-1 - _ FABRI.CATI ON PROCESS CF SO SUBSTRATE

BACKGROUND OF THE | NVENTI ON Field of the Invention The
present invention relates to a fabrication process q& o 186 ate
excellent in uniformty of filmthickpess and in suppression

vacancy of film (or voids) and interface states, and nore ?
particul arly, to a fabrication process of SO substrate appw g %Q;~
10 hi gh-functionality and hi gh-performance el ectronic deV|é§ b 1
highly integrated circuits, and so on, fabricated in a S|ngI&Wr§

sem conductor |ayer on a FABRICATEUN EHCUHSS Fulsazosunsisarat e of gl ass

the like or on a silicon substrate with an oxide filmthereon. 15
Rel at ed Background Art Formation of a single-crystal silicon
sem conductor |ayer on an insulator is wi dely known as the Silicon on
I nsul ator (SO ) BAEKGROUNDYQF JTHE MENUENTION resear ches have been conduct ed
because this substrate 20 has a | ot of advantages that cannot be
achi eved by bul kield ofstheéechmventisin at es used for fabricating ordinary
silicon integrated circuits.
5 The present invention relates to a fabrication
process of SOI substrate excellent in uniformity of
film thickness and in suppression of vacancy of film
(or voids) and interface states, and more particularly,
to a fabrication process of SOI substrate applied to
10 high-functionality and high-performance electronic
devices, highly integrated circuits, and so on,
fabricated in a single-crystal semiconductor layer on a
transparent insulator substrate of glass or the like or
on a silicon substrate with an oxide film thereon.
15 Related Background Art
Formation of a single-crystal silicon
semiconductor layer on an insulator is widely known as
the Silicon on Insulator (SOl) technology, and many
researches have baen conducted because this substrate
20 has a lot of advantdges that cannot be achieved by bulk
silicon substrates tsed for fabricating ordinary
silicon integrated circuits.
[SOS and SIMOX]
One of the donvéntional SOI technologies is the
25 so-called SOs (8ilitvn-on-Sapphire), which is the

technology for hefero-epitaxially growing a silicon

layer on a sapphire c¢rystal, but the quality of the
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[ SOS and SI MOX] One of the conventional SO technologies is the
25 so-called SOS (Silicon-On-Sapphire), which is the t echnol ogy for
hetero-epitaxially growing a silicon | ayer on a sapphire crystal, but
the quality of the -2 - - 2-
hetero-epitaxially grown silicon crystal is poor. Al so, SI MOX

(Separ ati on- by-1 Ml ant ed- OXygen) is under practical use as an SO
form ng technol ogy for i nplanting a | ot of oxygen ions into silicon
and 5 thereafter subjecting the resultant to annealing, t her eby

form ng an Si O g&tdrbdaysi takidl Iy ravire&iQiyeen crystalbgsngobotied fromthe
surface of silicon to the position of about 0.2 pm However, this

inpl antation  Also0fsIMON (SemmeratizisbandMplaetkdrgXygqu)rés andet of 10
time, which is disadvantageous in respect of productivity and cost,

and the ion inppeateicah eseises an S0I fremmingr jrechhodetEcferin t he SO
silicon | ayer. Decreasing inplantation of oxygen ions would nake it
difficult at priéspheantinges ntet mf mxydenmigns idnFoopilison apde oxi de

| ayer, and it is also considered to be difficult to_change the

thi ckness B6f ththenpafher SSepieeting the rmasujtempfeto annealing,

thereby forming an 5i0, layer with implanted oxygen
being buried from the surface of silicon to the
position of about 0.2 um. However, this implantation
of many oxygen ions and annealing requires a lot of
10 time, which is disadvantageous in respect of
productivity and cost, and the ion implantation causes
many crystal defects in the SOI silicon layer.
Decreasing implantation of oxygen ions would make it
difficult at present to maintain the film quality of
15 the oxide layer, and it is also considered to be
difficult to change the thickness of the implant SiO,
film layer.
[Bonding SOI]
Among the SOI forming techniques reported
20 recently, there ig "bonding SOI," popularly called,
particularly excellent in quality. This is the
technology in Whi&h mirror surfaces of two wafers at
least one of which hds an insulating film formed by
oxidation or the tifke are brought into close adhesion
25 with each other, %ﬁ%? are subjected to annealing so as
to reinforce coupiihg of adhesion interface, and

thereafter the substrate is polished or etched from

b



[ Bondi ng SA ] Anong the SO form ng techni ques reported 20
recently, there is "bonding SO ," popularly called, particularly
excellent in quality. This is the technol ogy in which mrror
surfaces of two wafers at . | east one gf_mhich has an insulating film
formed by oxidation or the |like are brought into close adhesion 25
with each other, they are subjected to annealing so as to reinforce
coupling of adhesion interface, and thereafter the substrate is
pol i shed or etched from : - 3-

ei ther one sidees@hae bfiel 8288 SoSas i €N WYl 1o single-thiysthll m
having an arbitrary thickness on the I nsulator film The nost

i mportant poi nt thint Bi$m havind eshnatintyrarsy ahsicknesar ophithei ng the silicon
substrate 5 into athinfilm 1In nore detail, normally, the

silicon substratasalatbrckism. selre ahodiundiped:fagrtr jpoiet do this needs to
be polished or etched uniformy down to the t hi ckness of several pm
or even 1 pm or teebsplapichsia step fowrcthigirdgia dibey siddgom substraten
respect of 10 controllability and uniformty. There are roughly two
ways for t®Binni Agtsi pi €BAni fidng tHe 9xe fetgid omormally, the

silicon substrate as thick as several hundred pm or so
needs to be polished or etched uniformly down to the
thickness of several pm or even 1 pm or less, which is
technologically very difficult in respect of

10 controllability and uniformity. There are roughly two
ways for thinning silicon into a thin film. One of
them is a method for carrying out thinning only by
polishing (BPSOI: Bonding and Polishing SOI), and the
other is a method for providing an etching stop layer

15 immediately over a thin film to be left (actually,
immediately under the thin film during fabrication of
single substrate) and performing two stages of
substrate etching and etching of the etching stop layer
(BESOI: Bond and Etchback SOI). Since in the BESOI a

20 silicon active layer is often epitaxially grown over
the etching stop layer preliminarily formed, this BESOI
is considered to ba advantageOus so far in order to
secure uniformity of film thickness. However, since
the etching stop layer often contains a high

25 concentration of impurities, it will cause distortion
of crystal lattice, which will result in the problem

that the crystal defects propagate to the epitaxial



themis a nethod for carrying out thinning only by pol i shing (BPSQO :
Bondi ng and Polishing SO), and the other is a nethod for providing
an etching stop layer 15 i mMmedi ately over a thin filmto be |eft
(actually, i mredi ately under the thin filmduring fabrication of
single substrate) and performng two stages of substrate etching and
etching of the etching stop | ayer (BESA : Bond and Etchback SO).
Since in the BESO a 20 silicon active layer is often epitaxially grown
over the etching stop layer prelimnarily fornmed, this BESO

is considered tqaheradvapbageuSassol 4 pods Pty Cthat the SHprd ties
uniformty of filmthickness. However, 'since the etching stop | ayer

often contains FilFrdlke 4Pon 6R1AEEIHAIbONtIE é;]smsaitiéleaq}ér W lupeuse
di stortion of crystal lattice, which will result in the problem

t hat the crystalantheaedng pEGpROBORJIiING | hehepalhy¥Xxdltdnging etching
-4- | ayer. There is also a possibility that the inpurities
di ffuse upon oxichatractesfistthesepi t axi al | ayer or upon anneal i ng
after bondi ng, thereby changing etching characteristics. 5
I n these bdndi ng SO gn itheskebonding cB3PIsyri hfitthere are contanipationd ng
surfaces or if there are asperities
in the bonding surfaces or if there are asperities
because of poor flatness of the bonding surfaces, many
vacant spaces called "voids" will appear at the bonding
interface. From this point the BESOI discussed above
10 is disadvantageous in many cases. The reason is as
follows. The etching stop layer is normally formed,
for example, by hetero-epitaxial growth by CVD or by
epitaxial growth with doping of a high concentration of
impurities. 1In the case of CVD, especially in the case
15 of the hetero-epitaxial growth, the flatness achieved
is often inferior to that of flat surfaces obtained by
polishing. The etching stop layer is sometimes formed
by ion implantation, but the flatness is also degraded
in this case.
20 [New BESOI technology]

An example of the technology for achieving good
flatness of the bonding surfaces, uniform film
thickness of the active layer as in the BESOI, and
selectivity of etchback several orders of magnitude

25 higher than that in the conventional BESOI is the

technology for making the surface of silicon substrate

porous by anodization and epitaxially growing the



because of poor flatness of the bonding surfaces, many vacant spaces
called "voids" will appear at the bonding i nterface. Fromthis point
t he BESO di scussed above 10 i s di sadvant ageous in nany cases. The
reason i s as follows. The etching stop layer is normally formed,

for exanple, by hetero-epitaxial growh by D or by epi t axi al
gromh with doping of a high concentration of I mpurities. In the
case of CVD, especially in the case 15 of the hetero-epitaxial growh,
the fl atness achi eved is often inferior to that of flat surfaces

obt ai ned by silidGh i i 1HRretttiidedns(Oaphakee Patengeti nes formed
by ion inplantation, but the flatness is al so degraded in this case.

20 [ New BESQ\ppELduelsrwylaid-open No. A324838pl.e @h thésteabapl tiyy for
achi evi ng good fl atness of the bonding surfaces, uniformfilm

t hi ckness of t hgobeis VEayery eatomsesporidse tBESOe, edgtiing StOPséa}a@rwnty of
et chback several orders of magnitude 25 hi gher than that in the
conventional BESGk BESQhe Howeven.edimsieodhef etchakpitg PHePSGPRECe of
silicon substrate porous by anodi zati on and epltaX|aIIy gromnng t he
-5- 5 ‘silicon is very high with a hydrofluoric acid based
etchant as compared with single-crystal silicon, a
high-selectivity etching characteristic is considered
to be more imbortant rather than the etching stop
layer. Since this technology forms the porous silicon
10 layer not by CVD, but by anodization of a flat single-
crystal silicon substrate surface, the flatness of the
epitaxially grown active layer becomes better than that
in the BESOI in which the etching stop layer is formed
by CVD or the like. The epitaxial layer growing on
15 this surface has a property of achieving crystallinity
nearly equal to that of an epitaxial layer grown on a
non-porous single-crystal substrate. This enables us
to use a single-crystal thin film equivalent to the
epitaxial layer on the single-crystal silicon substrate
20 with high reliability as an active layer, thus
providing the SOI substrates with excellent
crystallinity and with excellent uniformity of film
thickness.
K. Sakaguchi et al. reported that a substrate
25 obtained by anodi%ihb the surface of silicon single-

crystal substrate to make it porous and effecting

epitaxial growth thereon was bonded to a silicon



silicon active |layer thereon (Japanese Patent Application Laid-open

No. 5-21338). In this case, the porous | ayer corresponds to the
etching stop layer in the BESO . However, since the etch rate of
porous 5 silicon is very high with a hydgofluoric acid based

etchant as conpared with single-crystal silicon, a hi gh-sel ectivity
etching characteristic is considered to be nore inportant rather than
the etching stop | ayer. Since this technology fornms the porous

silicon 10 | ayer not by CVD, but by anodization of a flat single-

crystal siliconggyRsihebewsthfla¢oxidedd dureesee)f thee non-porepkt axi al |y
grown active |ayer becones better than that in the BESO in which the

etching stop |a§§h 18-Epp8RE1 silicdly sWfafatidh@dritien Was epbuadi by | ayer
growi ng on ﬁls surface has a property of achieving crystallinity

nearly equal toatbaindéraﬂoeexpeseewhéegnroq;wiﬂyean @&nd only #be- por ous
single-crystal substrate. This enabl es us to use a_single-crystal
thin film equi vabentist baybe was selegtivedwnletchrd wth wolytigreofr yst a
silicon substrate 20 with high reliability as an active layer, thus
provi di ng She SBF/Hydsmixtusew thusxaehieying 507 n‘(‘:r%/s]tsalqr‘iﬁ 13F)a®F with
excellent uniformty of film t hi ckness. K. Sakaguchi et

al. reported th86-8 §{§b§t fapenmpGta. %bﬂal’i‘%dﬁ b@/’-]é‘h(}ihlﬁkr?&stsne surface of

silicon single- ystal substrate toq nake rous ang eff ecting
epi t axi al gromﬁﬁlﬁﬁ€FBHﬁ1RBs°50ﬁQEds iﬁ%?%ci ddr BY0h WdeEl.

It is described that in the etching with the solution
of HF/H,0, mixture in this case the etch rate of the

10 porous silicon layer is 10° times greater than that of
the non-porous silicon layer, and thus, the porous
silicon layer functions well as an etching stop layer
in the BESOI.

In addition to the method for bonding a single-

15 crystal silicon substrate having a thermally oxidized
surface or a transparent silica glass substrate to an
epitaxial silicon film grown on this porous silicon, it
is also possible to bond SiO, surfaces of two substrates
to each other. The interface state density of the

20 interface between the epitaxial silicon film as an
active layer and 9102 (the thermally oxidized film of
the epitaxial layer) is sufficiently low, and the
thickness of the Sioz layer can be controlled
arbitrarily. Thus, the substrate can be fabricated as

25 making full use b% the characteristics of SOI. Then
the surface of Sibz at the bonding interface is

activated by a plasma process, whereby the bonding



- 6- g substrate with an oxidi zed surface, the non-porous

single-crystal silicon substrate portion was ground by a grinder to
expose the porous layer, and only the porous | ayer was selectively
etched with solution of 5 HF/ H202 m xtugpe, thus achieving 507 nm 15 nm
(3% or 96.8 nm 4.5 nm (4.7 % as a’filmthickness

distribution of SO silicon layer for 5-inch wafers. It is described
that in the etching with the solution of HF/Herr]derr] mxture in
this case the etch rate of the 10 porous silicon layer is 10[err] tines

greater than th %rgkﬁtpaggp Pgeeﬂﬁgﬁggaoy?1f§IgﬁgnbééagyéndyuéﬁIyaidg:he

por ous silTco unctirons well as an etching stop | ayer
in the BESO . .. pe suppkBsaddition to the nethod for bonding a single-
15 crystal sﬁ I con suBstrate having a thermally oxidized surface

or a transparent siligpa @4baSBEBORStE8hRo16gRMescribe®pbicvd gersiitiscon film
grown on this porous silicon, it Is also possible to bond Sigerr]

surfaces of twoywihst bbtain high-gtalete SOl heubstitetestiar fwldetstat e
density of the 20 interface between the epitaxial silicon filmas an
active | aye andhs Gighr selebéivecetehing oxf dporeid isikdigton layer tthe
epitaxial layer) is sufficiently low, and the

film thickness distribution preserves the flatness and

film thickness distribution upon epitaxial growth.

