wtenperature; 300 C 31 JUL 2003 Ar
gas pressure: gfdft ReRiaendyeEeRimentes: thesr PRt iRe® st A aditegeO sur r ~
Subsequent | - 133 8 x 10 3 Torr 12 O mnutes bias: -200 V ant bias: +5 V
the surf “thtehéfléﬁl Paki | of a@@d%ﬁé&%heﬁnﬁmyn%%d'ﬁfétr%-‘*ﬁlat&épth of
SO nm A gl ai;ss subst rg havi ng bei ng processed with optical polishing and
havi ng a s&Fe&YRGHo ﬁf’lﬁ?ound 500 C, was bonded onto the thermally
oxi di zed marrbrag%c a d bogg susll{b%tfr ate g\@égv%{{gp A?/ bonded t oget her
[ 8 'hour c

by heating at 4 I'n""oxygen af ere cording to plasma

CVD net hod,. .53 5 %nd898§t£89 e fbeledl, WiRNGRal 'o%gakhgvggngsd t wo

substrates. er ea y the nitri rane-on the porous substrate

was renvve(h%ert%@cwvsbb\@@ 666 trBieBret BErROAdE @&@%&J@h@s swere
selectively etched with 49 % hydrofluoric acid. In 78 mnutes, only the

si ngl e- crystadleri sbayfht ! ERRI dékk ¢ RiFUhet Qhivag, had haehhe porous Si
substrate was selectively etched with the single-crystal Si as a materi al
for etchinge&iveppenhazagdot heelsongiiad elfy themyrdcrystalline Si.
Nevertheless, the monocrystallinity is still
maintained, so that it is possible to form a
monocrystalline Si layer on the porous layer by epitaxial
growth. When the temperature exceeds 1000°C,
rearrangement of internal pores occurs, which impedes the
acceleration of the etching. For this reason, the
epitaxial growth of the Si layer is preferably effected by
a low-temperature growth method such as, for example, a
molecule-ray epitaxial growth method, a CVD method such as
plasma CVD method, low-pressure CVD method or photo-CVD
method, a bias sputter method or a liquid-phase growth

method.

II-(2)



The etching rate of the non-porous Si single crystal wth the etching
solution was extrenely to w, such as 50 angstrons or |ess even 78 m nutes

| ater, so that the selective ratio of the etching rate of the porous |ayer
to that of the non-porous Si 31 JUL 2003 - 134 single-crystal wa$ #b 2003
| arge as 105 or nore. The etched anount 7Bn-t he non-porous | ayer (several
tens angstrons) is a practically negligible decrease in nenbrane thickness.
That is, the Si substrate of thickness of 200 u, rendered porous, was
renoved, and of ter the renmoval of the Si3N4 |ayer, a single-crystal S

| ayer of a thickness of 1.0 umwas fornmed on the gl ass substrate of a | ower

mel ting point. Argkkd@fei®fdeda Gt J1e 1o YraRdday diSithe ARVRAAR o5 OF

el ectron wax, instead of Si3N4, so that only the Si substrate rendered
porous coul d-BgukenpVedsaRiadirithr RoRBEAP! @i Pl e NidsreiHeDWrith
single-crystal Si substrate of a thickness of 200 a was anodized in 50 %1~
sol uti on. Thefeueneattdettss tardwiagswas 100 md/ cnR. The porous structure
formation rate then was about 8.4 ummn., and the N-type (100) S
substrat e oEmdotihmekness of Z00 a was rendered porous inits entirety for
24 m nut es. Accordln% to liquid phase growth nethod, an Si epitaxial |ayer
of 10 a was growdhat fallewénatwingebat fiesongiven Nf ypEqrrodn pichs Si
substrate_ The condition s for deposition are as follows; solvent: 5n,
Solute: Si §Rwhoienperer UHgh-oisasEtyr BnEYPat THRPHaYe 4P chaggediyl 7003 -
135 growth tinme: 20 m nutes. Subsequently, the surface of the epitaxial

| ayer was tBABFRaPPFOBXi i HREYH5E &ndephRNof BRPIFTY Hytldde JWeEr 45, havi ng

500 G, v BERBEH SRt Bt HEOTHET (RAHAS CORF APY oo WA & SATHY DSEROBr the
substrates were stponaly, gonded LoggLber by feating al, 754 Gfor 0.5 hour
8°sp r |ngcto o

i n oxygen a ere.  AcCCO W pressure né%ﬁbd,h§i3N4 was

deposi fed tqeflsdolfucd OE i &0ANAGeERE RGNS tUP SLL3L 13 e Ther eafter,

only the nitri
process.

Referring to Fig. 10a, as the first step, an Si
monocrystalline semiconductor member 11 of P-type (or high-
density N-type) is prepared
and is wholly changed into porous structure and, then, an
epitaxial growth is effected by a suitable method on the
surface of the porous member, thereby forming a thin film
of monocrystalline Si layer 12. The porous structure is
formed by, for example, an anodization employing an HF
solution. The initial monocrystalline $i having the
density of 2.33 g/cm3d can be changed into a porous member
the density of which can be varied within the range between
1.1 and 0.6 g/cm3 by varying the HF concentration of the

etching solution between 50 % and 20 %.



menbrane on the porous substrate was renoved by reactive ion etching. Then,
the bonded substrates were selectively etched wwth 49 % hydrofl uoric acid.
In 78 mnutes, only the single-crystal Si |ayer renained without etching in
78 minutes, while the porous Si substrate was sel ectively etched wifhUt 1803
single-crystal Si as a material for etctd ng stopper and then conpletely
renoved. The etching rate of the non-porous Si-single crystal wth the
etching solution was extrenely low) such as SO angstrons or |ess even 78

m nutes later, so that the selective ratio of the etching rate of the
porous layer to that of the non-porous Si singlecrystal was as |arge as 105
or nore. The &efkEding3poy tP FH9o3l0B,| FQotARBuUAL FHPSWERa%R L Dorous | ayer

(several tens angstrons) ,is ractjcally negligible decrease in nmenbrane
t hi cknes®repiEed &nd; pa Sf‘sggﬁgf?%tje‘?yerren‘(féﬁg °80P6b§? Wyerk fi‘kness of

200 y was, renmoved, and after .the rempval af the Si3N4_ | ayer, a
singIe-cr:’y'sstfg;g:m:§;:Cll Pﬁygpeofuéf?ﬁ?cﬁﬁgéhﬁ%ﬁSllﬁugﬁFﬁBEef5$nnd on the gl ass
substr at f a lower softenin oint. .A simlar.effect could obt ai ned by
s ng Aot BT HeR ey ofbbe PoR%aES OF i M SR e H e he S

subst et o g sRoaes coyhd e s ST ShgEe il Ecam) <

According to | 'ayer a was grown at a

| over  t enpei IR 290 18eP15YRE (10Q) Sle HRYIAEE Qhpd: LA Lknegy of 200 u.

The conditions for deposition are as follows; reactive gas flow rate:

Si H2C12 1880 eSeeMiERu2301 1L M NcohBBBEA 3G BT Ehe AR G IHES HHE 1 K dbsTH Y
time: 1 mnute. The present substrate was anodi zed in 50 % HF sol ution. The

current dengist thieheamtagsd0in ket cHitgdGQAUS i6h! dEt e drgmid on rate
then was about 8.4 ~. ~mmn., and the P-type (100) Si substrate of a
t hi cknessimfenZ@@naaWés thendetetiporizisagitaties ent that yordky t2v m nutes. As
has been descri bed above, the
porous Si is etched by electroless wet chemical etching,
whereby a thinned non-porous monocrystalline silicon layer
12 is left on the insulating layer 14.
Fig. 10C shows the semiconductor member obtained by
the present process. That is, the
monocrystalline Si layer 12 having a crystallinity
equivalent to that of a silicon wafer is formed on the
insulating layer 14 on the Si substrate 13 with high degrees of
smoothness and uniformity and with a small thickness, over a
wide area covering the whole surface of the wafer.
The semiconductor member thus obtained is advantageous
from the view point of production of an insulation-isolated
electronic device.
Embodiment 2

The following will now be given of a process in which

an N-type layer is formed before changing the initial



31 J UL 2003 - 137 present anodi zation rendered only the P-type (100) S
substrate porous, but no change was observed in the Si epitaxial |ayer.
Subsequently, the surface of the epitaxial |layer was thernally oxidize? in
a depth of 50 nm A substra to of fused silica glass, processed with 1 JUL 2008
optical polishing, was bonded onto the7¢hernmal |y oxidi zed nenbrane, and
both of the substrates were stxongly bonded together by heating at 800 C
for 0.5 hour in oxygen a~osphere. According to | ow pressure CVD net hod,

Si 3N was deposited to 0.1 arm thereby coating the bonded two substrates.
Thereafter, only the nitxide nenbrane on the porous substrate was renoved
by reacti VgeQdr €6t NG rolie st ik uRandRd, syisisplat 1968 sRkECti vely
etched with 49 $ hydrofluoric acid. In 78 mnutes, only the single-crystal
Si layer regphiedom dhotte ai-ahigag1avlil eat belpernus avodizheioat &swas
selectively etched with the single-crystal Si as a material for etching

st opper andrtéetegord! €haige IRIMW ete Pheype chubgt rattee caf thkekthigh-por ous Si
single crystal with the etching solution was extrenely | ow, such as 50
angstrons denkisg RveypdSubsutate [iater posous hstruathaesel eEtgse tadi o of
the etching rate of the porous layer to that of the non-porous Si 31 JUL
2003 - |38toslhpl shevwysimlsahemads.d segsiapalowsiensndhe The et ched anount
in the non-porous |ayer (several tens angstrons) is a practically

negl i gi bl esgdetrendectar megmhremndn Kiif€sesat ThepsS iaf thee PSPA¥GEiPPat e of a
t hi ckness of 200 u, rendered porous, was renoved, and after the renoval of
the Si3N4 PAYER3Sa singlecrystal Si layer of a thickness of 0.5 um was

formed on the glass substrate, A simlar _effect could be qbtain by using
no ozon v or CBFESETbROVER Fidrerddy 6F SPSNALTSH FHRR GnigYEReZd

Sboorvat foREof LEE DBROHDLS Mtk LRTRACH S OOBREL S0 1f8® A-EGRM Lot

observati Oﬁ S a transm ssi on- ectron mcroscope,

it was confi g h nQ: 1St Al t i ﬁgyé LN the Si |ayer
and t hat e%cEeDIanﬁtE géf/s{hé#%ﬁ%ﬁ\ég gg%%? aisglyg’g?xk{%érrpl gqg'gbA N-type Si

layer 1 a wasstoLEBd29N Hhea s WSiaGhk il JrBwtiPBetidedSibysubstrate of a
t hi ckness of 200 u, by ion inplantation of proton. The inplanted anount of

H+ was 5 X sl@kabnenséenBd. Thel sdthiddialed yywaananegyge dndnbc2@s¥aligenesol ution.
The current density then was 100 mA/cnR. The porous structure formation

rate then wayeabadt mB8ydbeinfaimed andhiehaulPfaygpeof |l PSitypebsStirate of a
t hi ckness of 200 a was rendered porous in its entirety for 24
monocrystalline substrate 21 by ion-implantation of proton.
Then, as shown in Fig. 11B, the P-type Si
monocrystalline substrate 21 is changed into a porous Si
substrate 23 by effecting, on the reverse side of the P-
type monocrystalline substrate 21, an anodization using,
for example, an HF solution. The initial monocrystalline
Si having the density of 2.33 g/cm3 can be changed into a
porous member the density of which can be varied within the

range between 1.1 and 0.6 g/cm3 by varying the HF

concentration of the etching solution between S0 % and 20

%.



- 139 mnutes. According to the present anodi zation as has been descri bed
above, only the P-type (100) Si substra to was rendered porous, but no
change was observed in the N-type Si |layer. Subsequently, the surface of
the N-type single-crystal |ayer was thermally oxidized in a depthddfiliBdlHm
A substrate of fused silica glass procegsed with optical polishing was
bonded onto the thermally oxidized nmenbrane, and both of the substrates
were strongly bonded together by heating at 800 C for 0.5 hour in oxygen

at nosphere. According to | ow pressure CVD nethod, Si3N4 was deposited to
0.1 um thereby coating the bonded two substrates. Thereafter, only the
nitride menbrang.0n hie ,BQr eYsr S4bsir@t & nitthereRBYEdbbYrd€acid vigs i on
etching. Then, the bonded substrates were selectively etched with 49 %
hydr of | ugs i & AEdd ankin ahB i A QUAESng O ped PS5 Sisnglieoar ¥ysiaé Fhydayer remained
wi t hout etching, while the porous Si substrate was selectively etched with
the singl eersinld Sn aheastBEREL abE fie edichiurgtytoppet . anthémenticonpl et el y
renoved. The etching rate of the non-porous Si single crystal with the

et chi ng sbhstliayingad agxter eGEby the VW6i suutdstast8024ngst bondedrtd egse even 78
mnutes later, so that the selective ratio of the etching rate of the
porous | ayerfaae tdfathef mohecmgatpbking Hi 1RVerJPR 2ooBhe Bardws 2003 -no
single-crystal was as |arge as 105 or nore. The etched anount in non-porous
| ayer (severstiratens SnPsedvastFlys Bhpr&icAUTpciegri gPpPeseePease in
nmenbrane thickness. That is, the Si _substrate of a thickness of 200 u,
render ed PRf CIRPStRAS efeRPPedaYaRd 2F t? 4het T &MB\¢EPe8f 1Rneh%i 3N4 | ayer, a
single-crystal] Si layer of a thickness of 1.0 .umwas forned. on, the glass

f
subst r at e?tﬂ”s’}‘-’mqo%”téﬁ’eé’_tf EB6I BT DRVt e 7 ﬁ_gén@h%\pf‘&‘bﬁl%x or
el ectron m?%%”ﬁ?gf?@%@?@?hﬁ%}gfgﬁé Qégmounsl ysj1t p_%oskggggsgr ate rendered

por ous cobf a resu &rvation of the

ti t St . . . £ q
that no revrerRhay SRR SR RO F A5GAREY b6l excel len
t crystal LLnbd Yy 483 1R sahRedn Egg@mf: £4 AR WPenk10QkusiPghg- crystal

Si substrate of” a thickness of 200" a was anodi zed in 50 % HF solution. The
condi tionga§of #eposition are as follows; applied voltage: 2.6 V current
density: 30 mA-cm 2 solution for anodization: HF: H0: C2H50H = 1:1:1 tine:
1.6 hours thickinessiaf p@iGUEhEl seRDEondo POF0Siemper56btained by

the present process. That is, a

monocrystalline Si layer 22 having a crystallinity

equivalent to that of a silicon wafer is formed on the

insulating layer 25 with high degrees of smoothness and

uniformity and with a small thickness, over a wide area

covering the whole surface of the wafer.

The semiconductor member thus obtained is advantageous
from the view point of production of an insulation-isolated

electronic device.

II-(3)

The fifth embodiment of the process of the invention will

be described with reference to the drawings. A description



31 JUL 20D3 -m According to MBE nethod, an Si epitaxial layer of 0.5 a was
grown at a |ower tenperature on the Ptype (100 porous Si substrate. The
conditions for deposition are as follows; tenperature: pressure: growh
rate: 700 C1 x 10 9 0.1 nnfsec. Subsequently, an oxidized |ayer Jof 40
angstrons was fornmed on the surface of ¥he-epitaxial |ayer, and another Si
substrate on the surface of which was forned. an oxidized | ayer of 5000
angstrons, was bonded to the oxidized surface. Hy heating in oxygen

at nosphere at 800 C for 0.5 hour, both of the Si substrates were strongly

bonded t qgathef.. £1hgR, gt henbondede DS aheenWene SebEStsyedyostehes 26t h
49 ~ hydrofluoric acid while under stirring. In 78 mnutes, only the

Si ngl e- cratsindle dSiink 3y pbrogBak Dede b i Gltid ehehi Bgmonbetestidiel jpar ous Si
substrate was selectively etched with the singlecrystal Si as a materi al
for etchiyagext dppe€orand bhenheoppratelst metrpredbyTepivdxia hgratth of the
non-porous Si single crystal with the etching solution was extrenely | ow,
such as S@tangstrons or | ess even 78 mnutes |later, so that the selective
ratio of the etching rate of the porous |ayer to that of the non-porous S
si ngl ecryst al ReferadngargeFag- 10BAoramhe £iTHE steRedan Si| 42

monocrystalline substrate 1l is prepared
and is wholly changed into porous structure and, then, an
epitaxial growth is effected by a suitable methcd on the
surface of the porous substrate, thereby forming a thin film
monocrystalline layer 12. The porous structure is
formed by, for example, an anodization employing an HF
solution. The initial monocrystalline Si having the
density of 2.33 g/cm3 can be changed into a porous Si layer
the density of which can be varied within the range between
1.1 and 0.6 g/cm3 by varying the HF concentration of the
etching solution between 50 % and 20 %. The porous layer is
tended to form in a P type Si substrate. A transmission
electromicroscopic observation showed that the porous Si layer
thus formed has micropores of a mean diameter of about 600
Angstroms.

Referring now to Fig. 12B, a light-transmissive
substrate 13, which is typically a glass sheet, is
prepared. Then, the surface of the monocrystalline Si
layer on the porous Si substrate is oxidized to form an
oxide layer 14. The above-mentioned light-transmissive

substrate 13 is then bonded on the surface of the oxide



31 JUL 2D03 anount in the non-porous |layer (several tens angstrons) is a
practically negligible decrease in nenbrane thickness. That is, the Si
substrate of a thickness of 200 u, rendered porous, was renoved, and after
the renoval of the Si3N4 layer, a single-crystal Si layer of a thjtKblegg))of
0.5 umwas forned on the Si.02. As a ré9ult of observation of the section
under a transm ssion-type electron rcticroscope, it was confirnmed that no
new crystal defect was introduced in the Si |ayer and that excellent
crystallinity was maintai ped. Exanple 65 A P-type (10Q) single-crystal Si
substrate of Y%Y?ﬁi tknesErbt 2uHe LRGP & H‘"](Qﬁrgé’l“%t i”gr]r.e The

conditions for anodi zation are as folio ws;, plied voltage: .2.6 V current
dens sol utio °Fr8?tf‘i“ﬁe‘?lft€?‘ékﬁ°e35 %Efm‘i)](%'oé"i’t'-\?e SHSP 2309 3 m3Y4%0di zat i on:

HF: H20: C2H50H = 1:1:1_1. 6. hours porous_ Si_ Q um.,5 _Accaording to
pl asma CVD mé ﬁoﬁf‘%%\ﬁaa%? YT x%’%Pe*T%EFe“rS % 2':8‘ E t\ﬁlgrsf%é:reom%aeg a | ower

tenperature Eﬁet Jgfa(lj-#wg_i&g% @?ﬂ%%i“g%]@%sqwe&ata% c ra%%rlagi tions for

deposition are-a oWs; " g requency po ow

temperature: 800 G 31.dbLi2003c183 o PrERAIe Ll M sy oW h e
& 2

2.5 nni sec. sequently. " an oxrdi zed Tayer of 1000 angstrons was forned on

the surface gt the epbEaxbalc! AYeice ash ANOLIANa NaUPSinicveRn the surface
of whic h vvagfff oPmedEas oxXl| d<i:zed I%?/er of 5000 aangastlrj&gms was bonded to the

oxi di zed surface. R@ye%%bngui_—eh@fygsnpe%mpmeraen@tsiBQ@ G adedr 16 5 dour,
both of the Si substrates were strongly bonded togethet.4 Then, the bonded

substrates W%Ea%o%@'t%ﬁt h¥ehy Shﬁbedt%i@g‘l@iﬁnfwﬁ@&t@é aAE i af)ide under
stirring. In 78 mnutes, only the single-crystal Si |ayer remai ned w thout

et ching, whilcevlele tper edgibe MURBEEAEEmMPESedadLCthey etwo alwied-avdd t he
singlecrystal Si as a material for etching stopper and then conpletely
renoved. bonded together, and the Si_N, layer on the surface of

34

porous Si substrate is removed. Although Si3N4 layer is
suitably used as the anti-etching layer, it is possible to
use other materials such as Apiezon wax as the material
of the anti-etching layer. The porous Si substrate 11
is then immersed in the etching solution of the present
invention with agitating so that only the porous Si is
etched by electroless chemical etching, whereby a thinned
monocrystalline silicon layer is left on the light-
transmissive substrate 13.

Fig. 12C shows the semiconductor member obtained by
the described process. It will be seen that, as a result
of the removal of the anti-etching Si3N4 layer 15 in the

step shown in Fig. 12B, a monocrystalline Si layer 12

having a crystallinity equivalent to that of a silicon




The etching rate of the non-porous Si singlecrystal with the etching
solution was extrenely to w, such as 50 angstrons or |ess even 78 m nutes

| ater, so that the selective ratio of the etching rate of the porous |ayer
to that of the non- porous Si singlecrystal was as |arge as 105 or Jiofi. 2The
etched anmobunt in the non-porous |ayer-i%&veral tens angstrons) is a
practically negligible decrease in nenbrane thickness. That is, the S
substrate of a thickness of 200 u. rendered porous, was renoved, and a

single-crystal Si layer of a thickness of 0.5 un1 - Z4~ was formed on the
Si 02. Exanple 66 3 ~ JUL 20D3 A P-t % gloo sln crystal Si substrate of
a thickne¥sfgf 290farqgd AUhddiezedonk—Ltr Efﬂ“ ?f‘b SH)FestESﬁﬁl tPolsthor

anodi zation are as fol ied v Ita urr.ent _d | y: 30 mAcm
sol ution P&FD %%%¥§%I? rﬁmqﬂfﬂgﬁf§3 LN t% %ﬁ? WL%Q oggg hi ckness

of porous_Si:, 200 um oros A 56 % Accord n to .bi.as sputter t hod, an

Si epitaxFBFCF3§§?’0?9 ¥s 3G CEF T 47 F oY YQﬁﬁﬁaP&F%Pgeoﬁgfhe
P—type'(lggg pQLous Si substrate The~conditions for deposition are as

foll ows frequency |00 MHz high-frequency power: 600 Wtenperature: 300

C Ar gas pr ess%g o8 \}n %rPdL?Q:tIR-V IS a Wt Ehh%”@bt%?né’ﬁ s %%Jaﬂgggkogkr ect

curzent bias trate direct current Dbias 5 V. SubsSequently, an

oxi di zed laygar Qb 3900 Fosd I RS ck9bAEY £08n t Nes il ’me 18b1hReqepi t axi al
| ayer, and another Si substrate on the surface of which was forned an

oxi di zed kagetrohib088vadstrons was bonded to the oxidized surface. By
heating in 31 JUL 20D3 _ la 5. _ oxygen atnosphere at 800 C for 0.5 hour,
bot h of the-%4)substrates were strongly bonded together. Then, the bonded
substrates were selectively etched with 49 % hydrofluoric acis while under
stirring. In 78ha aukes, emnbgiddret sofigilee ysteads Sif |teennventiined fwirt hout
etching, while the porous Si substrate was selectively etched with the

si ngl ecr yprakdugingsaasemierndictiogr memdernyisiopperbeyreadrdledonpl et el y
renoved. The etching rate of the nonporous Si single-crystal with the

et chi ng sBinbpdomendslextrenely | ow, such as 50 angstrons or |ess

A description will be first given of a form in which
the whole Si substrate is changed into porous structure and
then a monocrystalline layer is'formed vy epitaxial
growth method.

Figs. 13A to 13C illustrate successive steps of the
first embodiment in accordance with the
invention.