However, the above new BESOI technology has the

following problems in removing the non-porous single-

10 crystal Si region that was not made porous.

1. Problems raised by use of hydrofluoric acid
based etchant of wet type

The technology involves liquid exchange upon
processing of many substrates and difficult

15 controllability of liquid concentration management, and
thus is very poor in productivity.

The Si0, layer and SiO, glass substrate are etched
by the hydrofluoric acid based etchant because of the
large etch rates thereof. Especially, in the case of

20 bonding onto a transparent SiO, glass substrate, the
back face of the glass substrate is also etched, which
degrades transparency of the transparent substrate.

In the case of exposing the porous silicon portion
with a wet-type etchant such as a hydrofluoric

25 acid/nitric acid based etchant or alkali solution as a

method for removing the non-porous single-crystal Si

region, the etch rate of the low-density porous silicon



t hi ckness of the Si(Jerr] |layer can be controlled arbitrarily. Thus,
the substrate can be fabricated as 25 maki ng full use of the
characteristics of SO. Then the surface of Si(Jerr] at the bonding
interface is activated by a pIasna_prqpss, wher eby t he bondi ng

-7- strength can be enhanced fully "and occurrence of voids

can be suppressed. The new BESO technol ogy descri bed above
permts us to obtain high-quality SO substrates in which by 5

t he high selective etching of porous silicon |ayer the film

thickness di strijdy &sob@.]%%'%‘éﬁtﬁaﬁ thatnggsnéiitporous sfiidBd Hgkness

di stribution upon”epitaxial gro . However, the above new BESO

technol ogy has ttter whatf @tcbahgiBr Gbbals BEcACE®VGNOHIE, BHEJIY OUS
single- 10 crystal Si region that was not nmade porous. 1

Probl ens rai sed danovdiegofallly dfoftheonbn-pordus silicdagssrteiahardtaiinget
type The technol ogy involves |iquid exchange upon
processi ng of nmaiilsphooeade fastdrdihf poutiond Swhere @urals abilidon dfs
i quid concentration nmanagenent, and thus is very poor in
producti vi tg. exposed, so that variation of remaining f£ilm
thicknesses of porous silicon will become very large,
several uym or more. When the film thicknesses of
porous silicon become as thin as several uym or less,
etching further reaches even the underlying epitaxial
10 silicon layer under porous silicon, which degrades
uniformity of film thickness of the final SOI layer.
Therefore, the thickness of the porous silicon layer
needs to be 10 or more pym, and the porous silicon layer
cannot be thinner than it.
15 2. Problem as to film thickness of porous silicon
layer
In the case of using grinding by a grinder as a
method for removing the non-porous single-crystal Si
region, the thickness of not less than 10 pm is
20 necessary as a grinding margin of the grinder to stop
grinding at the underlying porous silicon layer as well
as a damage layer due to grinding, and therefore, the
porous silicon layer cannot be made thinner than it.

Therefore, a lot of time is necessary for

25 formation and etching of porous silicon.



The S err] layer and Si(Jerr] glass substrate are etched by the
hydrofl uoric acid based etchant because of the | arge etch rates
thereof. Especially, in the case of 20 bondi ng onto a transparent
Sigerr] glass substrate, the back_fgce of the glass substrate is
al so etched, which degrades transparéncy of the transparent
substrate. In the case of exposing the porous silicon portion
with a wet-type etchant such as a hydrofluoric 25 acid/nitric acid
based etchant or alkali solution as a met hod for renoving the
non- por ous si ngkemEARSt 8F ThE INVENTI®I Oon, the etch rate of the

| ow- density porous silicon - 8-
layer is greater thamptthal thefe@foRs) @ cbjecowMche presemttt er what
etchant is used. Because of this, before renoving all of the

non- porous sili eareptidhoto eéashize a fabricatilompmaoeedst @ft 80Ii n porti ons
where porous silicon is 5 exposed, so that variation of remaining film
t hi cknesses of pabstisatel sobving | thecxbhwnahlensr Jee., the pyebdeBE pm or

more. Wen the filmthicknesses of . .. porous silicon becomre as thin as

several pmSor | efsreductioneinhpreduckitichy rant kegradatioRe Odnder | yi ng

epitaxial 10 silicon | ayer under porous silicon, which de%rades
transparency of transparent substrate with use of the

wet type hydrofluoric acid based etchant for removing
the non-porous single-crystal Si region and the problem
of requiring a lot of time for formation and etching of

10 porous silicon because the grinder cannot be used for
thinning the porous silicon layer.

In order to achieve the above object, the present
inventor has made all possible efforts so as to achieve
the following invention. Namely, the fabrication

15 process of SOI substrate according to the present
invention is a fabrication process of SOI substrate
comprising a step of making a surféce layer of a
single-crystal Si substrate porous to form a porous
single-crystal Si region on a first non-porous single-

20 crystal Si region, a step of forming a second non-
porous single-crystal Si region over a surface of said
porous single-crystal Si region, a step of preparing a
support substrate at least a surface layer of which is
an insulating region, and bonding said insulating

25 region to said second non-porous single-crystal Si
region, a step of removing said first non-porous

single-crystal Si region, and a step of removing said



uniformty of filmthickness of the final SO |ayer. Therefore, the

t hi ckness of the porous silicon | ayer needs to be 10 or nore pm and
t he porous silicon |ayer cannot be thinner than it. 15 2.
Problemas to filmthickness of porous siligan_ | ayer In
the case of using grinding by a grinder as met hod for renoving the
non- por ous single-crystal Si region, the thickness of not |ess than
10 pmis 20 necessary as a grinding nargin of the grinder to stop
grinding at the underlying porous silicon |ayer as well as a damage

| ayer due to gr;pfi‘;l n‘&@ siﬁglbhéf:%@&f si hPegmn wHREOUS Slid GRled Qe

cannot be nmde ner th herefore, a lot of tine is

necessary for %%movﬂoxgr BB BOR1 284 ﬁéﬁhﬂaéﬁo&i @Q{Qflé-c%}}étﬁﬂn .si region
- 9- SUMVARY THE | NVENTI ON | t herefore, an

obj ect of the piomiises a stBpesfi periormiiryidey etaing atd emipoeess of
Sa substrate solving the all problens, i.e., the problens 5 of
reduction i n predoht raitey ofntthdenoadpbrous cdingle-crystrelp&icnmagian is
transparent substrate with use of the wet type hydrofluoric acid
based etchdnt f greadewvithgn that of the porous single-crystal Si

region.

Here, the step of removing the first non-porous
single-crystal Si region preferably has a step of
partly grinding the region by a grinder before the step

10 of performing dry etching. The dry etching is
preferably etching performed in such a way that
activated ion species are made by ionization by
electric or optical energy, the activated ion species
are accelerated in the direction normal to the

15 substrate surface, and the reaction takes place at the
substrate surface. Determination of an end point of
etching, where the porous single-crystal Si region is
exposed over the entire surface by the dry etching, may
be preferably made by setting a parallel plate

20 electrode on the substrate and observing a change of a
self-bias between the parallel plate electrode and the
substrate.

Here, the step of removing the porous single-
crystal Si regidh may be carried out by wet etching in

25 which the etch rate of the porous single-crystal Si
region is greater than that of the non-porous single-

crystal Si region or by dry etching in which the etch



t he non-porous single-crystal Si region and the problem of requiring
a lot,of tine for formati on and etching of 10 porous silicon because the
gri nder cannot be used for t hi nni ng the porous silicon |ayer.

In order to achi eve the above object, the_pﬁ_:s_ent i nventor has nade
all possible efforts so as to achieve the follow ng invention.
Nanely, the fabrication 15 process of SO substrate according to the

pr esent invention is a fabrication process of SO substrate
conprising a step of making a surface |ayer of a single-crystal Si

substrate porougdte 0¥ he g@ﬁ:eug single-&1PSt&L C8Y Stadich ILH WY A
first non-porous single- 2 crystal Si region, a step of formng a

second non- tharP@ha4s oFi R8kenbhypbabus sigglercHystan Silrdapiomf said
porous single-crystal Si region, a step of preparing a support
substrate at | eadie @rsjuchahéngayar whicihhthé é8ch rate af thspaddug regi on,
and bonding said insulating 25 region to said second non-porous
singl e-crystal Siingle-crys¢gilofi zegiep b greavéngthan dtHat x3f ridve por ous
single-crystal Si region, and a step of renoving said
- 10 - 5 ngFoPeFSUS| Fdnglergsyatal Siegegton wHerkveferahlwt ep of

etching carried out in such a way that activated

radicals resulting from decomposition by at least

electric or optical energy intrude into the pores of

the porous region to etch the region from inside.

10 The step of forming the second non-porous single-
crystal Si region on the surface of the porous single-
crystal Si region is preferably a step of epitaxially
growing the second non-porous single-crystal Si region
over the surface of the porous single-crystal Si

15 region. Alternatively, the step may be a step of
performing annealing to close the pores in the surface
of the porous single-crystal Si region. Further, the
support substrate may be an Si wafer, an Si wafer with
an insulating surface, or an insulating substrate such

20 as silica glass. In the case of the support substrate
being an Si wafer, the surface of the second non-porous
single-crystal Si region is made insulative.

The present inventor found the etching conditions
having such opposite selectivity to that of wet

25 etching, that in performing dry etching under certain

conditions the etch rate of porous silicon is several

or more times slower than that of non-porous silicon.



removi ig said first non-porous single-crystal Si region conprises a
step of performng dry etching in which an etch rate of the

non- porous single-crystal Si region is 5 greater than that of the
porous single-crystal Si region. _ 12 - Here, the step of
renoving the first non-porous single-Crystal Si region preferably
has a step of partly grinding the region by a grinder before the
step 10 of performng dry etching. The dry etching is preferably
etching perforned in such a way that activated ion species are nade

by ionization byrhe preseiiteGinventdbnOREi €Ak 6f€r g¥ing heh@cdiy ad€shirgp
speci es are accelerated in the direction normal to the 15

substrate surfacef sush idondisdensofoirakemnopliagethe hbr-porous simgpla-ate
surface. Determ nation of an end point of et ching, where the porous
single-crystal Srysgabrrégion. Theempohadismeoft atckingrinswhicitetisy t he
dry etching, may be preferably made by setting a parallel plate 20
el ectrode on t heetzlhstate efambrofposousn§iaishfagtenf than that &l f - bi as
between the parallel plate electrode and the substrate.

Here, the step dforaum\Binds metpeldaadfipdgrempletely cygk dpusimgedion may
be carried out by wet_etching in_ 25 whi ch the etch rate of the porous
singl e-crystal Sfonsidered aff PllOWsreater than that of the non- porous

single- Crystaly Spd G 9% Thad £31Y 8ISt SN EORLLS & Yhe

non-porous Si region herein, the etch rate of the
surface is equal to or higher than the rate of

10 intrusion of radicals or the like. For example,
etching of the surface can be advanced more by using
the reactive ion etching mode with anisotropy in the
direction of the electric field, such as RIE (reactive
ion etching), herein. In addition, because the surface

15 of porous silicon is oxidized or because the density
thereof is iow, the DC electric field component of
porous silicon in the ion etching mode is different
from that of non-porous silicon, whereby the etch rate
of porous silicon is conceivably lowered. In order to

20 promote the surface etching in this ion etching mode, a
method for applying a DC bias from the outside is
effective in addition to increasing the self-bias by
properly selecting the pressure, power, etching gas,
etc. in RF plasma discharge. Application of 100 to

25 several 100 V makes the etch rate of porous silicon
about several to several ten times slower than that of

non-porous silicon. This results in partially exposing



- 11 -° rate of the porous single-crystal Si region is greater
than that .of the non-porous single-crystal Si region. The dry
etching in which the etch rate of the porous single-crystal S

region is greater than that of the 5 nanyporous single-crystal S

region is preferably etching carried™out in such a way that
activated radicals resulting from.deconposition by at | east

el ectric or optical energy intrude into the pores of t he porous
region to etch the region frominside. 10 The step of formng the
second non- por ousdsirlghfig porous S VSdddusd S thiickhessur face of the
porous single- crystal Si region is preferably a step of epitaxially
growi ng the sec@agtReBuBLOAUSE SWADRE-axid St elchiey @hickness over the
surface of the porous single-crystal Si 15 region. Alternatively, the
step may be a sdgptefibution, wkeh oremowgisn g inuh-porousseafke pores in the

surface of the porous single-crystal Si region. Further, the

support substrapertipnbefter Shromdéds bul Ificawdeerths ffch rate afi thatl ating

surface, or an insulating substrate such 20 as silica glass. 1In the

case of th& supportionbisralew, a dispeibution 9f wemaininge surface of the

second non- por ous single-crystal Si region is_made insulative.
thicknesses of porous Si is relaxed, thus improving

uniformity.
Since the selectivity of etch rate and the
uniformity of in-plane distribution of etch rate are

10 sufficiently high, time control is enocugh to determine
the end point of etching at the time when the non-
porous Si substrate portion is etched.to expose the
porous silicon portion throughout the entire surface.
However, an apparatus, designed as taking account of

15 productivity more, can be arranged to monitor the self-
bias in order to determine the end point. Namely, the
end point can be surely determined because the self-
bias is lowered at the time of exposure of porous
silicon.

20 Since the present invention involves removing the
non-porous single-crystal Si region with the
conventional wet type hydrofluoric acid based etchant
or alkali based efchant, it has solved the problems of
very poor productiﬁity due to liquid exchange after

25 processing of many substrates and difficult
controllability of liquid concentration management. In

addition, etching of transparent SiO, glass substrate



The present inventor found the etching conditions havi ng such
opposite selectivity to that of wet 25 etching, that in performng dry
et ching under certain conditions the etch rate of porous silicon is
sever al or more tines slower than that ,of non-porous silicon.

- 12 - The present invention is thé one using the dry etching

of such conditions for renoving the non-porous single- crystal

regi on. The mechani sm of etching in which the etch rate of non-porous
Si is faster than that of 5 porous Si is not clarified conpletely yet,

but may be wi €0 Nl AT JodilcOWeid based etchdh€ @668inb6 dbdir for
the selective etching of the non-porous Si region herein, the etch

rate of the in Sthid alxey ietoltiug), which kiogked,t Bapetballgf etié 10
intrusion of radicals or the like. For exanple, etching of the
surface can be guvetiew afbrdedgradatiiion of transperenayt ofetramspaxdmtig node
with anisotropy in the direction of the electric field, such as R E
(reactive subkgtmteshi ng), herein. In addition, because the surface 15
of porous silicon is oxidized or because the density thereof is |ow,
the DC el ec¥ric fiel dedmosdfifigult to stgpr ghshingi ebntha PREOY®N et ching

node is different, . . Lo )
silicon portion in the case of grinding by a grinder or

etching with the hydrofluoric acid based etchant, which
has been used heretofore as a method for removing the
non-porous silicon wafer portion, and the film

10 thickness of porous silicon was as thick as 10 or more
pm to keep a margin. However, the selective etching in
which the etch rate of non-porous silicon wafer portion
is greater than that of porous silicon layer obviates
the need to keep the margin, so that the film thickness

15 of porous silicon can be made as thin as 5 to 10 pm.
This reduces the time for anodization for forming
porous silicon and the etching time to etch porous
silicon both to the half of those heretofore, thus

improving productivity.