Referring to Fig. 13A, as the first step, an Si
monocrystalline substrate is prepared
and is wholly changed into porous structure (1ll). Then, an
epitaxial growth is effected by a suitable method on the
surface of the porous substrate, thereby forming a thin
film of monocrystalline layer 12. The porous structure is

formed by, for example, an anodization employing an HF



even 78 mnutes later, so that the selective ratio of the etching rate of
the porous |layer to that of the non -porous Si single-crystal was as |arge
as 105 or nore. The etched anmount in the non-porous |ayer (severawit S
angstrons) is a practically negligible decrease in nenbrane thickness. 4m£t
is, the Si substrate of a thickness of 7206 u. rendered porous, was renobved,
and a single-crystal Si layer of a thickness of 0.5 umwas forned on the

Si 02. Exanple 67 A N-type (100) single-crystal Si substrate of a thickness
of 200 a was anodized in E F solution. The conditions for anodization are
as foll owsplappbhed vbét Agitidumoaptrdsnalliine 256 havi@gmdkem 2 sol ution for
anodi zation: F~':H20: C2H501i = 1:1:1 31 JUL Z003 -ns time: 1.6 hours

t hi ckness dehspoyoas Bi 33 29(cnimcpor bei ¢lyandsl $ntac @opdicayst 811 Laved phase
growmh nethod, an Si epitaxial |ayer of 5 1~ was grown at a_| ower

t enper at utdeodenhdt X of pehialoFrmdeouarspd st imitde FREICoREEHESRs f or
growth are as follows; soJvent: Sn, Solute: Si growth tenperature: 900 C
growt h at AedpRefe? - PRI GEBWMRY YaFvdad Bpe i BB HFeE4q8nPEYEREN oxi di zed

| ayer of 1000 C
y etching solution between 50 % and 20 %. A transmission

electromicroscopic observation showed that the porous Si
layer thus formed has micropores of a mean diameter of

about 600 Angstroms.

Referring now to Fig. 13B, another Si substrate 13 is
prepared and an insulating material 14 is formed on the
surface. Then the Si substrate having the
insulating material 14 is bonded to the surface of an oxide
layer 15 which is formed on the monocrystalline Si layer
carried by the porous Si substrate. The insulating
material 14 may be a deposited silicon oxide, nitride,
nitrided oxide, or tantalum, not to mention the insulating
layer of Si. The bonding step may be conducted by adhering
closely the rinsed surfaces, and heating both substrate in an

oxygen atmosphere or a nitrogen atmosphere. The oxide layer 15

is formed for the purpose of reducing the interface level
of the monocrystalline layer 12 which is the final active
layeri

Then, as shown in Fig. 13C, the porous Si substrate 11

is immersed in the etching solution of the present



angstronms was fornmed on the surface of the epitaxial |ayer, and another Si
substrate on the surface of which was forned an oxidi zed | ayer of 5000
angstrons was bonded to the oxidized surface. By heating in oxyge

at nosphere at 800 C for 0.5 hour, both of the Si substrates were ;qlré%lzwj
bonded together. Then, the bonded substBétes were selectively etched with
49 % hydrofluoric acid while under stirring. Only the single-crystal S

| ayer remai ned without etching in 78 mnutes, while the porous Si substrate
was selectively etched with the single-crystal Si as a material for etching
st opper and; 4-hat iGHRInet €hy¥ BofRi¥n ells .aglitatetichisagt hat eonly tdtee non- por ous
Si single crystal with the etching solution was extrenely to w, - 147 31
JUL 2003 susdrdiss A drgetcasd by bbsstsybyss/@eni cheeschhyerchivoy tdmt the
selective ratio of the etching rate of the porous |layer to that of the

non- por ous & td Nglesey pstalinnad mendargstald ih@5 Sdr lagee. oThehet ched anmount
in the non -porous |ayer (several tens angstrons ) is a practically
negl i gi bl e teswbasing mateewbiahe tPickneds shPwat tihe semdcspdygbsrrate of a

t hi ckness of 200 u, rendered porous, was renoved, and a single-crystal Si
layer of a shbrekrets Gftoirpdmoesrdiad® dhet presed?. inyanpienesd AsP-type
(100) single-crystal Si substrate of a thickness of 200 a was anodi zed in
HF sol ution? kand?tm%‘l‘%mﬁb‘?t%hb’cﬁ"za?’r oR¥sTe s eingnsTYshplidaity
voltage: 2,6 V, current density: 30 mAcm 2 sol utiqn for anodi zati on:

HF: H20: C2H5REHEvalant §q phat| ‘Bf Hout st 4aanc piddes 3 S9rBed of: theo um

porosity: SEngﬁlaccgrégggkgé%é(¥% §¥§ﬂg§3gEngntermedlaryséf the
insulating material 14 and the oxide layer 1S5, with high
degrees of smoothness and uniformity and with a small
thickness over a wide area covering the whole surface of

the wafer.

The semiconductor member thus obtained is advantageous
from the view point of production of an insulation-isolated
electronic device.

Embodiment 2

A second embodiment will be described with reference
to the drawings.

Figs. 14A to 14D show, in schematic sectional views,
the second embodiment according to the present invention.

Referring to Fig. 14A, as the first step, a layer 32
of a low impurity concentration is formed on the surface of
@ P-type Si monocrystalline substrate 31, by an epitaxial
growth performed by a suitable method. Alternatively, an
N-type monocrystalline layer 32 may be formed on the

surface of the P~type Si monocrystalline substrate 21 by

implantation of proton.



epitaxial layer of 1.0 a was grown at a | ower tenperature on the P-type
(100) porous Si substrate. The conditions for deposition are as foll ows;
source gas: Si H4carrier gas: H2tenperature: 850 C 31 JUL 2003 - i4s
pressure: 1 x 10 2 Torr growh rate: 3.3 nnmsec. Subsequently, anjpjyijdijged
| ayer of 1000 angstrons was formed on t8le -surface of the epitaxial |ayer,
and another Si substrate on the surface of which was forned an oxi di zed

| ayer of 5000 angstrons was bonded to the oxidized surface. By heating in
oxygen at nosphere at 800 C for 0.5 hour, both of the Si substrates were

strongly bondedrt)?%%getage%l,wgﬂ,)epn Et’gbe'\,ﬁﬁﬁdegh upg;_{n;?ér es; were sel ectively

etched with 49 ydrof F'uori ¢ aci é under s ring. In 78 m nutes,

only the gj B t S| i;Re 1 u i j m nut es,
i Te the e B e O L R

si ngl e-cr Y§I@§t§tea§3ab?aégfé@tl.irf@,r At eRenNge st pppesi a4 hep eanpl etel y
renoved. The etching rate of the non-porous Si single crystal wth the

et chi ng solyfd @1 WasoRtlyk@EaR 1Y nkoBubs ekt @53 Db argsdd D4t ¥n l@Sheven 78
m nutes later, so that the selective ratio of the etching rate of the

por ous | ayfgr texdnpale, Oknt AR SON:PIBMOUS The $hhgl£l aiyrsdadyswad 1asel arge as
10S or nore. The etched anmpbunt in the non -porous |ayer (several tens

angst r ons)si shaviprachiecdbhyiteghf ¢ [33e gden? ease ben aremyreaindnthi ekness. That
is, the Si substrate, rendered porous, of a thickness of 200 a was renoved,
and a si ngperary steabesi thaydengity ahivbiiabhssanfbd  vaxied “GErhiplLtRe03 - 149
was fornmed on the Si02. Wen Si H2O 2 Vgs used as a source gas, it was

requi red tXRHER REtHSENgL ot ANE ehpl rHicY ePHyVAEY B thee AF of degr ees.

Nevert hel ess, the accelerating etching characteristics to porous substrates

was mai nt AFMEED EREAPPe OBt PR CHT Y £OLPENWPPrReS RN A héod? an Si
opiaxal yover, oLoudauasgrotn a3 Lol (eapeL T gha £ e (100)
gas flow r@_ttey:peSis.ng%g%gtfeLQOO SCCM H2 230 1/ mn
Referring now to Fig. 14C, another Si substrate 34 is
prepared and an insulating layer 35 is formed on the
surface of the Si substrate 34. Then, the Si
substrate 34 having the insulating layer 35 is bonded to
the surface of the oxide layer 36 formed on the monocrystalline
Si layer on the porous Si substrate. Then, the porous
Si substrate is immersed in the etching solution of the
present invention and the solution is agitated so that only
the porous Si is etched by electroless chemical etching,
whereby a thinned non-porous monocrystalline silicon layer
is left on the insulating layer.
Fig. 14D shows the semiconductor substrate obtained by

the described process. It will be seen that a

monocrystalline Si layer 32 having a crystallinity



tenperature: 1080 C pressure: 80 Torr time: 2 mn. The substrate was

anodi zed in 50 % E~' solution. The current density then Was 100 nA/cnR, The
porous structure formation rate then was 8.4 uninmn., and the P—ty%q g{ogma
Si substrate of a thickness of 200 a was rendered porous in its entir [y
for 24 mnutes. According to the preserg2 anodi zati on, as has been descri bed
above, only the P-type (100 ) Si substrate was rendered porous, but no
change was observed in the Si epitaxial |ayer. Subsequently, an oxidized

| ayer of 1000 angstrons was forned on the surface of the epitaxial |ayer,

and anot her §Lv§¥ ] r@&%ﬂ? %ﬁﬁqggnoLafegl'gh%gé&&ﬁoh €§g whi ch was

i t S
formed an 6xI Qi z& layer 0 é%gé angstrons was bo to the oxidized surf

ace. By heahkQgakBaoxy9en- AldOsPheneudh 800 CnfoimiDAoWs cheth of the Si
substrates were strongly bonded together. Then, the bonded substrates were

sel ecti vel yxetehedyait Bis 4hd dnedrioishuakienachgdewhis e windehighi rring. In 78
m nutes, only the single-crystal Si |ayer remained wthout etching, while

t he porousdSigredbstt asfoditnesy acld vwealifoehibedand thitdthea simaglhecrystal Si as
a material for etching stopper and then conpletely renoved. The etching
rate of thehaeRnpsspusvér Siwigles adepstabenihy the @ald g rfaket bdn was
extrenely | ow, such as 50 angstrons or |less even 78 mnutes |later, so that
t he sel ectithe watéo.of the etching rate of the porous |ayer to that of the
non-porous Si single crystal was as |large as 105 or nore. The etched anount
i n the non-porolbe| ageicquinaiad Meaperahlssrobtyined d prgventagkepus
negligi bl e decrease in nenbrane thickness. That is, the Si substrate of a

t hi ckness &FC20BNE, ViR R fr AFedvRgiopebved, 1nshtas lomdgsedrystal Si

| ayer of a Hhickness f 1.0 umwas fornmed ,. on the Si02. As a result of
observati o *6F*FRAB*SeCeY Y and er a transnission-type el ectron nicroscope,
it was confirned t@gt no neM/crygtaI ﬁ&f&ct was intraoduced in the Si |ayer
and that excel | ent 18PyBFAFETAFE yIGRST HATHt APALY. a7 thentyBeadf e 70
According to.a heric_pressure.CVvD net hod, . an Si itaxial Layer of 5 a
tas grovn ARiET SR8 N haEr ERUFE LR Belred ot 190080 SHANAAS 4nsY The
Cond't'Onsp%g%ugegg§hE%89eaggda§h£glégfﬁ’the P-type substrate

is selectively changed into porous structure by anodization.



reactive gas flowrate: SiH2C 2 1000 SCCM H2 230 1/mn ~~tenp~rature: 1080

C pressure: 760 Torr tinme: I mn. The Si substrate was anodi zed in HF
solution. The conditions for anodization are as follows; applied voll&g%:
2.6 V current density: 30 mA-cm Z solution for anodization: |~': I#ij dH

= 1:1:1 time: 1.6 hours thickness of- @& gous Si: 200 umporn sity: 56 $.
According to the present anodi zati on as has been descri bed above, only the
P-type (100) Si substrate was rendered porous, but no change was observed
inthe Si epitaxial |ayer. Subsequently, an oxidized |ayer of 1000
angstrons was fornmed on the surface af .t [ j r,;@nd anot her Si
subst r at & Ion tH‘é‘esBFF&EBCof’“\?\ﬁ?%hOWs"lflo:%%egggﬁggélgéiéég%&f ayer of 5000
angstrons, was .bonded to_the_ oxjdize I eenBY i B8kt Non i ik FodJUL Z003
31 JuL 20¥?§a-"r?'a%(¥x§76é’n°§t ?rﬁ%rﬁ%ie%e' a3‘°§%‘oe "for 0.5 ﬁour, both of the Si
substrat es. re, str I o) I .asl @RinbAeiRondedaspisddct es were
sel ecti velr’g)“’e ec%(sac(? \%n%t%ﬁg4ggg/3ﬁg%£r o?ﬁj%ﬁ casaci d \rl\llhi | e under stirring. In 78
m nut es, Ofalg}’mst he single-crystal Si |ayer remained without etching, while
SRS

t he porouC substrate was selectively etched with the singlecrystal Si as

a materi a%ig_&l_ae_tjghi ng stopper and then conpletely renoved. The etching
rate of t'he non-porous Si single crystal with the etching solution was
extrenely | owp s[ycg;}b@ S0 1agst PQTwvaer flogsedetena7&hickoees b&t 80, uso t hat
the selective ratio of the etching rate of the porous |ayer to that of the
non- por ougt Si = S§MQhe) ooty stited ewatsizastyl arfgeres of05her madre. s¥Réageshed anount
in the non-porous | ayer (several tens angstroms) is a practicall

negl i gi bl & detsenpetahl ents armtsHinitee . bPhanodd z atfens( Fé-ﬁbstl%ét-e,
rendered porous, of a thickness of 200 a was rempved, and a single-crystal
Si layer of a AwekzrRgirroMas PEFRASTESrMRPLHFINESGY Es a result of
observation of the section under a transm ssion-type el ectron mn croscope,
it ~.ras CORELERRYSthat no new crystal defect was introduced in the Si

| ayer and that excellent crystallinity was mai ntained. Esc anyl a 71 A
N-type Si layer of 1 a was fornmed on the 31 JUL 2003 - 153

Applied voltage: 2.6 (V)

Current density: 30 (mA-cm'z)
Anodizing.solution: HF :H20:C2Hg0H = 1:1:1
Time: 0.4 (hour)

Thickness of porous Si: 50 (pm)

Porosity: 56 (%)

Thereafter, the porous Si/monocrystalline Si substrate
was subjected to selective etching using a 49% HF solution.
In thirty-three minutes, the porous Si was selectively
etched with the monocrystalline Si acting as an etch
stopper, only the monocrystalline Si being left behind, as

shown in Fig. 1B.

Example 2



surface of a P-type (100) Si substrate of a thickness of 200 u, by ion

i npl antation of proton. The inplanted anmount of H+ was 5 x 1015 i ons/cn®.
The substrate was anodi zed in 50 % F~ solution. The current density then
was 100 mA/cnR. The porous structure formation rate then was 8.4 giHL?

and the P-type Cl100) Si substrate of a 8fickness of 200 a was ren ek 2003
porous in its entirety for 24 mnutes. According to the present anodi zation
as has been described above, only the P-type (100) Si substrate was
rendered porous, but no change was observed in the N-type Si |ayer.
Subsequently, an oxidized | ayer of 1000 angstrons was fornmed on the surface
of the N-type Biripayee,asgdizaididner bSirogubons averpnimhansgdf 40e oo whi ch
was forned an oxidized | ayer of 5000 angstrons was bonded to the oxidized
surface. Bf hbat PA§IRAeD e ManNAssyiERrd LanegBd ltrrares HHodik, aot h of the
Si substrates were strongly bonded togethefg Then, the bonded substrates
were sel e@vevesg é?éﬁéatﬁthOEQO@bhy@rbf}%ori%maci%ﬂ\ﬁﬁqigﬂﬁrﬁQQRfd In 78

m nutes, only the single-crxstal Si |l ayer remained wthout etching, while
the porou8PaFtsdbem §RENWAENRE| BEt RVRESERREAHRE i Eth Hhe ASHPPAWY Sl Si as
a material_ for etching stogper and then gonylete y renmoved. The etching
rate of tHRe&SnoR*poPBERUSi Si Al ¥as §RIBRAWPY PR A B Thg s AWRIRST was

extrenely | ow, - ~54 - 31 JUL 2003 such as 50 angstro r | ess even 78
M nutes | SPBFESERRR: SFAE SePBCPFOES B B SIe TR BUds g YOH ST dne
porous |ayer. to that.of. the non-porous Sk,.sSinglecr al S arge 105
or nore. ¥§8 EFBhggcgnﬁﬁﬁ%p?ng? E“ﬂo%-%6?5§sp$ayér‘?%éﬁ%rgﬁf3gﬁifﬂﬁdgﬁfons)
is a practj gal | pgi bLe;decrease,in nmenbrane thickness. That is, the S
substrate% %gﬁgépgggpg?éus,ldﬁﬁg ?Ei% ness of 200 a was renoved, and a
singl ecrystal @&hodayetiod wad Bedfrasedoinded tihe vesl Iarimed on Si02. As a
result of observation of the section under a transm ssion-type el ectron

m cr oscopeondtitwassconfirmed that no new crystal defect was introduced in
the Si layer and that excellent crystallinity was maintained. Ex anyl a 7 2
A P-type (100) single-crystal Si substrate of a thickness of 200 a was
anodi zed in 50 % F~' solution. The current density then was 100 mA/ cnR. The
porous struct uf@PLérfaYPHYRISt e t hen was about 8. Wluninin., and the P-type
(100) Si substrate of t hj ckness of 200 a wag.renderec porous in its
entirety for Zﬁuﬁfﬁﬂfeg?“?&&%wding to MBE (nn%gcﬁP%}m%ea epi taxy) met hod,

an Si epitaxialy ,ayet, ofﬂéfﬂn1@t a lover tegpeg égé?éaﬁ Lhﬁfezﬁype (100)

porous Si substrate. The conditions for depositio as follTows;
Thickness of porous Si: 1 (um)
Porosity: 56 (%)

Thereafter, the porous Si/monocrystalline Si substrate
was subjected to selective etching using a 49% HF solution.
In two minutes, the porous Si was selectively etched, only
the monocrystalline Si being left behind, as shown in Fig.
2B.

Exgmglg ,3

A 3pm (uq = 3 pm) thick polycrystalline Si layer 41 was



31 JUL 2003 - 155 tenperature: 700 C pressure: 1 x 10 9 Torr growth rate:
0.1 nnisec. Subsequently, a substrate of fused silica glass processed with
optical polishing was bonded onto the the surface of the epitaxial |ayer,
and both of the substrates were strongly bonded together by heatihd Jit 2890
C for 0.5 hour in oxygen atnosphere. Ac&drding to plasma CVD net hod, Si3N4
was depo sited to 0.1 um thereby coating the bonded two substrates.
Thereafter, only the nitride nmenbrane on the porous substrate was renoved
by reactive ion etching. Then, the bonded substrates were sel ectively
etching with a m xed solution of 49 % hydrofluoric acid and al cohol (10:1),
wi t hout stifbened.od lk SdmicutsexnlldnkySi heulssuwd B2 A2y HyalCVSi (Fager renai ned
wi t hout etching, while the porous Si substrate was selectively etched with
t he singl e38)ysta$ Shows i ftder 38, pofurfaee npromferZ Handteonpletel y
renmoved. The etching rate of the non-porous Si single crystal with the

et chi ng solml i of Wee rodyaritelldne Shchayer SO afffstmasies Peroresbyeven 82
mnutes later, so that the selective ratip of the etching rate of the

por ous | ayBROEZRHERR g1 tIRFhdn BRSPHEsS i 13YsI B crystal was as | arge as
105 or nore. The etched, amount in _the non-porous | Y .several tens
angstroms) is atpPattacAn areSTIeore d‘é%&%%s ?rfaﬁﬁ J8L 2003 - 156
menbr ane thi cﬁness. t hi ckness of 200 u, and of ter the renmov~ crystal Si

| ayer of off°PRa“stb3trate of As a result That is, the Si substrate of a
rendered porous, was renoved, 31 of the Si3N4 | ayer, a single a thickness
of 0.5 umwas forned the gl ass. of observation of the section under a

transm ssion-tyg ﬂg&t‘;&ﬂi j£roscope, it was gopfjpyned that no new crystal
defect was introduced in t JeESi | ayer and t hat exceel)l ent crystallinity was

mai nt ai ned. Exagpkeént Xudws &6,:.The same proceduge @fni¢mExpnpl es 42 to 55
was .

Anodizing solution: HE :H20:C2Hs0H = 1:1:1
Thickness of porous Si: 2 Qum)
Porosity: 56 (%)

Thereafter, the porous Si/polycrystalline
Si/monocrystalline Si substrate was subjected to selective
etching using a 49% HF scolution. In four minutes, the
porous Si was selectively etched with the polycrystalline
Si acting as an etch stopper, only the polycrystalline Si
and monocrystalline Si being left behind, as shown in Fig.
3C.

xam 4

A 3pm (ug = 3 um)‘thick polycrystalline Si layer 51 was

formed on a monocrystalline Si substrate 52 by CVD. Prior

to anodization, boron ions were implanted into the surface



effected, replacing the etching solution used in Exanples 42 to 55 with
that in Exanple 72. In any of the present Exanples, consequently, a
singlecrystal Si layer Was forned with extrenely | ess crystal defect on
insul ating materials. Exanple 87 A Ntype Si layer of 1 a was forfddUbnliihe
surface of a P-type (100) Si substrate 8 -a thickness of 200 u, by ion

i npl antation of proton. The inplanted anount of H~ was 5 x 10l 5 i ons/cn®.
The substrate was anodized in 50 % fF solution. The current density then
Was 100 mAd/ cnR) The porous structure formation rate then was 8. 4unf mn.

and the P-type (100) Si substrate of a thickness of 200 a was rendered

porous in its entirety for 24 -, 157 i,nutes. ,Accortldng ¢» the present
anodizati6ﬁ3§§3h8§158£H58%§€+?%éﬂléﬁﬁ?@,gén?§ fhg ﬁ-?@pe 00)*Si substrate

dered , byt h din_.the N ' :
SubsequentSoF 1R S aBBRRY SFFeThot 19t S0 CRESHI oY e 9005285t FEE Al Ch was

formed an ,oxidi zed.l ayer of, 50 [ ed. t ce of
t he N-typep‘sSisq’\o(;‘@?erl.n ?gheé{‘i nggfcﬁp%%gg%sgfﬁnggg%g?g gY %’6‘%}@%%&8 5 hour,

both of the ScSPest sahesdVepLret £:24gleadnondnd xt Bgehhﬁistgﬁ@@,(}.’o}‘l& bonded
substrates were selectively etched wth a m xed solution of 49 %

hydr of | uorag (a9i &rand thO@@éh(éQfﬂ;se Walviaydt astiiethngas!4 8@ pmnwes, only
the single-crystal Si |ayer renained without etching, while the porous S
substrate 2mausalnechi YRiykaeshedtyit N tfre ®ifngl @mcrystal Si as a materia
for etching stopper and then conpletely renoved . The etching rate of the
non- porous Si SAmglieactiyat abhswhéhfdinedtunkierg thel dbloawinag extrenely to w,
such as 50 angstronms or |less even 82 mnutes |later, so that the selective
rati o of tdenditciineg rate of the porous |ayer to that of the non-porous S
single crystal was as |large as 105 or nore. The etched anount in the

non- porous | ayer (several tens angstrons) is a practically negligible

decrease in nenbrane thickness. That is, the %i substrate of
Applied voltage: .6 (V)

Current density: 30 (mA-cm™2)
Anodizing solution: HF:H20:C2HsOH = 1:1:1
Thickness of porous Si: 1 (Fm)

Porosity: 56 (%)

Thereafter, the porous Si/polycrystalline
Si/monocrystalline Si substrate was subjected to selective
etching using a 49% HF solution. In two minutes, the porous
Si was selectively etched, only the polycrystalline Si and
monocrystalline Si being left behind, as shown in Fig. 4B.
Examglg 5

A porous Si layer 61 was formed tec a thickness of 50 pm
(t6 = 50 pm) on the entirety of one of the major surfaces of

a monocrystalline Si substrate 62 by anodization (Fig. S5A).



- 158 - 31 JUL 2003 a thickness of 200 p, rendered porous, was renoved, and
a single-crystal Si layer of a thickness of 1.0 umwas fornmed on the Si02

| ayer. As a result of observation of the section under a transm ssion-type
el ectron mcroscope, it was confirned that no new crystal defectéﬁaﬁ%
introduced in the Si layer and that exc&Tlent crystallinity was i aWﬁ%d.
Exanpl es 88 to 102 The sane procedure as in Exanples 57 to 71 was effected,
replacing the etching solution in Exanples 57 to 71 with that in Exanple
72. In any of the present Exanples, consequently, a single-crystal Si |ayer
was formed with extrenely | ess crystal defect on insulating materi al s.
Exanpl e 103 A Pahy®ez4dQ8) &isngl@f6Ensd abnddr s tFANSWAhga t hi ckness of
200 a was anodi zed in 50 % F~' solution. The current density then was 100
mA cnR. Theopdieiusnstructure formation rate then was about 8.4 umimn., and
the P-type (100) Si substrate of a thickness of 200 a was rendered porous
inits entirety for 24 mnutes. According to MBE (nol ecul ar beam epi t axy)
met hod, an Si epitaxial |ayer of 0.5 a was grown at a | ower tenperature on
the P-type (100ApppbedusecSiageubstrate. The cordli®i©OHs for deposition are as
- 159 follows; tenperature: 700 C pressure: 1 x 10 9'Rg{ growh rate: 0.1

nm sec. Current density: 30 (mA-cm™
Anodizing solution: HF :H20:C2H50H = 1:1:1
Time: 0.4 (hour)
Thickness of porous Si: 50 (pm)
Porosity: 56 (%)

As shown in Fig. 5B, a resist 63 was patterned in
stripes spaced apart from each other by a distance (bg = 100
pum) of 100 um, each stripe having a width (ag = 100 pm) of
100 pm.