20
BRIEF DESCRIPTION OF THE DRAWINGS
Figs. 1A, 1B, 1C, 1D and 1lE are schematic cross-~
sectional views for explaining an embodiment of the
present invention and steps in the first and second
25 examples;

Figs. 2A, 2B, 2C, 2D, 2E and 2F are schematic

cross-sectional views for explaining steps in the third



fromthat of non-porous silicon, whereby the etch rate of porous
silicon is.conceivably lowered. In order to 20 pronote the surface
etching in this ion etching node, a nmet hod for applying a DC bias
fromthe outside is effective in additjpon to increasing the self-bias
by properly selecting the pressure, power, etching gas, etc. in
RF pl asma di scharge. Application of 100 to 25 several 100 V nakes the
etch rate of porous silicon about several to several ten tines

sl ower than that of non- porous silicon. This results in partially

exposi ng example of the present invention; - 13 - _ _
underlying porous Si because of the thickness di stribution of wafer

and the etching thickregs. 3aA, 3BAi3t/ idnt i3m,anthdF Be@Dvchembiigcnon- por ous
waf er portion after bonded, but because the etch rate of that 5
portion is slow cetogsssecbiivnalh wiewsenfomiexplaining isttepkndéaseébeof porous
Si is relaxed, thus inproving uniformty. Si nce the
selectivity of efohrthtexamplehef the pxgsgrgr minvendfiong- pl ane di stribution

of etch rate are 10 _ sufficiently high, tine control is enough to
determine 5 t he Eh@spotht 48, AChidRy AE @8 dfmergheshemataen-

cross-sectional views for explaining steps in the fifth
example of the present invention; and

Figs. DA and 5B are schematic cross-sectional
views of apparatus for making a silicon substrate

10 porous.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
An embodiment of the present invention will be
explained with reference to Figs. 1A to 1lE.

15 (Fig. 1A) A single-crystal silicon substrate 100
is anodized to form porous silicon 101. The thickness
of the porous layer at this time may be between several
pm and several ten pym of the one-side surface layer of
substrate. The method for forming porous silicon will

20 be explained referring to Figs. 5A and 5B. First, a p-
type single-crystal silicon substrate 500 is prepared
as a substrate. N-type is not impossible, but it is
limited to low-resistance substrates or anodization
must be carried out in such a state that generation of

25 holes is promoted by irradiating the surface of
substrate with light. The substrate 500 is set in the

apparatus as shown in Fig. 5A. Namely, one side of the



porous Si substrate portion is etched to expose the porous silicon
portion throughout the entire surface. However, an apparatus,

desi gned as taking account of 15 productivity nore, can be arranged to
nmoni tor the self- bias in order to detgrm ne the end point. Nanely,

t he end point can be surely determ ned because the self- bi as
Is lowered at the tinme of exposure of porous silicon. 20

Since the present invention involves renoving the non- por ous
single-crystal Si region with the conventional wet type hydrofluoric

acid based etchafiirface iPHrdldedvadtast@dnehghastlubtibagcs®d|vackd he
pr obl ens of very poor productivity due to liquid exchange after 25

processi ng of masylLstiligi 504s aamdgaititecallbctrode 506nis oddlon i the of

i quid concentration managenment. In addition, etching of transparent
Si @2 gl ass substgaiwtion side, and the other side of the substratsl is

with the hydrofluoric acid based etchant does not occur in the dry
et chi ng, which six veshtasspeditdl lay poshi&ive metabrebéehrmec@@ﬁ-adaﬁs on of
transparency of transparent substrate. It was difficult
to stop etchi ng showrhdmpdiiaus 5B, POSl§P~Vﬁceﬂ)eE§F@¢%nS1-¢let51@5 caRRy die

grinding by a grinder or
also arranged at a potential through solution 504'.

In either case formation of porous layer starts
from the negative electrode side in contact with the
hydrofluoric acid based solution. The hydrofluoric

10 acid based solution 504 is normally conc hydrofluoric
acid (49 %HF). As the hydrofluoric acid solution is
diluted with pure water (H,0), etching starts from a
certain concentration, though depending upon a value of
current flowing, which is not preferred. In some cases

15 bubbles occur from the surface of the substrate 500
during anodization and alcohol is thus added as a
surfactant in order to remove the bubbles efficiently.
Alcohols applicable are methanol, ethanol, propanol,
isopropanol, and the like. Using a stirrer instead of

20 the surfactant, anodization may be carried out with
stirring the solution.

The negative electrode 506 is made of a material
that is not corroded by the hydrofluoric acid solution,
for example, gold (Au), platinum (Pt), and the like. A

25 material for the positive electrode 505 may be selected
from normally used metal materials, but, because the

hydrofluoric acid based solution 504 will reach the



etchi@b wi th the hydrofluoric acid based etchant, which has been

used heretofore as a nethod for renoving the non- porous silicon

waf er portion, and the film 10 t hi ckness of porous silicon was as thick
as 10 or nore [err]mto keep a margi However, the selective
etching in whi ch the etch rate of Tmor-porous silicon wafer portion
Is greater than that of porous silicon |ayer obviates the need to
keep the margin, so that the filmthickness 15 of porous silicon can be
made as thin as 5 to 10 [err]m This reduces the tine for

anodi zation for PFQE&@%O?%ectrocﬁgr%? féf.'llé'xc%nﬁﬁ%ﬁi% ®lrCahBa i Lh¥Roh0 et ch

por ous sflrcon to t of those heretofore, thus
| nproving pr odug@ ¥hbYent£Pe substrii HodEIGHR RUreHdd o EHERBRAW NGS
Figs. 1A, 1B, 1C, 1D and 1E are schematic cross- sectional views for
expl ai ning an epbadtibat eDécthdde 505 sHUESEBetitiichid aoated wtiehsain the
first and second 25 exanpl es; Figs. 2A, 2B, 2C, 2D, 2E and
2F are schenati @etal filmrpesistant otmlthe evsddafilustdicaiaciidg seflepionn t he
third - 15 -

5 The value of the current for anodization may be

selected in the range of the maximum of several hundred
mA/cm’ to the minimum of more than zero. This value is
determined within the range that permits good-quality
epitaxial growth on the surface of porous silicon.

10 Normally, with increasing the current value, the rate
of anodization increases and the density of the porous
silicon layer decreases. Namely, the volume occupied
by pores increases. This changes the conditions of
epitaxial growth.

15 (Fig. 1B) A non-porous single-crystal silicon
layer 102 is epitaxially grown over the porous layer
101 formed as described above. The epitaxial growth is
carried out by ordinary thermal CVD, low pressure CVD;
plasma CVD, molecular beam epitaxy, sputtering, or the

20 like. The film thickness of the thus grown layer may
be determined to be the same as a design value of the
SOI layer, but the film thickness is preferably not
more than 2 pm. The reason is as follows. If a
single-crystal Si £ilm 2 or more pm thick exists on the

25 insulating substrate mainly containing SiO,, great
stress will occur at the bonding interface upon

annealing thereof in device processes because of a



exanpl e of the present invention; Figs. 3A, 3B, 3C, 3D, 3E and

3F are schematic cross-sectional views for explaining steps in the
fourth exanple of the present invention; 5 Figs. 4A, 4B, 4C, 4D,
4E and 4F are schematic cr oss-sectiogﬁl views for explaining steps
in the fifth exanpl e of the presenf rHvéntion; and Fi gs.
5A and 5B are schematic cross-sectional vi ews of apparatus for
making a silicon substrate 10 por ous. DETAI LED DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS An enbodi nent of the pr esent

i nvention will b n |

(Fig. 1A A si n(g %f%xf%/ns eal :é%glﬁws%%&% rﬁ%ti éﬁlggekhagﬁ}:i 1’%\% | zed to
form porous siliggn %ma%itaﬁ's(:k%i%h will c8hsbNBreMk@sn ! sfefnat this
time may be between several pm and several ten pm of the one-side
surface |ayer ofgilicon SURS! RErQatlibe BEt BRE £Gbstpate NgpdSI Dug-Sfid i con
will 20 be explained referring to Figs. 5A and 5B. First, a p-

type singl e-crysdtaltisd limmradest bat eheOQike. prepacedthe stress is
substrate. N-type is not inpossible, but it is limted to

| ow-r esi st afice srdiAtiatedy amaddodiitht the film thagkneds baing edboumorer such
a state that generation of 25 holes is pronpted by irradiating the
surface of than s tumat dngakidorvinglotf. £Ihm, spbelingeof00 ¢ureaturey t he
apparatus as shown in Fig. 5A. Nanely, one side of the
etc. are unlikely to occur in that case. More
preferably, the film thickness is not more than 0.5 pm.
This is because with film thicknesses of not less than
10 0.5 ym slip lines become likely to occur on the crystal
in fine regions, though peeling-off, breakdown, etc.
will not occur, upon annealing in the subsequent
processes.
The non-porous single-crystal Si layer 102 may be
15 formed by closing the pores in the surface of the
porous Si layer 101 by annealing.
{Fig. 1C) The surface of the epitaxial layer 102
is oxidized (103). This is necessary because, in case
of the epitaxial layer being bonded directly to a
20 support substrate in the next step, impurities would
segregate-easily at the bonding interface and non-
coupling bonds {dangling bonds) of atoms at the
interface would iﬁcrease, which would be factors to
make characteristics of thin film devices unstable.
25 The sufficient thickness of the oxide film may be

determined within such a range as not to be affected by

contaminations taken from the atmosphere into the



- 16 - surface is in contact with hydrofluoric acid based
solution 504, a negative electrode 506 is set on the sol uti on si de,
and the other side of the substrate is in contact with a positive
netal el ectrode 505. As 5 shown in Fig._ 5B, positive electrode side
505" may be al so arranged at a potén% al through sol ution 504'.

In either case formation of porous l|ayer starts fromthe negative

el ectrode side in contact with the hydr of | uori ¢ aci d based sol uti on.
The hydrofluoric 10 acid based solution 504 is normally conc

hydr of | uoric ACI 49 Y%F). As the hydrofluoric acid solution is
diluted with anQ?Q&ﬁQﬁ 5??? ', etching starts froma certain

concentration, thougrqu endj\ng % e £ figpM ng,
which is not preferre .%ﬁnngnepgggggadlgka Eg b?ggv%c%fﬁgffﬁﬁﬁtﬁgytugface

of the substrat eha'iplql% the efiWax1@1280dizabi @RtANEhal 600@lzéd ditmacdded as
surfactant 1h order to renove the bubbles efficiently.

a
Al cohol s appl i caphe @& STgtolsubeidhatel 11pLopapetific exampbapragpanol ,
and the like. Using a stirrer instead of 20 t he surfactant, anodization

may be carrged oghe Véigport substiriatel 140t hec3ulet aoailicon substratghe
negative el ectrode 506 Is nade of a nateri al
the surface of which is oxidized, silica glass,
crystallized glass, SiO, deposited on an arbitrary
substrate, and so on.

When two surfaces to be bonded to each other are

10 both Si0O,, then these two substrates, or one of them is
exposed to a plasma ambiance to activate SiO, in the
surface. Gas used at this time is preferably oxygen,
but in addition thereto, possibly applicable gases are
the air (mixture of oxygen and nitrogen), nitrogen,

15 hydrogen, inert gas such as argon or helium, gas of
molecules of ammonia or the like, and so on.

When the surface consisted of Si is bonded to the
surface consisted of SiO,, such a treatment as mentioned
above is not necessary.

20 The two substrates prepared in the above step are
cleaned and thereafter bonded to each other. A
preferable cleaning method is just rinsing with pure
water, and examples of other solutions applicable
include a solution of hydrogen peroxide diluted with

25 pure water, and a solution of hydrochloric acid or
sulfuric acid diluted with sufficient pure water.

Pressing the entire surfaces of the substrates



that i€ not corroded by the hydrofluoric acid solution, for exanpl e,
gold (Au),. platinum (Pt), and the like. A 25 material for the positive
el ectrode 505 nay be sel ected fromnormally used netal materials,
but, because the hydrof l uori c aci d_bgsed solution 504 will reach the
- 17 - positive el ectrode 505 after conpletion of anodization

of the entire substrate 500, the surface of the positive el ectrode
505 shoul d better be coated with a metal filmresistant to the
hydrofluoric acid solution. 5 The value of the current for anodization

may be s elfeeire BondelinBakadf Ce ofebberoBm AR f 1 W rtindiN e d
mA/ cnferr] to the mninmmof nore than zero. This value is

det erm ned wi t hijunidtdohange that permts good-quality epi taxi a
growm h on the surface of porous silicon. 10 Normal Iy, with increasing
the current val ue, tmTaenatbe bondedo$ubstdates i are | avorezdlsst. arthet he density
of the porous silicon | ayer decreases. Nanely, the vol une occupied
by pores increasesealing thapgeatuhe tonpreferably as high s t axi al grow h.
15 (Fig. 1B) _A non-porous single-crystal silicon | ayer 102
is epitaxi &y Poswibdeer buketperbigh| kgmperatures would cause

structural change of the porous layer 101 or diffusion
of impurities contained in the substrate into the
epitaxial layer. It is, therefore, necessary to select
the temperature and time not causing these.

10 Specifically, preferable temperatures are not more than
1200 °C. Further, some substrates are not resistant to
annealing at high temperatures. For example, in the
case of the support substrate 110 being silica glass,
annealing must be conducted at temperatures of not more

15 than approximately 200 °C because of the difference of
thermal expansion coefficients between silicon and
silica. At the temperatures over it the bonded
substrates will be peeled off or broken because of
stress. It is, bhowever, noted that annealing is

20 sufficient as long as the interface can resist grinding
of bulk silicon 100 and stress upon etching in the next
step. Therefore, the process can be performed even at
temperatures of not more than 200 °C by optimizing the
surface treatment conditions for activation.

25 (Fig. 1E) Next, the silicon substrate portion 100
and porous portion 101 are selectively removed as

leaving the epitaxial layer 102 .