Thereafter, the porous Si/monocrystalline S$i substrate
was subjected to selective etching using a 49% HF solution.
In thirty-three minutes, the porous Si was selectively
removed, only the monocrystalline Si being left behind, as
shown in Fig. 5C. Finally, the resist was removed (Fig.
5D) .

Example 6

Etching was performed in the same manner as that of
Example 1 with the exception that a mixture solution (10:1)
of 49% hydrofluoric acid and ethyl alcohol was used as an

etchant. In twenty-nine minutes after initialization of



Subsequently, a substrate of fused silica 31 JUL 2003 gl ass processed with
optical polishing was bonded onto the surface of the epitaxial |ayer, and
both of the substrates were strongly bonded together by heating at 800 C
for 0.5 hour in oxygen at nbosphere. According to plasma CVD net hod,| i 308
was deposited at 0.1 um thereby coati 8§ +he bonded two substrates.
Thereafter, only the nitride nenbrane on the porous substrate was renoved
by reactive ion etching. Then, the bonded substrates were sel ectively
etched with a m xed solution of 49 ~ hydrofluoric acid and aqueous hydrogen
peroxi de solution (1:5), while under stirring. In 62 mnutes, only the

singlecrystal Si |ayer remained wthout etching, whil e, p us S
substrat e SEEHEM o die AU REC™HR t 1 19 e &28 ygﬁaFQEF géga mat eri al

for etching stopper_.and c et el ved, T ing rate of the

non-porousm%9°§;§&ﬁ§;1ﬁaf§ élaﬁkgﬂgt%%q% é%.%ﬁf%iﬁ% %?dn was extrenely |ow,
such as 50.a o/s or |ess even 62 minutes |later, so that the selective
rati o of tﬂéggé%%rﬁg rate of the porous layer to that of the non-porous S

single crystal ¥as,fsg, '@J,?%easfomédoxn MKE. sabhe reineedas tha60o£31 JUL 2003
anount in the non-porous |ayer (several tens angstrons) is a practically

negligi bl epdeprease it HMHY @iRkebBioknesst o haixdure tskduiiosuliddrate of a
t hi ck.-~ess of 200 u, rendered porous, was renoved, and after the renoval
of the Si3N¢ hoyekydfoSiubdie: eloigt ahd Sethypy el ashal taischisessasf 20. 5 um was
formed on the substrate of the glass. As a result of observation of the
secti on undeehant [ ansdi Gred @ointpeeekachinut s o s paitiie iggtdonf PEmed
that no new crystal defect was introduced in the Si |ayer and that
excel | ent erghtag) i ohe ypoesneiinwaisnedleekiyplesreamweady PrEYTRESsame
procedure as in Exanples 42 to 56 was effected, replacing the etching

sol uti on i moErgrpseallbne oSEdadingh lehht PPRIEtanpl e 103. In any of the

present Exanpl es, consequently, a single-crystal Si |layer was formed with
extrenel y ﬁéé&néﬁygtal defect on insulating materials. Ex anyl a 119 A

D Lpe (190) 81 gL shyatsl oSl e 18l £rg pmd EARER LA A v
(100) Si sparPIPe ol o Rt P2 B0e 8 e Fett i Teser g, & 1vPe
entirety f%& %ﬁ%”k9328§1uoric acid and ethyl alcohol was used as an

etchant. In three point four minutes after initialization

of etching, the porous Si was selectively removed with the

polycrystalline Si acting as an etch stopper, only the

polycrystalline Si and the monocrystalline Si being left

behind, as shown in Fig. 3C.

Example 9

Etching was performed in the same manner as that of

Example 4 with the exception that a mixture solution (10:1)

of 49% hydrofluoric acid and ethyl alcohol was used as an

etchant. In one point seven minutes after initialization of

etching, the porous Si was selectively removed, only the

polycrystalline Si and monocrystalline Si being left behind,



- 161 According to MBE (nol ecul ar beam epi taxy) nethod, an Si epitaxi al

| ayer of 0.5 a was grown at a | ower tenperature on the P-type (100) porous
Si substrate. The conditions for deposition are as fo flows ; tenperature:
700 C pressure: 1 x 10 9 Torr growth rate: 0.1 nnisec. Subsequendl|yyl Uite
surface of the epitaxial |ayer was ther8fhld1y oxidized in a depth of 50 nm
A substrate of fused silica glass processed with optical polishing was
bonded onto the thernmally oxidized nmenbrane, and both of the substrates
were strongly bonded together by heating at 800 C for 0.5 hour in oxygen
at nospher g, di;ngetQ | pressure CVD nmethod) Si 3N~ was deposited to
0.1 um tﬁﬁie §Qﬁbéﬁiﬁégfhg§%onded two substrates. Thereafter, only the

nitride nqﬁgﬁgﬂghg@ t he porous substrate was renoved by reactive ion
etching. Then, the bonded substrates were selectively etched with a m xed
sol ution of 49 fhdnideolhyopkerashsh and chdueans RYArogeLs PefXigke sol ution
(1:5). In 62 mnutes, only the single-crystal Si |ayer remained w thout
etching, Wudnplleh® PAELRAUShSI e SOdSE T & ha@s asalieebiryesyled tdredna:tah t he
singlecrystal Si as a material for etching stopper and 31 JUL 2D03 - 162
conpl et el yof effidv &g dréiféuetthi agid aired @thiyie adlonhpdreas Sediayglan cryst al
with the etching solution was extrenely |low, such as 50 angstrons or | ess
even 62 nistghlant.at dn, tyenthanindaniguitest afserathdtdbdlitrtianctithg rate of
the porous layer to that of the non-porous Si singlecrystal was as |arge as
10S or norekCHiY eitdige8032us UBL 2008 SBISEH L VEA YL REMAYRd p?ks Yh®yer (several

tens angstrons) is a_practically negligible decrease in nmenprane thickness.
That is, tPRNASTYSHFILEaLeSf Paidd kadtedeN3Ndp08SShPEMYER et Porbus, was

renoved, }n.d fter hee ree;rimgal of ethevI)e?;EBw I.aﬁgg, a single-crystal Si
| ayer of & tHicRiteddeoredLEt uiR fekedDPedf3H ¢ RB substrate of
Example 11
Etching was performed in the same manner as that of
Example 1 with the exception that a mixture solution (1:5)
of 49% hydrofluoric acid and hydrogen peroxide was used as
an etchant. In twenty-one minutes after initialization of
etching, the porous Si was selectively removed with the
monocrystalline Si acting as an etch stopper, only the mono-
crystalline Si being left behind, as shown in Fig. 1B.
Example 12
Etching was performed in the same manner as that of
Example 2 with the exception that a mixture solution (1:5)
of 49% hydrofluoric acid and hydrogen peroxide was used as
an etchant. 1In one point three minutes after initialization
of etching, the porous Si was selectively removed, only the
monocrystalline Si being left behind, as shown in Fig. 2B.

Examglg 13



the silica glass. As a result of observation of the section under a
transm ssion-type electron mcroscope, it was confirnmed that no new crystal
defect was introduced in the Si |ayer and that excellent crystallinity was
mai nt ai ned. Exanples 120 to 133 The sane procedure as in Exanpl es 338Ut o1
was effected, replacing the etching sel 8ien in Exanples 58 to 71 with that
in Exanple 103. In any of the present Exanples, consequently, a
single-crystal Si layer was formed with extrenely |less crystal defect on
insulating materials. - 163 F~canple 134 3 i JUL 2003 A P-type (100)
single-crystal Si substrate of a thickness of 200 a was anodized '"in 50 %
| ce' solution. Efwhing west péefiortmpdt henthessag) rann@m asThdaporbus
structure formation rate then was 8.4 ~ninmn., and the P-type 5}100) Si
substrat e B¥amplaiTtidds the 260eathas it PR USINEEPE dhtPtety for
24 m nutes. According to MBE (nol ecul ar beam epitaxy) nethod, an Si

epi t axi al Phy&?s divdroflaoxds gréfn2ad RYFERES" (RE&RRNLdeyM8SoHSEA2P- t ype
(100) porous Si substrate. The conditions for depositiqn.are as.follows;

t enper at urd® RPNy edOu O PORNEQSEX TR HRIF SFat it 32 IRAF 108,

Subsequently, a substrate of fused silic |.ass processed wi, opti cal
pol i shi ng Yas® bR opf’ﬁé’“§u§f"aé'§s ofg}%%t Vpﬁltyaﬁeﬂovlegyé?gnaﬁ ®bot h of

t he substr s_wer.e st.raongl.y _bonded_t oget eat.in 0Q C for 0.5
hour in ox@%e%cgsn%asl}%é’ree%ﬁggorl ggnagt%?p%géhrra t(‘,%gaer#ét %33,& glggl\m was

deposi ted t:har ey .caatkhRgdqbhs p,gg@ﬂjj { ubstnat esec Thereafter,
only the n%’?%?%%yénge;gr%olrl&%e%gna’?ﬁettlggrt(‘)‘és %u stratleryépvx/<'aszi rem)ged g'f/ reactive
ion etchingenilhi@n.ad M RRNdedrigbsteates were selectively etched with a

m xed solution of 49 % hydrofluoric_acid, alcohol and agueous hydrogen

peroxi de spkahbDe 14

Etching was performed in the same manner as that of

Example 4 with the exception that a mixture solution (1:5)
of 49% hydrofluoric acid and hydrogen peroxide was used as
an etchant. 1In one point three minutes after initialization
of etching, only the porous Si was selectively removed, only
the polycrystalline Si and monocrystalline Si being left
behind, as shown in Fig. 4B.
Example 195

Etching was performed in the same manner as that of
Example 5 with the exception that a mixture solution (1:5)
of 49% hydrofluoric acid and hydrogen peroxide was used as
an etchant. 1In this etching, only the porous Si was
selectively removed, leaving the monocrystalline Si behind,
as shown in Fig. 5C. Finally, the resist was removed (Fig.

5D) .
Example 16



- 164 31 JUL 2003 (10:6:50), without stirring. In 65 mnutes, only the
single-crystal Si layer remained without etching, while the porous S
substrate was selectively etched with the single-crystal Si as a Fﬁf}ﬁﬂ
for etching stopper and conpletely renoved. The etching rate of the
non-porous Si single crystal with the &lchi ng solution was extrenely | ow,
such as approximately slightly | ess than 40 angstrons even 65 m nutes

| ater, so that the selective ratio of the etching rate of the porous |ayer
to that of the non-porous Si single-crystal was as |arge as 10$% or nore.
The etched anpbunt in the non-porous |ayer (several tens angstrons) is a
practically negtic@iblge wdecpeaserinedd By aimel wlkRAGS. adhehat Softhe Si
substrate of a thickness of 200 u, rendered porous, was renoved, and after
t he renovaxamplieha SiiN4thayekcept Somgirtcray stiadcude bayetiodf a thi ckness of
0.5 umwas forned on the substrate of the silica glass. As a result of
observati oL of6 5909 sEcUiSdnhydedeflaotiarsmnidsieahytlypdcohett amd m cr oscope,
it was confirmed that no new crystal defect was introduced in the Si |ayer
and that excbtdgen perpstidel Wast ysedsasrmmietichaadt .ExdnpFesnidssip 148 The
sanme procedure as in Exanples 42 to 55 was effected, replacing the etching
sol ution MHIRNEIMAESTAANEE18E1iaREROR R 9GFIERGpLEBE1BRIOVR Bhy¥aY the -
165 present. Exanples, consequentl a single-crystal Si igxer was fornmed

with extresrﬁell"’;Ftl §slycF§§‘Pé(Fdd§FEEt¥B?l TSR AT JORRCEY PEP LIS ¥l e 149 A
N-type Si er of 1 a rmed _on_the 31 JUL 003,surface of a P-type
afads & gth of i)

(100) Si 1% &7 RBRET 6f2200'" By d‘ﬁl Fantation of proton.
The i npl ar&&g@@%np,t of H+ was 5 x 1015 |ons/cn2 The substrate was
anodi zed i'n solution. The current density then was 100 n& cnR. The

pOr ous ST uCt urg hrIRLEQN LB KO8N A% B ol Thilliler 0dchLE B LYPE (100)

Si substrate of a thi‘cknes a was ren porous Tn I1ts entirety
for 24 m M%léczcwl(ilhnﬂhﬁoeRE@pQE@&%a@@%ﬁc%h‘r@nséiub%nbeen descri bed

above, only the P-type (100) Si substrate was rendered porous, but no

change was(npsessmd d 4tglie hiidkypeudtid aeld, ethyl alcohol and
hydrogen peroxide was used as an etchant. In one point four
minutes after initialization of etching, the porous Si was
selectively removed, only the monocrystalline Si being left
behind, as shown in Fig. 2B.
Example 18

Etching was performed in the same manner as that of

Example 3 with the exception that a mixture solution
(10:6:50) of 49% hydrofluoric acid, ethyl alcohol and
hydrogen peroxide was used as an etchant. 1In two point
eight minutes after initialization of etching, the porous Si
was selectively removed with the polycrystalline Si acting
as an etch stopper, only the polycrystalline Si and the

monocrystalline Si being left behind, as shown in Fig. 3C.

Example 19



Subsequently, a second Si substrate on the surface of which was fornmed an
oxi di zed | ayer of 5000 angstrons was bonded to the surface of the Ntype S
| ayer. By heating in oxygen atnosphere at 800 C for 0.5 hour, both of the
substrates were strongly bonded together. Then, the bonded substr atlef/lwi§ile
selectively etched wth a m xed sol utT ool 49 $ hydr of l uori c acid, al cohol
and aqueous 30 ~ hydrogen peroxide solution (10:6:50) without stirring. In
65 m nut es, 31 JUL 2003 - 166 only the single-crystal Si |ayer renained
wi t hout etching, while the porous Si substrate was selectively etched with

the single-crystal Si _as a material, f.or etching stopper, and. the

compl etely renbbETARA AFiTHS F5Ce 151 tgﬁesﬁﬁg-’ﬁﬁ?’g%é a5 trs}}aﬁ:glc’eﬁncryst al
with the etching soluti.on.was extr ly.Low, such a rons or |ess
even 65 ni hﬁ?@ggFa%e‘fft%g‘:tf$§[xct>%$ét%rsggl )eé(r:lfai?’v% Ta ?‘5‘%3&‘?@ ching rate of

108 Porous (1BYBLshP bEA s PInIdIRAUMAN QT oBhDY SLLAUPA A0S 25 | AT0e a3

10S or nor ed ano N the non-pbrous er (several tens

angst s oms) ny3:BLhAELEGRIAY ROWALIS dRCEERASED MPRSANGHCRES. That

is, the Si strat ness o u, rendered porous, was renoved,

and a singhgatystahesh: | BYSN; Ofi A dilinCloress cRind, O N ¥YeSod Preed,n the
Si02 layer. As a result of observation of the séction under a

transm ssi geikypevel @CiéfdvdR CIRNGORMe pblyasyceAlLin®@dsi haid no new crystal
defect was introduced in the Si |ayer and that excellent crystallinity was

mai nt ai nedmobpcagpteilinsd $O HdhihglNe fraehindeedsr ehaen i in Bdanpl4s. 57 to 71
was effected, replacing the etching solution in Exanples S7 to 71 with that
in Exanpl eExamplen28ny of the present E ,tanples, consequently, a
single-crystal Si layer was formed with extrenely | ess crystal defect 3 ~
~u~ Z003 on insBFEhiRg vias ereriarmed in the same manner as that of

Example 5 with the exception that a mixture solution
{10:6:50). of 49% hydrofluoric acid, ethyl alcohol and
hydrogen peroxide was used as an etchant. In twenty-eight
minutes after initialization of etching, the porous Si was
selectively removed, only the monocrystalline Si being left
behind, as shown in Fig. 5C. Finally, the resist was
removed (Fig. SD).
Examglg 2 l

Etching was performed in the same manner as that of
Example 1 with the exception that a buffered hydrofluoric
acid (NHgF: 36.2%, HF: 4.5%) was used as an etchant. 1In
nineteen minutes after initialization of etching, the porous
Si was selectively removed with the monocrystalline Si
acting as an etch stopper, as shown in Fig. 1B.
Example 22

Etching was performed in the same manner as that of



Exanpl e 165 A P-type (100) single-crystal Si substrate of a thickness of
200 a was anodi zed in 50 % HF solution. The current density then was 100
mA/ cn2. The porous structure formation rate then was 8.4 um mn., nﬁ t he
P-type (100) Si substrate of a thickness of 200 a Was rendered poaid L2803
its entirety for 24 minutes. According 88 MBE (nol ecul ar beam epit axy)
nmethod, an Si epitaxial layer of 0.5 N was grown at a | ower tenperature on
the P-type (100) porous Si substrate. The conditions for deposition are as
follows; tenperature: 700 C pressure: 1 x 10 9 Torr growmh rate: 0.1

nnt sec. S“'%%%ﬂ\%@t by wi@hsgﬁgté%@peio&w S bh@%egéésﬁy&f&ﬁ‘?&ﬁ% W th
optical politshing was bonded onto the surface of the epitaxial |ayer, and

both of thecsubsimakeseepe, stironglysporedise@gakhen eyciwadj ngrat 800 C
for 0.5 hour in oxygen atnosphere. According to plasnma CVD nethod, Si3N4

was deposi tsereln0 s@cbndd) atberebyi€pali rer idre dfoededingp snbsturad es.
Thereafter, only the nitride nenbrane on the porous substrate was renoved

by reacti vedreusetsSdhiwag. séhebtritbeybpemedegullsavangstmere sel ectively
etched, under stirring, with buffered hydrofluoric acid. In 258 m nutes,
only the simglosrysystldling Siapehindpaasegshown ib68igw 2Bout etching, while
the porous Si substrate was selectively etched with the single-crystal S
as a mat er iEaamode g3chi ng st opper and then conpletely renoved. The etching
rate of the non-porous Si single crystal with the etching solution was
extrenely |ow, $FcHhing rec RAGSPFOARE 6F IhesFa@peMapR8refERas |t er, so
that the selective ratiigo of the etching rate of the porous |ayer to that of

t he non- porfdii’é"‘l‘éje S s GWsFéFe%§°asﬂI‘%‘?gfeb%ffésdolf‘ﬁ’%?@:“% etched 31
JUL 2003 amuny N?—lqg{]:g 3&9%'0(){19‘:1.54'.??( rwa(?'euvstee[]d?l: s &hSe c?.ﬂ%rﬁt:r.l()gsgr}' S a

practically negligi e€Créase’i n"imenhbrane ness. he S
he T emval ST SRR EP Sz, 1ok EEF SR R B e P g N b S o
0.5 um was ¢orpRd QN dhe veihsteabeedl it H$S1ycrystalline si
acting as an etch stopper, only the polycrystalline Si and
the monocrystalline Si being left behind, as shown in Fig.
3C.
Example 24
Etching was performed in the same manner as that of
Example 4 with the exception that a buffered hydrofluoric
acid (NH4F: 36.2%, HF: 4.5%) was used as an etchant. 1In
seven seconds after initialization of etching, only the
porous Si was selectively removed, leaving the
polycrystalline Si and monocrystalline Si behind, as shown
in Fig. 4B.
Ezamglg 25
Etching was performed in the same manner as that of

Example 5 with the exception that a buffered hydrofluoric



As a result of observation of the section under a transm ssion-type

el ectron mcroscope, it was confirnmed that no new crystal defect was
introduced in the Si layer and that excellent crystallinity was nginh i ned.
Exanpl es 166 to 180 The sanme procedure as in Exanples 42 to 56 wa 1 JUL 2003
effected, replacing the etching solutto®in Exanples 42 to 56 with that in
Exanpl e 165. In any of the present Exanples, consequently, a single-crystal
31 JUL 2003 - 159 Si layer was fornmed with extrenely | ess crystal defect
on insulating materials. F~canple 181 A P-type (100) single-crystal S
substrate of a thickness of 200 a was anodized in 50 $ HF solution. The
current depsidy(Nidh: ws 2800 B énd?) THRS phisl eSS uetGPe fornt®ion rate
then was about 8.4 umnmin., and the P-type (100)_ Si substrate of a

t hi ckness BENgBREH w%&éﬁ&&&&%&&%d&?%@ &t 55y "Bor TB2 RPTAERs.

According to NBEZ%nDIecuI r beam e itax%% thod, an Si itaxial layer of
0.5 a was Yroffs a3 F o %eﬁﬁ&??&gﬂrgn {gkaﬁiqﬂﬁﬁ¥5?f&g$nﬁo dbus S
substrate. The cpnditiqns for _depasiti e fall W L erature: 700 C
pressure: Ee§"§093 ﬁkﬁékkﬂ(ﬂmﬁ? % Cer ngpgiiéggi dﬁ%@%&énﬁ y,r%%%ggurface
of the epiggéigém$@ggr(g€§it§5§[nally oxidized in a depth of 50 nm A

ca g

substrate of fuSed Sili |'ass processed with optical polishing was bonded
onto the tgg%ﬂ%Lélexidized menbrane, and both of the substrates were
onde

strongly b together by heating at 800 C for 0.5 hour in oxygen
at mosphere. AcCCEHf gh N8y ta d Pl fHR TR &n Ok N8k dnantie3Nh sv@padepgesi ted to
0.1 um thereby coating the bonded two 31 JUL 2003 - i~ 0o substrates.