101 fornmed as described above. The epitaxial growth is carried out

by ordinary thermal CVD, | ow pressure CVD, pl asma CVD, nol ecul ar
beam epi taxy, sputtering, or the 20 like. The filmthickness of the

t hus grown | ayer may be determ ned tg be the sanme as a design val ue
of the SO layer, but the filmthitkless is preferably not

nore than 2 [err]m The reason is as follows. If a singl e-crystal
Si film2 or nore [err]mthick exists on the 25 i nsul ating substrate
mai nly containing SiJerr], great stress will occur at the bonding

Interface upon g ffifgeeaéﬁﬁgg? 1&‘—‘9;5&{&1& L OGGE RfiREeates pbetadae of a

- 18 - erence o ermal expansion coefficients between

the two materiahgg YOI gAr¥ly | gGkEE &%@%dﬁ dfidder or thkl igra film
curvature of the substrate, peeling-off at the interface, or the

like. Since theaflfir R6résfted is ddrdd W8} RIHERIJr WHeh ehlterbi kinibbakness
bei ng not nore than 2 pm breakdown of film peeling-off, curvature,

etc. are unli kekyubkeratsUpoirtidhalo® ake. rdfisvied by RIFpKdftaoaltl y, the film
thickness is not nore than 0.5 [err]m This is because with film
t hi cknesse§ of goindtsg.t hdnen 1the U Ssybsttate Ipardsioped®feiki kely to occur
on the crystal
partially removed by grinding, the Si substrate portion
on the porous Si region 101 is left preferably in the
thickness range of 2 to 300 pm, more preferably in the
thickness range of 5 to 100 pm.

10 As for the etching of the non-porous silicon
substrate portion herein, the point of the present
invention is that the etch rate of the surface is equal
to or greater than the intrusion rate of radicals or
the like. Therefore, using the reactive ion etching

15 mode having anisotropy in the direction of the electric
field, such as RIE, etching of the surface can be
advanced more. Further, because the surface of porous
silicon is oxidized or because the density thereof is
small, the DC electric field component in the ion

20 etching mode varies between non-porous and porous
silicon, whereby the etch rate of porous silicon is
conceivably lowered.

In order to promote the surface etching in this
ion etching mode, it is necessary to properly select

25 the pressure, power, etching gas, and so on in RF

plasma discharge. The reactive ion etching is carried

out in such a way that etching gas, such as H, gas, or



in fine regions,

t hough peeling-off, breakdown, etc. wi || not occur,

upon annealing in the subsequent processes. The

non- porous single-crystal Si |layer 102 may be 15 formed by closing the
pores in the surface of the por ous S%zlayer 101 by anneal i ng.

(Fig. 10 The surface of the epitaxial |ayef<102 i s oxidized (103).
This i s necessary because, in case of the epitaxial |ayer being
bonded directly to a 20 support substrate in the next step, inpurities

woul d

segregate easily at the bonding interface and non-

coupling bonds (&angli 8g RANAS) Ain A Totls,t BE mixed Wke{"eéé@ffe’!f t?%hlgn

i ncr ease,

whi ch wdul' d be

factors to make characteristics o

]f! : m devi Ees unsi i s ASor N, gas Bie ithdd gadnkubhi akneE sopfat hei oxi de
Il mmy be
cont am nati ons takefeddnosdde byt a0pphaema bbtaihb@ by RF or microwave

- 19 -

determ ned wthin such a range as not to be affected by

bondi ng interface. (Fig. 1D) Prepared are the

above substrate géder or byhanergyt b€ épghaxi ahdsacticeted tipdderanahdi zed

surface

5

10

15

20

25

and the support substrate 110. Specific exanpl es of

the surface of the etched substrate as accelerated in
the direction of the electric field, thus etching the
surface.

In setting of discharge conditions it is important
to facilitate achievement of ionization energy,
especially, by setting the discharge pressure low to
ensure a long mean free path of gas molecules. Greater
RF power will increase the DC bias component between
the electrodes to promote ion etching, but on the other
hand, it also promotes the radical decomposition
reaction, so that the radical etching mode is also
mixed. Therefore, care is needed in that case. 1In
addition to increasiné the self-bias by RF power, a
method for applying a DC bias from the outside is also
effective. Application of 100 to several 100 V
enhances the etch rate of non-porous silicon, and even
etching of several 100 ym will be completed within
several hours. 'The etch rate of porous silicon at that
time is approximately several to several ten times
slower. Therefore, in removing the non-porous wafer
portion after bonding, underlying porous silicon is
partially exposed because of the thickness distribution

of wafer and the etching thickness distribution, but



5 t he support substrate 110 include a silicon substrate t he

surface of which is oxidized, silica glass, crystallized gl ass,
SiJerr] deposited on an arbitrary substrate, and so on.

Wien two surfaces to be bonded to each other_are 10 both Siderr], then
these two substrates, or one of themis 23 “exposed to a plasnma anbi ance
to activate SiJerr] in the surface. Gas used at this tine is

pref erably oxygen, but in addition thereto, possibly applicable
gases are the air (mxture of oxygen and nitrogen), nitrogen, 15

hydrogen, inert At M RS AHO e BY itﬂ@t\/\%@?t@én is ?loﬂmﬁ?é“ es of

ammoni a or the |ITké, and sSo on he surface consisted of

Si is bonded to &I@trjb u1:iox§LHfc Q@ﬁ&?z@%‘sﬁkegfoieﬁhg@ﬁé] oBdEs Siiissd ment
as nentioned ove I's not necessary. 20 %he two substrates

prepared in the phoysrStad, atfus improvinganadfemaither eaf prastonded to each
other. A preferable cleaning nmethod is just rinsing with pure

wat er, and exanphe€sldiinyg hedgrectingn @is EoPppilashkbeis also efifégtive Hotuti on
of hydrogen peroxide diluted with 25 pure water, and a solution of
hydrochl ori 8 aci fuother promctirfgurthe dondedichdangd with sufficient pure
wat er . Pressing the entire surfaces of the substrates
As described above, when the porous portion 101 is
exposed after etching the non-porous silicon substrate
portion 100, etching is stopped once. Determination of
the end point of etching at this time may be made well
10 by time control because of sufficient selectivity of
etch rate and sufficient in-plane distribution
uniformity of etch rate, but it can also be made by
monitoring the self-bias. Namely, the determination of
end point can be surely made because the self-bias
15 drops when the porous silicon is exposed.
Next, the underlying porous region 101 is removed
by wet etching. Removal of the porous single-crystal
Si region is carried out with an ordinary etchant for
Si or with a selective etchant for porous Si to expose
20 the non-porous region 102. Specific examples of the
selective etchant include hydrofluoric acid, mixtures
of hydrofluoric acid with at least either one of
alcohol and hydrogen peroxide, buffered hydrofluoric
acid, and mixtures of buffered hydrofluoric acid with
25 atlleast either one of alcohol and hydrogen peroxide.

Ordinary etchants for Si can also selectively etch only

porous Si because of the huge surface area of porous



- 20 - after bonded has an effect to enhance the strength of
junction. . Then the bonded substrates are anneal ed. The

anneal ing tenperature is preferably as high as 5 possi bl e, but too high
t enper atures woul d cause structural Qange of the porous |ayer 101
or diffusion of inpurities contalned in the substrate into the
epitaxial layer. It is, therefore, necessary to sel ect t he
tenperature and time not causing these. 10 Specifically, preferable
tenperatures are not nore than 1200 [err]C. Further, sonme substrates
are not resistamg; to anneal ing at high tenperatures. For exanple, in
t he case &f the support substrate 110 being silica gl ass,

anneal i ng nust be congiydLdrlet-RABer akULBG-8bn8hti@tfon Iydroflmsric
approximately 200 [err] C because of the difference of t her mal

expansi on coef f i ghentdarbdeerRasiforc @gtagtiching of spbroes régidre 101,
tenperatures over it the bonded substrates will be peeled off or

br oken because ofhe phenomiinces®f HisiselviiogesitO, appeed st list vasdeaki A§ i s
20 sufficient as long as the interface can resist grinding of
bul k silicoh 10hegidigibless upon etching in the next st ep.
Therefore, the process can be perfornmed even at eratuyres of not
more than 200 [err] CAdsamptihg snderlydng P°r°“§uPP5'Eé°’PrJe e R&®nditions

for activation. 25 Fi 1E) Next, the Slllcon .
100 removed by réﬁ;é%l df@ etching. In roussggftngﬁe portion

there are several-ten-to-hundred-angstrom pores in high
density from the surface to the inside, and the

10 radicals intruding into the pores and involved in
etching adhere to the walls of the pores to start
etching from the side walls and to thin pillars in the
pillar structure, whereby the porous silicon portion
finally disintegrates to be removed. On the other

15 hand, non-porous silicon has no pores, and thus, only
etching of its surface occurs. For example, supposing
that the radicals involved in etching intruded up to
the depth of several ten pm and attached to the pores
of porous silicon during several-ten—éngstrom etching

20 of the non-porous surface, the walls of the pores would
also be etched by the same quantities as the surface,
so that the pillars in the portions where the radicals
intruded through the pores would disintegrate, thus
effecting several-ten-um etching of porous silicon.

25 The important point herein is that the rates at
which the radicals involved in etching intrude and

attach to the pores of porous silicon are sufficiently



and porous portion 101 are selectively renoved as | eavi ng t he

epi taxi al |ayer 102 - 21 -

First, the non-porous silicon substrate portion 100 is partly ground
by a surface grinder or the like and_thereafter is etched by RIE, or
the entire silicon substrate portianEOD I's renmoved by RIE w thout

5 grinding. Wen the Si substrat.e portion 100 is partially renoved
by grinding, the Si substrate portion on the porous Si region 101 is

| eft preferably in the t hi ckness range of 2 to 300 pm nore

preferably in the ter thALCKRESSLEANIELQ  of e Qfdgdd I M 10 AS

for the etchinQQﬁeﬁ € non-porous silicon substrate portion herein,

the point of th%\cgo(i%q.'?xtgtlg,othe pBYREBLLENthe phaderd b e BidticH helbihhe

surface i s equal r greater than the intrusion rate of radicals

or the like tnEieRBEOBRchiRGNBo! PEmEPACHO¥Sus Ol Bilcdh i@ ik themnde
havi ng ani sotropy in the direction of the electric field, such as

RIE, etching of dHmisanf,agadianlbetching medy ais eshih eetdhimighelrs, because
t he surface of porous silicon is oxidized or because the density

thereof- iss ef ftldd onlle B¢ di€cusionf ol the angdimails iimwdiseidodin 20
et ehi hg node varies between non-porous and porous .

etching into the pores and etching proceeds
isotropically. Since the reactive ion etching having
anisotropy in the direction of the electric field, such
as ordinary RIE, advances etching of the surface more,

10 it is not used as the etching herein. It is, however,
noted that the etching herein can be realized even in
an etching apparatus of RIE by selecting appropriate
conditioné for gas, flow rate, pressure, and so on.
The discharge conditions need to be set, especially, so

15 ° as to keep the discharge pressure high to make the mean
free path of gas molecules short and thereby promote
the second-order reaction of ions and so as to keep the
self-bias of the substrate low to make etching of
surface by activated ions hardly occur. It is also

20 -effective to employ a method for applying a DC bias
from the outside in the reverse direction to the self-
bias or a method for positioning the etched substrate
on the anode side of electrode, but it is difficult to
suppress arrival of ions completely. Preferably, a

25 radical generating éection and an etching section are
spatially separated from each other and a process to

transport the radicals between them is provided.



silicon, whereby the etch rate of porous silicon is concei vably

| onered. . In order to pronote the surface etching in this

ion etching node, it is necessary to properly select 25 t he pressure,
power, etching gas, and so on in RF _ asma di scharge. The reactive
lon etching is carried out in such a™way that etching gas, such as
H2 gas, or - 22 - CF4 or
SF6 containing F atons, is mxed with carrier gas such as Jerr] or
N[ err] gas or inert gas such as He or Ar, it I s deconposed by a

pl asma obtai ned by Ramo Mt Wtthing gas BUSATas!nDyaICkey ool bt odt, and
activated ions reach 5 the surface of the etched substrate as
accelerated in contaidii®y ¢ 22ekmisOAsOMikBa Ri€Bt the daetier tduis @idhi ng the
surface. In setting of discharge conditions it is inportant

to facilitate acdd enesenN, gfas,onivzdls decompoged ihBo radspalsabyya by
setting the discharge pressure low to ensure a long nean free path
of gas nol ecul epladmmatformed by RRFopomécrowaiei povenser the exergmpt
conponent bet ween the el ectrodes to pronote ion etching, but on the
ot her 5 hardight, @b Yheomecondrprdeadreartierowpblitherarrier

gas or the like takes place in the vapor phase in the
transport process, thereby obtaining further stabler
and longer-lifetime etching radicals. This is because
the etching gas arrives on the non-etched substrate.

10 Further, when the substrate is heated or vibrated upon
etching, it promotes isotropic diffusion of the
radicals to stabler sites, so that intrusion thereof
into the pores of porous silicon is promoted, whereby
the etch rate of porous silicon is attained at the

15 selectivity 10° to 10° times greater than that of non-
porous silicon. At this time, since the underlying
epitaxial portion 1b2 is non-porous, the etch rate
thereof is five to six orders of magnitude smaller than
the etch rate of porous silicon, and etching rarely

20 occurs, whereby the epitaxial layer 102 remains as a
thin film as preserving the film thickness uniformity
achieved upon epitaxial growth.

Further, the following steps may be added in some

cases to the steps as described above.

25 (1) Oxidation of inner walls of pores in the
porous layer {preoxidation)

The thicknesses of the walls between the adjacent



15 reaction, so that the radical etching node is also m xed.

Therefore, care is needed in that case. In addition to increasing
the self-bias by RF power, a nmet hod for applying a DC bias fromthe
outside is al so effective. Application of 100 to several 100 V 20
enhances the etch rate of non-porous silito® and even et ching of
several 100 [err]mw Il be conpleted within several hours. The etch
rate of porous silicon at that time is approxi mtely several to
several ten tines sl ower. Therefore, in renoving the non-porous

f 25 t bond [
\ggrflr al Ihy expgg(r?(?l %%cg' S:E‘Sf Bgﬁéggh?yng&éylcé% RP{)!?#;SS(%‘?]AHI C%%\fei‘]al n¥ner and
t t t hi
- g3e-c o 'Qﬁﬁgéi Ia'?he etéh ra?gy%fw%%als?%ﬁgﬁﬁﬁf|%?u X the e

di stribution of .t} %k@ﬁﬁ%ﬁﬁeQE £E8NBASH NStROF Qiir Sid £ High- tempb&a&ﬁEéXEd
t hus i nprovi ng un| ormty. A plasma utilizing magnetron or ECR pl asma

is also effecti Wadddlss f thbUpbB6iisPLEYSE] NEot Nexdniplest cipony.
As descri bed above, when the porous portion 101 is exposed after

et chi ng t he non-mmatsS o bifC@hesapstanisl Si layar ! iuporlGBneatldinigng i s
st opped once. Determ nation of -
after bonding, or the like, and the pore walls become
large and coarse so as to close the pores, thus
lowering the etch rate. If a thin oxide film is formed
on the pore walls after formation of the porous layer,
10 the pore walls will be prevented from becoming large
and coarse. However, since the non-porous single-
crystal Si layer needs to be epitaxially grown on the
porous layer, it is necessary to oxidize only the
surfaces of the inner walls of the pores so as to leave
15 single crystallinity inside the pore walls of the
porous layer. The oxide films formed herein desirably
have film thicknesses of several A to several ten A.
The oxide films of such film thicknesses are formed by
annealing at a temperature in the range of 200 °C to
20 700 °C, more preferably at a temperature in the range
of 250 °C to 500 °C, in an oxygen ambiance.
(2) Hydrogen baking process
EP553852A2 showed that annealing under a hydrogen
ambiance could remove fine roughness of Si surface so
25 as to obtain a very smooth 5i surface. The baking
under the hydrogen ambiance can also be applied in the

present invention. The hydrogen baking can be carried



the end point of etching at this tinme may be nmade well 10 by tine

control because of sufficient selectivity of etch rate and sufficient
i n-plane distribution uniformty of etch rate, but it can al so be
made by nonitoring the self-bias. Nanely, the determ nation of

end point can be surely nmade because the s % bias 15 drops when the
porous silicon is exposed. Next, the underlying porous region
101 is renoved by wet etching. Renoval of the porous single-crystal
Si region is carried out with an ordinary etchant for Si or with a

sel ective et chant, f 0 JDOLQUG, T, | 9e£EPOES A on SARIROBROKBUSIT o0l ON 102.