Ther eaf t er exanpYet hewntK rdnle wiEptdde @Rat a mixture solution (10:1)
of buffered hydrofluoric acid and ethyl alcohol was used as
an etchant. In twenty-one minutes after initialization of
etching, the porous Si was selectively removed with the
monocrystalline Si acting as an etch stopper, only the
monocrystalline Si being left behind, as shown in Fig. 1B.
Example 27

Etching was performed in the same manner as that of
Example 2 with the exception that a mixture solution (10:1)
of buffered hydrofluoric acid and ethyl alcohol was used as
an etchant. In seven seconds after initialization of
etching, only the porous Si was selectively removed, leaving
the monocrystalline Si behind, as shown in Fig. 2B.
Example 28

Etching was performed in the same manner as that of
Example 3 with the exception that a mixtﬁre solution (10:1)
of buffered hydrofluoric¢c acid and ethyi alcohol was used as

an etchant. In fourteen seconds after initialization of



t he porous substrate was renoved by reactive ion etching. Then, the bonded
substrates were imersed in buff eyed hydrofluoric acid, and stirred. In
258 minutes, only the single-crystal Si |ayer remai ned without etching,
while the porous Si substrates was selectively etched with the 31 JUL 2003
single-crystal Si as a material for et@# ng stopper and then conphetely
renoved. The etching rate of the non-porous Si single crystal wth the
etching solution was extrenely | ow, such as 100 angstronms or |ess even 258
m nutes later, so that the selective ratio of the etching rate of the
porous | aygkch@nghath@fpd iu N @ MA0ES 1Skt ST} erdkdrdlvivastRs | arge as
10S or nore. The etcheJ)anDunt in the non-porous |ayer (several tens

angst romns) pbiyarpseslil ted | i neglirg lise adeet emser dpbawentymaRechbi ckness. That
is, the Si substrate of a thickness of 200 u, rendered porous, was renoved.
and after phéycepsvallixie tSic BIBNhd apeprcrassahires 3y HedingShekayer of a

t hi ckness of 0.5 umon the substrate of the silica glass was forned. As a
result of bkbéndaté&snshdwn hien Big i ¢ -.under a transm ssion-type el ectron

m croscope, it was_confirnmed that no new crystal defect was introduced in
the Si |ayEX2BR#e+Rat excellent crystallinity was maintained . 31 JUL
2003 - i~~. Exanples 182 to 195 The sane procedure as in Exanples 58 to 71
was effected, rEPFAEPAGIhPRTLITRS d61 GREOAATH BERRT &S 582F0°%1 with that
in E~tanpl e 165, In any of the present anpl es, consequently,

si ngl e- crySPEMP&E FaVéthbgef%ﬁ Rﬂq:ﬁﬁgﬁggeﬂé¥§u¥%ﬁﬁf Ff?PaﬁlgéFéct on

i nsul ati ng er.i.a| ~ca e 196 A.P- e 00)_single-crystal, S
substrate O aufﬁggéﬁesggﬁég%ﬂﬁfﬁf\ﬁﬁ&daéﬁ i%é ?na 5%%%q¥as ESF&t?Sn. The

current de%}i %ﬁfBQﬁE \agn 19%{3@2@{ $ond hg&ﬂ@g?ﬂsﬁﬁléi’ﬂéﬁi%fnf Qgmation rate

t hen was 8. mn., and t type (1 strate of a thickness o

200 a was 1RRAGHEI BRIQUSHh NpbiSuL i ALY sbREcefvdl PUtaRovedGCARALIFgt 0 MBE
(ol ecul ar beam épi taxy) nethod, an Si epitaxial |ayer of 0.5 a was grown

at a | over drenpengtiiec@N1iNe £t tMe nlohdRkyPOs DUSNSI S 5 WHaHiInAl easThe
conditions for deposition are as follows; tenperature: 700 C pressure: 1 X

10 9 Torr gmemnhinafFeéyg.048.nnf sec. Subsequently, a substrate of fused
silica glass processed with optical polishing was bonded onto the surface
of the epi ttesam@lel 30er, and both of the substrates were strongly bonded
toget her by heating at 800 C for 0.5 hour in oxygen atnosphere. According
to plasma CvD mEtRBANISHFBRYPHRSOIMed fpychgoggme manner as that of

Example 5 with the exception that a mixture solution (10:1)
of buffered hydrofluoric acid and ethyl alcohol was used as
an etchant. In twenty-one minutes after initialization of
etching, the porous Si was selectively removed, only the
monocrystalline Si being left behind, as shown in Fig. 5C.
Finally, the resist was removed (Fig. 5D).
Eggmglg 3 l

Etching was performed in the same manner as that of
Example 1 with the exception that a mixture solution (1:5)
of buffered hydrofluoric acid and hydrogen peroxide was used

as an etchant. In nine minutes after initialization of



- 172 deposited to O 1 um thereby coating the bonded two substrates.
Thereafter, only the nitride nenbrane on the porous substrate was renoved
by reactive ion etching. Then, the bonded substrates were sel ecgi \@ILy
etched in a mxed solution of buffered hydrofluoric acid and al 3 I 2(0% 1)
without stirring. In 275 nminutes, only ¥ne single-crystal Si |ayer remained
w t hout etching, while the porous Si substrate was selectively etched with
the single-crystal Si as a material for etching stopper and conpletely
renoved. The etching rate of the non-porous Si single crystal with the
etching solution was extrenely |ow, such as Z00 angstrons or |ess even 275
mi nut es | ateSChing t Itdte PRECYE] 8Lt YF® FRASS e ¥ hEeBPURRNYLERLE Df the
porous |ayer to that of the _non-porous Si single crystal s.as large as
105 or nor dOPFHEF Y dd "EnBdnd SF AP heS fh-§56Pods OPRG &y ?Eggepé? 'f“éﬂg'

angstroms) is a practically .negligible. .degrease_|n nmenbrane thickness. That
is, the Si st Je"%fs’a%/ '“&%H‘@ A i 'u,asrghagpe&np rlgl]s,?é\‘/vas renoved,

and after M\%of the Si3N4 |ayer, a single-crystal Si |ayer of a
thi ckness o1 0. s formed on the substrate of the glass. As a result
of observation of¢ i, SELl g@rﬁggﬁédaiﬁrrﬁ{bg@aﬁ@ anh¥Reas! ERLE OBk _

m croscope, it was contirnmed that no new crystal defect was I ntroduced in

the Si |ayei anchd F@tw%%lhteee&c%y%@ldﬂﬂ Y mie& uFRi BbaLBedn (1:5)173
Exanples 197 to 210 31 JUL 2003 e sanme procedure as in Exanples 42 to 55

was ef fect esk wepfacsdhydi®retisPiBgasod WD hyidt ogeanpleedx4d@ Hi@s Sdsadt h
that in E~canple 196 . In any of the present E~canples, consequently, a

si ngl e- cr ysd sl aibi et @tyetc wadnf diredsacdhdexdfrerelinilkaad ieaydbal oflef ect on
insulating materials. Exam~le 211 A N-type Si |ayer of thickness of 1 a
was forned erchihegsuedcehef parBusyfé &is | spl@ctdiveld0 riemovbAc kbeseindy i on
i npl antation of proton. The inplanted anmount of H+ was 5 x 10l 5 i ons/cn®.
The subst r atke waene@wystedd iing §iobehindsAutsiewn ith&igur RBat density then
was 100 mA/ cn. The_porous structure formation rate then was 8.4 unmimn.,
and t he N—t%ﬁm‘@%@gﬁ substrate of a thickness of 200 a was rendered

porous in its enfirety for 24 mnutes, According to the present anodi zation
as has been descé?%’éhx%b"ﬁfe,pe5?P§mFﬁel?>-Yc%esaffod)a“§ersGﬁsf’?‘ﬁfe°a/as

rendered Porouse)BUs Do eNAR0E WaR. QBRCLNEM J NibhG N LR Bhal Y5y

Subsequent |y, ~a" second rate on e surface _
oxi di zed | ayer,Qts2000 RROY QLS 1Was hangdes! o C::tdf?%rnsgefr%&%dgf whbe,bkhype Si

| ayer. By heating in oxygen atnosphere at 80 5 hour, both of the
substrates ¥erenséfenghy. bandednt @8ebh8s . afterMnitialization of

etching, the porous Si was selectively removed with the

polycrystalline Si acting as an etch stopper, only the

polycrystalline Si and the monocrystalline Si being left

behind, as shown in Fig. 3C.

Example 34

Etching was performed in the same manner as that of
Example 4 with the exception that a mixture solution (1l:5)
of buffered hydrofluoric acid and hydrogen peroxide was used

as an etchant. In five seconds after initialization of

etching, only the porous Si was selectively removed, leaving



Then, the bonded substrates were selectively etched with a m xed sol ution
of buffered hydrofluoric acid (I-ff':4.46 $, NH4F:36.2 $) and et hyl al cohol
(10:1), without stirring. In 275 mnutes, only the single-crystaé ﬁb | awer
remai ned without etching, while the porous Si substrate was sele ﬂi Eﬂ@m
etched with the single-crystal Si as-a%Vaterial for etching stopper and
then conpletely renoved. The etching rate of the non-porous Si single
crystal with the etching solution was extrenely |ow, such as approxi mately
slightly I ess than 40 angstrons 31 JUC 1003 even 275 minutes later, so that
the selective ratio of the etching rate of the porous layer to that of the
non- por oustBe pbhgteystyblide \Bhs aasl Im@ngergstdDbime Swrteehihlde esched anount
in the non-porous |ayer (several tens angstrons) is a practically

negl i gi bl estiesneasefig. meBrbr ane thickness. That is, the Si substrate of a

t hi ckness of 200 u, rendered porous, was renoved, and a single-crystal S

| ayer of aﬁﬁﬁmékﬂegé of 1.0 umwas forned on the Si02 |ayer. As a result of
observation of the section under a transm ssion-type electron m_croscope,

it was confirne8tFRARINRHRETIYNES ideftbEt SAAS PHAIRSRIAFNAS PRe Si | ayer
and that excellent crystallinity was maintained. - 175 Exanples 212 to
226 The saﬁéaﬂPEEeaqutﬁst?ﬁ o0 §?aFoa7T1§iu§?ﬂF9&ﬁf§qﬁagRégfected,
replacing the, etchin olution i.n Exanpl e 7.to 71 with that in Exanple
196, 1 nany oPurRetpRcbERto e AT SRR Rlakfedt BT er urtR S

| ayer was fQrnoed_ w Xtr ryst d o | ati ng

material s. a%xgﬁpfagcgg?g/k Pfﬁrlb%né( mu%se?éﬁg?é-ec§§/g§%f0% Jslaﬁ%st rate of a
thickness Qf1200:3.98S -anodkdethd iy, e Monsebyti QD iddes CWdiaRt 1depsity
then was 100 mA/ cn®. "The porous structure forimation rate then"was 8.4

um mn., amdntike, PakyBRobAODn Big sWEstr #tieaghya theckeesse qfas200 a was

rendered porous in its entirety for 24 mnutes. According to MBE (nvol ecul ar
beam epi t ax3ehmoved (Fig. SD).
Example 36
Etching was performed in the same manner as that of
Example 1 with the exception that a mixture solution
(10:6:50) of buffered hydrofluoric acid (NH4F: 36.2%, HF:
4.5%), ethyl alcohol and hydrogen peroxide was used as an
etchant. In ten minutes after initialization of etching,
the porous Si was selectively removed with the
monocrystalline Si acting as an etch stopper, only the moné-
crystalline Si being left, as shown in Fig. 1B.
Example 37
Etching was performed in the same manner as that of
Example 2 with the exception that a mixture solution
(10:6:50) of buffered hydrofluoric acid (NH4F: 36.2%, HF:
4.5%), ethyl alcohol and hydrogen peroxide was used as an

etchant. In six seconds after initialization of etching,



met hod, an Si epitaxial layer of 0.5 a was grown at a | ower tenperature on
the P-type (100) porous Si substrate. The conditions for deposition are as
foll ows; tenperature: 700 C pressure: 1 x 10 9 Torr growh rate: 0.1
nnsec. Subsequently, a substrate of fused silica glass processgd Mﬂtmﬂ3
optical polishing was bonded onto the-s@8Bface of the epitaxial layer, and
both of the substrates were strongly bonded together by heating at 600 C
for 0.5 hour in oxygen atnosphere. 31 JUL 2003 -ms According to plasma
CVvD net hod, Si 3N4 was deposited to 0.1 um thereby coating the bonded two
substr at es.onlRengdf RIrowdnlsy Whe sélédderdBniverneed) tLhavpagouse substrate
was renoved by reactive ion etching. Then, the bonded substrates were

sel ecti vel ynicdmdtial ld ne sdédbebind) oxs ofhduf fineyed .hyé8r.of | uoric acid and
aqueous hydrogen peroxide solution (1:5) with stirring. In 190 m nutes,
only the siBxgmoler\d& al Si | ayer remni ned without etching, while the porous
Si substrate was selectively etched wwth the singlecrystal Si as a nateri al
for etching stoffahimgndasopgiréoengd r dhoikel. safiee manaieirng sr fhatodpft he
non-porous Si single crystal with the etching solution was extrenely |ow,
such as 50 Bl With adhe exearrbon bk & Migttare $01PRAPNt he sel ective

ratio of the etching rate of the porous |ayer to that of _the_non-porous S
singl e crysf%l A R It e 1 152"5? his .c'ﬁfédet(@ﬁéa’ar}ﬁuﬁ?'iﬂpfhe

- |t t i .acticall | i gi bl
ton-porove e GV 3R SRITHIOMed SRR LA Lo 0L
200 u, d ter. t.he. | of the.Si3N4
200, [ ICRLAROT oLty A ATBtStes kAL BTV o LB RN

the substratg, ofoddies S i Qhassci0912 La&Mda ofsabagevation of the

section under & transm ssion-type electron mcroscope, it was confirned
31 JUL 200341k -yt 1M ofd Wit Blecdrbess &@5eﬂéﬂréﬂbﬁaﬂiﬂ Bnijeche | ayer and

that excellent” crystallinity was mai ntai ned. Exanples 228 to 242 The sane
procedure agolycExiwl Bineétdit @nabtW@Smonocrystalline Si being left
behind, as shown in Fig. 3C.
Examole 39
Etching was performed in the same manner as that of
Example 4 with the exception that a mixture solution
(10:6:50) of buffered hydrofluoric acid (NH4F: 36.2%, HF:
4.5%), ethyl alcohol and hydrogen peroxide was used as an
etchant. In six seconds aftér initialization of etching,
only the porous Si was selectively removed, leaving the
polycrystalline Si and monocrystalline Si behind, as shown
in Fig. 4B.
Example 40
Etching was performed in the same manner as that of

Example 5 with the exception that a mixture solution

(10:6:50) of buffered hydrofluoric acid (NH4F: 36.2%, HF:



effected, replacing the etching solution in bcanples 42 to 56 with that in
Exanpl e 227. In any of the present Exanples, consequently, a
single-crystal. Si layer was forned with extrenely | ess crystal gﬂ ot 2107
insulating materials. Exanple 243 A P-type (100) single-crystal Si
substrate of a thickness of 200 a was- &#fodi zed in SO% HF sol ution. The
current density then was 100 m&/ cnR2. The porous structure fornmation rate
then was about 8.4 ummn., and the P-type (100) Si substrate of a

t hi ckness of 200 a was rendered porous in its entirety for 24 m nutes.

According to MBE (nol ecul ar beam epjt ax met hod,. an Si_ epitaxial |ayer of
0.5 a was gfowR at®PY ovihcPetparat I]I’gr%%e?h%elﬁ’?’f’sfgee BrodFefoPsud®si
substrate. The conditjons for. depasition are. as, follows; te rature: 700 C
pressure: 1°k°13"%: ToIrI rIgGI)'b\RI(lﬁ“‘I §tse.atfb?'i Jr‘lrrlrI‘%’g%J?lzsau Js‘:’e‘"qL?eftnteII'g,glf’ﬁe surface
of the epitaxial .| re MVag, 4 Rer l; idized. in of 50 nm A
substrate oI%Iué%figI'Is{l Isllca gsI Iz%%sl%?%%gggegéémgt%a’opc??%ggﬁ 31 JUL 2003 - -8
pol i shi ng wag,Bop 1 tdie gheomabkley gahdhdeds reqiane,n @qg bekh of the
substrates vve?ees?r oangIIy&bon_deb% tgget her by heating at 806x C _gorg .5 hour
i n oxygen aFgRsPNES er hd\CLOy iitNGalso repwvBaessyg e €MD nethod, Si 3NA was
deposited to 0.1 urn, thereby coating the bonded two substrates.
Thereafter, eqphgiéheirnitri de nmenbrane on.the porous substrate was renoved
by reactive ion a tching . Then, the bonded substrates were imersed in a
m xed sol uti on oAnbdaizetssh Mad efdndoaetedachda abwee gsgiee0)hydr ogen per oxi de
solution (1:5), and stirred. In 190 mnutes, only the single-crystal Si

| ayer renni medowryhvall e fingubsitithscet hevpog oastisi clendisy reeft @0@agm in
selectively etched with the singlecrystal Si as a materi al f%r et chi ng

st opper andat BéH BBEnpPlrign radnoyvegrrEns deedlihy eht G MAtemnonTher ous Si

single crystal with the etching solution was extrenely |ow, such as 70
angstrons oPCFEYS BUERCHORR niasdonatrare ¥asStPat Wmeahide|add beecratFo of

t he etchi f th I t h f.th - i, singl
Criystal was SREY| EPGRUACTa0s B iiore FoFnE 18 AL AATORIEY 15 e HaROBor ous
I I ' A ' ligible d '
movbr ane. 1 hFakASEeE T ARGt BE i AR B B 20, D neas of 200 u,

rendered porous, pWas éﬁf@%@%&li¥y§éqfwﬁ%5 Lhenferpyal of of 0.5 Hm was

grown on the P-type (100) porous Si substrate at a low
temperature by molecular beam epitaxy (MBE). Deposition was

conducted under the following conditions:

Temperature: 700°C
Pressure: 1 x 10~9 Torr
Growth rate: 0.1 nm/sec.

Next, an optically polished fused silica glass
substrate was placed on the surface of the epitaxial layer.
The whole structure was then heated at 800°C in an oxygen

atmosphere for 0.5 hours to firmly join the two substrates



31 JUL 2003 the Si3N4 |layer, a single-crystal Si layer of a thickness of
0.5 dun was fornmed on the substrate of the silica glass. As a result of
observation of the section under a transm ssion-type el ectron nigHOﬁﬁp

it was confirnmed that no new crystal def$ct was introduced in the 'S Ig@%r
and that excellent crystallinity was-n&lftai ned. Exanples 244 to 257 The
sane procedure as in Exanples S8 to 71 was effected, replacing the etching
solution in Exanples 58 to 71 with that in Exanple 243 _ In any of the
present Exanpl es, consequently, a singlecrystal Si |ayer was fornmed with
extrenely |l ess crystal defect on insulating materials. Exanple 258 A P-type
(100) singy eagnystalerSi substrate of a thickness of 200 a was anodi zed in
50 % HF solution. The current density then was 100 mA/cnR2. The porous
structure for riEt3Nan west dephehtedstd. & wriakingss @fd Ot ReltP-PypRlysI@)) Si
substrate of a thickness of 200 a was rendered porous in its entirety for
24 m nut e3VD ArcEradl P tcOVBE thiolhandiedr spPaFrefesax Pndndheddonan the
epitaxial layer of 0.5 a was grown at a | ower tenperature on the P-type
(100) porwifrigie iidst Pat ENeTRETEBAIFYR TR Heo ¥ afe FETPVEEN P Hr Be3GE ¥4 | ows;
tenperature: 700 C pressure: 1 x 10 Torr 31.JUL ZzZOB - 180 .growh
rate: O. 11‘?ﬂd‘°sre°€‘.l”§§bsg GEREEYETA §?Jgescftr‘a‘iee e&fcgﬁ%e(‘fa?i FPREREFe ©%r ocessed
with optigcal poljishin s _bonded_o th rface aqf .the itaxial layer,
and bot h rg}?et %niﬂﬁgft“ggﬁggtﬁér é“s?r%ﬁﬁwﬁr@n SRSy SEREr sB;%%%% ng at 800
C for 0.5 ho ' t phet C i ng 40 .l t hod, Si 3N4
was depos‘i’tfjé%étéo&o%i%%qo hgggbggéggtﬁbq%é b(}tﬁ‘dggv'?\?\’o%s%g?ggt es.

Thereafter; ,anly tég% @ovo%,@es@@nseg@a@@ Jde o%rrpg;éggay(gawgg Yas, removed

by reactive 1on ‘et g. Then, the bonded subst re selectively

et ched i Ne @e Mhtesk SRR 0k 1DUETEE ese bl o LT ek ACisdoppbe oo 1aNd
aqueous hydrogen peroxide solution (10:6:S0) wthout stirring.' In 205

m nutes, ORE Ymdhwe 5}dt@19-iaky Stiah aPer | Boyig riRymi nmRthiwd.hout etching, while
the porous Si substrate was selectively etched with the single-crystal Si
as a material Ths etadliingg ratteppdr thadnodred oo ireneloryseadtéde Si
was so low that only a maximum of 50 A of non-porous
monocrystalline Si was removed in seventy gight minutes.
Since the ratio cof the etching rate of the non-porous
monocrystalline Si to that of the porous layer is 1 : 10° or
more, the amount of non-porous layer which is etched (several
tens angstroms) can be ignored in a practical operation. That
is, the 200 um-thick porous Si substrate was removed, and
subsequently the Si3N4 layer was removed with a result that
the 0.5 pm-thick monocrystalline Si layer formed on the
glass substrate remained.
The cross-section of the monocrystalline Si layer was
observed with a transmission type electron microscope. It

was found that no crystal defect was newly introduced in the

Si layer and hence the Si layer had excellent crystalline



The etching rate of the non-porous Si single crystal wth the etching
solution was extrenely |low, such as approxinmately slightly |less than 40
angstrons even 20S mnutes later, so that the selective ratio of ghejyl 200]
etching rate of the porous layer to that of the non-porous Si

single-crystal was as |arge as 105 or #dde- The etched anount in the

non- porous | ayer (several tens angstrons) is a practically negligible
decrease in nenbrane thickness. That is, the Si 31 JUL 2003 - sai
substrate of a thickness of 200 u, rendered porous, was renoved, and after
the renovadtofcq4ree® Si 3N4 | ayer, a single-crystal Si layer of a thickness of
0.5 umwas_forned 02 the substrate of the silica glass. As a result of
observati D ection under a transm ssion-type el ectron m croscope,

it was confirmed that no new crystal %ﬁfect was_intro Lbced in the Si |ayer
and that excel IHIFARLA M35 COPMHSERBI AT oF r?ed'tm&aﬂga ds 259 to 272 The
sanme procedure as in E~camles, 42 t was_effected replacing the etching
sol ution iTPT&ﬁﬁﬁﬁ%é§¥ﬁ? §H5§“ngﬁa?ﬁa a?h“%a§a§¥ﬁ§?%ﬁﬁi qfﬁ%g y“%flPhe
present EXx C ﬁﬁﬁg ly. i e | . S r s f d with
extrenely 255)¢S§§?§/s%a g%%gétt gn%lu%ggﬁlét ?%gy% e?flsalldsaxg/é:\ﬁrrgl'e gi}geA N-type

Si layer O‘f’)‘?é‘?ﬁc SfcQirel 2182 16Ar FRHeORat Ne. 5Yid Ak, cgndah@haéfl)_ﬁté(loo) S

substrate ness of 200 u, by i1on inplantation of proton.

i mpl ant ed @HPKNtwhc FLeNAS ma htb@lFoORRECHBO e pibsty alyeangdoanodi zed in
50 % HF solution. The current density then was 100 mA/cnR. The porous
structure $or shbsOPataltt e matiRS eBtdrelyaporows, andsi hepiRaixipge (100) Si
substrate of a thickness of 200 a was rendered porous in its entirety for
24 m nut eslapecowilt mga ttth idknhgmse entS .Anpali eas | grows drastHeedn tgeecr i bed
above, only the P-type (100) Si substrate - 182 31 JUL 2003 was rendered
porous, but100) changes Wais Dilsdmage iat BhéoN- tgppeSityng &y mBa@sgequently. a

second Si substrate on the
CVD. Deposition was conducted under the following

conditions:

Gas: SiHyg

High-frequency power: 100 W

Temperature: 800°C
Pressure: 1 x 10~2 Torr
Growth rate: 2.5 nm/sec.

Next, an optically polished glass substrate having a
softening point of about 500 °'C was placed on the surface of
the epitaxial layer. The whole structure was heated at
450°C in an oxygen atmosphere for 0.5 hours to firmly join
the two substrates to each other.

Si3N4 was deposited to a thickness of 0.1 pm by plasma



surf ace of which was forned an oxidi zed | ayer of S000 angstrons was bonded
to the surface of the N-type Si |ayer. By heating in oxygen atnobsphere at
800 C for 0.5 hour, both of the substrates were strongly bonded tjqg .
Then, the bonded substrates were selectively etched with a m xed solution
of buffered hydrofluoric acid (HF: 4.46192 NHAF: 36.2%, ethyl al cohol and
30% aqueous hydrogen peroxide solution (10:6:50), without stirring. In 180
m nutes, only the single-crystal Si |ayer renmained without etching, while
the porous Si substrate was selectively etched with the single crystal S

as a material for etching stopper and then conpletely renoved. The etching
rate of g neN-doaeauthsi tsbnpbaded ysiadt mdtds ,t lmdettbkhngnsyl tihé on was
extrenely |l ow, such as approximately slightly |less than 40 angstrons even
180 m nutrdx diateerf,i 150 ohhahet borseb estbsterats ivafremosedt bt ngacaiee of t he
porous |ayer to that of the non-porous Si single-crystal was as | arge as
105 or nuoren ebohistgched anmount in the non-porous |ayer (several tens
angstrons) is a practically negligible decrease in nenbrane thickness. That
is, the Si suﬂ?ﬁﬂ@ﬁétﬁﬁ'aSﬁhﬁ@kh§953©¢h§ﬂm)%PSrQQnﬁngédpeﬂoﬁhe was - 1.B3

31 JUL 2003 renoved, and a single-crystal_ Si |ayer of a thickness of 1.0 um
was for mRPSLT HIDSTERtes dn and %% Flé‘%’iﬂ’?l‘fﬁr’éb%’\?atspéﬁtbfmt'ﬁ%’-é%ct| on
under a tr.ansm SSi.on- ‘%ﬁf electron m ros ope, it was %onflrned that no new

crystal detecioMst I hiodbESd i ATLRESS TSR % R3BPEXBAPYERE/

CryStalllrht)%g¥g%§n§fnéﬂb§%rate was completely etched with the

monocrystalline Si layer acting as an etch stopper, only the
monocrystalline Si layer being left behind.

The etching rate of the non-porous monocrystalline Si
was so low that only a maximum of 50 A of non-porous
monocrystalline Si was removed in seventy eight minutes.
Since the ratio of the etching rate of the non-porous
monocrystalline Si to that of the porous layer is 1 : 109 or
more, the amount of non-porous layer which is etched (several
tens angstroms) can be ignored in a practical operation. That
is, the 200 pm-thick porous Si substrate was removed, and
subsequently the SijNg layer was removed with a result that
the 5.0 pm-thick monocrystalline Si layer formed on the
glass substrate having a low softening point remained.

mo 4

Anodization was conducted on a P type (100)
monocrystalline Si substrate having a thickness of 200 pm in
a 50% HF solution at a current density of 100 mA/cm2. The

porous structure formation rate was 8.4 um/min and hence it



Exanpl es 274 to 288 The sane procedure as in Exanples 57 to 71 was
effected, replacing the etching solution in E~canples 57 to 71 with that in
Exanpl e 273. In any of the present Exanples, consequently, a sindileltrdjgt al
Si layer was forned with extrenely | ess crystal defect on insulating
materials. 31 JUL 2003 - 184 daitst® .- A method for Drepa_~ing a

sem conduct or nenber which conprises the steps of: providing a first subs
Irate baying s porous nonoGystalline silicon |ayer and a non-porous
nmonncrystalline silicon laye_; bonding the ffirst substrate to a secoad
subsaat e Wdadvkanviemsyl d&ourgmiayees - foerebetdHbarattichk B nppmetl®E0 as to

pl ace the noa- porous nonocrystalline silicon layer inside the m'iti-|ayer
strzscture Sio sssgradiens®: banuade canhirehe prAEs ndnbér pBi%3¥+alP silicon

| ayer with-an etching liquid caa:prising a solution canprisi.ng

hydr of | uor ilayed ¢ighs@ &hickasssonE bf0HT WTEHEOWrard RYErBDFEPDer oxi de,
or s solution conprisirsqg buffered hydrof|uoric acid and at |east one of an
al cohol and(¥BAr RFEPYFeS3xiSHESE52F BT e? t HRY JHMRARE A HRECPY sPERF i ne silicon
| ayer fromthe nmulti-layer structure. 2- A nethod for preparjng, a

seni conduct B LTI, WNeRPSEEHPRi ¥R ?ﬁ%d%T%ﬁﬁ;%ﬂ@erp£8€igP;b° 39 r st
substrate havi a _porous nonocrystnlline silicon |layer and a non-porous
nonocr ~s tdﬁ?qiﬁiﬁﬁ%%'con | ager; bonding the first substrate to a second
light tra.~sau.ssive substrate in a manner so as to place the nonporous
mvnocsystalline silicon layer inside the nufti-layer struc:vse to be
obtained: and ety ifyd i RArous nonociygt@ghiine silicon fryer ~ith an
etching liquid conprising a solution conprising hyd=ofluoric acid and at

| east one of an wqphdeqthdyypbagen pgpgrwvde, o. a solution conprising
buffered hydrofluoric acid and at | east one of an al cohol and hydrogen
peroxi de to renmmanddafiieaus nonacrysgadidn, e silicon layer ~romthe
rnulti-layer structure. 31 JUL 2003

Ar gas pressure: 8 x 10~3 Torr
Growth rate: 120 minutes
Target d.c. bias: ~-200 V
Substrate d.c. bias: +5 Vv

Next, an optically polished glass substrate having a
softening point of about 500 "C was placed on the surface of
the epitaxial layer. The whole structure was heated at
450°C in an oxygen atmosphere for 0.5 hours to firmly join
the two substrates to each other.

Si3Ng was deposited to a thickness of 0.1 Um by plasma
CVD to cover the two bonded substrates, and then only the
nitride film on the porous substrate was removed by reactive
ion etching.

Thereafter, selective etching was conducted on the

bonded substrates in a 49% hydrofluoric acid solution while

the solution was being stirred. 1In seventy eight minutes,



ia5 3. The me thod according to claian 1 or Z ( Kherein -the etr.~ing

| iquid conprises a solution conprising hydrofluoric acid, hydrogen peroxide
end an al cohol. 4. The me~-,.hod according to claim3 , wherein %Pj egm i ng
|l iquid conprises n solution coc~prising 5 zo 80r of hydrfl~luori @1 01D
to 80 % of hydrogen peroxi Ce and 4D™% # I"ess of an al cohol. 5 The nethod
according to claiic 1 or 2, wherein the etching liquid conprises a solution
conpri sing buffs=ed hydrofluoric acid, hydrogen peroxide and an al cohol. 6-
The met hod .according_to cla.irp_ 5 j tahi g, ! L,gui d conprises
a sol uti on- ORI g 1 58 s?ﬁaggoYaﬁygﬁéﬁ{éQéli'g%d% " %@y

uori'‘c acid, 5°fo ~ of a

buffer, 10 to 8Q ¥.qf ;Axdisqoen, per 0Xt g aldl AD SO sheppee! gmiglaghol . 7.
hod Accordi o] clalﬁ11 or

The nme~.. ording t 2, wherein the etcr~ng liquid
conpri ses .G 1GQEPEShAGe? HOiRPY Ofc ligfd.uoric acid and 10 to 80
% of hydrégg%Q% f%%iéé. 8.lThegﬁethoé gtcording toclaml or 2, ~. rherein

the etching |i g rQMINgGSeara 88l HheORofsoFPFdud Npnock@sBAl¥ine si
of - hydrofluoric acid and 40 % or |ess of an al cohol. 9. The nethod

accordi ng §9s cd i 1Bul tHAt 2nlyWaem@kAmbReoAt $Nik raf IncyHpdroaspri ses a
solution conmprising 1 to 70 % of hydro~luoric acid, Sto 80 %of a buffer
and 10 to ®énde®ystallidre0Bdn wpar temoded. in Sdverdly 2(0Qht- mi86tes0. Tne
met hod according to claiml1l or 2, wherein the etching liquid caeoprises a
sol uti on ce®hmee .she z2#zg ib tof Ehe-eothhpdr odteiorf cchecindn-porou80 ~ of a

buffer, and ZO ~ o | ess of an al cohol. _ 5
monocrystalline Si to that of the porous layer is 1 : 10° or

more, the amount of non-porous layer which is etched (several

tens angstroms) can be ignored in a practical operation. That

is, the 200 um-thick porous Si substrate was removed, and
subsequently the Si3N4 layer was removed with a result that
the 1.0 pm-thick monocrystalline Si layer on the glass
substrate having a low softening point remained.

In case of coating of Apiexon Wax or Electron Wax in
place of the Si3N4 layer, the same effect was obtained and
only the Si substrate made porous was completely removed.
Example 44

Anodization was conducted on a N type (100)
monocrystalline Si substrate having a thickness of 200 um in
a 50% HF solution at a current density of 100 mA/cm2. The
porous structure formation rate was 8.4 pum/min and hence it
took twenty four minutes for the 200 pm-thick N type (100)
Si substrate to be made entirely porous. A Si epitaxial
layer with a thickness of 10 pm was grown on the N type

(100) porous Si substrate at a low temperature by liquid



11. The method according to claim1 or 2, wherein the al cohol is ethyl
al cohol. 12 . The nethod acoordi.”~g to claim1l or 2' , wherein "-,..he
buffered hydrofluoric acid conprises hyd-ofluoric acid adde8 w th ammoni um
fluoride. 13.The nethod according to cla=m1 or 2 ( wherein the élchjngpf
t he porous noaocrpstnlline silicon IFay&5 is ca=Tied out a~t a tenperature
of O to 100 'C. 14. ~e nethod according to claim 13, wherein the etching of
t he porous nonocrystalline silicon layer is c~--tied out at a tenperature
of 5to 80 'C. 15. The nmethod according to claim 14, wherein the etching of
t he porous nmonocrystalline silicon layer is c2rried out at a tenperature of
~ to 60 ' GphdSe Jhewttethethedcendéngthe EdkiaWingprecondindemssin ~, he. first
substrate is provided by naking a silicon substrate porous to forma porous
nono~rystalline silicon |ayer and by epitaxially grouting a non-porous
nmonocrystalline silicon | ayer on the porous nonocrystalline silicon |ayer.
1~ The nethod a8edrehthy to clai m 16., Shher SPAYERE silicon suPdrxate is made
porous by anodi sati on. 31 JUL Z003 - 8% 18. The method according to
claim 16. Whar aSFOYHR: ?ﬁﬁﬁ%ﬁﬁ%ﬁﬁ?znnnoépés alline silicon laye_ is
epitaxiallp gro according.to a aeth selected fromthe aQol e, cul ~~ beam
epi t axi al netho@?o?ﬁ% %ﬁ%% h%ﬁﬁ)~nat% d, the | ow pressu~--e CvD net hod,
~.. hra atnosphepric prossura CVD not ho h jquid phase growt h nmethod and
t he bi as sputteéfﬁﬁg%efﬂgﬁi 19. The ngph%éggéégrding toclaim1l or 2,
wherein the first substrate is provided by partly nmaking a silicon
substrate porous to forma a porous noao~vstahine silicon Layer, and wherein
a portion not ”ﬁgﬁtfjoéﬁ%@ﬂcqatm $d1liGARaSYPets A e i Srueh A ingt HE
non- por ous nono~stalline silicon I'ayer. 20. The nethod nccordirsg to
cla,ia~ 19 s6rYBRERE Npd ee Sb | HWLS Wt et @abSpDicdd tapamandirfaeecbr the
silicon sz:bstrate is partly irradiated with protons to fozin a N-type
silicon | agae apiitakeapordyemn. ofTHe twHadeSiskkcotund wae IsddterbDatsubstrate i s
made porous by anodi zation to provide ~. he first substrate.

750°C in an oxygen atmosphere for 0.5 hours to firmly join

the two substrates to each other.

SijNg4 was deposited to a thickness of 0.1 pum by plasma
CVD to cover the two bonded substrates, and then only the
nitride f£ilm on the porous substrate was remeved by reactive
ion etching.

Thereafter, selective etching was conducted on the
bonded substrates in a 49% hydrofluoric acid solution while
the solution was being stirred. In seventy eight minutes,
the porous Si substrate was completely etched with the
monocrystalline Si layer acting as an etch stopper, only the
monocrystalline Si layer being left behind.

The etching rate of the non-porous monocrystalline Si
was so low that only a maximum of 50 A of non-porous

monocrystalline Si was removed in seventy eight minutes.



21. The nethod according to claimg , Wie..Tein tae silicon substrate is of
P-type, and wherein an intrinsic nonocrys:.alline silicon |ayer is
epitaxially grown on the silicon subst=ate and the portion of P_typquZMJ
silicon of the silicon subst -ate is made porous to provide the firs
substrate. 22. The nethod according 1tol@ am 1 ( wherein the second
substrate coasprises silicon. 23. The nethod according to claim1l , wherein
t he second substrate and the i x~sulating |ayer are forned by oxicizing a
surface of a silicon substrate. 31 JUL Z003 -iss 24 . The ne~hod
according toc :ai:a 1l ( whe_-ei.”s the first substrato and ~, he insul ati ng
| ayer ar esimterarthdyramiiodicZi BHeaescling erafe @ Mamepaootporpascr yst aZl i ne
silicon layer of a substrate having n porous nonocryrtalliaa s'ilicoa |ager
and the nosrgporyars itidmec$yistal that sf| tkorpdmoyuer 1ag®r Thelnet hod accor di ng
to claim1 wherein the insulating | ayer conprises a first a.-id a second

i nsul a~~imgré ayets, ammereiat trivm fparsiu s Ulsgyreat evtaiwdh tilse eftichetl { seveaadg | sy~
are formed by oxidizing n surface o. a non-porous nmanocrystalline silicon

| ayer of eemssbsthgstrote)igan depokanesx et nigt ay firddtiisa lsiopecen tbayer Taad t he
non- porous nonoc=ys taliiilC silicon_|ayer, and wherein the second

subst r at eland-Rhe? QL HITFNIFSUPREPHY PayRPPHTR HOMASd T6OURAdi 379-i g a

surfnce of a silicaon bstr.ate. .26. The net hod according to.claimil 0= 2,
wher ei n t REDSSERTIF BUBNE SteMGorfVEEctsy) seioved Wit o ZerBAE et i ng 1o
claim.1 or 2 esei. N the seco ubstrate comri ses rtz. 28. A

sem conduE’f’%r1 e&lpc&eﬁgpggrgfggﬁzlﬁét%% ao\fercr?yn (S):‘r?f(ﬁ,2 gigé%ai nmn 1 to 27.

ASR ANY, (AS(erde URA AR A(. A . AlLa . AN . A3E . A

Coating of Apiezon Wax in place of the Si3gNg layer was
also effective and assured complete removal of only the
porous Si substrate.

Example 495

Anodization was conducted on a P type (100)
monocrystalline Si substrate having a thickness of 200 um in
a 50% HF solution at a current density of 100 mA/cm?.

The porous structure formation rate was 8.4 pm/min and
hence it took twenty four minutes for the 200 um~-thick P
type (100) Si substrate to be made entirely porous. A Si
epitaxial layer with a thickness of 1.0 Hm was grown on the
P type (100) porous Si substrate at a low temperature by
low-pressure CVD. Deposition was conducted under the

following conditions:

Source gas: SiHyg 800 SccCM

Carrier gas: H2 150 liter/min
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Temperature: 850°C
Pressure: 1 x 1072 Torr
Growth rate: 3.3 nm/sec

Next, an optically polished fuzed silica glass
substrate was placed on the surface of the epitaxial layer.
The whole structure was heated at 800°C in an oxygen
atmosphere for 0.5 hours to firmly join the two’ substrates
to each other.

Si3N4 was deposited to a thickness of 0.1 um by plasma
CVD to cover the two bonded substrates, and then only the
nitride film on the porous substrate was removed by reactive
ion etching.

Thereafter, selective etching was conducted on the
bonded substrates in a 49% hydrofluoric acid solution while
the solution was being stirred. In seventy eight minutes,
the porous S1 substrate was completely etched with the
monocrystalline Si layer acting as an etch stopper, the
monocrystalline Si layer being left behind.

The etching rate of the non-porous monocrystalline Si
was so low that only a maximum of 50 A of non-porous
monocrystalline Si was removed in seventy eight minutes.
Since the ratio of the etching rate of the non-porous
monocrystalline Si to that of the porous layer is 1 : 10° or

more, the amount of non-porous layer which is etched (several
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grown on a P type (100) Si substrate having a thickness of

200 pum by CVD. Deposition was conducted under the following

conditions:
Reactive gas flow rate: SiHg 1000 scCM
H2 230 liter/min
Temperature: 1080°C
Pressure: 760 Torr
Time: 2 min

Anodization was conducted on the substrate in a 50% HF
solution at a current density of 100 ma/cm2. The porous
structure formation rate was 8.4 pum/min and hence it took

twenty four minutes for the 200 HUm-thick P type {(100) Si
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Anodization was conducted on the substrate in a 50% HF
solution at a current density of 100 mA/cm?. The porous
structure formation rate was 8.4 um/min anc hence it took
twenty four minutes for the 200 pm-thick P type (100) Si

substrate to be made entirely porous. As mentioned above,
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anodization made only the P type (100) Si substrate porous,
and there was no change in the Si epitaxial layer.

Next, an optically polished fuzed silica glass
substrate was placed on the surface of the epitaxial layer.
The whole structure was heated at 800°C in an oxygen
atmosphere for 0.5 hours to firmly .join the two substrates
to each other.

Si3jNg4 was deposited to a thickness of 0.1/pm by plasma
CVD to cover the two bonded substrates, and then only the
nitride film on the porous substrate was removed by reactive
ion etching.

Thereafter, selective etching was conducted on the
bonded substrates in a 49% hydrofluoric acid solution while
the solution was being stirred. In seventy eight minutes,
the porous Si substrate was completely etched with the
monocrystalline Si layer acting as an etch stopper, only the
monocrystalline Si layer being left behind.

The etching rate of the non-porous monocrystalline Si
was so low that only a maximum of 50 A of non-porous
monocrystalline Si was removed in seventy eight minutes.
Since the ratio of the etching rate of the non-porous
monocrystalline Si to that of the porous layer is 1 : 103,
the amount of non-porous layer which is etched (several tens
angstroms) can be ignored in a practical operation. That

is, the 200 um-thick porous Si substrate was removed, and
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subsequently the SijN4 layer was removed with a result that
the 0.5 pm-thick monocrystalline Si layer on the silica
glass substrate remained.

The cross-section of the monocrystalline $i layer was
observed by a transmission type electron microscope. It
was found that no crystal defect was newly introduced in the
Si layer and hence the Si layer had excellent crystalline
structure.

Example 48

A N type Si layer with a thickness of 1 pm was formed
on a P type (100) Si substrate having a thickness of 200 um
by proton implantation. Implantation rate of HY was 5 x
1015 (ions/cm2).

Anodization was conducted on the substrate in a 50% HF
solution at a current density of 100 mA/cm2. The porous
structure formation rate was 8.4 um/min and hence it took
twenty four minutes for the 200 pum-thick P type (100) Si
substrate to be made entifely porous. BAs mentioned above,
anodization made only the P type (100) Si substrate porous,
and there was no change in the N type Si layer.

Next, an optically polished fuzed silica glass
substrate was placed on the surface of the N type Si layer.
The whole structure was heated at 800°C in an oxygen
atmosphere for 0.5 hours to firmly join the two substrates

to each other.
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Thereafter, selective etching was conducted on the
bonded substrates in a 49% hydrofluoric acid solution while
the solution was being stirred. In seventy eight minutes,
the porous Si substrate was completely etched with the
monocrystalline Si layer acting as an etch stopper, only the
monocrystalline Si layer being left behind.

The etching rate of the non-porous monocrystalline Si
was so low that only a maximum of 50 A of non-porous
monocrystalline Si was removed in seventy eight minutes.
Since the ratio of the etching rate of the non-porous
monocrystalline Si to that of the porous layer is 1 : 105,
the amount of non-porous layer which is etched (several tens
angstroms) can be ignored in a practical operation. That
is, the 200 pm-thick porous Si substrate was removed, and
subsequently the Si3N4 layer was removed with a result that
the 1 pwm-thick monocrystalline Si layer on the silica glass
substrate remained.

The cross-section of the monocrystalline Si layer was
observed by a transmission type electron microscope. It
was found that no crystal defect was newly introduced in the

Si layer and hence the Si layer had excellent crystalline
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a HF solution under the following conditions:

Applied voltage: 2.6 (V)

Current density: 30 (mA-cm™2)
Anodizing solution: HE :H20:C2Hg50H = 1:1:1
Time: 1.6 (hour)

Thickness of porous Si: 200 (pm)

Porosity: 56 (%)

A Si epitaxial layer with a thickness of 0.5 pm was
grown on the P type (100) porous $i substrate at a low
temperature by molecular beam epitaxy (MBE). Deposition was

conducted under the following conditions:

Temperature: 700°C
Pressure: 1 x 10~9 Torr
Growth rate: 0.1 nm/sec.

Next, a second Si substrate with a 5000 A thick
oxidized layer formed on the surface thereof was placed on

the surface of the epitaxial layer. The whole structure was
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firmly join the two substrates to each other.

Thereafter, selective etching was conducted on the
bonded substrates in a 49% hydrofluoric acid solution while
the solution was being stirred. In sixty two minutes, the
porous Si substrate was completely etched with the
monocrystalline Si layer acting as an etch stopper, only the
monocrystalline Si layer being left behind.

The etching rate of the non-porous monocrystalline Si
was so low that only a maximum of 50 A of non-porous
monocrystalline Si was removed in sixty-two minutes. Since
the ratio of the etching rate of the non-porous
monocrystalline Si to that of the porous layer is 1 : 109,
the amount of non-porous layer which is etched (several tens
angstroms) can be ignored in a practical operation. That
is, the 200 um~thick porous Si substrate was removed with a
result that the 0.5 um—-thick monocrystalline Si layer formed
on the Si0O2 layer remained.

The cross-section of the monocrystalline Si layer was
observed by a transmission type electron microscope. It
was found that no crystal defect was newly introduced in the

Si layer and hence the Si layer had excellent crystalline

structure.
Example 50

Anodization was conducted on a P type (100)
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a HF solution in the same manner as that of Example 49.
A Si epitaxial layer with a thickness of 0.5 um was
grown on the P type (100} porous Si substrate at a low

temperature by plasma CVD. Deposition was conducted under

the following conditions:

Gas: SiHg

High-frequency power: 100 W

Temperature: 800°C
Pressure: 1 x 10-2 Torr
Growth rate: 2.5 nm/sec.

Next, a second Si substrate with a 5000 A thick
oxidized layer formed on the surface thereof was placed on
the surface of the epitaxial layer. The whole structure was
heated at 800°C in an oxygen atmosphere for 0.5 hours to
firmly join the two substrates to each other.

Thereafter, selective etching was conducted on the
bonded substrates in a 49% hydrofluoric acid solution while
the solution was being stirred. In sixty two minutes, the
porous Si substrate was completely etched with the
monocrystalline Si layer acting as an etch stopper, only the
monocrystalline Si layer being left behind.

The etching rate of the non-porous monocrystalline Si
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the ratio of the etching rate of the non-porous
monocrystalline Si to that of the porous layer is 1 : 105,
the amount of non-porous layer which is etched (several tens
angstroms) can be ignored in a practical operation. That
is, the 200 pm~thick porous Si substrate was removed with a
result that the 0.5 um thick monocrystalline Si layer on the
Si0O2 layer remained.
Example 51

Anodization was conducted on a P type {(100)
monocrystalline Si substrate having a thickness of 200 pum in
a HF solution in the same manner as that of Example 49.

A Si epitaxial layer with a thickness of 0.5 pm was
grown on the P type (100) porous Si substrate at a low
temperature by bias sputtering. Deposition was conducted

under the following conditions:

RE frequency: 100 MHz

High-frequency power: 600 W

Temperature: 300°C

Axr gas pressure: 8 x 10-3 Torr
Growth time: €0 minutes
Target d.c¢. bias: -200 Vv

Substrate d.c. bias: +5 vV
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oxidized layer formed on the surface thereof was placed on
the sgrface of the epitaxial layer. The whole structure was
heated at 800°C in an oxygen atmosphere for 0.5 hours to
firmly join the two substrates to each other.

Thereafter, selective etching was conducted on the
bonded substrates in a 49% hydrofluoric acid solution while
the solution was being stirred. In sixty two minutes, the
porous Si substrate was completely etched with the
monocrystalline Si layer acting as an etch stopper, the
monocrystalline Si layer being left behind.

The etching rate of the non-porous monocrystalline Si
was so low that only a maximum of 50 A of non-porous
monocrystalline Si was removed in sixty-two minutes. Since
the ratio of the etching rate of the non-porous
monocrystalline Si to that of the porous layer is 1 : 109,
the amount of non-porous layer which is etched (several tens
angstroms) can be ignored in a practical operation. That
is, the 200 um-thick porous Si substrate was removed with a

result that the 0.5 pum thick monocrystalline Si layer on the

$i02 layer remained.
Example 52
Anodization was conducted on a N type (100)

monocrystalline Si substrate having a thickness of 200 pm in
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a HF solution in the same manner as that of Example 49.
A Si epitaxial layer with a thickness of 5 pm was grown
on the N type (100) porous Si substrate at a low temperature

by liquid phase growth under the following conditions:

Solvent: Sn, Solute: Si
Growth temperature: 900°C

Growth atmosphere: Ho

Growth rate: 10 minutes

Next, a second Si substrate with a 5000 A thick
oxidized layer formed on the surface thereof was placed on
the surface of the epitaxial layer. The whole structure was
heated at 800°C in an oxygen atmosphere for 0.5 hours to
firmly join the two substrates to each other.

Thereafter, selective etching was conducted on the
bonded substrates in a 49% hydrofluoric acid solution while
the solution was being stirred. In sixty two minutes, the
porous Si substrate was completely etched with the
monocrystalline Si layer acting as an etch stopper, the
monocrystalline Si layer being left behind.