Specific exanplggtOf selective e ant 1 nclude hydrofluoric

acid, mxtures ;__ .. .8k B&gé?&Lﬁ?%&&tfﬁﬁcbf“éﬁbfﬁpﬂﬁ%ﬁﬂaﬁﬂgﬁhqh pe of

al cohol and hydrgﬁén per oxi ered hydrofluoric acid, and

mxtures of buf %%g%%%ﬂwﬂeﬁrie, aghé NédFogdP bakilg lRas betidtifertede of
al cohol and hydrogen peroxi de. Ordinary etchants for Si can al so

SglgﬁgiVe|y et ClonORth¥ SOI subBerbs Shtdbsediseftdr tdihinge removade ofr ea of
gince an eEﬁhan&h@fpb@%heosﬁemayerlOnThqugdtngAc;ZLing process S
carried out before formation of the epitaxial Si layer
causes a phenomenon that the outermost surfaces of the
pores are blocked by migration of Si atoms constituting
the porous Si surface. When the epitaxial Si layer is
10 formed as the outermost surfaces of the pores are
blocked, the epitaxial Si layer is obtained with less
crystal defects. On the other hand, the hydrogen
baking carried out after etching of the porous Si layer
has an action to smooth the epitaxial Si surface
i5 roughened more or less by etching and an action to
facilitate outward diffusion of boron having inevitably
been taken from the air in the clean room into the
bonding interface upon bonding and having diffused into
the epitaxial Si layer and boron having thermally
20 diffused from the porous Si layer to the epitaxial Si
layer, so as to drive such boron out.

Execution of the above steps permit us to obtain
the SOI substrate with a good film thickness
distribution or the transparent insulating substrate

25 with a single silicon crystal formed therein.
In a possible modification of the fabrication

process of SOI substrate as described above, the



acid can be used for wet etching of porous region 101, t he phenonenon
of dissolving SiJerr] appears as unclear as 5 negl i gi bl e.

Al so, the underlying porous portion 101 can be renoved by radical
dry etching. In porous silicon there,qre

several -ten-to-hundred-angstrom pores in hig density fromthe
surface to the inside, and the 10 radicals intruding into the pores and
i nvol ved in etching adhere to the walls of the pores to start
etching fromthe side walls and to thin pillars in the pillar

structure, wher ghy-rhb@ Ber @HE fibhieFoR®rdimle-crystdl sl Inegdiohi n0RQr at es
to be renoved. On the other 15 hand, non-porous silicon has no pores,

and thus, only epitaxi@lihi ggowh i&sbondédiceo oduarsi wedferedad@havisgpposi ng
that the radicals involved in etching intruded up to t he depth of
several ten [er ghmoxideatftiamhedithout hfopuimg the oxids fiidmodH3sioni tbe
during several -ten-angstrometching 20 of the non-porous surface, the
wal | s of the posexfacel df the regien bR2et chrdamthenhagfibl@uantities as
t he surface, so that the pillars in the portions where the radicals
i ntruded t Hr ougmodigigetdonwotthe axidat Elmtes formed on theugdacRy
several -ten-[err]metching of porous silicon, _25, . zgkfﬁ%%fortant
poi nt herein i s ofhAher penr-REEQUgt single-crystal (Fihb TR TS ¢e&d in
gL?P:Q?ehP};Udei%P%onded toakkgcgitga QE Pféegigﬁo&¥”éﬁﬁhﬁﬁdé(gylmﬁre
EXAMPLES
[Example 1]
10 The first example of the present invention will be
explained in detail with reference to Figs. 1A to 1lE
and Figs. 5A and 5B.
(Fig. 1A) A 6-inch p-type (100) single-crystal
silicon substrate (0.1 to 0.2 Qcm) approximately 300 pm
15 thick was prepared, it was set in the apparatus as
shown in Fig. 5A, and anodization was carried out to
convert only 10 pm of the surface of silicon substrate
100 to porous silicon 101. The solution 504 at this
time was 49% HF solution, and the current density was
20 100 mA/cm?’. The porous layer forming rate at this time
was 5 pm/min and the porous layer 10 pym thick was
obtained after two minutes.
(Fig. 1B) The single-crystal silicon layer 102
was epitaxially grown in the thickness of 0.30 pum on
25 the porous silicon 101 by CVD. The deposition

conditions were as follows.

Gas used: SiH//H,



- 25 - greater than the etch rate of the surface.

Accordingly, the point of the present invention herein Is that the
etching to renove porous silicon is in the chem cal, radical etching
nmode in which etching is 5 effected onlLyagy._diffusion of the radicals

i nvol ved in etching into the pores ana et chi ng proceeds

I sotropically. Since the reactive ion etching having ani sotropy in
the direction of the electric field, such as ordinary R E, advances
etching of the surface nore, 10 it is not used as the etching herein.

It is, however, FIw efhtdaif igas:e0cB2a4be 2ymindn be realized even in
an etching apparatus of RIE by selecting appropriate conditions for
gas, flow rate, presstempemthrsx %0 °C The di scharge conditions need to
be set, especially, so 15 as to keep the discharge pressure high to
make the nean Pre&sqnﬁi1&ﬁ Tgas nol ecul es short and thereby pronote

t he second-order reaction of ions and so as to keep the sel f-bi as of
the substrate low to an§3Qﬁ(QﬁQﬂ}h5f0 12 Pm/@apface by activated ions
hardly occur. It is also effective to enp a nethod for applying a
DC bi as 5 from t@@@ut%ﬁ)de The tsh’?srtw?%tesé’r&PPEEfil BY thetdRow) f-

bias or a nethod for 03|t|on|n%¥%he etched, substrate he anode

side of el ectrodget ¥3s |Rropgssed, undeg the congbnggsgfa??ﬁva ot Fons

completely. Preferably, \& nce to obtain the oxide £ilm 103 of 0.20 pm.

(Fig. 1D) The above substrate 100 having the
oxide film, and a support substrate (a bare silicon
10 wafer without a silicon dioxide film) 110 preliminarily
prepared were cleaned, then spin-dried, and thereafter
bonded to each other. In this case, though the
adhesion strength was originally high because of
bonding between the Si surface and the SiO, surface, but
15 after bonding, annealing was further conducted at 1150
°C for five minutes, thereby further enhancing the
adhesion strength.
(Fig. 1E) After annealing, the non-porous single
crystal substrate 100 was selectively etched in a
20 parallel plate plasma etching system, thereby exposing
the porous silicon 101. The wafer bonded at this time
had variation of thickness, and the porous silicon
layer also had variation of thickness caused upon
anodization, whereby the maximum variation of thickness
25 of the non-porous single-crystal substrate portion 100
was approximately 300 = 5 um. The etching conditions

at this time were as follows.



25 radi cal generating section and an etching section are

spatially separated fromeach other and a process to transport the
radi cal s between themis provided.

- 26 - Al so, the etching gas _such as Herr] gas, or CFlerr]
or SF[err] containing F atons is mix&d with the carrier gas such

as Jerr] or Nerr] gas, it is deconposed into radicals by a pl asma
formed by RF or mcrowave power or by energy of 5 light, and the
second-order reaction with the carrier gas or the like takes pl ace

I n the vapor phase ingkh Ir I rocess, thereby obtaining
further stabler Rkaﬁﬁeggﬁﬁc 1I?$§??§%ﬁgtching radicals. This is

because the etghi pgygas ﬁqabves on the non-etched substrate. 10
Furt her, when the substrate Is heated or vibrated upon etching, it

pronotes isotropic di figsi pac@fot eF, gas: 10edi ga8ba to stabler sites, so
that intrusion thereof into the pores of porous silicon is pronoted,

wher eby t he etrhowatet®fopsBusersd 1I300Bdom attai ned at the 15
selectivity 10[err] to 10[err] tinmes greater than that of non-
porous sili&on. At thPsetsuree: S2hicRat he underlying epi taxi al portion
102 is non-porous, the etch rate thereof is five to six orders of
magni t ude snal | er thafubstrate bias: 500 V
Processing time: 63 minutes
The etch rate of non-porous silicon under the
above conditions was 5 pm/min while that of porous
10 silicon was 1 ym/min. If the non-porous single-crystal
substrate portion 100 is as thin as about 295 um in the
worst case, it is overetched for three minutes; if it
is as thick as 305 pm then it is overetched for one
minute. The etching thicknesses of the underlying
15 porous silicon 101 at this time are 4 pm and 2 um,
respectively, and thus, etching can be stopped in
porous silicon 101 of 10 pm in the worst case. At this
time no specific determination of end point was carried
out, but for six substrates set in the etching systemn,
20 the porous silicon layers of the all substrates were
exposed over the entire surface in the processing time
set, and in-wafer-plane distributions of remaining
thicknesses thereof were within 10 %.
This substrate was then etched with the
25 conventional HF/H,0, solution to remove the porous

portion by wet etching.

As a result, the SOI substrate was formed with an



the et®ch rate of porous silicon, and etching rarely 20 occurs, whereby
the epitaxial |ayer 102 renmains as a , thin filmas preserving the
filmthickness uniformty achi eved upon epitaxial growh.

Further, the follow ng steps may be added ipn sone cases to the steps
as descri bed above. 25 (1) Oxidati of inner walls of pores in

t he porous | ayer (preoxidation) The t hi cknesses of the
wal | s between the adjacent - 27 -
pores in the porous Si |ayer are very small, several nm to several

ten nm This “"E&c%&?@hh”ﬁitfé“éﬁiﬁrﬁi éLcE?s?anglfiédﬁ Hﬁrgnt %ach

ot her during a hi enperature oces t he porous [ayer, r

exanpl e, upon I I I appeal i ng
af ter bondi ng, 05%1%%8?5&5&9 gisﬁﬁ%%éﬁ?sab&%&?gm@%ré %gl and

coarse so as tog Q-b‘%?eohhﬁhéoéfﬁlcéﬂU&J.ozude foMerdm® themet ch rate. If a
thin oxide filmis formed on the pore walls after formation of the

porous |ayer, I®xampllBe2pore walls will be prevented from becom ng | arge
and coarse. However, since the non-porous single- crystal Si |ayer
needs to bé& epitaxi aEkpmpilewd basttize same steps up to the step of
removing the non-porous single-crystal Si region 100 as
those in Example 1 (Figs. 1A to 1lE).
Then this substrate was set in a microwave-excited
chemical dry etching system, and only the porous
10 portion 101 was selectively etched. This system is
spatially separated into a section for generating a
plasma by microwave power and a section for carrying
out etching, whereby the ion species will not reach the
non-etched substrate. The etching conditions at this
15 time were as follows.
Microwave frequency: 1 GHz
Microwave power: 100 W
Flow rate of SF, gas: 100 sccm
Flow rate of 0,: 500 sccm
20 Flow rate of N,: 500 sccm
Pressure: 100 Pa
Processing time: 30 minutes
The etch rate of non-porous silicon under the
above conditions was up to 5 x 10™ pm/min
25 approximately. However, since etching first proceeded
inside the pores of porous silicon, etching of the

surface was not observed. The porous silicon layer



porou§ | ayer, it is necessary to oxidize only the

surfaces of the

I nner. wal ks of the pores so as to |leave 15 single crystallinity inside
the pore walls of the porous | ayer. The oxide filns forned herein
desirably have filmthicknesses of eral Ato several ten A

The oxide filns of such filmthicknesses are fornmed by

anneal i ng at

a tenperature in the range of 200 [err]Cto 20 700 [err]C, nore

preferably at a tenperature in the range of 250 [err]Cto 500 C, in
an oxygen anbi ance. (2) Hydrogen baki ng process

EP553852A2 showgdat-Rall angeatégsatilerswaduriliyo@fproximatedfbzance could
renmove fine roughness of Si surface so 25 as to obtain a very snmooth S
surface. The bakhlfes afterUstgrtide dnshingen antbivaiac etehedal so be applied
in the present invention. The hydrogen baking can be carried

- 28 - cotpleteal yex88pt €30 afiimitdo rfvain artanft.t h&apdaeienSbf

| ayer and before formation of the epitaxial Si |ayer.

Separately from

it, the hydrogerehmaknhngcahibknessestef] porous wiltimwnS®assubst rat e obt ai ned
after etching removal of S5 the porous Si layer. The hydrogen baking
process 5 cappro#imatebyf 6rtofBrimtinrthg warstesiaseci aSugpPopangr

that overetching of the underlying epitaxial single-

crystal silicon layer 102 were of even about ten

minutes in the etching of 30 minutes, overetching of

single-crystal silicon would be not more than 50 A,

10 which would not affect the uniformity achieved upon

epitaxial growth. The end point of etching can be

determined utilizing a method for monitoring

fluorescence from the etched surface, but control of

etching time is sufficient because of the very large

15 selectivity.

As a result, the SOI substrate was obtained with

an excellent ultra-thin single-crystal silicon film

having the film thickness distribution of about 180 nm

£ 5.4 (3 %) on the silicon dioxide film of 0.6 pm.

20 [Example 3]

The third example of the present invention will be

explained in detail with reference to Figs. 2A to 2F.

25

(Fig. 2A) A 6-inch p-type (100) silicon substrate

200 with resistivity of 0.01 Q-cm having the thickness
of 300 pym was prepared, and only 10 pm of the surface
layer thereof was converted into porous silicon 201 in

the same manner as in the first example.



causes a phenonenon that the outernost surfaces of the pores are

bl ocked by mgration of Si atoms constituting the porous Si surface.
When the epitaxial Si layer is 10 formed as the outernost surfaces of
the pores are bl ocked, the epitaxial gi | ayer is obtained with |ess
crystal defects. On the other hand, the hYd? gen baki ng carried out
after etching of the porous Si |ayer has an action to snoboth the
epitaxial Si surface 15 roughened nore or |ess by etching and an action
to facilitate outward diffusion of boron having inevitably

been taken fromthe aﬂﬂ‘id.” ztgye cﬂnga@?grtgg%hngtgﬁgpezoz was BORRA Y4 nterface

upon bondi ng and having diffused in e epitaxial SI layer and

boron having t hegpal¢niciafess off f.usedm’ bAMEhBeoBRAOHEA ShotSUS suPEdde
epi taxial Si | ayer, so as to drive such boron out.

Execution of thejpbawe SdmPmaiticr tasUsnt @hebkairst exampléhe SO substrate
with a good filmthickness distribution or the transparent

i nsul ati ng substrate (Pfy. 2@} h TheSisuhseraitki ppapargdtby €t nasbwdier ei n.
In a possible nodification of the fabrication process of SO
substrate a8 deswethmitl wam\voxidilzed by 0.1 ym (203) in a steam of 1000
- 29 - .

(Fig. 2D) Surfaces of the above substrate and a
6-inch synthetic silica substrate 210 preliminarily
prepared were plasma-processed, wherein the above

10 substrate 200 having the oxide film 203, and the
support substrate (synthetic silica substrate) 210
preliminarily prepared were set in a parallel plate
plasma processing system, and the surfaces of the
respective substrates were subjected to an activation

15 process by an oxygen plasma. The process conditions
were as follows.

RF frequency: 13.56 MHz

RF power: 400 W

Flow rate of oxygen: 30 sccm

20 Pressure: 20 Pa

Processing time: 1 minute

Particular control of bias was not carried out
between the plasma and the substrate, and the surface
was processed only by the self-bias of the plasma.

25 (Fig. 2E) The above silicon substrate 200 aﬁd

silica substrate 210 were immersed in pure water for

five minutes, they were spin-dried thereafter, and then



surface of the non-porous single-crystal Si region 102 epitaxially
grown,is bonded to the Si wafer 110 having an oxide filmw thout

form ng the oxide film 103 on the surface of the region 102. In

ant her possible 5 nodi fication, the OXI% filmis formed on the surface
of the non-porous single-crystal Si regio 52 and it I s bonded to
the Si wafer 110 without an oxide film EXAVPLES [ Exanpl e 1]

10 The first exanple of the present invention will be

explained in detail with reference to Figs. 1A to 1E and Figs. 5A

and 5B. 5( dcﬂ!ssL.@ MrFabBeNtRet¥88 #dPO)behded e ramdmal

silicon substrate (0.1 to 0.2 [err]Jcm approximately 300 [err]m 15

thick was prepargghert ms'aefuén&lyheaaaaalahg5w@§ conducté&diay® 300 Figg. 5A,
and anodi zation was carried out to convert only 10 pm of the surface

of silicon substfgd &en hoursl0O0 to porous silicon 101. The sol ution 504 at
this time was 49% HF solution, and the current density was 20

100 mA/cnferr]. The (mirgQULH)ay@irkar nithg salicar sWpstrape portionwas 5
pm nmin and the porous layer 10 pmthick was obtained after two
mnutes. 5 200 heFing the) thickopsgl efc?§8t um E@$|%‘Eﬁﬁ1¢%}§f RED

was epitaxially grown in the thickness of 0.30 pm on t he paorous
silicon 101 by Gvmler Tie damssicongdtions ascind {‘ii’éﬂ%emkfe ASten | Fifhs .

Gas used: Si H4/H2
porous silicon layer 201 was exposed to the surface,

the porous layer 201 was then selectively etched by the
wet etching also in the same manner as in Example 1.

10 At this time the silica substrate 210 was not etched at
all. The end point of etching can be determined
utilizing the method for monitoring fluorescence from
the etched surface, but control of etching time is
sufficient because of the very large selectivity.

15 As a result, the SOI substrate was obtained with a
silicon single-crystal thin film having the film
thickness distribution of 98.2 nm * 3.4 nm (+*3.5 %) on
the silica substrate.

[Example 4]

20 The fourth example of the present invention will
be explained in detail with reference to Figs. 3A to
3F.

(Fig. 3A) A 5-inch p-type (100) silicon substrate
300 with resistivity of 0.0l Q.-cm having the thickness

25 of 300 ym was prepared, and a porous layer 301 was

formed only in the thickness of 5 pm from the surface

thereof.



- 30 - Flow rate of gas: 0.62/140 (1/min)

Tenperature: 750 [err]C Pressure: 80 Torr Rat e of
growh: 0.12 pnimn 5 (Fig. 1C) The substrate prepared by the
above met hod was processed under th &ondition of 900 [err]Cin a

st eam anbi ance to obtain the oxide film 103 of 0.20 [err]m

(Fig. 1D) The above substrate 100 havi ng the oxide film and a
support substrate (a bare silicon 10 waf er without a silicon dioxide
film 110 prelimnarily prepared were cl eaned, then spin-dried, and
thereafter bog g@g t8p acﬂn0$£¥¥ax1éltﬂﬁjéf“3ﬁ% waldO¥ghmbAe in
adhesi on strength was o |g|naIIy hi'gh because “of bondi ng between the
Si surface and tfg §h.:q:ﬁﬁé]ssséff@(3f35 {Bt'ton Mhe poriduy dweddicagorakneal i ng
was further conducted at [err]C for five mnutes, thereby
further enhanC'%ﬁuthbtalned ﬁdﬁ@ﬁr@ﬂeSiﬁ€ﬁn§fsame manner as @ElghelE) After
anneal i ng, the non-porous single crystal substrate 100 was

sel ectively etcliedstnesaamgle. parallel plate plasma etching system

t her eby exposi ng the porous silicon 101. The wafer bonded at this
tine 5 had vari §Fign 3€)t hTh&nswbstrake toreganesu PYsithiec ghove

method was processed under the condition of 900 °C in a
steam ambiance, thereby obtaining an oxide film 303 of
0.05 pm.
(Fig. 3D) The above substrate 300 having the
10 oxide film, and a support substrate (silicon wafer) 310
with a silicon dioxide film 0.2 pm thick preliminarily
prepared were set in the parallel plate plasma
processing system, and the surfaces of the respective
substrates were activated under the oxygen plasma
15 conditions similar to those in Example 3.
| (Fig. 3E) The both substrates thus surface-
processed were immersed in pure water for five minutes,
they were spin-dried, and then the processed surfaces
thereof were bonded to each other. After that,
20 annealing was carried out at 400 °C for six hours.
(Fig. 3F) After annealing, the side of silicon
substrate 300 was selectively etched under the below
conditions in the parallel plate plasma etching system,
similar to that described above, thereby exposing
25 porous silicon 301.
RF frequency: 13.56 MHz

RF power: 1 kW



| ayer al so had

vari ation of thickness caused upon anodi zat i on,

wher eby the maxi mum variation of thickness 25 of the non-porous

si ngl e-crystal

substrate portion 100 was approximately 300 5

[err]m The etching conditions at thys tinme were as follows.

- 31 -

RF frequency: 13.56 MHz RF power: 1 kW

Flow rate of SF6 gas: 1000 sccm Fl ow rate of oxygen: 300 sccm
5 Pressure: 20 Pa Substrate bias: 500 V

Processing tine: 63 m nutes

under the

silicon was 1 [err]mmn. |f the non-porous single-crystal

substrate portion 10Fliosr amtehbfi As ghsut2QQ5sgemin t he

_ The etch rate of non-porous silicon
aboya oo iditel oSCRAyds [ @00 mommn whil e that of porous

10

Wor st case,

it is overetched for three mnutes; if it is as thick as 305 pmthen
it is overetched for Poessure: 5 Ranute. The etching thicknesses of the

underlying 15

porous silicon 101 at this time are 4 pmand 2 pm

respectively, and th§ubsdretenyiegn B@OsYopped in

5

10

15

20

25

Processing time: 99 minutes to 102 minutes

The etch rate of non-porous silicon under the
above conditions was 3.1 pm/min while that of porous
silicon was 0.43 pm/min. Similarly as in Example 1,
there is the variation of 300 to 305 pm in the worst
case for the non-porous single-crystal substrate
portion 300, and, for example, in the case of etching
of 100 minutes, porous silicon will be o&eretched for
1.6 to 4.8 minutes. The etching thicknesses of
underlying porous silicon 301 at this time are 0.69 um
and 2.1 pm, respectively, and even in the worst case,
etching of porous silicon 301 of 5 pm can be stopped as
leaving the thicknesses of 2.9 to 4.3 um.
Determination of this end point was carried out by
monitoring the self-bias, and as an end point of
etching of porous silicon, discharge was stopped when
the self-bias became 900 V to 700 V. For six
substrates set in the etching system, porous silicon of
the all substrates was exposed over the entire surface,
and in-wafer-plane distributions of remaining
thicknesses thereof were within #10 %.

This substrate wés then set in the microwave-

excited chemical dry etching system to selectively etch



porous silicon 101 of 10 pmin the worst case. At this time no

specific determ nation of end point was carried out, but for six
substrates set in the etching system 20 t he porous silicon | ayers of
the all substrates were exposed over_the entire surface in the
processing tine set, and in-mafer-pl% e distributions of remaining
t hi cknesses thereof were within 10 % This substrate was then
etched with the 25 conventional HF/Herr]J]Jerr] solution to renove the
por ous portion by wet etching. As a result, the SO

substrate was fQ%ﬂgﬂ %{} us Hortlon 301. The etching conditions at- 32
- exce nt ul tra-t single-crystal silicon filmin the

fil'mthickness c%ﬁ#é'é%ﬂé‘%éﬁ@:a@ﬂ%&tlgﬁenghmé 4sNih Exampld 3P0 Bux the
silicon dioxide m of 0. [ Exanpl e 2] 5 Exanmpl e 2

has the sane stepmdirdte tv}a% $ieRedl and alsol ¢DPYabteEdtbe WhErRErOLS
single-crystal Si region 100 as those in Exanple 1 (Figs. 1A to 1lE)
Then this substngdywewas set in a mcrowave-excited chem cal dry
etching system and only the porous 10 portion 101 was sel ectively
etched. Thgs syst emMixrowave frequency: 1 GHz

Microwave power: 100 W

Flow rate of SF, gas: 100 sccm

Flow rate of 0,: 500 sccm

Flow rate of N,: 500 sccm

10 Pressure: 100 Pa

Substrate temperature: 300 °C

Ultrasonic wave: 1 kW

Processing time: 10 minutes

The etch rate of non-porous silicon under the

15 above conditions was also approximately up to 5 X 107*
pm/min.

The effects of heating and ultrasonic vibration of
substrate first promoted diffusion into pores of porous
silicon, and also promoted physical disintegration due

20 to etching of the walls of pores, thereby exposing
almost all underlying epitaxial layer after 7 to 8
minutes from start, and completely etching the porous
portion after 10 minutes. Even if this underlying
epitaxial single-crystal silicon layer 302 were

25 overetched for 10 minutes, the overetching thicknesses
would be not more than 50 A, which would not affect the

uniformity achieved upon epitaxial growth. The end



spatially separated into a section for generating a pl asma by
m crowave power and a section for carrying out etching, whereby the
ion species will not reach the non-et ched substrate. The etching
conditions at this 15 time were as foll ggs. M cr owave
frequency: 1 GHz M crowave power: 100 W Flow rate
of SF6 gas: 100 sccm Flow rate of 02: 500 sccm 20 Fl ow
rate of N2: 500 sccm Pressure: 100 Pa Processi ng
time: 30 mnutes The etch rate of non-porous silicon under the
above conditi ongpoias WE tedhdhglGaeyr bk Aaksrnindd by applbzimmtEiey .
However, since etching first proceeded I nsi de the pores of porous
silicon, etchi ngnefhddheFor moniteuibhac £luasescencbstreomdthadhetghrdus silicon
| ayer - 33 - started
di si nt egrat i ng - suuddfadey, dppr edntaod] pf2¢he etchingntise 1%t wfEigkentyf
et ching, and was etched conpletely after 30 mnutes fromstart.
Variation of becauysemfhithg MerokAesges selegsivisysi | i con was
5 As a result, the SOI substrate was obtained with
an excellent ultra-thin single-crystal silicon film
having the film thickness distribution of about 100.8

nm + 3.4 (+3.4 %) on the silicon dioxide film of 0.25
pm.
10 [Example 5]
The fifth example of the present invention will be
explained in detail with reference to Figs. 4A to 4F.
(Fig. 4A) A 5-inch p-type (100) silicon substrate
400 with resistivity of 0.01 Q.cm having the thickness
15 of 300 pym was prepared, and a porous layer 401 was
formed only in the thickness of 5 pm from the surface
thereof.
(Fig. 4B) An epitaxial layer 402 was formed in
the thickness of 0.15 pm on the porous surface of the
20 obtained substrate in the same manner as in the first
example.
(Fig. 4C) The substrate prepared by the above
method was processed under the.condition of 900 °C in a
steam ambiance to obtain an oxide film 403 of 0.05 pm.
25 (Fig. 4D) The above substrate 400 having the
oxide film, and a support substrate (silicon wafer) 410

with a silicon dioxide film 0.2 pm thick preliminarily



5 approximately 6 to 8 [err]min the worst case. Supposing t hat
overetching of the underlying epitaxial single- crystal silicon |ayer
102 were of even about ten mnutes in the etching of 30 m nutes,
over et chi ng of single-crystal silicon uld be not nore than 50 A,

10 whi ch woul d not affect the uniform”t’y4 chi eved upon epi t axi al
grow h. The end point of etching can be determ ned utilizing a

met hod for nonitoring fluorescence fromthe etched surface, but
control of etching tinme is sufficient because of the very large 15

sel ectivity. prepared weted kS ht théhﬁaﬁg.léyt?ié% MLt @i ned wi th

an excel |l ent ul I'n single-crystal 't con having the film

thi ckness di St 1 ididde i) %B@'d&'a%ﬁg "hd the siffided-dt (hdd on the
silicon dioxide filmof 0. [ Exanpl e 3] The third

exanpl e of the &ré%iﬁatlkz%V%ﬂblsQ!&a%H w8fe activatedldidwr the dBiy@jdn Wi th
reference to Figs. 2A to 2F. (Fig. 2A) A 6-inch p-type (100)
silicon substratflasma condd®ivnshsimslari tot yhade Oi)IEfauplle G havi ng t he
t hi ckness 25 of 300 pmwas prepared, and only 10 pm of the surface
| ayer thereéof was cor{(¥digt.edEi)nt Bhpobotl substoates lthus surface-he sane
manner as in the first exanple. -
34 - processed were immersed in pure water for five minutes,

they were then spin-dried, and thereafter their

processed surfaces were bonded to each other. After

that, annealing was carried out at 400 °C for six

10 hours.