The etching rate of the non-porous monocrystalline Si
was so low that only a maximum of 50 A of non-porous
monocrystalline Si was removed in sixty-two minutes. Since

the ratio of the etching rate of the non-porous
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result that the 5 pm thick monocrystalline Si layer on the
Si02 layer remained.
Example 53

Anodization was conducted on a P type (100)
monocrystalline Si substrate having a thickness of 200 pm in
a HF solution in the same manner as that of Example 49.

A Si epitaxial layer with a thickness of 1.0 um was
grown on the P type (100) porous Si substrate at a low
temperature by low-pressure CVD. Deposition was conducted

under the following conditions:

Source gas: SiHgq

Carrier gas: H2
Temperature: 850°C
Pressure: 1 x 1072 Torr
Growth rate: 3.3 nm/sec

Next, a second Si substrate with a 5000 A thick
oxidized laver formed on the surface thereof was placed on
the surface of the epitaxial layer. The whole structure was

heated at B800°C in an oxygen atmosphere for 0.5 hours to
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bonded substrates in a 49% hydrofluoric acid solution while
the solution was being stirred. In sixty two minutes, the
porous Si substrate was completely etched with the
monocrystalline Si layer acting as an etch stopper, the
monocrystalline Si layer being left behind.

The etching rate of the non-porous monocrystalline Si
was so low that only a maximum of 50 A of non-porous
monocrystalline Si was removed in sixty-two minutes. Since
the ratio of the etching rate of the non-porous
monocrystalline Si to that of the porous layer is 1 : 105,
the amount of non-porous layer which is etched (several tens
angstroms) can be ignored in a practical operation. That
is, the 200 um—-thick porous Si substrate was removed with a
result that the 1.0 pum thick monocrystalline Si layer on the
Si02 layer remained.

. When SiH2Clz was used as the source gas, the growth
temperature had to be higher by several tens of degrees.
However, high-speed etching characteristics to the porous
substrate did not deteriorate.

Ezamglg iﬂ

A Si epitaxial layer with a thickness of 1 pm was grown

on a P type (100) Si substrate having a thickness of 200 pm

by low-pressure CVD. Deposition was conducted under the

10%
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following conditions:

Reactive gas flow rate: SiH2Cl? 1000 sccM

H? 230 liter/min

Temperature: 1080°C
Pressure: 80 Torr
Time: 2 min

Anodization was conducted on the substrate in a 50% HF
solution at a current density of 100 mA/cmZ. The porous
structure formation rate was 8.4 um/min and hence it took
twenty four minutes for the 200 pm-thick P type (100) Si
substrate to be made entirely porous. 2As mentioned above,
anodization made only the P type (160) Si substrate porous,
and did not affect the Si epitaxial layer at all.

Next, a second Si substrate with a 5000 A-thick
oxidized layer formed on the surface thereof was placed on
the surface of the epitaxial layer. The whole structure was
heated at 800°C in an oxygen atmosphere for 0.5 hours to
firmly join the two substrates to each other.

Thereafter, selective etching was conducted on the
bonded substrates in a 49% hydrofluoric acid solution while
the solution was being stirred. 1In sixty two minutes, the
porous Si substrate was completely etched with the

monocrystalline Si layer acting as an etch stopper, while
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the monocrystalline Si layer remained.

The etching rate of the non-porous monocrystalline Si
was so low that only a maximum of 50 A of non-porous
monocrystalline Si was removed in sixty two minutes. Since
the ratio of £he etching rate of the non-porous
monocrystalline Si to that of the porous layer is 1 : 103,
‘the amount of non-porous layer which is etched (several tens
angstroms) can be ignored in a practical operation. That
is, the 200 pm-thick porous Si substrate was removed with a
result that the 1.0 pum thick monocrystalline Si layer on the
Si02 layer remained.

The cross-section of the monocrystalline Si layer was
observed by a transmission type electron microscope. It
was found that no crystal defect was newly introduced in the

Si layer and hence the Si layer had excellent crystalline

structure.
Example S5

A Si epitaxial layer with a thickness of 5 Um was grown
on a P type (100) Si substrate having a thickness of 200 gm
by atmospheric CVD. Deposition was conducted under the

following conditions:

Reactive gas flow rate: SiH2Cl2 1000 SCCM
H2 230 liter/min

Temperature: 1080°C
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Pressure: 760 Torr

Time: 1 min

Anodization was conducted on the substrate in a HF
solution in the same manner as that of Example 48. As
mentioned above, anodization made only the P type (100) Si
substrate poroﬁs, and did not affect the Si epitaxial layer
at all.

Next, a second Si substrate with a 5000 A~thick
oxidized layer formed on the surface thereof was placed on
the surface of the epitaxial layer. The whole structure was
heated at 800°C in an oxygen atmosphere for 0.5 hours to
firmly join the two substrates to each other.

Thereafter, selective etching was conducted on the
bonded substrates in a 49% hydrofluoric acid solution while
the solution was being stirred. 1In sixty two minutes, the
porous Si substrate was completely etched with the
monocrystalline Si layer acting as an etch stopper, the
monocrystalline Si layer being left behind.

The etching rate of the non-porous monocrystalline Si
was so low that only a maximum of S0 A of non-porous
monocrystalline Si was removed in sixty two minuées. Since
the ratio of the etching rate of the non-porous
monocrystalline Si to that of the porous layer is 1 : 103,

the amount of non-porous layer which is etched (several tens
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-gh= angstroms) can be ignored in a practical operation. That

is, the 200 pm~thick porous Si substrate was removed with a
result that the 5.0 pm thick monocrystalline Si layer on the
Si02 layer remained.

The cross-section of the monocrystalline Si layer was
observed by a transmission type electron microscope. It
was found that no crystal defect was newly introduced in the
Si layer and hence the Si layér had excellent crystalline
structure.

Example 56

A N type Si layer with a thickness of 1 um was formed
on a P type (100) Si substrate having a thickness of 200 um
by proton implantation. Implantation rate of H* was 5 x
1015 (ions/em?) .

Anodization was conducted on the substrate in a 50% HF
solution at a current density of 100 mA/cmZ. The porous
structure formation rate was 8.4 um/min and hence it took
twenty four minutes for the 200 um~thick P type (100) Si
substrate to be made entirely porous. As mentioned above,
anodization made only the P type (100) Si substrate porous,
and did not change the N type Si layer.

Next, a second Si substrate with a 5000 A-thick
oxidized layer formed on the surface thereof was placed on
the surface of the N type Si layer. The whole structure was

heated at 800°C in an oxygen atmosphere for 0.5 hours to
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bonded substrates in a 49% hydrofluoric acid soluticn while

the solution was being stirred. In sixty two minutes, the

porous Si substrate was completely etched with the

monocrystalline Si layer acting as an etch stopper, the

monocrystalline Si layer being left behind.

The etching rate of the non-porous monocrystalline Si

was so low that only a maximum of 50 A of non-porous

monocrystalline Si was removed in sixty two minutes. Since

the ratio of the etching rate of the non-porous

monocrystalline Si to that of the porous layer is 1 : 109,

the amount of non-porous layer which is etched (several tens

angstroms) can be ignored in a practical operation. That

is, the 200 um-thick porous Si substrate was removed with a

result that the 1.0 um thick monocrystalline Si layer on the

Si07 layer remained.

The cross-section of the monocrystalline Si layer was
observed by a transmission type electron microscope. It
was found that no crystal defect was newly introduced in the

Si layer and hence the Si layer had excellent crystalline

structure.



310%& ()- 31 "109%& ()-, &10%&' ()- &MLO%&' ()-3D$%&' 3: ~ @ 10  10%C& ()-
10968 () - @LY1096G& ()- 10 10 10F1109% ()-!'3 10% ()-t!j{\:, @

L0GG | (10%3G&' () - | (1093X& ()- H 10%w & ()- f 10968 ()-! 1096 ¢)n lyny
10968 ()- $+  gH@ 10GG | (1096& () - 109% () - 1096& () - F109%6& () - v d9ma- (L
10GG 10GG ) 0aBH@ 10GG L 14109%& () - L12GY& () -! 9%UGL0% & () -SY

"10968& ()-3"10%& ()-sGLO%& ()-1 mn o

Example 57
A P-type (100) single-crystals (monocrystal)

Si substrate of a thickness of 200 y was anodized in
50 § HF solution. The current density then was 100
mA/cmz. The porous structure formation rate then was
about 8.4 um/min., and the P-type (100) Si substrate
of a thickness of 200 p was rendered porous in its
entirety for 24 minutes.

According to MBE (molecular beam epitaxy) method,
an Si epitaxial layer of 0.5 u was grown at a lower
temperature on the P-type (100) porous Si substrate.

The conditions for deposition are as follows;

temperature: 700 °C
pressure: 1l x 10-9 Torr
growth rate: 0.1 nm/sec.

Subsequently, the surface of the epitaxial
layer was thermally oxidized in a depth of 50 nm.
A substrate of fused silica glass processed with
optical polishing was bonded onto the thermally oxidized
membrane (i.e., film), and both of the substrates were
strongly bonded together by heating at 800 °C for 0.5
hour in oxygen atmosphere.

According to low pressure CVD, Si3N4 was
deposited to 0.1 um, thereby coating the bonded two
substrates. Thereafter, only the nitride membrane

(film) on the porous substrate was removed by reactive

ion etching.
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only the single-crystal Si layer remained without

etching, while the porous Si substrate was

selectively etched with the single-crystal Si as a

material for etching stopper and then completely

removed.

The etching rate of the non-porous Si single-

crystal (monocrystal) with the etching solution was

extremely low, such as 50 angstroms or less even 78

minutes later, so that the selective ratio of the

etching rate of the porous layer to that of the non-

porous Si single-crystal was as large as 10s Or more.

The etched amount in the non-porous layer (several

tens angstroms) is a practically negligible decrease

in membrane thickness. That is, the Si substrate of

a thickness of 200 pu, rendered porous, was removed,

and after the removal of the Si3N4 layer, a single-

crystal Si layer of a thickness of 0.5 um was formed

on the substrate of the silica glass.

As a result of observation of the section

under a transmission-type electron microscope, it was

confirmed that no new crystal defect was introduced

in the Si layer and that excellent crystallinity was

maintained.

Example 58

A P-type (100} single-crystal Si substrate of
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a thickness of 200 u was anodized in 50 % HF solution.
The current density then was 100 mA/cmz. The porous
structure formation rate then was about 8.4 um/min.,

and the P-type (100) Si substrate of a thickness of

200 u was rendered porous in its entirety for 24
minutes. According to plasma CVD method, an Si
epitaxial layer of 5 u was grown at a lower temperature
on the P-type (100) porous Si substrate. The conditions
for deposition are as follows;

gas: SiH4
high~frequency power: 100 W

temperature 800 °C
pressure: 1 x 1072 Torr
growth rate: 2.5 nm/sec.

Subsequently, the surface of the epitaxial
layer was thermally oxidized in a depth of 50 nm.

A glass substrate, having being processed with
optical polishing and having a softening point

around 500 °C, was bonded onto the thermally oxidized
membrane, and both of the substrates were strongly
bonded together by heating at 450 °C for 0.5 hour in
oxygen atmosphere.

According to plasma CVD method, Si3N4 was
deposited to 0.1 um, thereby coating the bonded two
substrates. Thereafter, only the nitride membrane on the
porous substrate was removed by reactive ion etching.

Then, the bonded substrates were selectively
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etched with the single-crystal Si as a material for
etching stopper and then completely removed.

The etching rate of the non-porous Si single-
crystal with the etching solution was extremely low,
such as 50 angstroms or less even 78 minutes later,
so that the selective ratio of the ethcing rate of the
porous layer to that of the non-porous Si single-
crystal was as large as 10s or more. The etched
amount in the non-porous layer (several tens angstroms)'
is a practically negligible decrease in membrane
thickness. That ié, the Si substrate of a thickness
of 200 u, rendered porous, was removed, and after
the removal of the Si3N4 layer, a single-crystal Si
layer of a thickness of 5 pym was formed on the glass
substrate of a lower softening point.

Example 59

A P-type (100) single-crystal Si substrate of
a thickness of 200 p was anodized in 50 % HF solution.
The current density then was 100 mA/cmz. The porous
structure formation rate then was about 8.4 um/min.,
and the P-type (100) Si substrate of a thickness of
200 ¢ was rendered porous in its entirety for 24
minutes. According to thermal CVD method, an Si

epitaxial layer of 5 u was grown at a lower temperature
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SiH4(0.6 1/min), H2 (100 1/min)

temperature: 850 °C
pressure: 50 Torr
growth rate: 0.1 ym/min.

Subsequently, the surface of the epitaxial layer
was thermally oxidized in a depth of 50 nm. A glass
substrate, having being processed with optical
polishing and having a softening point around 500 °C,
was bonded onto the thermally oxidized membrane, and
both of the substrates were strongly bonded together
by heating at 450 °C for 0.5 hour in oxygen atmosphere.

According to plasma CVD method, Si3N4 was
deposited to 0.1 pm, thereby coating the bonded two
substrates. Thereafter, only the nitride membrane on
the porous substrate was removed by reactive ion etching.

Then, the bonded substrates were selectively
etched with 49 % hydrofluoric acid. In 78 minutes,
only the single-crystal Si layer remained without
etching, while the porous Si substrate was selectively
etched with the single-crystal Si as a material for
etching stopper and then completely removed.

The etching rate of the non-porous Si single-
crystal with the etching solution was extremely low,
such as 50 angstroms or less even 78 minutes later,

so that the selective ratio of the etching rate of
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the porous layer to that of the non-porous Si single-
crystal was as large as 105 or more. The etched
amount in the non-porous layer (several tens angstroms)
is a practically negligible decrease in membrane
thickness. That is, the Si substrate of a thickness
of 200 y, rendered porous, was removed, and after the
removal of the Si3N4 layer, a single-crystal Si layer
of a thickness of 5 um was forﬁed on the glass substrate
of a lower softening point.
A similar effect could be obtained by using

Apiezon wax or electron wax, instead of Si so that

Mg
only the Si substrate rendered porous could be removed
completely.
Example 60

A P-type (100) single-crystal Si substrate of
a thickness of 200 p was anodized in 50 % HF solution.
The current density then was 100 mA/cmz. The porous
structure formation rate then was about 8.4 um/min.,
and the P-type (100) Si substrate of a thickness of
200 1 was rendered porous in its entirety for 24
minutes. According to bias sputter method, an Si
epitaxial layer of 1.0 u was grown at a lower
temperature on the P-type (100) porous Si substrate.
The conditions for deposition are as follows;
RF frequency: 100 MH=z
high~frequency power: 600 W

temperature: 300 °C
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target direct current bias: -200 V
substrate direct current bias: +5 V.,

Subsequently, the surface of the epitaxial
layer was thermally oxidized in a depth of 50 nm.

A glass substrate, having being processed with optical
polishing and having a softening point around 500 °C,
was bonded onto the thermally oxidized membrane, and
both of the substrate were strongly bonded together by
heating at 450 °C for 0.5 hour in oxygen atmosphere.

According to plasma CVD method, Si3N4 was
deposited to 0.1 um, thereby coating the bonded two
substrates. Thereafter, only the nitride membrane on
the porous substrate was removed by reactive ion
etching.

Then, the bonded substrates were selectively
etched with 49 % hydrofluoric acid. In 78 minutes,
only the single-crystal Si layer remained without
etching, while the porous Si substrate was selectively
etched with the single~crystal Si as a material for
etching stopper and then completely removed.

The etching rate of the non-porous Si single-
crystal with the etching solution was extremely low,
such as 50 angstroms or less even 78 minutes later,
so that the selective ratio of the etching rate of

the porous layer to that of the non-porous Si
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is a practically negligible decrease in membrane

thickness. That is, the Si substrate of thickness

of 200 u, rendered porous, was removed, and after

the removal of the Si_N, layer, a single-crystal Si

34

layer of a thickness of 1.0 uym was formed on the

glass substrate of a lower melting point.

A similar effect could be obtained by using

Apiezon Wax or electron wax, instead of Si

completely.

Example 61

3Ny
only the Si substrate rendered porous could be removed

A N-type (100 single-crystal Si substrate of

a2 thickness of 200 1 was anodized in 50 % HF

2

solution. The current density then was 100 mA/cm”.

The porous structure formation rate then was about

8.4 pm/min., and the N-type (100) Si substrate of a

thickness of 200 u was rendered porous in its

entirety for 24 minutes. According to liquid phase

growth method, an Si epitaxial layer of 10 u was grown

at a lower temperature on the N-type (100) porous Si

substrate. The conditions for deposition are as

follows;
solvent: Sn, Solute:
growth temperature: 900 °C

growth atmosphere: H2

si

so that

31 JUL 200

§)
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growth time: 20 minutes.

Subsequently, the surface of the epitaxial
layer was thermally oxidized in a depth of 50 nm.

A glass substrate, having being processed with
optical polishing and having a softening point

around 800 °C, was bonded onto the thermally oxidized
membrane, and both of the substrates were strongly
bonded together by heating at 750 °C for 0.5 hour in
oxygen atmosphere.

According to low pressure CVD method, Si3N4
was deposited to 0.1 um, thereby coating the bonded
two substrates. Thereafter, only the nitride
membrane on the porous substrate was removed by
reactive ion etching.

Then, the bonded substrates were selectively
etched with 49 % hydrofluoric acid. In 78 minutes,
only the single-crystal Si layer remained without
etching in 78 minutes, while the porous Si substrate
was selectively etched with the single-crystal Si as
a material for etching stopper and then completely
removed.

The etching rate of the non-porous Si-single
crystal with the etching solution was extremely low,
such as 50 angstroms or less even 78 minutes later,
so that the selective ratio of the etching rate of the
porous layer to that of the non-porous Si single-~

crystal was as large as 105 or more. The etched
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amount in the non-porous layer (several tens angstroms)

is a practically negligible decrease in membrane

thickness. That is, the Si substrate, rendered porous,

of a thickness of 200 p was removed, and after the

removal of the SiBN4 layer, a single-crystal Si layer

of a thickness of 10 um was formed on the glass

substrate of a lower softening point.

A similar effect could be obtained by using

Apiezon wax or electron wax, instead of Si3N4, so that

only the Si substrate rendered porous could be

removed completely.

Example 62

According to CVD method, an Si epitaxial layer
of 0.5 1 was grown at a lower temperature on a P-type

(100) Si substrate of a thickness of 200 p. The

conditions for deposition are as follows;

reactive gas flow rate: SiH2C12 1000 SsccM
H2 230 1/min.

temperature: 1080 °C

pressure: 80 Torr

time: 1 minute.

The present substrate was anodized in 50 % HF
solution. The current density then was 100 mA/cmz.
The porous structure formation rate then was about
8.4 um/min., and the P-~type (100) Si substrate of a

thickness of 200 y was rendered porous in its entirety

for 24 minutes. As has been described above, the
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present anodization rendered only the P-type (100) Si
substrate porous, but no change was observed in the Si
epitaxial layer.

Subsequently, the surface of the epitaxial
layer was thermally oxidized in a depth of 50 ﬁm. A
substrate of fused silica glass, processed with optical
polishing, was bonded onto the thermally oxidized
membfane, and both of the ;ubstrates were strongly
bonded together by heating at 800 °C for 0.5 hour in
oxygen atmosphere.

According to low pressure CVD method, SiBN4
was deposited to 0.1 um, thereby coating the bonded
two substrates. Thereafter, only the nitride
membrane on the porous substrate was removed by
reactive ion etching.

Then, the bonded substrates were selectively
etched with 49 % hydrofluoric acid. In 78 minutes,
only the single-crystal Si layer remained without
etching, while the porcous Si substrate was
selectively etched with the single-crystal Si as a
material for etching stopper and then completely
removed.

The etching rate of the non-porous Si single-
crystal with the etching solution was extremely low,
such as 50 angstroms or less even 78 minutes later,

so that the selective ratio of the etching rate of

the porous layer to that of the non-porous Si
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single-crystal was as large as lOS or more. The
etched amoﬁnt in the non-porous layer (several tens
angstroms) is a practically negligible decrease in
membrane thickness. That is, the Si substrate of a
thickness of 200 y, rendered porous, was removed,
and after the removal of the Si3N4 layer, a single-
crystal Si layer of a thickness of 0.5 uym was formed
on the glass substrate.

A similar effect could be obtained by using
Apiezon wax or electron wax, instead of Si3N4, so that
only the Si substrate rendered porous could be
removed completely.

As a result of observation of the section
under a transmission-—-type electron microscope, it
was confirmed that no new crystal defect was
introduced in the Si layer and that excellent
crystallinity was maintained.

Example 63

A N-type Si layer 1 u was formed on the
surface of a P-type (100) Si substrate of a
thickness of 200 p, by ion implantation of proton.

15 ions/cmz.

The implanted amount of H+ was 5 x 10
The substrate was anodized in 50 % HF solution.

The current density then was 100 mA/cmz. The porous
structure formation rate then was about 8.4 um/min.,

and the P-type (100) Si substrate of a thickness of

200 u was rendered porous in its entirety for 24
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minutes. According to the present anodization as has
been described above, only the P-type (100) Si
substrate was rendered porous, but no change was
observed in the N-type Si layer. Subsequently, the
surface of the N-type single-crystal layer was
thermally oxidized in a depth of 50 nm. A substrate
of fused silica glass processed with optical
polishing was bonded onto the thermally oxidized
membrane, and both of the substrates were strongly
bonded together by heating at 800 °C for 0.5 hour in
oxygen atmosphere.

According to low pressure CVD method, Si3N4
was deposited to 0.1 um, thereby coating the bonded
two substrates. Thereafter, only the nitride
membrane on the porous substrate was removed by
reactive ion etching. Then, the bonded substrates
were selectively etched with 49 % hydrofluoric acid.
In 78 minutes, only the single-crystal Si layer
remained without etching, while the porous Si
substrate was selectively etched with the single-
crystal Si as a material for etching stopper and then
completely removed.

The etching rate of the non-porous Si single-
crystal with the etching solution was extremely low,
such as 50 angstroms or less even 78 minutes later,
so that the selective ratio of the etching rate of

the porous layer to that of the non-porous Si
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single-crystal was as large as lOs or more. The etched

amount in non-porous layer (several tens angstroms) is

a practically negligible decrease in membrane

thickness. That is, the Si substrate of a thickness

of 200 u, rendered porous, was removed, and after the

removal of the Si3N4 layer, a single-crystal Si layer

of a thickness of 1.0 ym was formed on the glass

substrate.

A similar effect could be obtained by using

Apiezon wax or electron wax, instead of Si3N4, so

that only the Si substrate rendered porous could be

removed completely.

As a result of observation of the section

under a transmission-type electron microscope, it was

confirmed that no new crystal defect was introduced

in the Si layer and that excellent crystallinity was

maintained.

Example 64

A P-type (100) -single-crystal Si substrate of
a thickness of 200 u was anodized in 50 % HF solution.

The conditions for deposition are as follows;

applied voltage: 2.6 V

current density: 30 mA-cm” 2

solution for anodization: HF:HZO:CZHSOH = 1:1:1
time: 1.6 hours

thickness of porous Si: 200 pm

porosity: 56 %.
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According to MBE method, an Si epitaxial layer
of 0.5 u was grown at a lower temperature on the P-
type (100) porous Si substrate. The conditions for

deposition are as follows;

temperature: 700 °C
pressure: 1l x 10—9
growth rate: 0.1 nm/sec.

Subsequently, an oxidized layer of 1000
angstroms was formed on the surface of the epitaxial
layer, and another Si substrate on the surface of
which was formed. an oxidized layer of 5000 angstroms,
was bonded to the oxidized surface. By heating in
oxygen atmosphere at 800 °C for 0.5 hour, both of the
Si substrates were strongly bonded together.

Then, the bonded substrates were selectively
etched with 49 % hydrofluoric acid while under
stirring. In 78 minutes, only the single-crystal Si
layer remained without etching, while the porous Si
substrate was selectively etched with the single-
crystal Si as a material for etching stopper and then
completely removed.

The etching rate of the non-porous Si single-
crystal with the etching solution was extremely low,
such as 50 angstroms or less even 78 minutes later,
so that the selective ratio of the etching rate of the
porous layer to that of the non-porous Si single-

crystal was as large as 10S or more. The etched
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amount in the non-porous layer (several tens angstroms)
is a practically negligible decrease in membrane
thickness. That is, the Si substrate of a thickness
of 200 p, rendered porous, was removed, and atfter the
removal of the Si3N4 layer, a single-crystal Si layer
of a thickness of 0.5 um was formed on the Sioz. As
a result of observation of the section under a
transmission-type electron microscope, it was confirmed
that no new crystal defect was introduced in the Si
layer and that excellent crystallinity was maintained.
Example 65
A P-type (100} single-crystal Si substrate of

a thickness of 200 4 was anodized in HF solution.

The conditions for anodization are as follows:

applied voltage: 2.6V

current density: 30 mA-cm” 2

solution for anodization: HF:HZO:CZHSOH = l:1:1
time: 1.6 hours

thickness of porous Si: 200 um

porosity: 56 %.

According to plasma CVD method, and Si
epitaxial layer of 0.5 u was grown at a lower
temperature on the P-type (100) porous Si substrate.
The conditions for deposition are as follows;
gas: SiH4
high-frequency power: 100 W

temperature: 800 °C
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pressure: 1l x ].0-2 Torr
growth rate: 2.5 nm/sec.

Subsequently, an oxidized layer of 1000
angstroms was formed on the surface of the epitaxial
layer, and another Si substrate on the surface of
which was formed as oxidized layer of 5000 angstroms
was bonded to the oxidized surface. BY heating in
oxygen atmosphere at 800 °¢ for 0.5 hour, both of
the Si substrates were strongly bonded together.

Then, the bonded substrates were selectively
etched with 49 % hydrofluoric acid while under
stirring. In 78 minutes, only the single-crystal Si
layer remained without etching, while the porous Si
substrate was selectively etched with the single-
crystal Si as a material for etching stopper and then
completely removed.

The etching rate of the non-porous Si single-
crystal with the etching solution was extremely low,
such as 50 angstroms or less even 78 minutes later,
so that the selective ratio of the etching rate of the
porous layer to that of the non-porous Si single-
crystal was as large as 105 or more. The etched
amount in the non-porous layer (several tens
angstroms) is a practically negligible decrease in
membrane thickness. That is, the Si substrate of a
thickness of 200 u, rendered porous, Wwas removed,

and a single-crystal Si layer of a thickness of 0.5 um
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was formed on the Sioz.

Example 66

A P-type (100) single-crystal Si substrate of
a thickness of 200 p was anodized in HF solution.

The conditions for anodization are as follows;

applied voltage: 2.6V

current density: 30 mA.-cm” 2

solution for anodization: HF:HZO:CZHSOH = 1:1:1
time: I.6 hours

thickness of porous Si: 200 um

porosity: 56 %.

According to bias sputter method, an Si
epitaxial layer of 0.5 yu was grown at a lower
temperature on the P-type (100) porous Si substrate.

The conditions for deposition are as follows;

RF frequency: 100 MHz
high-frequency power: 600 W
temperature: 300 °C

Ar gas pressure: 8 x 1073 Torr
growth time: 60 minutes
target direct current bias: =200 V

substrate direct current bias: +5 V.

Subsequently, an oxidized layer of 1000
angstroms was formed on the surface of the epitaxial
layer, and another Si substrate on the surface of
which was formed an oxidized layer of 5000 angstroms

was bonded to the oxidized surface. By heating in
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oxygen atmosphere at 800 °C for 0.5 hour, both of the

Si substrates were strongly bonded together.

Then, the bonded substrafes were selectively

etched with 49 % hydrofluoric acis while under

stirring. In 78 minutes, only the single-crystal Si

layer remained without etching, while the porous Si

substrate was selectively etched with the single-

crystal Si as a material for etching stopper and then

completely removed. The etching rate of the non-

porous Si single-crystal with the etching solution

was extremely low, such as 50 angstroms or less

even 78 minutes later, so that the selective ratio

of the etching rate of the porous layer to that of
the non-porous Si single-crystal was as large as 105
or more. The etched amount in the non-porous layer
(several tens angstroms) is a practically negligible
decrease in membrane thickness. That is, the Si
substrate of a thickness of 200 u, rendered porous,
was removed, and a single-crystal Si layer of a

thickness of 0.5 pm was formed on the SiOz.

Example 67

A N-type (100) single-crystal Si substrate
of a thickness of 200 p was anodized in HF solution.
The conditions for anodization are as follows;
applied voltage: 2.6 V
2

current density: 30 mA-cm

solution for anodization: HF:HZO:CZHSOH = 1:1:1
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time: 1.6 hours
thickness of porous Si: 200 pum
porosity: 56 %.

According to liquid phase growth method, an
Si epitaxial layer of 5 u was grown at a lower
temperature on the N-type (100) porous Si substrate.

The conditions for growth are as follows;

solvent: S5n, Ssolute: Si
growth temperature: 900 °C

growth atmosphere: H,

growth period: 10 minutes

Subsequently, an oxidized layer of 1000
angstroms was formed on the surface of the epitaxial
layer, and another Si substrate on the surface of
which was formed an oxidized layer of 5000 angstroms
was bonded to the oxidized surface. By heating in
oxygen atmosphere at 800 °C for 0.5 hour, both of the
Si substrates were strongly bonded together.

Then, the bonded substrates were selectively
etched with 49 % hydrofluoric acid while under stirring.
Only the single-crystal Si layer remained without
etching in 78 minutes, while the porous Si substrate
was selectively etched with the single-crystal Si
as a material for etching stopper and then completely
removed.

The etching rate of the non-porous Si single-

crystal with the etching solution was extremely low,
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such as 50 angstroms or less even 78 minutes layer,

10 10 108

that the selective ratio of the etching rate of the

porous layer to that of the non-porous Si single-

crystal was as large as 105

or more. The etched

amount in the non-porous layer (several tens

angstroms) is a practically negligible decrease in

membrane thickness. That is, the Si substrate of a

thickness of 200 u, rendered porous, was removed, and

a single-crystal Si layer of a thickness of 0.5 uym was

formed on the SiOZ.

Example 68

A P-type (100) single-crystal Si substrate of

a thickness of 200 pu was anodized in HF solution.

The conditions for anodization are as follows:

applied voltage:

current density:

solution for anodization:

time:
thickness of porous Si:

porosity:

2.6 V

30 mA-cm” 2
HF:HZO CZHS H=1:1:1
1.6 hours

200 pm

56 %.

According to low pressure CVD method, an Si

epitaxial layer of 1.0 p was grown at a lower temperature

on the P-type (100) porous Si substrate. The

conditions for deposition are as follows;

source gas:
carrier gas:

temperature:

SJ.H4

Hy

850 °C
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pressure: 1 x 1072 Torr

growth rate: 3.3 nm/sec.

Subsequently, an oxidized layer of 1000
angstroms was formed on the surface of the epitaxial
layer, and another Si substrate on the surface of
which was formed an oxidized layer of 5000 angstroms
was bonded to the oxidized surface. By heating in
oxygen atmosphere at 800 °C for 0.5 hour, both of the
Si substrates were strongly bonded together.

Then, the bonded substrates were selectively
etched with 49 % hydrofluoric acid while under
stirring. In 78 minutes, only the single-crystal Si
layer remained without etching in 78 minutes, while
the porous Si substrate was selectively etched with
the single-crystal Si as a material for etching
stopper and then completely removed.

The etching rate of the non-porous Si single-
crystal with the etching solution was extremely low,
such as 50 angstroms or less even 78 minutes later,
so that the selective ratio of the etching rate of
the porous layer to that of the non-porous Si single-
crystal was as large as 105 or more. The etched
amount in the non-porous layer (several tens
angstroms) is a practically negligible decrease in
membrane thickness. That is, the Si substrate,
rendered porous, of a thickness of 200 ¢ was removed,

and a single-crystal Si layer of a thickness of 1.0 um
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was formed on the Sioz. When SiH2Cl2 was used as a

source gas, it was required to raise the growth
temperature by several tens of degrees. Nevertheless,
the accelerating etching characteristics to porous
substrates was maintained.
Example 69

According to low pressure CVD method, an Si
epitaxial layer of 1 u was grown at a lower temperature
on a P~type (100) porous Si substrate. The conditions

for deposition are as follows;

reactive gas flow rate: SiH2C12 1000 SCCM
H2 230 1/min

temperature: 1080 °C

pressure: 80 Torr

time: 2 min.

The substrate was anodized in 50 % HF solution.
The current density then was 100 mA/cmz. The porous
structure formation rate then was 8.4 ym/min., and
the P-type (100) Si substrate of a thickness of 200 u
was rendered porous in its entirety for 24 minutes.
According to the present anodization, as has been
described above, only the P-type (100) Si substrate
was rendered porous, but no change was observed in the
Si epita#ial layer.

Subsequently, an oxidized layer of 1000

angstroms was formed on the surface of the epitaxial

layer, and another Si substrate on the surface of
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which was formed an oxidized layer of 5000 angstroms
was bonded to the oxidized surface. By heating in
oxygen atmosphere at 800 °C for 0.5 hour, both of the
Si substrates were strongly bonded together.

Then, the bonded substrates were selectively
etched with 49 % hydrofluoric acid while under
stirring. In 78 minutes, only the single-crystal Si
layer remained without etching, while the porous Si
substrate was selectively etched with the single-
crystal Si as a material for etching stopper and then
completely removed.

The etching rate of the non-porous Si single-
crystal with the etching solution was extremely low,
such as 50 angstroms or less even 78 minutes later, so
that the selective ratio af the etching rate of the
porous layer to that of the non-porous Si single-
crystal was as large as 105 or more. The etched
amount in the non-porous layer (several tens angstroms)
is a practically negligible decrease in membrane
thickness. That is, the Si substrate of a thickness
of 200 p, rendered porous, was removed, and a single-
crystal Si layer of a thickness of 1.0 um was formed

£,

on the SiOz.

As a result of observation of the section under
a transmission-type electron microscope, it was
confirmed that no new crystal defect was introduced

in the Si layer and that excellent crystallinity was

maintained.
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Example 70

According to atmospheric pressure CVD method,
an Si epitaxial layer of 5 ¢ was grown at a lower
temperature on a P-type (100) Si substrate. The

conditions for deposition are as follows;

reactive gas flow rate: SiHZCl2 1000 sccMm
H2 230 1/min

‘temperature: 1080 °C

pressure: 760 Torr

time: 1 min.

The Si substrate was anodized in HF solution.

The conditions for anodization are as follows;

applied voltage: 2.6V

current density: 30 mA-cm” 2

solution for anodization: HF:HZO:CZHSOH = 1:1:1
time: 1.6 hours

thickness of porous Si: 200 um

porosity: 56 %.

According to the present anodization as has
been described above, only the P-type (100) Si
substrate was rendered porous, but no change was
observed in the Si epitaxial layer.

Subsequently, an oxidized layer of 1000
angstroms was formed on the surface of the epitaxial
layer, and another Si subgtrate on the surface of
which was formed an oxidized layer of 5000 angstroms

was bonded to the oxidized surface. By heating in
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Si substrates were strongly bonded together.

Then, the bonded substrates were selectively
etched with 49 % hydrofluoric acid while under
stirring. In 78 minutes, only the single-crystal Si
layer remained without etching, while the porous Si
substrate was selectively etched with the single-
crystal Si as a material for etching stopper and then
completely removed.

The etching rate of the non-porous Si single-
crystal with the etching solution was extremely low,
such as 50 angstroms or less even 78 minutes later,
so that the selective ratio of the etching rate of the
porous layer to that of the non-porous Si single-
crystal was as large as 10s or more. The etched
amount in the non-porous layer (several tens
angstroms) 1s a practically negligible decrease in
membrane thickness. That 1s, the Si substrate,
rendered porous, of a thickness of 200 u was removed,
and a single-crystal Si layer of a thickness of 5 um
was formed on the SiOz. As a result of observation
of the section under a transmission-type electron
microscope, it was confirmed that no new crystal
defect was introduced in the Si layer and that
excellent crystallinity was maintained.

Example 71
A N-type Si layer of 1 p was formed on the
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substrate of a thickness of 200 p was rendered porous
in its entirety for 24 minutes. According to the
present anodization as has been described above, only
the P-type (100) Si substrate was rendered porous,
but no change was observed in the N-type Si layer.
Subsequently, an oxidized layer of 1000
angstroms was formed on the surface of the N-type Si
layer, and another Si substrate on the surface of
which was formed an oxidized layer of 5000 angstroms
was bonded to the oxidized surface. By heating in
oxygen atmosphere at 800 °C for 0.5 hour, both of the
Si substrates were strongly bonded together.
Then, the bonded substrates were selectively
etched with 49 % hydrofluoric acid with stirring.
In 78 minutes, only the single-crystal Si layer
remained without etching, while the porous Si
substrate was selectively etched with the single-
crystal Si as a material for etching stopper and then
completely removed.
The etching rate of the non-porous Si single-

crystal with the etching solution was extremely low,
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of a thickness of 200 u was removed, and a single-
crystal Si layer of a thickness of 1.0 um was formed
on Sioz.

As a result of observation of the section under
a transmission-type electron microscope, it was
confirmed that no new crystal defect was introduced
in the Si layer and that excellent crystallinity was
maintained.

Example 72

A P-type (100) single-crystal Si substrate of
a thickness of 200 p was anodized in 50 % HF solution.
The current density then was 100 mA/cmz. The porous
structure formation rate then was about 8.4 um/min.,
and the P~type (100) Si substrate of a thickness of
200 u was rendered porous in its entirety for 24
minutes.

According to MBE (monocular beam epitaxy)
method, an Si epitaxial layer was grown at a lower
temperature on the P-type (100) porous Si substrate.

The conditions for deposition are as follows;
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etching with a mixed solution of 49 % hydrofluoric
acid and alcohol (10:1), without stirring. 1In 82
minutes, only the single-crystal Si layer remained
without etching, while the porous Si substrate was
selectively etched with the single-crystal Si as a
material for etching stopper, and completely removed.
The etching rate of the non-porous Si single-
crystal with the etching solution was extremely
low, such as 50 angstroms or less even 82 minutes
later, so that the selective ratio of the etching
rate of the porous layer to that of the non-porous Si
single-crystal was as large as 105 or more. The

etched amount in the non-porous layer (several tens

angstroms) is a practically negligible decrease in
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& ()- QRS9 effected, replacing the etching solution used in

Examples 42 to 55 with that in Example 72. In any
of the present Examples, consequently, a single-~
crystal Si layer was formed with extremely less
crystal defect on insulating materials.

Example 87

A N-type Si layer of 1 p was formed on the
surface of a P-type (L00) Si substrate of a thickness
of 200 u, by ion implantation of proton. The implanted

15

amount of H+ was 5 x 10 ions/cmz.

The substrate was anodized in 50 % HF
solution. The current density then was 100 mA/cmz.
The porous structure formation rate then was 8§.4pm/min.,

and the P-type (100) Si substrate of a thickness of

200 p was rendered porous in its entirety for 24
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substrate was rendered porous, but no change was
observed in the N-type Si layer.

Subsequently, a second Si substrate on the
surface of which was formed an oxidized layer of 5000
angstroms, was bonded to the surface of the N-type
Si layer. By heating in oxygen atmosphere at 800 °C
for 0.5 hour, both of the Si substrates were strongly
bonded together.

Then, the bonded substrates were selectively
etched with a mixed solution of 49 $ hydrofluoric
acid and alcohol (10:1) without stirring. In 82
minutes, only the single-crystal Si layer remained
without etching, while the porous Si substrate was
selectively etched with the single~crystal Si as a
material for etching stopper and then completely
removed.

The etching rate of the non-porous Si single-
crystal with the etching solution was extremely low,
such as 50 angstroms or less even 82 minutes later,
so that the selective ratio of the etching rate of the
porous layer to that of the non-porous Si single-
crystal was as large as lO5 or more. The etched
amount in the non-porous layer (several tens
angstroms) is a practically negligible decrease in

membrane thickness. That is, the Si substrate of
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confirmed that no new crystal defect was introduced
in the Si layer and that excellent crystallinity was
maintained.

Examples 88 to 102

The same procedure as in Examples 57 to 71 was
effected, replacing the etching solution in Examples
57 +o 71 with that in Example 72. In any of the
present Examples, consequently, a single-crystal Si
layer was formed with extremely less crystal defect
on insulating materials.

Example 103

A P-type (100) single-crystal Si substrate of
a thickness of 200 p was anodized in 50 % HF solution.
The current density then was 100 mA/cmz. The porous
structure formation rate then was about 8.4 um/min.,
and the P-type (100) Si substrate of a thickness of
200 u was rendered porous in its entirety for 24
minutes.

According to MBE (molecular beam epitaxy)
method, an Si epitaxial layer of 0.5 u was grown at a

lower temperature on the P-type (1L00) porous Si

substrate. The conditions for deposition are as

Wl & ()- @ 10%!& ()- @10%! & ()-
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glass processed with optical polishing was bonded onto

the surface of the epitaxial layer, and both of the

substrates were strongly bonded together by heating

at 800 °C for 0.5 hour in oxygen atmosphere.

According to plasma CVD method, Si3N4 was

deposited at 0.1 um, thereby coating the bonded two

substrates. Thereafter, only the nitride membrane

on the porous substrate was removed by reactive ion

etching. Then, the bonded substrates were selectively

etched with a mixed solution of 49 % hydrofluoric

acid and aqueous hydrogen peroxide solution (1l:5),

while under stirring. In 62 minutes, only the single-

crystal Si layer remained without etching, while the

porous Si substrate was selectively etched with the

single-crystal Si as a material for etching stopper

and completely removed.

The etching rate of the non-porous Si single-~-

crystal with the etching solution was extremely low,

such as 50 angstroms or less even 62 minutes later,

so that the selective ratio of the etching rate of

the porous layer to that of the non-porous Si single-

crystal was as large as lO5 or more. The etched
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removal of the Sl3N4 laver, a single-crystal Si layer
of a thickness of 0.5 ym was formed on the substrate of
the glass.

As a result of observation of the section under
a transmission-type electron microscope, it was
confirmed that no new crystal defect was introduced
in the Si layer and that excellent crystallinity was

maintained.

Examples 104 to 118

The same procedure as in Examples 42 to 56
was effected, replacing the etching solution in
Examples 42 to 56 with that in Example 103. In any
of the present Examples, consequently, a single-crystal
Si layer was formed with extremely less crystal defect
on insulating materials.

Example 119

A P-type (100) single-crystal Si substrate of
a thickness of 200 u was anodized in 50 % HF solution.
The current density then was 100 mA/cmz. The porous
structure formation rate then was about 8.4 pm/min.,
and the P-type (100) Si substrate of a thickness of
200 p was rendered porous in its entirety for 24

minutes.
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layer was thermally oxidized in a depth of 50 nm.
substrate of fused silica glass processed with optical
polishing was bonded onto the thermally oxidized
membrane, and both of the substrates were strongly
bonded together by heating at 800 °C for 0.5 hour in
oxygen atmosphere.

According to low pressure CVD method, Si3N4
was deposited to 0.l pm, thereby coating the bonded
two substrates. Thereafter, only the nitride membrane
on the porous substrate was removed by reactive ion
etching.

Then, the bondéd substrates were selectively
etched with a mixed solution of 49 % hydrofluoric
acid and aqueous hydrogen peroxide solution (1:5).

In 62 minutes, only the single-crystal Si layer
remained without etching, while the porous Si
substrate was selectively etched with the single-

crystal Si as a material for etching stopper and
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amount in the non-porous layer (several tens angstroms)
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is a practically negligible decrease in membrane
thickness. That is, the Si substréte of a thickness
of 200 yu, rendered porous, was removed, and after the
removal of the Si3N4 layer, a single-crystal Si layer
of a thickness of 0.5 um was formed on the substrate of
the silica glass.

As a result of observation of the section
under a transmission-type electron microscope, it was
confirmed that no new crystal defect was introduced in
the Si layer and that excellent crystallinity was
maintained.

Examples 120 to 133

The same procedure as in Examples 58 to 71 was
effected, replacing the etching solution in Examples
58 to 71 with that in Example 103. In any of the
present Examples, conseguently, a single-crystal Si
layer was formed with extremely less crystal defect on

insulating materials.
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@ According to MBE (molecular beam epitaxy)
method, an Si epitaxial layer of 0.5 u was grown at a
lower temperature on the P-type (100) porous Si

substrate. The conditions for deposition are as

follows;

temperature: 700 °C
pressure: 1 x 10™° Torr
growth rate: 0.1 nm/sec.

Subsequently, a substrate of fused silica
glass processed with optical polishing was bonded
onto the surface of the epitaxial layer, and both of
the substrates were strongly bonded together by
heating at 800 °C for 0.5 hour in oxygen atmosphere.

According to plasma CVD method, SJ.3N4 was
deposited to 0.1 uym, thereby coating the bonded two
substrates. Thereafter, only the nitride membrane

on the porous substrate was removed by reactive ion

etching. Then, the bonded substrates were selectively

etched with a mixed solution of 49 % hydrofluoric acid,

alcohol and aqueous hydrogen peroxide solution

Q@

@
@
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such as approximately slightly less than 40 angstroms

even 65 minutes later, so that the selective ratio of

the etching rate of the porous layer to that of the

non-porous Si single-crystal was as large as los or

more. The etched amount in the non-porous layer

(several tens angstroms) is a practically negligible

decrease in membrane thickness. That is, the Si

substrate of a thickness of 200 u, rendered porous,

was removed, and after the removal of the 513N4 layer,

a single-crystal Si layer of a thickness of 0.5 uym was

formed on the substrate of the silica glass.

As a result of observation of the section

under a transmission-type electron microscope, it was

confirmed that no new crystal defect was introduced in

the Si layer and that excellent crystallinity was

maintained.

Examples 135 to 148

The same procedure as in Examples 42 to 55
was effected, replacing the etching solution in Examples

42 to 55 with that in Example 134. In any of the
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present Examples, consequently, a single-crystal Si
layer was formed with extremely less crystal defect
on insulating materials.

Example 149

A N-type Si layer of 1 u was formed on the
surface of a P-type (100) Si substrate of a-thickness
of 200 u, by ion implantation of proton. The
implanted amount of B was 5 x 1015 ions/cmz.

The substrate was anodized in 50 % HF solution.
The current density then was 100 mA/cmz. The porous
structure formation rate then was 8.4 um/min., and the
P-type (100) Si substrate of a thickness of 200 u was
rendered porous in its entirety for 24 minutes.
According to the present anodization as has been
described above, only the P-type (100) Si substrate
was rendered porous, but no change was observed in
the N-type Si layer.

Subsequently, a second Si substrate on the
surface of which was formed an oxidized layer of
5000 angstroms was bonded to the surface of the N-
type Si layer. By heating in oxygen atmosphere at
800 °C for 0.5 hour, both of the substrates were
strongly bonded together.

Then, the bonded substrates were selectively
etched with a mixed solution of 49 % hydrofluoric
acid, alcohol and agueous 30 % hydrogen peroxide

solution (10:6:50) without stirring. In 65 minutes,
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only the single-crystal Si layer remained without
etching, while the porous Si substrate was selectively
etched with the single-crystal Si as a material for
etching stopper, and then completely removed.

The etching rate of the non-porous Si single-
crystal with the etching solution was extremely low,
such as 50 angstroms or less even 65 minutes later, so
that the selective ratio of the etching rate of the
porous layer to that of the non-porous Si single-
crystal was as large as 10° or more. The etched
amount in the non-porous layer (several tens angstroms)
is a practically negligible decrease in membrane
thickness. That is, the Si substrate of a thickness
of 200 u, rendered porous, was removed, and a single-
crystal Si layer of a thickness of 1.0 uym was formed
on the SiO2 layer.

As a result of observation of the section
under a transmission-type electron microscope, it was
confirmed that no new crystal defect was introduced
in the Si layer and that excellent crystallinity was
maintained.

Examples 150 to 164

The same procedure as in Examples 57 to 71 was
effected, replacing the etching solution in Examples
57 to 71 with that in Example 134. In any of the
present Examples, consequently, a single-crystal Si

layer was formed with extremely less crystal defect
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on insulating materials.

Example 165

A P-type (100) single-crystal Si substrate of a
thickness of 200 y was anodized in 50 % HF solution.
The current density then was 100 mA/cmz. The porous
structure formation rate then was 8.4 um/min., and the
P~type (L00) Si substrate of a thickness of 200 u was
rendered porous in its entirety for 24 minutes.