(Fig. 4F) After annealing, the side of silicon
substrate 400 was selectively etched under the
conditions of Example 3 in the parallel plate plasma
etching apparatus similar to that described above,

15 thereby exposing porous silicon 401. The etch rate of
non-porous silicon under such conditions was 3.1 um/min
while that of pofous silicon was 0.43 pm/min.

Similarly as in Example 1, there is the variation of
300 to 305 pym in the worst case for the non-porous

20 single-crystal substrate portion 400, and, for example,
in the case of etching for 100 minutes, porous silicon
will be overetched for 1.6 to 4.8 minutes. At this
time, similarly as in Example 3, etching of porous
silicon 401 of 5 ym can also be stopped as leaving the

25 thicknesses of 2.9 to 4.3 pm even in the worst case.

Determination of this end point was made by monitoring

the self-bias, and as an end point of porous silicon



(Fig. 2B) An epitaxial layer 202 was fornmed in t he thickness of 0.15
pm on the -obtai ned porous surface in the sane nmanner as in the first
exanpl e. (Fig. 2C) The substrate prepared by the above 5

met hod was oxi dized by 0.1 pm (203) in a steam of 1000 [err] C

(Fig. 2D) Surfaces of the above substrate"aht 2 6-inch synthetic
silica substrate 210 prelimnarily prepared were plasnma-processed,
wherein the above 10 substrate 200 having the oxide film 203, and the
support substrate (synthetic silica substrate) 210 prelimnarily

prepared were S%tthc'h'].ng pﬁﬁéh %88' @he stopp ed RIS BHY @lsfs'briggsy“em and

t he surfaces of ctive su rates wer e subj ect to an

activation AeC9B0oPY 2B ggn plasma. The process conditions
wer e as foIIo beE% =380 » % 9??equency 13.56 MHz RF power :

400 W Fl %Wﬂsakﬁbei:rﬁ%éég@&s SO SOL PYht-excitdd @gsure: 20 Pa
Processing tine: 1 mnute Particul ar control of bids was not

carried out radlaauwﬁeﬂekhelﬁbaﬁﬁatamdté hee Fathsivealye e tiihd onllg sHhef ace
was processed only by the self-bias of the plasma. 25 Fig. 2E)

The above & |i cporsubspbateéold080and Since tmlsmtm:bsﬁdxatgen&ﬁmngeﬁ
I mrersed in pure water for
radicals is spatially separated from the section for
carrying out etching and since no plasma is used in the
case of light excitation, ion species do not reach the
substrate. The etching conditions at this time were as
10 follows.
Excitation light source: low pressure mercury lamp
(253.7 eV)
Flow rate of H, gas: 100 sccm
Pressure: 10 Pa
15 Substrate temperature: 300 °C
Ultrasonic wave: 1 kKW
Processing time: 30 minutes
In this optically decomposed H, radical etching
under the above conditions, the etch rate of non-porous
20 silicon was also approximately up to 2 x 10 pm/min.
The effects of heating and ultrasonic vibration of
substrate first promoted diffusion into the pores of
porous silicon and also promoted physical
disintegration due to etching of the walls of pores,
25 thereby exposing almost all underlying epitaxial layer
after 20 minutes from start and completely etching the

porous portion after 30 minutes. Even if the



five mnutes, they were spin-dried thereafter, and then

- 35 - the processed surfaces thereof were bonded to each

ot her. Subsequently, annealing was conducted at 300 [err]C for ten
hour s. (Fig. 2F) First, the SI|I%OH substrate portion 5 200
havi ng the thickness of 290 [err] mwas etchd by RIE under the sane
conditions as in Exanple 1. After the porous silicon |ayer 201 was
exposed to the surface, t he porous |ayer 201 was then selectively
etched by the wet etching also in the sane manner as in Exanple 1.

10 A this ti iddiayaiy epitashlabendil-upgtll SLeNSth dayer g0z 2!l

The end point of etching can be determ ned utilizing the nmet hod for

noni toring fl uorgseerRrRioteMed for 1bhRiRte88d ths f@edretstirgpnt rol of
etching tinme is sufficient because of the very large selectivity.

15 As a titikniesselte wbQlLds beshost monastiat asmell, wititta would
silicon single-crystal thin filmhaving the film t hi ckness
di stribution of itk 2ffact3 thenmmifobmifyoachieved dphmn spitexisibstrat e.
[ Exanpl e 4] 20 The fourth exanple of the present invention wll
5 growth. The end point of etching can also be
determined utilizing the method for monitoring
fluorescence from the etched surface, but control of
etching time is sufficient because of the very large
selectivity.

10 As a result, the SOOI substrate was obtained with
an excellent ultra-thin single-crystal silicon film
having the film thickness distribution of about 99.8 nm
+ 3.6 (3.6 %) on the silicon dioxide film of 0.25 jm.
[Example 6]

15 The sixth example of the present invention will be
explained in detail with reference to Figs. 1A to 1E
and Figs. 5A and 5B.

(Fig. 1A) A 6-inch p-type (100) single crystal
silicon substrate (0.1 to 0.2 Q.cm) having the

20 thickness of about 600 pm was prepared, and this was
set in the apparatus as shown in Fig. 5A. Then
anodization was effected to change only 10 pm of the
surface of silicon substrate 100 into porous silicon
101. The solution 504 at this time was 49% HF

25 solution, and the current density was 100 mA/cm?.

Further, the rate of formation of porous layer at this

time was 5 pm/min and the porous layer 10 um thick was



be explained in detail with reference to Figs. 3A to 3F.

(Fig. '3A) A5-inch p-type (100) silicon substrate 300 with
resistivity of 0.01 [err] cm having the thickness 25 of 300 [err] mwas
prepared, and a porous |ayer 301 was 4formad only in the thickness of
5 pmfromthe surface t her eof . -

- 36 - (Fig. 3B) An epitaxial layer 302 was forned in

the thickness of 0.15 [err]mon the porous surface of the t hus
obt ai ned substrate in the same manner as in the first exanple. 5

(Fig. 3C) The sybst ggkgégﬁ%ﬂatﬁ% g&nthsabove nmet hod was processed

under the condition st eam anbi ance, thereby
obtai ning an oxide fidgmB0IDf a suxg@.eoérir@{:él”klllcon layer 1d7 Gyas3D) The

above substrate 300 having the 10 oxide film and a support substrate
(silicon wafer) &diktaxiallyMdddwh Sinl te@ntHiexh8ssf bt 03@ B ddLkehe
prelimnarily prepared were set in the parallel plate plasm

processi ng syst esara dild cour l@depyotvbhe Thep&epoyELtion comdirsSidrd es were
activated under the oxygen pl asma
5 were the same as those in the first example.
(Fig. 1C) The substrate prepared by the above
method was processed under the condition of 900 °C in a
steam ambiance to obtain an oxide film 103 of 0.20 um.
(Fig. 1D) The above substrate 100 having the
10 oxide film, and a support substrate (a bare silicon
wafer without a silicon dioxide film) 110 preliminarily
prepared were cleaned, then spin-dried, and thereafter
bonded to each other. 1In this case, though the
adhesion strength was originally high because of
15 bonding between the Si surface and the SiO, surface, but
after bonding, annealing was further conducted at 1150
°C for five minutes, thereby further enhancing the
adhesion strength.
(Fig. 1E) After annealing, the side of silicon
20 substrate 100 was mechanically ground by approximately
550 pm by a grinder. Further, the remaining approx-40-
pm non-porous single-crystal substrate portion was
selectively etched in the parallel plate plasma etching
system similar to that in the above examples, thereby
25 exposing porous silicon 101. The wafer bonded at this
time had variation of thickness, there was also

variation of grinding thickness by the grinder device,



15 conditions simlar to those in Exanple 3.

(Fig. 3E) The

bot h .substrates thus surface- processed were inmmersed in pure water
for five mnutes, they were spin-dried, and then the processed
surfaces thereof were bonded to each other. After that, 20
annealing was carried out at 400 [err]C for 44 hours. (Fig.
3F) After annealing, the side of silicon substrate 300 was

sel ectively etched under the bel ow conditions in the parallel plate
pl asma etching system simlar to that described above, thereby

exposing 25 aRﬁrQH§tﬁ£Liceﬂe§QIWas variation d?zéﬂfg%%%%%ybf1%o§quPE

RF power: 1 kW

Flow rate of CFEﬁ%&hoﬂaﬁgoﬁognéﬁfﬂétion. ThereﬂafEN el malxiffumdas:

Sccm ressur

Substrate bias:

500 V 5

200

Processi ng t'neva%ga@hBHtSE £RidRredd B Gfon-porous singlleecebehanat e of
non- porous silicon under the above conditions was 3.1 pmimn while

that of porous substragkl p6£8i88S100 4faPrdbbut 49 ¥ |5aqny. aThien elbshinge 1,

5 conditions were as follows.
RF frequency: 13.56 MHz
RF power: 1 kW
Flow rate of SF, gas: 1000 sccm
Flow rate of oxygen: 300 sccm
10 Pressure: 20 Pa
Substrate bias: 500 V

Processing time: 11 minutes

The etch rate of non-porous silicon under the

above conditions was 5 pm/min while that of porous

15 silicon was 1 ym/min. If the non-porous single-crystal

20

25

substrate portion 100 is as thin as about 35 pm in the
worst case, it will be overetched for 4 minutes. If
the non-porous single-crystal substrate portion 100 is
as thick as 45 pm, it will be overetched for 2 minutes.
Etching thicknesses of underlying porous silicon 101 at
this time are 4 pm and 2 pm, respectively, and even in
the worst, etching can be stopped within 10-pm porous
silicon 101l. No specific determination was made for
the end point at this time, but for all six substrates
set in the etching system, porous silicon was exposed
over the entire surface within the processing time set.

Their in-wafer-surface distributions of remaining



there is the variation of 300 to 305 [err]min the worst 10 case for

t he non-porous single-crystal substrate portion 300, and, for
exanple, in the case of etching of 100 m nutes, porous silicon wll
be overetched for 1.6 to 4.8 mnutes,_The etching thicknesses of
under | ying porous silicon 301 at this ting %?e‘0.69 pm 15 and 2.1
[err]m respectively, and even in the worst case, et chi ng of porous
silicon 301 of 5 [err]mcan be stopped as | eavi ng the thicknesses of
2.9 to 4.3 [err]m Determ nation of this end point was carried out
by Toni { Qhl0g LS ReLE BhaSusARth BSoANERS Rotiin d1g A etching
of porous silicon, discharge S stoppe mﬂen the sel f-bias becane

900 V to 700 V. For sy +rathskhat hedChubied S SESRidY Stealigly Pporous

g sub
silicon of t he aFI suﬁstrates was exposed over the entire surface,

and in-waf er - pl gpngrdicdhivebttibAls AF/HORLB1AG10RD thetdib$ kP@RSEsng heteof
were within 10 % This substrate was then set in the nicrowave-
excited chem calpdiaise itAgnsystem to sel ectively etch o

- 38 - only the porous portion 301. The etching conditions at

this tinme vgere al nostast he resu@tasthe S@anpubstratetwddeobtained with

an excellent ultra-thin single-crystal silicon film in
the film thickness distribution of about 108 nm * 3.2

nm (x3 %) on the silicon dioxide film of 0.2 pm.



substrate was heated and al so vibrated by ultrasonic wave. 5

M crowave .frequency: 1 G M crowave power: 100 W
Flow rate of SF6 gas: 100 sccm Flow rate of JQerr]: 500 sccm
Flow rate of NJerr]: 500 sccm 10 Pressure: 100 PaThis Sheet Has Been Replaced
Substrate tenperature: 300 C U #Pasoni c wave: 1 |
Processing tinme: 10 m nutes The etch rate of nor”“mmw”lglmu n
under the 15 above conditions was al so approxi mately up't [
[eLr]ninin%_ The effects of heating and ultrasonic vibration of
substrate first i si.@n into pores of porous silicon, and
al so pronoted p %SES%L%IE@QF%H on dug 20 ltoo etching of the walls of
pores, thereby exposing A sanri¥a¥3sh BrbokBdebtysns smbdexiad |ayer after
71to 8 m nutes fromstart, and Conpletely etching the porous
portion after 1Q.44 tgﬁhg:Even I f this underlying epi t axi al
single-crystal silicon [ayer 302 were 25 overetched for 10 m nutes, the
overet ching thicknessestep of mékiihd BesOefadBr Bayénnobla Asinmglieh woul d not
affect the uniformty achieved upon epitaxial growh. The end

5 crystal Si substrate porous to form a porous single-

crystal Si region on a first non-porous single-crystal
Si region;

a step 6f forming a second non-porous single-

crystal Si region over a surface of said porous single-
10 crystal Si region;

a step of bonding a support substrate through an
insulating region to a surface of said second non-
porous single-crystal Si region;

a step of removing said first non-porous single-

15 crystal Si region; and

a step of removing said porous single-crystal Si
region;

wherein said step of removing said first non-
porous single-crystal Si region comprises a step of

20 performing dry etching in which an etch rate of the
non-porous single-crystal Si region is greater than

that of the porous single-crystal Si region.

2. A fabrication process of SOI substrate
25 according to Claim 1, wherein said step of removing
said first non-porous single-crystal Si region

comprises a step of partly grinding said first

R

BT e




-39 - ° poi nt of etching can be determned by utilizing the

nmet hog for, nonitoring fluorescence fromthe etched surface, but
control of the etching tinme is sufficient because of the very |arge
selectivity. 5 As a result, the SO _substrate was obtained with
an excellent ultra-thin single-crystal sitidbrmfilm having the film
~thickness distribution of about 100.8 nm 3.4 (3.4 % on the silicon
di oxide filmof 0.25 [err]m 10 [ Exanpl e 5] The
fifth exanple of the present invention will be expl ai ned in detai

with reference tg F;pg 'uéAstiﬁgigbﬁr%sF%l Sir 4]{:&9.1)1;1]@ ag&?;dfé}c FoksPe

(100) silicon sOIREY resistivity o ['eérr] cmhaving
t he thickness . f. .3 p .~and a porous |ayer 401 was
formed only in t]snldt ﬁ%gﬁnggskgggég%%?é] %ﬁ &t t ne&'surface

e rom t her eof .
(Fig. 4B) An epitaxial |ayer 402 was fornmed in t he thickness of 0.15
[err]mon the porous surface of the 20 obt ai ned substrate in the sane
manner as in the firgt a fabr@%a®RbR. process of SO Fubst@telhe substrate
prepared by the above met hod was processed under the condition of

900 [err] Cg n aaccording @amcaaghnangewherebh asai dndoxiatesHiidgni4d3 of 0. 05

rerelm etching carried out in such a way that activated ion
species are formed by ionization by electric or optical
energy, said activated ion species are accelerated in a

direction perpendicular to a substrate surface, and a

10 reaction takes place at said substrate surface.