According to MBE (molecular beam epitaxy) method,
an Si epitaxial layer of 0.5 y was grown at a lower

temperature on the P-type (100) porous Si substrate.

The conditions for deposition are as follows;

temperature: 700 °C
pressure: 1l x 10_9 Torr
growth rate: 0.1 nm/sec.

Subsequently, a substrate of fused silica
glass processed with optical polishing was bonded onto
the surface of the epitaxial layer, and both of the
substrates were strongly bonded together by heating
at 800 °C for 0.5 hour in oxygen atmosphere.

According to plasma CVD method, Si3N4 was
deposited to 0.1 um, thereby coating the bonded two
substrates. Thereafter, only the nitride membrane on
the porous substrate was removed by reactive ion etching.
Then, the bonded substrates were selectively etched,

under stirring, with buffered hydrofluoric acid. In

258 minutes, only the single-crystal Si layer remained
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without etching, while the porous Si substrate was
selectively etched with the single-crystal Si as a
material for etching stopper and then completely
removed.

The etching rate of the non-porous Si single-
crystal with the etching solution was extremely low,
such as 100 angstroms or less even 258 minutes later,
so that the selective ratio of the etching rate of the
porous layer to that of the non-porous Si single-~
crystal was as large as 105 or more. The etched
amount in the non-porous layer (several tens angstroms)
is a practically negligible decrease in membrane
thickness. That is, the Si sub;trate of a thickness
of 200 u, rendered porous, was removed, and after the
removal of the Si3N4 layer, a single-crystal Si layer
of a thickness of 0.5 um was formed on the substrate of
the glass.

As a result of observation of the section
under a transmission-type electron microscope, it was
confirmed that no new crystal defect was introduced in
the Si layer and that excellent crystallinity was
maintained.

Examples 166 to 180

The same procedure as in Examples 42 to 56
was effected, replacing the etching solution in
Examples 42 to 56 with that in Example 165. In any

of the present Examples, consequently, a single-~-crystal
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Si layer was formed with extremely less crystal
defect on insulating materials.

Example 181

A P-type (100) single-crystal Si substrate of
a thickness of 200 u was anodized in 50 % HF solution.
The current density then was 100 mA/cmz. The porous
structure formation rate then was about 8.4 ym/min.,
and the P-type (100) Si substrate of a thickness of
200 u was rendered-porous in its entirety for 24
minutes.

According to MBE (molecular beam epitaxy)
method, an Si epitaxial layer of 0.5 y§ was grown at a
lower temperature on the P-type (L00) porous Si

substrate. The conditions for deposition are as

follows;

temperature: 700 °C
pressure: 1l x 10'-9 Torr
growth rate: 0.1 nm/sec.

Subsequently, the surface of the epitaxial
layer was thermally oxidized in a depth of 50 nm.
A substrate of fused silica glass processed with
optical polishing was bonded onto the thermally
oxidized membrane, and both of the substrates were
strongly bonded together by heating at 800 °C for 0.5
hour in oxygen atmosphere.

According to low pressure CVD method, Si.N, was

374
deposited to 0.1 um, thereby coating the bonded two
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substrates. Thereafter, only the nitride membrane on
the porous substrate was removed by reactive ion etching.

Then, the bonded substrates were immersed in
buffered hydrofluoric acid, and stirred. In 258
minutes, only the single-crystal Si layer remained
without etching, while the porous Si substrates was
selectively etched with the single-crystal Si as a
material for etching stopper and then completely removed.

The etching rate of the non-porous $i single-
crystal with the etching solution was extremely low,
such as 100 angstroms or less even 258 minutes later,
so that the selective ratio of the etching rate of the
porous layer to that of the non-porous Si single-
crystal was as large as 105 or more. The etched amount
in the non-porous layer (several tens angstroms) is a
practically negligible decrease in membrane thickness.
That is, the Si substrate of a thickness of 200 y,
rendered porous, was removed, and after the removal of
the Si3N4 layer, a single-—crystal Si layer of a
thickness of 0.5 uym on the substrate of the silica
glass was formed.

As a result of observation of the section under
a transmission-type electron microscope, it was
confirmed that no new crystal defect was introduced
in the Si layer and that excellent crystallinity was

maintained.
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Examples 182 to 195

The same procedure as in Examples 58 to 71 was
effected, replacing the etching solution in Examples
58 to 71 with that in Example 165. In any of the
present Examples, consequently, a single-crystal Si
layer was formed with extremely less crystal defect
on insulating materials.

Example 196

A P-type (100) single-crystal Si substrate of a
thickness of 200 u was anodized in 50 % HF solution.
The current density then was 100 mA/cmz. The porous
structure formation rate then was 8.4 um/min., and the
P-type (100) Si substrate of a thickness of 200 p was
rendered porous in its entirety for 24 minutes.

According to MBE (molecular beam epitaxy) method,
an Si epitaxial layer of 0.5 u was grown at a lower
temperature on the P-type (100) porous Si substrate.

The conditions for deposition are as follows;

temperature: 700 °C
pressure: 1l x 10"9 Torr
growth rate: 0.1 nm/sec.

Subsequently, a substrate of fused silica glass
processed with optical polishing was bonded onto the
surface of the epitaxial layer, and both of the
substrates were strongly bonded together by heating at
800 °C for 0.5 hour in oxygen atmosphere.

According to plasma CVD method, Si3N4 was



31 JUL 200
- 172 -

deposited to 0.1 um, thereby coating the bonded two
substrates. Thereafter, only the nitride membrane on
the porous substrate was removed by reactive ion
etching. Then, the bonded substrates were selectively
etched in a mixed solution of buffered hydrofluoric
acid and alcohol (10:1) without stirring. In 275
minutes, only the single-crystal Si layer remained
wiﬁhout etching, while the porous Si substrate was
selectively etched with the single-crystal Si as a
material for etching stopper and completely removed.

The etching rate of the non-porous Si single-
crystal with the etching solution was extremely low,
such as 100 angstroms or less even 275 minutes later,
so that the selective ratio of the etching rate of the
porous layer to that of the non-porous Si single-
crystal was as large as 105 or more. The etched
amount in the non-porous layer (several tens angstroms)
is a practically negligible decrease in membrane
thickness. That is, the Si substrate of a thickness
of 200 u, rendered porous, was removed, and after the
removal of the SiBN4 layer, a single-crystal Si layer
of a thickness of 0.5 um was formed on the substrate
of the glass.

As a result of observation of the section under
a transmission-type electron microscope, it was
confirmed that no new crystal defect was introduced
in the Si layer and that excellent crystallinity was

maintained.
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Examples 197 to 210

The same procedure as in Examples 42 to 55 was
effected, replacing the etching solution in Examples
42 to 55 with that in Example 196. In any of the
present Examples, consequently, a single-crystal Si
layer was formed with extremely less crystal defect on
insulating materials.

Example 211

A N-type Si layer of thickness of 1 u was
formed on the surface of a P-type Si layer of 200 u
in thickness, by ion implantation of proton. The
implanted amount of H+ was 5 x 1015 ions/cmz.

The substrate was anodized in 50 % HF solution.
The current density then was 100 mA/cmZ. The porous
structure formation rate then was 8.4 um/min., and
the N-type (100) Si substrate of a thickness of 200 u
was rendered porous in its entirety for 24 minutes.
According to ﬁhe present anodization as has been
described above, only the P-type (100) Si substrate
was rendered porous, but no change was observed in
the N-type Si layver.

Subsequently, a second Si substrate on the
surface of which was formed an oxidized layer of
5000 angstroms was bonded to the surface of the N-type
Si layer. By heating in oxygen atmosphere at 800 °C

for 0.5 hour, both of the substrates were strongly

bonded together.
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Then, the bonded substrates were selectively
etched with a mixed solution of buffered hydrofluoric
acid (HF:4.46 %, NH4F:36.2 %) and ethyl alcohol
(10:1), without stirring. In 275 minutes, only the
single-crystal Si layer remained without etching,
while the porous Si substrate was selectively etched
with the single-crystal Si as a material for etching
stopper and then completely removed.

The etching rate of the non-porous Si single-
crystal with the etching solution was extremely low,
such as approximately slightly less than 40 angstroms
even 275 minutes later, so that the selective ratio of
the etching rate of the porous layer to that of the
non-porous Si single-crystal was as large as 105 or
more. The etched amount in the non-porous layer
(several tens angstroms) is a practically negligible
decrease in membrane thickness. That is, the Si
substrate of a thickness of 200 u, rendered porous,
was removed, and a single-crystal Si layer of a
thickness of 1.0 ym was formed on the $i0, layer.

As a result of observation of the section
under a transmission-type electron microscope, it was
confirmed that no new crystal defect was introduced

in the Si layer and that excellent crystallinity was

maintained.
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the present Examples, consequently, a single-crystal
Si layer was formed with extremely less crystal
defect on insulating materials.

Example 227

A P~-type (100) single-crystal Si substrate of
a thickness of 200 p was anodized in 50% HF solution.
The current density then was 100 mA/cmZ. The porous
structure formation rate then was 8.4 um/min., and the
P-type (100) Si substrate of a thickness of 200 p was
rendered porous in its entirety for 24 minutes.

According to MBE (molecular beam epitaxy)
method, an Si epitaxial layer of 0.5 u was grown at a

lower temperature on the P-type (100) porous Si

substrate. The conditions for deposition are as

follows;

temperature: 700 °C
pressure: 1 x 107 Torr
growth rate: 0.1 nm/sec.

Subsequently, a substrate of fused silica
glass processed with optical polishing was bonded onto
the surface of the epitaxial layer, and both of the
substrates were strongly bonded together by heating at

800 °C for 0.5 hour in oxygen atmosphere.
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According to plasma CVD method, 813N4 was
deposited to 0.1 um, thereby coating the bonded two
substrates. Thereafter, only the nitride membrane on
the porous substrate was removed by reactive ion
etching. Then, the bonded substrates were selectively
etched in a mixed solution of buffered hydrofluoric
acid and aqueous hydrogen peroxide solution (1:5) with
stirring. In 190 minutes, only the single-crystal Si
layer remained without etching, while the porous Si
substrate was selectively etched with the single-
crystal Si as a material for etching stopper, and
completely removed.

The etching rate of the non-porous Si single-
crystal with the etching solution was extremely low,
such as 50 angstroms or less even 190 minutes later,
so that the selective ratio of the etching rate of
the porous layer to that of the non-porous Si single- -
crystal was as large as lOs or more. The etched amount
in the non-porous layer (several tens angstroms) is
a practically negligible decrease in membrane thickness.
That is, the Si substrate of a thickness of 200 g,
rendered porous, was removed, and after the removal
of the 513N4 layer, a single-crystal Si layer of a
thickness of 0.5 um was formed on the substrate of the
silica glass.

As a result of observation of the section under

a transmission-type electron microscope, it was confirmed
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that no new crystal defect was introduced in the Si
layer and that excellent crystallinity was maintained.

Examples 228 to 242

The same procedure as in Examples 42 to 56 was
effected, replacing the etching solution in Examples
42 to 56 with that in Example 227. In any of the
present Examples, conseguently, a single-crystal Si
layer was formed with extremely less crystal defect
on insulating materials.

Example 243

A P-~-type (100) single-crystal Si substrate
of a thickness of 200 y was anodized in 50% HF solution.
The current density then was 100 mA/cmz. The porous
structure formation rate then was about 8.4 um/min.,
and the P-type (100) Si substrate of a thickness of
200 4 was rendered porous in its entirety for 24
minutes.

According to MBE (molecular beam epitaxy)
method, an Si epitaxial laver of 0.5 p was grown at

a lower temperature on the P-type (l100) porous Si

substrate. The conditions for deposition are as follows;

temperature: 700 °C
pressure: 1l x ].0-9 Torr
growth rate: 0.1 nm/sec.

subsequently, the surface of the epitaxial
layer was thermally oxidized in a depth of 50 nm. A

substrate of fused silica glass processed with optical
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polishing was bonded onto the thermally oxidized
membrane, and both of the substrates were strongly
bonded together by heating at 800 °C for 0.5 hour in
oxygen atmosphere.

According to low pressure CVD method, Si3N4
was deposited to 0.1 ym, thereby coating the bonded
two substrates. Thereafter, only the nitride membrane
on.the porous substrate was removéd by reactive ion
etching.

Then, the bonded substrates were immersed in
a mixed solution of buffered hydrofluoric acid and
aqueous hydrogen peroxide solution (1:5), and stirred.
In 190 minutes, only the single-crystal Si layer
remained without etching, while the porous Si
substrate was selectively etched with the single-
crystal Si as a material for etching stopper and then
completely removed.

The etching rate of the non-porous Si single-
crystal with the etching solution was extremely low,
such as 70 angstroms or less even 190 minutes later,’
so that the selective ratio of the etching rate of
the porous layer to that of the non-porous Si single-
crystal was as large as 10S or more. The etched amount
in the non-porous layer ({several tens angstroms) is a
practically negligible decrease in membrane thickness.
That is, the Si substrate of a thickness of 200 yu,

rendered porous, was removed, and after the removal of
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the Si3N4 layer, a single-crystal Si layer of a
thickness of 0.5 um was formed on the substrate of
the silica glass.

As a result of observation of the section under
a transmission-type electron microscope, it was confirmed
that no new crystal defect was introduced in the Si

layer and that excellent crystallinity was maintained.

Examples 244 to 257

The same procedure as in Examples 58 to 71
was effected, replacing the etching solution in
Examples 58 to 71 with that in Example 243. In any
of the present Examples, consequently, a single-
crystal Si layer was formed with extremely less
crystal defect on insulating materials.

Example 258

A P-type (100) single-crystal Si substrate of
a thickness of 200 p was anodized in 50 % HF solution.
The current density then was 100 mA/cmZ. The porous
structure formation rate then was 8.4 pm/min., and the
P-type (100) Si substrate of a thickness of 200 u was
rendered porous in its entirety for 24 minutes.

According to MBE (molecular beam epitaxy)
method, an Si epitaxial layer of 0.5 p was grown at a
lower temperature on the P-type (100) porous Si substrate.
The conditions for deposition are as follows;
temperature: 700 °C

pressure: 1 x 1072 Torr
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growth rate: 0.1 nm/sec.

Subsequently, a substrate of fused silica
glass processed with optical polishing was bonded onto
the surface of the epitaxial layer, and both of the
substrates were strongly bonded together by heating
at 800 °C for 0.5 hour in oxygen atmosphere.

According to plasma CVD method, Si3N4 was
deposited to 0.1 um, thereby coating the bonded two
substrates. Thereafter, only the nitride membrane
on the porous substrate was removed by reactive ion
etching. Then, the bonded substrates were selectively
etched in a mixed solution of buffered hydrofluoric
acid, alcohol and agqueous hydrogen peroxide solution
(L0:6:50) without stirring. In 205 minutes, only
the single-crystal Si layer remained without etching,
while the porous Si substrate was selectively etched
with the single-crystal Si as a material for etching
stopper and then completely removed.

The etching rate of the non-porous Si single-
crystal with the etching solution was extremely low,
such as approximately slightly less than 40 angstroms
even 205 minutes later, so that the selective ratio
of the etching rate of the porous layer to that of
the non-porous Si single-crystal was as large as 105
or more. The etched amount in the non-porous layer
(several tens angstroms) 1s a practically negligible

decrease in membrane thickness. That is, the Si
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substrate of a thickness of 200 u, rendered porous, was
removed, and after the removal of the Si3N4 layer, a
single-crystal Si layer of a thickness of 0.5 pm was
formed on the substrate of the silica glass.

As a result of observation of the section under
a transmission-type electron microscope, it was confirmed
that no new crystal defect was introduced in the Si
layer and that excellent crystallinity was maintained.

Examples 259 to 272

The same procedure as in Examples 42 to 55
was effected, replacing the etching solution in Examples
42 to 55 with that in Example 258. 1In any of the
present Examples, consequently, a single-crystal Si
layer was formed with extremely less crystal defect
on insulating materials.

Example 273

A N-type Si layer of thickness of 1 p was formed
on the surface of a P-type (100) Si substrate of thickness
of 200 u, by ion implantation of proton. The implanted

15 ions/cmz.

amount of H+ was 5 x 10
The substrate was anodized in 50 % HF solution.

The current density then was 100 mA/cmz. The porous

structure formation rate then was 8.4 pm/min., and the

P-type (100) Si substrate of a thickness of 200 u

was rendered porous in its entirety for 24 minutes.

According to the present anodization as has been

described above, only the P-type (100) Si substrate
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was rendered porous, but no change was observed in the
N-type Si layer.

Subsequently, a second Si substrate on the
surface of which was formed an oxidized layer of 5000
angstroms was bonded to the surface of the N-type Si
layer. By heating in oxygen atmosphere at 800 °C for
0.5 hour, both of the substrates were strongly bonded
together.

Then, the bonded substrates were selectively
etched with a mixed solution of buffered hydrofluoric
acid (HF:4.46 %, NH4F:36.2%), ethyl alcohol and 30%
agqueous hydrogen peroxide solution (L0:6:50), without
stirring. In 180 minutes, only the single-crystal Si
layer remained without etching, while the porous Si
substrate was selectively etched with the single-
crystal Si as a material for etching stopper and then
completely removed.

The etching rate of the non-porous Si single-
crystal with the etching solution was extremely low,
such as approximately slightly less than 40 angstroms
even 180 minutes later, so that the selective ratio of
the etching rate of the porous layer to that of the
non-porous Si single-crystal was as large as lO5 or
more. The etched amount in the non-porous layer
(several tens angstroms) is a practically negligible
decrease in membrane thickness. That is, the Si

substrate of a thickness of 200 u, rendered porous, was
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removed, and a single-crystal Si layer of a thickness
of 1.0 um was formed on the SiO2 layer.

As a result of observation of the section under
a transmission-type electron microscope, it was
confirmed that no new crystal defect was introduced
in the Si layer and that excellent crystallinity was
maintained.

Examples 274 to 288

The same procedure as in Examples 57 to 71
was effected, replacing the etching solution in
Examples 57 to 71 with that in Example 273. 1In any
of the present Examples, consequently, a single-crystal
S1 layer was formed with extremely less crystal defect

on insulating materials.
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Claims

1 . A method for preparing s semicenductor member

which comprises the steps of: )

providing a first substrate having a porous
monocrystalline silicon layer and 2 non-porous
monocrystalline silicon laye=;

bonding the first substrate to a2 second
substrate with an insulating laver therebetween a2nd in a
manner S0 as to plmce the non-porous mcnocrystglline silicon
layer inside the multi-layexr sitructure to be obtained; mnd

etching the porous monoc:ystnlline silicon layer
with—~an etching liquid comprising 8 solution comprising
hydrcfluoric acid and at least one of an slcohcl and
hydrogen percxide, or & solution comprising buffered
hydsofluoric acid and at least one of an alcohol and
hvérogen peroxide to remove the porous monocrystalline

silicon layexr f£from the multi-layer structure.

2. A method for preparing a semiconductor member

vhich comprises the steps of:

providing a first substrate having a porous
monocrystalline silicon layer and a non-porous
monocryvstalline silicon layer:

bonding the first substrate to a second light-
transmissive substrate in 2 manner so as to place the non-
porous monocrystelline silicon layer inside the multi-layer
stucture to be obtained: and

etching the porous monocrystalline silicon layer
with an etching liquid comprising a solution comprising
hydraofluoric acld and at least one of an alcohol and
hyérogen peroxide, or a solution comprising buffered
hydxofluoric acid and =t least one of an alcohol and
hydrogen peroxide to remove the pPorous monocrystalline

silicon layer from the multi-lzyer structure.
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3. The method according to claim ] or 2, wherein
the etching ligquid comprises a solution comprising

hydrofluoric acid, hydrogen peroxide and an alcchol.

4. The method according to claim 3, wherein the
etching liquid comprises a sclution comprising 5 to 80% of
hydrofluoric acid, 10 to B0 ¥ of hydrogen peroxide and 40 %

o= less of an alcochol.

5. The method according to claim 1 or 2, wherein
the ‘etching liquid comprises a solution comprising buffered

hydrofluoric acid, hydrogen peroxide and an alcohol.

6. The method sccozding to claim 5 , wherein the
etching liguid comprises a solution comprising 1 To 70 ¥ of
hydroflucric acid, 5 to BO & of a buffer, 10 Tto 80 ¥ cf

hydrogen peroxide aznd 40 § or less of an alcochol.

7. The method according to claim 1 or 2 , wherein
the etching liquid comprises 2 solutlon comprising 5 to 80%
of hydrofluoric acid and 10 To BO ¥ of hydrogen peroxide.

8. The method according to claim 1 or 2, wherein
the etching liquid comprises a soclution comprising 5 To 80 %

of- hydrofluoric acid and 40 % or less of an alcohol.

9. The method according to clmim 1 or 2, wherein
the etching liquid comprises 2 solution comprising 1 to 70 %
of hydrofluoric acid, 5 to 80 % of 2 buffer and 10 to 80 %

of hydrogen peroxide.
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10. The method according to claim 1 or 2, wherein
the etching ligquid conpriges a solution compzrising 1 to 70 %
of hydrofluoric acid, 5 to 80 ¥ of a buffer, and 40 ¥ or

less ¢f an salcohol.

11. The method according to claim 1 or 2, wherein
the zlcohol is ethyl aleochol.

12. The method according <o claim 1 or 27, wherein
‘the buffered hydrofluoric acid comprises hydrofluoric acid
added with ammonium f£fluoride.

13. The method according to claim 1 or 2, wherein
the etching of the porous monocrystalline silicon layer is

carried out at a temperature of 0 to 100 *C.

14. The method according to claim 13, wherein the
etching of the porous monocrystalline silicon layer is

carried out at a temperature 0f 5 to 80 °C.

15. The method according to claim 14, wherein the
etching of the porous monocrystalline silicon layer is

carried ocut at a temperature of 5 to 60 °C.

16. The method according to claim 1 or 2, wherein
the. first substrate is provided by making a silicon
substrate porous to form a porous monocrystalline silicon
lzyer and by epitexielly growing a non-porous
menocrystalline silicon layer on the porous monocrystalline

silicon layer.

17. The method according to claim 16, wherein the

silicon substrate is made porous by anodization.



31 JUL 2003
- 187 -

18. The method according to claim 1§, wherain the
non-porous monocrystalline silicon layer is epitaxially
grown according to a method selected from the molecular beam
epitaxial method, the plasma CVD mathod, Tthe low pressure
CVD method, the atmospheric pressuzra CVD mathod, the ligquid
phase growth method and the bilas sputtaring methed.

19. The method according to claim 1 or 2, wherein
the first substrate is provided by partly making a2 silicon
substrate porous to form a porous monocrystalline silicon
layer, and wherein a portion not made porxrous of the silicon
substrate is used as the non-porous monocrystalline silicon

layer.

20. The method according to claim 19, wherein the
silicon substreate is of P-type, and wherein the silicon
substrate is paztly irradiated with protons to form a N-type
silicon layer and the portion of P-type silicon of the
silicon substrate is made porous by anodization to provide

“he f£irst substrate.

21. The method according to claim]g , wherein the
silicon substrate is of P-type, and wherein an intrinsic
monocrystalline silicon layer is epitaxially grown on the
silicon substrate and the portion of P-type silicon of the

silicon substrate is made porous to provide the first

substratTe.

22. The method according to claim 1 , wherein the

second substrate comprises silicon.
23. The method according to claim 1 , wherein the

second substrate and the insulating layer are formed by

oxidizing a2 surface of a silicon substrate.
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24. The method according to claim 1, whezein the
first substrate and the insulating layer are formed by
oxidizing a surface of a non-porous monocrystalline silicon
layer of a substrate having & porous monocrystalline silicon

layer and the non-porous monocrystalline silicon layers.

25. The method according to clzim 1 wherein the
insulating layer comprises 3 first and a second insulating
layers, wherein the £ixrst substrate and the first insulating
lsyer ere formed by oxidizing a surface cof a non-porous
monoérystalline siliceon layer pf 8 substrate having a porous
monocrystalline silicon layer and the non-porous
monocrystalline silicon layer, and wherein the second
substrate and the second insulating layer axre formed by

cxidizing a surface of a silicon substrate.

26. The method according To claim 1 or 2, wherein

the second substrate comprises glass.

27. The method according to claim .1 or 2, wherein

the second substrate comprises quartz.

28. A semiconductor member prepared by the method of

eny one of claims 1 to 27.