4. A fabrication process of SOI substrate
according to Claim 3, wherein determination of an end
point of etching where the porous single-crystal Si

15 region is exposed over the entire surface by said dry
etching is made by providing a parallel plate electrode
on said substrate and observing a change in a self-bias
between said parallel plate electrode and said
substrate.

20

5. A fabrication process of SOI substrate
according to Claim 1, wherein said step of removing
said porous single-crystal Si region is implemented by
wet etching in which an etch rate of porous single-

25 crystal Si region is greater than that of non-porous

single-crystal Si region.

e




25 (Fig. 4D) The above substrate 400 having the oxide film

and a support substrate (silicon wafer) 410 with a silicon dioxide
filmO.2 [errlmthick prelimnarily

- 40 - prepared were set in the p E@Llel pl ate plasm

processi ng apparatus, and the surfaces of the respective substrates
were activated under the oxygen pl asma conditions simlar to those in
Exanpl e 3. 5 (Fig. 4E) The both substrates thus surface-
processed were immersed in pure water for five m nutes, t hey were

then spin-dried, and%Iheiefgéficééﬁﬂﬁ processPo¥C883eduputlaegs were bonded
to each other. After that, annealing was carried out at 400 [err]C

for six , 10 hgykSrding to Claim (IF GhedfinAideaa atapabitngembligngi de of
silicon substrate 400 was sel ectively etched under the

condi tions of Exai@lgorous sirmghevadystialplsit eegliiannis implemehtédnpy
apparatus simlar to that described above, 15 t her eby exposi ng porous
silicon 401. Taeyestdhinmd eirmfwhich an rciolporadies ofi poronsusidsgledch
conditions was 3.1 pnimn whil e that of porous silicon was 0.43
pm min. 5 Grystal | §i asegivEdangredten Hdaa ithathefvaphappoausf

single-crystél Si region.

7. A fabrication process of SOI substrate
according to Claim 6, wherein said dry etching in which
10 the etch rate of porous single-crystal Si region ;s
greater than that of non-porous single-crystal Si
region is etching carried out in such a way that
activated radicals resulting from decomposition by at
least electric or optical energy intrude into pores of

15 a porous region to etch the porous region from inside.

T



300 to 305 [err]min the worst case for the non-porous 20

single-crystal substrate portion 400, and, for exanple, In the case
of etching for 100 m nutes, porous silicon wi |l be overetched for
1.6 to 4.8 minutes. At this . tinme, sipylarly as in Exanple 3, etching
of porous silicon 401 of 5 pmcan al SO be stopped as |eaving the 25
t hi cknesses of 2.9 to 4.3 pmeven in the worst case. Det erm nation
of this end point was made by nonitoring the self-bias, and as an
end point of porous silicon - 41 -

et ching, di scharggMasttoerats vieerbBarge! f - bi as became 900 V to
700 V. This substrate was set in a light-excited H2

radi cal generating systmibrieatdbacpirvebksebehson! yubseratd ef fitileditly
portion 401. Since the section for generating H2 radicals is

spati al | y separ ateasbvds0a naar-peabuensioregion oncarpyrags it mégiomg and
since no plasma is used in the case of light excitation, ion species
do not reach theand solvesulidier prebl&hetbathanglassdsubsimats ishis tinme were
as 10 fol |l ows. Excitation |ight source: |ow pressure
mercury |larp . ineviftadbdy7edghed and the problem that a relatively
thick porous Si region is necessary.
The fabrication process of SOI substrate comprises
a step of making a surface layer of a single-crystal Si
substrate porous to form a porous single-crystal Si
10 region 101 on a first non-porous singlé—crystal Si
region 100, a step of forming a second non-porous
single-crystal Si region 102 over a surface of the
porous single-crystal Si.region, a step of bonding a
support substrate 110 through an insulating region 103
15 to a surface of the second non-porous single-crystal Si
region, a step of removing the first non-porous single-
_ crystal Si region 100, and a step of removing the
porous single-crystal Si regibn 101, wherein the step
of removing the first non-porous single-crystal Si
20 region 100 comprises a step of performing dry etching
in which an etch rate of non-porous single-crystal Si

region 100 is greater than that of porous single-

crystal Si region 101.

This Shagf._?: 5, Been Replaéed
Wi

RYPLACED




Flow rate of H2 gas:
Substrate tenperatur
Processing tine: 30
radi cal etching

100 sccm
e: 300 [err
m nut es

under th

Pressure: 10 Pa 15
]C U trasonic wave: 1 kW
In this optically deconposed H2
e above conditions, the etch rate of

non- porous 20 silicon was al so approximately up to 2 x 10[err]
ects oﬁégfating and ultrasonic vibration of

[err]m m n.

substrate first pronoted diffusion in

The eff

and al so pronnted phyS|caI

wal | s of pores,

porous portion after
- 42 - und
were overetched for

s A

not nore than 50 A, which woul d

upon epitaxi al 5

he pores of

porous silicon

disintegration due to etching of the
t hereby exposing al nost all underlying epitaxial
| ayer after 20 m nutes fromstart and conpletely etching the

Even.if _the

t axi al
t he @V cHI

ﬂT1p&yer 402

iAk188ses woul d be

ot af fectthe—umrrornmty achi eved

grow h. The end point of etching can al so be
determned utilizing the nethod for nonitoring

FIG. 1B

FIG. 1C
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fluorescence fromthe etched surface, but control of etching tine is

sufficient because of the very |arge selectivity. 10 As a
result, the SO substrate was obtained with an excellent ultra-thin
single-crystal silicon film having the filmthickness distribution
of about 99.8 nm 3.6 (3.6 %9 on the silicon dioxide filmof 0.25
pm [ Exanpl e 6] 15 The /5 xt h exanpl e of the present
i nvention will be explained in detail with reference to Figs. 1A to
1E and Figs anga 58. ' . nofyt p-type (100)
single crystal F 1Ry’ subst : .c@ havi ng t he
20 t hi ckness of about 600 [err] prepayeg; 5 Q set
in the apparatus as shown in Fig. 5A Then anodi zati on was effected
to change only 10 pm of the surface of silicon subst ghe 100 into
porous silicon 01. sol u ' E@% 9% HF 25
solution, and the EJr&ntZBgity > ~20 urther, the
rate of formation of porous |ayer a Vs ' “‘529 rerlmmn and
t he porous layer 10 pmthick was
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obt ai ned after two m nutes. (Fig. 1B) A single-crystal silicon
| ayer 102 was epitaxially grown in the thickness of 0.30 pmover the
porous silicon 101 by CVD. The deposition conditions 5 were the sane as
those in the first exanple. (Fig. 1C) The substrate prepared by
t he above met hod was processed under the condition of 900 [err]C in
a st eam anbi ance to obtain an gygle film 103 of 0.20 pm

(Fig. 1D) The above substrate 100 having the 10 oxi de fi Ig} and a

on

support substrate fl@’eBA con \\m\mw di oxi de

film 110 prelim ndr prepd \_Sypion- dri ed, and
thereafter bonded to each ot . igh 't he

adhesion strength was originally high because of 15 bondi ng between t he
Si surface and the rr rface, L3092 anneal i ng
was further conductﬁfgte _?BJ , Y1t her eby
further enhancing the adhesi (E igaﬁﬁ: 2 i ; :;7;..3()@ g. 1E) After
anneal ing, the side of silicon 20 echani cal I'y ground
by approxi mately 550 pm by a gri nder. Further, the r I ni ng

appr ox- 40- por Qus si n = Ig on was
sel ectively etched ﬂ’(ﬁ: ﬁl | el T system
simlar to that in ab eexanplIZ/t //Zyn/%&pf por ous

silicon 101. The wafer bonded at t on of
t hi ckness, there was al so variation of grinding thickness by the
gri nder device, /
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- 44 -
silicon upon anodi zati on.

and further,
Ther ef or e,

t hi ckness of non-porous single-crystal

about 40 5 [err]m The etching 5
RF frequency: 13.56 M1z
SF6 gas: 1000 sccm
Pressure: 20 Pa

time: 11 m nutes
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et ch
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silicon 101. No specific determ nation was made for t he end point at

this time, but for all six substrates 25 set in the etching system
porous silicon was exposed over the entire surface within the
processing time set. Their in-wafer-surface distributions of
remai ni ng - 45 -
t hi cknesses of porous silicon were w gfym 10 % This substrate
was then subjected to wet etching wi th conventional HF/ Herr](err]
sol ution, thereby renoving the porous portion. 5 As a
result, the SO substrate was obtained with an excellent ultra-thin
single-crystal silicon filmin the filmthickness distribution of
about 108 nm 3.2 nm (3 % on the silicon dioxide filmof 0.2 pm
- 46 - VWHAT |S CLAIMED | S:
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1. A fabrication process of SO substrate conpri si ng: a

step of making a portion of a single-crystal 5 Si substrate porous to
forma porous single-crystal Si region on a first nop—pe+eus
single-crystal Sj region; a step of forni ﬁﬁ?&ﬂéﬁ%ﬁﬁﬂ@ﬁggf
non- por ous si ngl e- crystal Si region over a surfacefo

single- 10 crystal Si region; -1-a step of bond|192 hﬂgﬁﬂggy
single-crystal Si substrate onto a support substrate twroag

i nsul ating region so as to obtain a nultil ayered strjct

sai d second non- porous single-crystal Si region is Jnside;

a step of remving said LhEgicAAe Y¥idind B So1 EhmsTRRYEr T -STeTrom
and a step of renoving sai orous single-crystal S

regi on; wherein said step of renoving said first non-
porous single-crystal Si region conprises a step of 20 perform ng dry

etching in whi gacRBREURD SRt Bu@fINPENTION nON-porous single-crystal Si

region is greater than that of the porous single-crystal Si region.
2. A fabricati gnepaosesshef iSednsithistrate 25 according to Caiml,
wherein said step of renoving said first non-porous single-crystal S

region 5 conprigske préesent ofnyantion grélradiesy tsaiad fabrdication
process of SOI substrate excellent in uniformity of
film thickness and in suppression of vacancy of film
(7 {or voids) and interface states, and more particularly,
to a fabrication process of SOI substrate applied to
10 high-functionality and high-performance electronic
devices, highly integrated circuits, and so on,
fabricated in a single-crystal semiconductor layer on a
transparent insulator substrate of glass or the like or
on a silicon substrate with an oxide film thereon.
15 Related Background Art
Formation of a single-crystal silicon
semiconductor layer on an insulator is widely known as
the Silicon on Insulator (SOI) technology, and many
researches have been conducted because this substrate
20 has a lot of advantages that cannot be achieved by bulk
silicon substrates used for fabricating ordinary
silicon integrated circuits.
[SOS and SIMOX]
One of the conventional SOI technologies is the
25 so-called S0S (Silicon-On-Sapphire), which is the
technology for hetero-epitaxially growing a silicon

layer on a sapphire crystal, but the quality of the



- 47 - non- porous single-crystal Si region by a grinder before
said step of performng dry etching. ' 3. A fabri We!

of SO substrate 5 according to Claim1l, wherein said dr
etching carried out in such a way that activated ion g

formed by ionization by electric or optical ener gy, s
I on species are accelerated in a dILG& i on per pendi culfa
substrate surface, and a 10 reaction takes place at saidjs

Zg::];?g?ng to Caim3, V\,ﬁer ﬁ,"&ﬁﬁﬂ;&i’ﬁ)ﬁg{ﬁéﬁﬁsgﬁf@%ﬁg'r Bldiaintof

etching where the porous single-crystal Si 15 region is g%posed over the
entire surface hpssRatdTdoy THE DIset.eHURE i S nade by provi di ng a_parallel

pl ate el ectrode on said substrate and observing a change in a

sel f-bi as bet negabsatdtpenaptotest b SHEEUMAraY s¥itiently
substrate. 20 5. A fabrication process of SO substrate
according to C aiemo¥eswhenennpsacds sstprafisenmyidiporous SisadedileRy,0Us
single-crystal Si region is inplenented by wet etching in which an
etch rate of poesdssolmvgsethe problem that a glass substrate is

5 inevitably etched and the problem that a relatively
thick porous Si region is necessary.
The fabrication process of SOI substrate comprises
a step of making a surface layer of a single-crystal Si
substrate porous to form a porous single-crystal Si
10 region 101 on a first non-porous singlé—crystal Ssi
region 100, a step of forming a second non-porous
single-crystal Si region 102 over a surface of the
porous single-crystal Si fegion, a step of bonding a
support substrate 110 through an insulating region 103
15 to a surface of the second non-porous single-crystal Si
region, a step of removing the first non-porous single-
N crystal Si region 100, and a step of removing the
porous single-crystal Si region 101, wherein the step
of removing the first non-porous single-crystal Si
20 region 100 comprises a step of performing dry etching
in which an etch rate of non-porous single-crystal Si
region 100 is greater than that of porous single-

crystal Si region 101.

Figures 1(A-E)




25 crystal Si region is grqatermthah t hat of non-porous

singl e-crystal Si region. . - 48 -
6. A fabrication process of SO substrate according to Caim1,
wherein said step of renoving said porous single-crystal Si_region is
I npl ement ed by dry etching in which a¢ etch rate {o | |

5 crystal Si region is greater than that of.non-porOLsﬁgﬁﬁﬁggﬁEﬁ% §ﬁ$§?
single-crystal Si region. ; 7. A fabricatiorn process ofgaﬁi
substrat e according to O aim6, wherein said dry et chfndPRniS#Ai ¢h

10 the etch rate of porous single-crystal Si region{is great

than that of nWHATLAISUSLAIMEDPeISrystal Si regioniis etching carrieg
out in such a way that activated radicals resultjing.from

deconposition by at 1- A fpbzicasientprecessopfisdl swestyrateitrude into

pores of 15 a porous region to etch the porous region frominside.
comprising:

g step of making»a portion of a single-cxrystal

5 Si- substrate porous to form a porous single-crystal

Si region on a first non-porous single-crystal Si

region; -

a step df forming a second non-porous single-
crystal Si region over a surface of said porous single-

10 crystal Si region;

a_step of bonding said single-crystal Si substrate
~
onto a support substrate through an insulating region so as

to obtain a multilayered structure wherein said second non-

porous single-crystal Si region is inside;

a step of removing said first non-porous single-
15 crystal Si region; &and
a step of removing said porous single-crystal Si
region;
wherein said step of removing said first non-
porous single-crystal Si region comprises a step of
20 performing dry etching in which an etch rate of the
non-porous single-crystal Si region is greater than

that of the porous single-crystal Si region.

2. A fabrication process of SOI substrate
25 according to Claim ‘1, wherein said step of removing
said first non-porous single-crystal Si region

comprises a step of partly grinding said first
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